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1.6 AREA OF APPLICATIHN
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1A METHOD OF OPERATION
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LHAPTER W0

IATERATURE BEVIEW

1 HISTORICAL BACKOROUNE

The foundation of poly phase motovs and starters was Inid m 1888 &
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The poly phase mduction molors are types of aovnchronons AL moloes cpovwey 18 supphied o the

rotating devioe by nwans of gleo

§ 5, a%;,j ELE

shase systom oot

dves bnduciion molors are

now the prefdrred chows for ehedrial drbves Jug to thelr comsbroctions] sdvaniages: mbus 5 and

Productivity can be mmproverd i many wave, Parchasing new machings and developing new processes

ave the most obvions way i inoreese produstivity. Ho ornRAIG SRrbup B 8 ome ares that oan

o

b dmproved wiich mey be overlooked. Proper nudhed of starting A0 inducion motors can msull in
reducing downiins and incregse high productivity

The yaponsnce of poly phase indoction motors o sand 53 & vedatbeely smell sand whan soch elsginie

motr 18 conneited divecthy fo supply s, the indial purrent wall

e
P
e
el
i

s
ooy
f a3

sk the it of the metor may

i ostared o Bl and

an inhiotion mnior

b bagrns ond. Apant fom this, ¢

maing 2.5 o 1 times B normel running oot |

gk by this exvessive fow of

currgrd becguse the moty w coustrucied o withstand e s “starbig

However, om very buge moiors, ¥ 1 Jdesirsbie 1o teke some messures 1o reduee the starting ourmst o

aveid dumaging the machinery driven by the nwdor amd other devas

g

- Fleotrosnecha

%




singe the mvention of AC frad
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LAFULL YOLTACE L EUTROMEBCHAN AL STARTERS (DIBBCTONM-LINE BTARTER)

Thin is the most stple mesns of contrtdling the seergy Oow to s induction moior and relies 00 3 single

sodendd operated Bephuse switch called contacior o inderrup the poverr supply This methed i variously

A 3 i vhe wsual form of congrod where low gost s the
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fdf load curvens. As a resull, 8 s meost ofles used on smsll ot
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Fuosssive geonleraiion of & oty

when mechanioal load i small can produce wrgue oscillations in the

shiadt causing severp wenr 10 pews and drives, Bxcossive secelgrstion when load inertls i high such
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t. Excessive load o
i, Insuificient rotor resistance

i, Bxeessive voltage drops o the supply maing.

The simphicity and apparent low cost although wttractive at fivst sight, bide the large costs penaliies and
imeressed puintenanes. reduced ansmussion pguipment b and higher risk of motor fatlure particularly
when froguent starting and slopping 15 peeded. In view of these, the syvstem Is therefbre Hintted 1o small

induction motor of typical rating of 3 hp This paves way for the development of aliemative systems to

reduce the damaging effecis when used £y highest capanity electnic wotors
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The relaticuship between starting forquee, Lo and I be starting corrent anst full load current respectively.
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44 REDVCED VOLATAGE ELECTRUM, AUHANICAL STARTERE
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applications where gven g small jolt in starting
factor &t starting 15 quite low, the vollage across
applisd voliage and hence, the net reduction in the

drop across the starting reactor will he nearly

reduction in the applicd voltage 10 the stator will be nmore.
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cied for wyy stard,

Figl.d 3-phase metar Lonne

B i

Fig2.1 a stay arrangement i which each of the phase windings reeeives :}g}pmximateiy 9% of the

supply voliage
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2.4.5 Delin (A} or Mesh Copnection

This is the form of conpertion where by the non-simiar cndds of the coils are jpined together 1 form a
clnse mesh, In other words the star cuo ends of the one phase are joined 10 the finishing end of the other
phase and g0 on. b fis form of connection, each of the phias

so windings receives the aciual anplied

Fig 2.2 a 3@ motar connected for deltg run.
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Fig 2.3 g deben (A weesh srrangemend with eack phase windiog recpbves gractly the applied voliage,
2.4.4 Current Surges in Soae-Deolis Barting

The wtial currend por phase Bowing whes the motor i starled B osiar 5 %/ o of the short olroult corrat

in deita together winh the yansiont por phase. This means they the saning current i siae i one-thivd

4 o . - w : . L. o o
5y o The sh0El oarount Ourren? 1 0D s U fransiesd on ROh pBEse oo iransievd owgrent va ish
{3"@; D the short ciroust ourrent i delte plus e tansiend i each phase Th aaievd ourrent varnish
rapidly but the steedy stule i3 a0l reached appreciably unsd the motor has aitained 3096 of it nowmal
<d The yransition Trom ster to delig vonneotion is sdvisable 1o be made when the motor speed reaches

(% of synehrnnows speed. (iberwise there will be curvers surpes considerably wroater they the Bl load

corvent that may even be grester than the stwndwill currest the delts compention. In dar-delia

¥

starfing, wiile changiog over o delte conmestion fony sigy eonmetion, the

oy wanding I8 open-

cirguited foo u perind of about - 0% secomds, This tvps of brenetion s called open oirouw! transiting

,.»

Dapring this interval the excitation of the roleting magnetic § v withdrawen bt the modor s under the

-
Py
Pl

nechantoal nfluence of the rotating ked and csrens 88 Bowing in the voloy bars dug 10 time delay

-t codtapse, Booause of tas there is residus? flun “fozen” on the surfsoy
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ped purrents s develnped that bold

T
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fose

mapneiic feld

Froreney. W hen the change over v viich oloses in the
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o
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delta position, the same supply veltagss are FECORROCIN

sirendy comparabie vahue i back ey which are functions of the moler speed with & relative

sngle that reay be any i himy betvesen () gad s I the relative phase angly benween the su

the wory harge currant Surges i the phases will coour wihioh

ant the nduced swf i nearly sgusl o 1

ching with the

&

2 4.7 Reasons for Dslng Star-Delta Siarier

e when divestly conn poted 10

Large poly phase indw e wEYEDYE draw hesvy

cts back to the supply

the sapply maing, The witial escessive purrent is objeohiu

b of causin * st operation of the electnoal

s o produns ¥ soligge drnps that v

sausipnent COTmES e in the distriinaing network,

g th srgr-celin warier 18 10 reduce the largy gurrent gy n

Oine of the most prodosmngnt rHEs0nSE for w

ahefine wiart of 2 arge moter, Biar-deliz 5

Sreum the power company HRes by the &

sencant of Coreny IR0 s This perniis a8 Fey

il tnrush curren

wpffiient fmo 0 COmpunsate for the large current drgwit

abiows the o

v providing incremental

siavier in this case Tosubves e problem of hagy ouret

over a long period of Bme

UG SRS N I O S AL PP
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aalid wrpteh or tear the produst. o

s (RN foreet whivh ¢
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darnags 10 goars, belis gl chatn deby
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Howt the siart torgue s dedtg can b oused 1o Hml the eapessive siarting torgque by providing

1

sstangd how forgue ¥s reduced meguire the onderstanding of

AR

sentle siort angd smooth scoplerad

sepuare law thet save! foegue s proportions! to the square of te applied voltsge e Tea V7 ) Whan sty

convected. the apphied voltae i reduced by 3793 amd hesce the torgue developed s reduced by

"

(/A For an instance, 3 the short olronl current b, which is e quivaient 1o dirsrt-on-Hne carent w6

D=l and the torque i3 2 0 T = 27 Therelire, in star-delle slarting, the ourrent will be {1/V31 «

143 L Then the tovgue will be {1/ Y IT =173 T

Wiere T = the starting torgue for direct-on-line,

Thus a redustion in volinge reduces current which in tu reduces the wvaue 1o provide g gemtle stan As
vodtage inorpases so also doos by oorrent and torgue o 1 provide smooth soceleration. It s tmporiant to

note that g s junctics, that star-delta starter a3 2 redoce voltuge storting device s mt a tvpe of speed

coniroier Barher ¥ a0t a3 8 showk sheorber or buffer 1o the foad when i i3 stesting. This calls for the
wisderstanding of how the speed of an indnction modoy s determined . That s by the sumber of poles
the frequency of the powsy supply (a0t the supply volisge) B bu i this renson that o stardelta starter i3

not 8 speed controdler and must not be wsed a5 one. The star-Jdedta stanier s deslgned By spedific reasons,

-.1"("

andd speed control 8 not ope of the veasons.

2.4.8 Faull load Corrent of Mooy and moter speed b star-deliz stavier,

A% said garhier, poly phase mduction motors tnke high value of o

shaft moweniun #l asstant of stavting. The rpvobvng Bedd of the stator wduces this bege current in

she short cironit votor hars, The curront will be manonmer when the rotor 8 a8 wandstil and degvsases aa

the modor comes op o sposd The owrent s exopssive 2t stert beosuse of lack of coumer omt
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{CHAPTER THRER

WESHIN AND CONSTRUCTION OF AU TOMATIC

STAR -DELTA STAHTER

crs s comditions 1o e el whils

¥

o apeciiioations red

. aaekS ¥

suromaiic star defts staster; and the sight maderials 10l i oy the comdraction The reason is that
soomse bip metors roequired hagh ourrent s st
3.3 COMPONENTE AND THEIR 5P 7

EtR: vy smduction rootor, The

This mutomabic sia

G ratings are siated below,

compongats and materials requived and 3

it breaker - £3 Avps

| Whiniature o
7 Comactons . )

3 Thermel overioad relay

4 Timer velay Y, S Aunps, G080

B Yndtneier £ - 3R

- " > P E M 4 : TV, S
51 S’ and 2 %mm” Bdustrial flexible Cu cahles



31 MATHEMATICAL ANAL

The components gnd matorials wsed

$n

he motor 21 staling.

k'l

reyeser Faotow of the moiy -

%21 Selesiion of Contaciers

cnleulations were caried o 10 selgnt the bg

%O0F HOW THE COMPONEN

f ey selecied based om

sasrrong vaking o

TR0 7 13w 400 BB
The contactny current rating by f3 58

T OWERE SELELTED.

she woimum it

CILACIOTE,

P g} power i watts,




cavter shall be 20Amps.

Araps, the rating of the contastors By th

3.3 2% ekection of Ovirlond velay

Overtond rating = oad ourren {1y =0 58

w PR HA YT

X

o b 32{}3 31_%3 Tested

Therafore, with oleranoe the overiomn SRR

vy Provenier

Phgse Preve

3.3.% Wiiinture Current Clronit Breaker LR Y

The mirdature CuUTTent Direu beeaker selocied for adeguaty olerane shall e A3 As AN

connection and opendion. 111

opsraied w ih adeguats
%14 Sedertion of Cabies

The LEE Regulat stipulnies tha wi cebles carrying curmnt B

dheir rared current withou deteriovation, This why i ehensing cables twvo faut

W §A A é N

sroyh

{a} The current carrving capacity of the cabie and
{5 The volage drop shng the cable

Ty
12

The regulatinn states that the drop iy the fength of the cuble should nol e

e
SEATG

fer the ponductor is carryving the Ball load current disteg

24



The cables solectod for the type of medor 10 be started are lgken 2

ittt

aipers per

s currerd vating and voliage drop per

diversity, Table b w

ad oy whide 1 mm

selerted for the power cable of 18A a1 4 for the comrol cable

due o He coen resistance. The losses i ihe

A conductor carrying a current i3 bound 1 have less

mwy which i is

J'\
L

= o the msalarion The Wnpery

wtor appesr as heat and will raise the temysraiug

i

o Haits ts the cusvent that a cable capvies. The hwat ings and the pouib

safe o raise i insuly

semperature resched dopend on how the cobile i fvsialted.

Phe resisianne of e cable glen resulis in vodtape drop @

< than that at the sending end. The vodiage drog st i s

wiltage a1 the receiving end s

fow. 1533

mer Helay

s
o
188
000
=

: froun O-60secs The contant

wy THTE Tan

spleried for the oonsiruciion of the siarter has a il

rating ia 220V, 54 and povesy facior of une (pf

5,25 Yoltmeisy

These were wiected based on the supprly voliage of A0V The seleoted vedtmater ranges from 03.300Y

b3

3,277 Mouwniing Boasrd

& woeslen type of monnting board was ol ted Sor 1 o serve 35 an experimenial modale for dle

coring sudents,

25



3.5.1 BRIEY ESTRIPTION OF LM PN

" b COHTEDONEN

% =
oy

deitn stasier benommes vary SURe §

The constiuction of 3 $ier
and the understanding of the principle of oper: siion and function b alve A8 sdded advaniage for 1he

ThiEs 10

anderstanding of 83 con

3.5.72 {oniartons

coiie are Pred and

samcdard, Opos

Coiaciors are typioal blook types

thene cnn e from main vDHARe ©

thardreds of hosse power. Tl sires,

from 0 SHP 1o 8

iandardized. They arg made up of plasthe materials W
33,2 Winde of peration

¢ wnder toad, conditions by pus by bastion ContE

A COTIBOIOT % 4 desice o w;.sa,aéaiw or cinsing

T comacior i ideal for

e Pleotvo poumm

"’ LA A POHES

REIE aricuy 15

quromstic control and 1 myade wse of in many apphances and i partioular, W many B aodor sl

iy an clectromagnet. which pushes

he either aiy break or Oi 1nnet

pope Fraed comiacts, wssally

o

- stop bution 5 used 10 OpER vhin cirouit, thus

"

o while the mmin oomtact &g closgd, An opRn v

s of spving, The auxiharny centact opens 51 I ST thime 50 that

ek ihe © ity an wiheresl BO-v 3t M’?«:Jh»f‘

coptacioy GAD DOL B e 8

il

characteristic thet i sdent when used i a stutey crresit, Thers i a latrhed type of commetoy thay i uses

0w Tt Hom 5 hpld by the ehnusd i?{;t:»iiii.iﬁ %v menhant

:“i Bk RS

by an opsrgiing oot bt with
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523 TYPES OF CONT ALTONES

4 Wedinge Uomacions for Wlotor Control

fage conirod CONRORE foor Gargey BWAGESE generally

¢ The long Tangs SUGHDMG gelvania
2 of inetalling hish voltage equiprosil

. Cemartors for Rotor © T

The pomtactor s the central dovice Gy comrol sysiom, 31 i the compunont i the stavier, wh

aosree o T Rpraraius sl contiod

Soses the sirouit Bon the enetgy

3,34 Advassiages of Magnetioally {aperated Conlacton.

inerenss the salily ot an insiaiiation

{13 wagnetio oont

{2} Hpace 18 saved, which ofiss waluabie in the velogity of the motor doven ma ohing

(%) Posaibilivy of comtroliing & moter From & fforont parts.

et ia o diagram of o magnelic COMBHION

o helng found o overoome

sich opens and



Fig 3.1 Viesiromagnsiis conlaciny

3,37 Dweriond Belay

b described g low D i device that utilizes Sleniroy

sy i

i a heayy oufrent © vied eonduoiy it the ooy

sysiems for the gpergiing ol
o motors, Redays are

o
pype o elgn

VT e ST 10

prpse of the 1218y i

sshiniiion soaaried on the Coven Ayt resed

sive sinple phasing

ons are ut B
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tomperaiure compenaied Aernatively, elesimmagnetic relays can he provided with sdiusiable by

L

™

renating seif-focking-dash pot. {

|

§shuyid not be set o sormal full load current.

Crenerally rolays @i catibrated i pmpEres 88

{yyer Losd Pradection

induction modor BEMInGt cverioad, an wesrttoad relase ie connedt oo in series with the

whe 1 sstt, Thers two types O

syl By QUi

s

o npitizes the load cur

sverinad namely]
53 Magnens over toad relay and

iy Thermal cverlond relay.

a3 Magnetic Uver Laad Relays

wngh short

e inspantanenus type and rperied 1o protect the molOr 3

e“-‘r

These are umally of

ﬂ-*‘iii.*f.. bcked or hosd

cireuit bearing, and sziving, 89

1y Thermal Crveviond Helay

s T
4 HiE FRE 4

gy AN

o semmd
eI

Py ponsderation, thermal ovit fad velay

pever, thelr time - Current characierisiic

fie 8

setion agmint thell CONSequiness. Yhorweny

provide prot

ned e tovel over loads. B pxampie

they do o provide real prsteriion againgt sus

st harm the cable if hey have been CO39e0 iy sived and the fuse has

-e«‘.":

with parry 44 indefintely, This wail d

¥ crrie mtor pvir foad 1 s odom weaahd evermuaily burn out

5. F

Ao

g correctly mBio hedd 10 thew



The T EF Repulation stps datey that ovenr fowd projeciion shonid operate before the ourrent gruend 1.5

of the smaliest conductor in cirowit. I CASE PIOIE sion for smalle

tipmes the Current CRITVIRG UAPAU

i 15 sasentinl, the guipment reguiring such profed o should be sopplied with an inhvidual profective

device Tormming an megral patt of the appliances 1]

she mdor from running &t 2 feaed teved b exoess of the wam fachurer s

Thermal reiays are pr cHaking
copomrnended valuy, Thermal over toad retave arg i form of vesisny wound round 8 B

s mgdde 10 much 2 nosmally

ecipd i Series with the moios wi te the bi-

GIRLINY ;:”4 s

Ghould o contackor ool frips out, W owill stop the modor

e

close pomiact i the DORLAGI o

supposy o protect

iy cprran e ieterproied s heat i the over fnad. For normal current,

18ty of over toad, anany

-metallic strip n ovent of oven Lo or when

won oo the

5.3"/(- ‘i‘ﬁ, g} i.r i :

ihe heat produg b b nsuiBinient 10 O

e of the clemnent hosl up she Memeiallic

sedetermmined vah

fhe carTent EXoseds the g

he ripping mechamsm 10 opn the chrondt oo

o

& oo e
H Ry ;

the aain CONEENE of the pontacioy of th starsr i an overioad

it ie wer D dowe oF ION fkely, B coubl beoguse the mORE i pperating i over |

s b the electrinal ¢ cirpniy, then the faull mos

5 o overiond cosvrespand 1o the

5 the pverioad aeir {manual reset)

poo )

LI

tnoated i maching and reotified betore resett

3.%.4 Push Butinn

¢ Bngy prEsEl Tuwgr OF e CUTHBCIE DPOR g ol

s sprivg oaded 80 2% 30 reben B novmal position

L Thse two butions {start and stop pusibuiions) a1¢ e 1o chome and open the cowvired cironi

36



A 7 BT g A

Pl na® v d R e e B . .. e e e e g,
Fig. 3.2 Control civenit Siagram for start and step bulions

3 3.8 Cirpuit Breakiors

These are proteotive devioes used to teolate oty cgupment Fom te supely 28 a very short thine withowt

causing damage fo the cowiprment, the elecirival oious Hsel and operator of the ol

sirical equipment

They are electromechanics? devices capable of making and bresking of an elecision] ool under all

conditions. {ronit breakers are of vwo bypes;

1y Current operstesd ciroudt brosker and

Wotage opersted cirmnt breakey

pogted owpnit broskers are emploved For examples, ol oirouy

e {or beavy surrent switching and atr ciroui bregkers aleo smploved in high voltages

2

aivinin

4 harween ph

bk g very grestsy gap bas o be wm

oot breakors operaie basioally under two conditions
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1y Mormal condition and

1y Abnormal condiion

Cireut braskers operale under norma! conditions for the following reasons:

iy Mainienangg

i1y Planned oporstion

U5 Asconmining the condition of e Bew o

COSPIES BTG
By Connection and disconnection of elevines] eoulprnens Tor ome resson or the othey,

b

oprate on sbnormsl conditions ag a readt of Bulis, Roch wpes of falts me

{roui e

wirt carouit fah

yaas
et
s
"
‘-'.?
,.-«
povs
s
e
joee
pred
{-‘“
M
e
e
Nt

1Yy Dhverinading

3.3.5.1 Ministure Curvent Ulreait Breaker {3008

iy

it bpaber mwkes or brogks final sub-cuwout either by mapnetic o thevmsl sotion, They

This type o
arp essentisily swilches that msy eithey be opened o clossd by band B opens suwomaticslly when

srvirloaded, However, they are differs o Seses in the sonse th they contaln no melting slemens




v oactinn. When s

e MR ¢ s the principle of hi-mergilic

o
=%

The thernal-mag

abowvg s rared valae flows, the blometailic sivip i beared up. This e

ihe Wemetaliic stvig with thime lag sotics whale the high spoed protection

magnetic operation. Uonsevuently 8

33.6TIMER RELAY

oot b delta contatiny

creny frorm slar oo

Thiz s g controd velsy used wn the cirouit w3 oontrol the chang 3
50 8% 1o achisve the artometio sperrtion of & star — Jdeba starter which the projent is hase upon, The relgy

is caltbrated in seconds, 3 ool rating of 220V and I s an electroniv Wype. Flgore 323 below shows the

1 o g sy reley,
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Nomenclgtures: MO = Main contactor

M = Main comdactor ool

SO = Siar coniaoins
R = Star Conractor coil

P

0= Delin Contacior
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3.8 CONSTRUCTION ANMIF ASSEMBLY OF CORPONENTS

o sinpbey thal OBR %

aruciion of g reduce

Y three-phase squirel a8e (niotion menor o ackieve g, thres ¢

ihe star, dehin and mEEs CONERCIONS. asaembled on 2 mounting
s 10 @ wooden boarid, L e popstruetions which ssrvcher the sssenbly ¢ ponEnis 18
4 the assembly of componiins Ui wrden bos wih 8 plasiic




vas cover. s was dose i other for the conslroction 10 serve 3% an sxperimentad mndude for elecical

A;nv;} U“;tf students

a1t 10 the base of the wooden board mside

%

side by sude on the vsid The tmevrslay was incorporated amd the terminals wore comnecied o the

‘he thenmal overload was sorewsd 1o the msin cunigoior. Wah

ey

sppvopnate torminels of the contatiors.
the wd of clecirical tape, the control and powsr cabdes wore neatly olipped 1o prevent them Hom

b

or and vedtmster were fixed on the oasing cover,
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wHor ymninaly

B vt ,§<~ i £
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Fabie 1.3 Possible faults 2nd vemedies
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The test was cartied ool 10 ensure that there was oo phyvaiog ve oombuoiors o the
mputral conductor. The amslogue mulibmeter was also used. The test was also positive for all

COTTHIMERT S,

£.2.%3 Vhe controd cirouid fest

This was done to ensure thar the control ciroust was property consected and in good working cond:

was dons by passing powsy Hoough the oirous W enevgize the contaciors sad then obasrving thelr spesd

of operation, The fmer volay was tested 1o that ¥ operated at the preser thne The test was positive tor the

P2y

conirol ciroui,

4.3 COMBMISRIONING

Afrer sl the tews discussed shove were corefully carmed out, 8 20 horse power indoction mwior was

cospecied such that the tormanaby UH VW and U2 VT, W2 of the mokoy ware corrently conmigtad o

the corrpsponding forminals of the mtomaiic sostacier. The termmnals from the bresker were

v

by and progerhy comnected to the supply means The tmer swas sl 1o vavious fimes g3 shows;

thsers, 20se0s, ard 3wecs respeciively. The e voliags wias switched N and the siart push button was

changed w delta comnpotion oy continuons operatinn, After B was allowred to run for some times, the stop

push bunion was depressed and the motor bually stopped




CHAPTER FOUR

TENG: ANMD COMMIBRIONING

4.5 PHYSH AL INSPELCTION

The powst and control ciroull winingsy were inspectad for condorming 1o the standand wirlng disgram

varias comneciions were also inspected for sl contacts, short ool o open chroul and ferchange

of phases. The general fnspection revenlsd confbemdly witt

LALYATNE Aand aclurale
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This tent was covried ot o snsure elecivionl continty i sl the conductors. The aopd
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was used throughout for the festing.
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The contactors wore tested by doprs

thewr apposiie tormidnghs

The vivouit breskers were tested by switching ON and teming thelr tonminals

The overload relay’s contacts were alsn tosted for continuity,
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CHAPTER FIVE

CONCLURBION AND BECOMMENDATION

21 BECOMMENDATINE

sor b prnotiosd Theretfore, 1o

The theorgtical knowledye mparted to the shudents

reconunendablo

chalionge gngd muprove sindents” praciioal knowiedge, prodect of this nuture is by
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sient 18 able By supply the sdents

Bowonid be betier apprecisied oo the part of the studes i the de
with alf the requive componems, even thoush the studeuts would have 10 pay for i This wonld reduce e

risk sssovimied with travelling 2 long distance inosearch 10y componenis to buy,
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sved o euable the students galn more practicg]

5.3 CONCLUSION
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Poost frankdy say thet this prodeot by really wemsformed my then
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wal enpineering a3 for g starters and olecinic mwtors sre concerngd,
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mrrensed my bnowledee in the course

The impormnce attached 1o conpod amd wwotection of clecttic molor cannet be over-emphasized, ¥

erables farly lavge molors to be run smoothby withont aoy problers fo the vudor and other consumers of

ehectriely in the Haiributing nerwork
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