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ELECTRICAL TECHNOLOGY (ELTT) (MEMO 06/09)

QUESTION 1: TECHNOLOGY, SOCIETY AND THE ENVIRONMENT
1.1 Inequalityv’

Agev

Disabilityv’

Racev

Genderv’

Languagev’ (5)

1.2 Racev
Sexual orientationv’
Culturev’

Colourv’ (Give ANY 3x 1)  (3)

1.3 Solarv’
Windv
Wavev

Tidalv’ (4)

1.4

Computers v
. Laptops v (Give ONLY 1 x 1) (1

1.5 They have to think of something that has no effect on the environment.v'v’ (2)
[15]

QUESTION 2: THE TECHNOLOGICAL PROCESS

2.1 |dentify the problemv
Investigatev’
Researchv’

Accessv’

Processv’ (5)

2.2 Onreaching old age, some elderly people find it very difficult, and often
frightening, to climb up and down stairs. v'v/ (1)

2.3 |l am going to design a wheelchair,v" that will transport Mrs Sebola up and
down the stairs. v'v’ (3)

2.4  The electrical system must adhere to the following criteria:
B The motor must be strong enough to handle the weight of the
passenger as well as the weight of the device itself. v/
The motor must be able to rotate in both directions or change
directionv’
The device must have a braking systemv’
The device must contain limit switchesv’
The device must contain over current protectionv’
The device must contain earth protectionv’ (6)
[15]
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QUESTION 3: OCCUPATIONAL HEALTH AND SAFETY ACT

3.1

3.2

3.3

3.4

3.5

Lightingv’

Windowsv’

Ventilationv’

Noise and hearing conservationv’ (Any 3)

Contactv’

Droplet transmissionv’

Airborne transmissionv’
Common vehicle transmissionv’
Vector borne transmissionv’

Blood pressure increasesv’
Irregular heart beatv’

Wear safety belt when working on a ladderv’

One must also have shoulder or waist pouch in which to keep tools
and equipment while workingv’

Ensure that people do not stand underneath you while you are
working.v’ (Any 2)

Supervision of machineryv’
Safeguarding of machineryv’
Operation of machineryv’
Working on moving or electrically alive machineryv’
(Any 3)

(2)

(3)
[15]



4 ELECTRICAL TECHNOLOGY (ELTT) (MEMO 06/09)

QUESTION 4: THREE-PHASE AC GENERATION

4.1

42 421 Phasevalues: Vp=230V
IL = Ip =20 AV

Total Power =3 x Vp X Ip X cos Bv' 1,
=3 x230 x 20 cos 30°v'
= 11,95 kWv (3)

4.2.2 Linevalues: I, =Ip=20A
V. = \/3 X Vp‘/'/z
=3 x 230
= 398,37 VvV,

Total Power = V3 x V| x I, x cos Bv 14
=3 x 398,37 x 20 x cos 30° v 14
=11,95 kW v/ (3)

4.3 o A three-phase supply has three times power than a single supply.v’
o Load distribution and a phase balancing are possible with a three-
phase supply.v’
e  Three-phase supply system has two voltages.v’ (Any 2) (2)
[15]
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QUESTION 5: PRINCIPLE OF AC ON R, L AND C COMPONENTS

51 5.1.1
51.2

5.2 .
[ ]

[ ]

[ ]

[ ]

[ ]

[ ]

53 5.3.1
5.3.2

(@)

(b)

(c)

The inductive reactance will increase. v

The capacitive reactance will decrease. v

X =Xc vV
I|_ = Ic. ‘/
Z is minimum. v’
6=0° Vv
IT=IR. ‘/
I is minimum. v’
fr = 1 v
2 (LC)”
R=12 &
L=15 mH
—— |
C=T70 LLF
| v
v
v=150 v
=150 Hz

X, =2mfLY Vs
= 211.150.15.10 v V%

=14,14 Qv
Xc=_1_‘/1/2
2nfC
= 1 V'
2.7.150.70 x 10 =
= 15,16 QY
Ir =_M§_‘/1/2 I =¥§_‘/1/2
R X,
= 150V %% =150 V%
12 14,14

=1250Qv = 10,61 QY

(Any 3)

Ic = Mg_‘/l/Z

150 V'Y
15,16
9,80 Qv

)
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5.4

5.5

5.6

5.3.3

5.3.4

5.3.5

5.3.6

fr

I

VIr2+ (1L =10 vV
\[ 12,52 + (10,61 - 9,89)2] v/
12,52 AV

Cos 0 =IgV %5

It

=12,5 V'
12,52

= 0,998V V5

O = cos ' 0,998V V5

= 3,20/

Z =VsV'Ys

I

I
150 V'Y
12,52

11,98 Qv

AI-=989 .15
v Vs
Vs =150 V 1 125 A v 14

J%‘
- I I;=1252 v 72

1,=1061 A v %

1 v
2mlic

1
vV
2mV300x10°3 X 47x10°6

42,4 Hz

Power factor correcting capacitor\/ 4
Synchronous motor with various excitations in parallel. vV

True power is the power that is dissipated as a heat by the internal
resistance. v’
Apparent power is the combination of true power and reactive
power\/

(4)

(2)
[40]
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QUESTION 6: OPERATING PRINCIPLES OF THREE-PHASE MOTORS

6.1 .
L]
°

6.2

6.3 o

6.4 .

AND CONTROL

When the motor is connected to a supply, current starts flowing in the
windings of the stator. v

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

The rotating field cuts the static rotor conductors, inducing emfs and
currents in them. v~

The current in rotor conductors creates a magnetic field around these
conductors in such a way that they try to oppose the action of the

stator field. v

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

other side of the conductors. v~

A magnetic force is exerted on the rotor conductors, pulling them in

the direction of the rotating magnetic field. 4

Owing to the torque on the rotor, it starts turning faster in an attempt

to reach the speed of the rotating magnetic field. v’ (7)

For 6 poles = 6/2 V' 5

=3V
Synchronous speed (n) = (60 x f) v,
=60 x 50V %
=3 000 r.p.m¥’

Rotor speed (n;) = (1 —s) x nv' %
= (1—5/100) x 3 000V %5
=2850r.p.mv (5)

Those that protect electrical equipment. 4
Those that protect the operator. v~ (2)

Monitoring the steady operating conditions. v
Controlling the starting current of the motor. 4
Controlling the restart of the motor after a power interruption. v (3)
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6.5 6.5.1 LIVE
Redv”
=
/ ------ ::] OL-switch
Stop T
v
NCry NOpy
%
Startl-—l v -/NOy v
? ( NCay NGy
Cm G Cy Ca
Neutral__l J L (6)
6.5.2 ) 4
1 Red
L v~ vellow
Ls v Blue
:I:. ........ I:' “""“I‘_/OL{reLay
i —'L v
_--/cM/y‘/cA--/-/cY
Terminal *U; VvV, °w,
Skl I O V1
(&)
(6)
6.6 6.6.1

Pi=Pi+PY Y
= 1200 + 2 300V Y%
=3 500 W or 3,5 kWV'
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6.6.2 power factor = cos 8v V4

POWER FACTOR=

POWER FACTOR =

1+[3(2 300— 1 200) :IE
| 1200 + 2300

= 0,728 \/Iagging\/ (4)

6.6.3 The line current = Pr_ V'
V3 x VL x cosB

= 3 500 v,
V3 x 400 x 0,728

= 6, 939 AmpsY’ (2)

6.7 e Copper losses vV
e Ironlosses v

e Mechanical losses v’ (3)
[40]
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QUESTION 7: OPERATIONAL AMPLIFIERS
71 7.1.1 Differentiator.

71.2 Input slgnal

TAN L
SNV

Qutput signal ./

+V

-V

7.2 7.21 |Integrator
7.2.2 The input of a differential op-amp is a triangular wave whereas the

input of an integrator is a square wave. vV

7.3  7.3.1 The inverting amplifier is often used as a mixer in audio circuit¥”
when more than one signal is applied to the input simultaneously.\/
Then output becomes the sum of these input signals. v

7.3.2 Ry v

OUTPUT

S
=
<

ov

7.3.3

Input v %% Outputv” V%

(1)

()



(MEMO 06/09) ELECTRICAL TECHNOLOGY (ELTT) 11

74 741 Rf

R1 =

Rf

—- = v
~ 10 v

f?1 = Ei v/yé
10

=2x10° v
10

=200 Qv (2)

7.4.2 fo=—— %

2mR1C1

(:1= 1 v

2mR1 fc

T
21 x 200 x 300

=2, 65 pFv'Y% (3)

7:4.3 Rf = 2ka v/ 72

v 7
Ry = 200 0 l»/' v

~ v
Ci =2,65F >
Vi Y + I\ﬁ:}ut
v 7 Vuit

7.5 7.5.1 Positive feedback: When the output of the circuit is fed back to
the input of the same circuit in phase with
the input signal, the resultant will be ever
increasing output. The result will be
distortion or overloading of the circuit. v'v/ (2)

7.5.2 Negative feedback: When the output of a circuit is fed back to
the input of the same circuit out of phase
with the input, the result is that the output
signal become smaller and may even
disappear.v’ v/ (2)
[35]



12 ELECTRICAL TECHNOLOGY (ELTT) (MEMO 06/09)

QUESTION 8: THREE-PHASE TRANSFORMERS

8.1  The principle of single-phase transformer is the same for three-phase
transformer, ¥ the only difference is that three single-phase transformer
are used. ¥ When ac voltage is applied to the primary windings and
produces a changing magnetic field which passes through to the secondary

Windings/ and induces an alternating emf in them. v
This emf will be determined by the number of windings in the secondary

side. V' (9)
82 i—1 DELTA i STAR L1
v~
v~
v
L2 L2
5T v~ p—
3.z kWV
L3 L3
v~
- 18 N (5)

8.3  Dielectric: The copper wire that is used to form a coil is coated with a thin
lacquer to insulate the turn from each other.v” If this insulation is
damaged, v" it will allow the leakage current to flow.v" These losses
mainly occur in high voltage transformers. v (4)

8.4 8.4.1 Delta/ delta this configuration is used in large-low- high voltage
application. v’ (1)
8.4.2 Delta / star this configuration is used in transmission systems. v~ (1)
8.4.3 Star/ star this configuration is used in small high-voltage
application.\/ (1)
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13

8.5

Vsupply

\/= 3000V

v’

A > DN

8.6

\J

N y N
v /’

N: - \/ = 2500V

L.

P

Load
150 kKVA

Pin =10 KW; Poyt = 8 kKW

Piss =? And efficiency () =?

Pss = input power — output powerv” ¥4
10 000 — 8 000V V5

2 000 kWY

efficiency () =

_ 8000

10 000

= 80%v

output power
input power

100% v'V2

X 100% v

TOTAL:

(4)
[25]

200




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AlisonRegular
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /GoudyStout
    /IDAutomationHC39M
    /OCRAbyBT-Regular
    /OCRAExtended
    /OCRAStd
    /OCRB10PitchBT-Regular
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Verdana
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


