6 NSINNBFHHBS?
NE aNESST {IBBNH}IE

o

(RS EMISURSBRAIBRMVBENTS:

BSNSHPIG B S SHEMOTBHE
BSBHMGIESRS
RS ENBIFIN B HERES
$ga5 m

[

BN S HIBBLHESE

Polyphase AC Motor

Armature —_— s Stator

mmmmmmmmmm

C Flow of
T+ Current

rrrrrrr

Rotation

IQSdirectory.co”




BSSFMOESRS
$gas m

BTN SCNWHIBBRHUESS



G0

A AEAMIHAT IS s i
U UGN & A AP AT BRI oo i
IROANTEAT UM (CBLM ) UMIRRBREMD oo v
SHAIIG FOURUGE .. ovvvoeeeees ettt vii
0093 IANGABAISTISENIT(TET) e )
TEUBAAN S TN U EIMIY coovvooeeeeeee s B
AISANANS €.M.9-9 ¢ GTANRARNTSIEIRA oo ¢
AT AT M. D=9 oo A
TIBUWATE.M.9-9 oo eeeee e d
WEAGANS ¢.Mm.9- 2 iﬁﬂnmﬁQGNJﬁIHGJUanimQU ............................................. g
TN AIG M. 919 oo 99
GIBUWAT .M. 919 oo ol
IEAGRNS €.M.9-M ¢ (BIAGHFIGISIT(DC MO ) ..o o6
BTN ETY BN DM oo o8
GIGWA] GLML =Moo 90
AISANANS €.M.9-G ¢ MASAGFIGISING oo b9
TG BN .9-G oo B
TIBUWIAT M. DG oo e



EFWAWRTY EML -8 oo Mo
DIGWAT G908 oo mo
NI.E501 2 I8 AN ATSOISET (HFT) oo mm
UG AT S UG MY oo me
AEARHNS M09 3 BRAITEET. o Gm
BTUINETY B9 e ce
BIBUWAT GMU-9 oo &)
ASANANS &.MW-1 ¢ §EIHR20H9MAI( 1Phase Induction Motor ) ................... dy
TRIATY B M9 e to
GIBUWAT G M- oo ¢
UEAGANS &.Mm.W-m 2 R T UAIRNMIMISF(FRNFT) oo #m
LU L et e LIS OO el
GIBWATHE MM oo e
p§ANANS €.MV-G & HGimﬁzumjﬁmmmehase Induction Motor ) §#§§1afiis
....................................................................................................................................... 50
TG MG oo oé
GIBWATH GG oo o
pSAAANS &.mY-¢ : TR R Y TS EFIMBMA A
TG M-8 oo ries



3>~

N§ANAMS &.m.v-D : ann1Ggsii iual mgjs Shegu(siip)iuaigdiringonghd

VAU oo eeeeeessss s fict
TG B M9 e A
TIGWAT M- e e
SANANS &.mW-n ¢ AR UIBRESIHINGTRTRMBA o 50
TN AT &M -00 oo 3

GIGWATGE MU oo G
§A0ANS &.mw-¢ s SATEISMIAAASa] SWHIORAEST e
pSANAMS &.mv-& 2 i anLmULnUannﬁ] ISYSITMA o g9
TRMIATY B M98 oo ge
TIBWATH E.MI8 oo &
UEAANS E.M.W-90 ¢ DIATSIHH AC TR oo &l
T EIG . M.-90 oo 900
TIGWATHE M9 0 oo 909
pSnnANS &.mv-99 ¢ JATRIsmih:tiun SEY L LRI | FR— 90k
NEAGANS €.MW-91 2 QUAIRNATNTMITENEFT e 90
TN AT M0-91 oo okl
GIBWATHE M- oo obm
SARANSE.MU-9M ¢ FHABUINEFIOR AT (StAt-SIOP ) oo ol
AT EIE M9 M oo ol



NEANANSE.MB-9G ¢ DIFTHESIMMAIAYS PUTIAW oo oMo
AT AIG .M. -9 G oo omo
GIBWATHE M- G oo om
. AT0M ¢ SIGTIA BUMMEFT SMUTAI oo omm
UG RTINS UG T MIMIY oo oM
p§AAANS d.m.m-9 ¢ wiag Samudimaiia)fummed Shia)fotiRuldutharg
AR ZAUNUNAY oo oGM
TG MM oo oD
GIBUWAT EMLM-9 oo sees e oGl
ﬁjgﬁﬁﬁ &.M.M-B ¢ Motor control CIrCUIt .........coccoiiiiiiiiicc e, oldel
ATURUIAIY B MM oo oty
GIBWATH G- oot ot
fUS AAENS &.M.M-M 3 Forward-Reverse Starter GIrcUit............ooo.....cccoorrorrrreereeeeeen. Ol
TG MM oRYS
GISWATH G MM oo ooil
uEAGANS ¢.Mm.Mm-¢3 [UIAGAL)GFIE] shmﬂmmmmammﬁaumjh ................. o0
TN BTG MLM-G oo orld
GIGWRATHE MM oovvoeooeeeeeeeeeeee s ocicl
AISAORES ELMLM-B 3 VD oo orld
LU LS ol R LN 11 OO oM



AT A MM oo o
GIBWATHEMLM-D oo oG
mgﬁﬁﬁmsd.m.m-m% VFD & Soft starter ..., orig
TN ATY MM 9do
GIGW AT MM oo o0&l
p§nfAnse.m.m-c: midananginingtihimig Sy ugniRuEgimEsigh

mgznan%smﬂs AU MEA TR ..o o&m
AT ARG - MG oo ode
TIBWATH MG oo s odt
MSﬁﬁﬁde.m.m—S% Methods of Electrical Braking .........ccccocoveiiiii 989
TG LM LM-E oo &
GIBWATHEMLM-E 1o odd
USARTMI L MLM-O oo 800
OSARTMI GLMLM-U..oeoe s Bob
OSARTMI GLMLM-M oo BoG
S ARTMI LML M-G oo 803
S ARTMIT LML M-C oo wod
S ARTMI L MLM-D oo 890
S ARTAMIT MM Bok



S ARTMI L M.M-90 coooooeeoeeeceeeeeee e Dod
OSARTMI G MLM-99 ..o Gk
R ARTMIT M M-OW ..o Do
S ARTMIT &ML M-OM oo Blod
S ESTalareTa R A1) N1 o 3OS Blag
S ARTMI G ML MO ..o Bmo
. E50GS ARG G M O G oo bmm
TEUBAAN S T U MY oo Bme
p§nfams &.m.c-9: agyulupeanismndaiupinss igmomndimasam
.................................................................................................................................... ©me
AT BTG M .G-D oo o
BIBWATHE. M. G- .o Bme
SANANS &.M.c-V: AMIRUIRAU MR SN MIGSFT oo BEo
TUREIY MG oo 512
GIBWATH G.M.GD oo DEw
S RN AR SRR RV B RS AN TUL (. — 31
TN BTG M. G- oo BED
BIBWATHE M. G-M oo 5y
p§AnAMS &.m.¢-¢s ngg Dl aymuthsmiinagimuniuguimimadsSwino



BIBUWATHE .M. GG oo s BE0
FUSARTMI LML G- oo 512
URARTMIT ELML G- oo be
S ARTMIT LML G-M oo wEm
.08 [RUFMICAN{TS ASHERBITHDIBRALR o e
TEUBRAN S T UMY oo bed
pSANAE.M.E-92 tmjﬁué SUE I MITURTEMY e e
AT AIE M8 oo B29
GIBWATHE M. G- oo Do
§ANANS ¢.m.¢-1s MIAS T RSIFUFH DA AR o Do
BTN I M. 81D e e



aan:AgmasgiRéges

ARN:AUARS

wnagy uha g 1nds  efuisnssiwage§ Shcigiunfimipeime Shm

nrgpy 19 iy
ARy Wy inRéndm
innf an Agld

IRAUIGATGAS

NA2HY NN AR
A ANU /oY
IR 38 KNGS

b2z

inn §2 agth

A 1oy §ens

[AUMINIVIGAIS A3

Mr. Chong Choon Leong
Mr. Loh Kum Fei

U sun i
Mr. Heng Seng Meng
1A [MA SghTg
o suj)s antiy
ina hs in

1nn GiTS ¢0

UUARIIY

I imi SRR IWARRAIYR

HASIWAN H.UL Shih (UM S[AU AR AH
HAIWAM H.UL ShHSUMSAUARAIR

wmswamsaih Shnglidan ShtUmS{HYUIgAISH
HSIUMSSIWANSUAN:UAM SURHSIUMS{UUIAIS N
HYWwmswadsyhih Suagilidnp Sume§uigrigs
{iA Sector Skills Council

wmsmitnaiw issuwathsaghih Suagifiadap Suy§
Uignie ﬁjfﬁﬁ Curriculu and Module Development

[wmsmiun W ISR SMOAANM Shihwiuignise
fﬁﬁ Curriculu and Module Development

Program Coordinator cum Cherf Trainer 1

Program Coordinator cum Cherf Trainer 2 And International
Expert Construction

HSUMS{AERIMMIthE

International Expert Electrical

BoimmithAd

[EMINIUIGRIG Y (TWG)

[EMINIUIGRIG Y (TWG)

[EMINIUIGAIS &I (TWG)

o

siRapigantovamn M ShhwatgthasHins afad Gl |



i g8 By
1A feus sonmi
A Ak Mo AR
IONA 18 1
e §h 1euTiis
IR AN shum
1A ok egiamn
A am ey
s As Tanmy
N 12 Ny
1A 18) g
IWNA AN [UANGY
A 5 agam
sana i ign:
A (8 R
INA S ik
A Oy Al

[EMINIUIGATS &S (TWG)
[AEMIMIUIGAIS &Y (TWG)
[AEMIMIVIGAIS &Y (TWG)
[AEMIMIUIGAIS &Y (TWG)
[AEMIMIUIGAIS &Y (TWG)
[AEMIMIUIGAIS &Y (TWG)
[AEMIMIUIGAIS &Y (TWG)
[EMINIUIGAIS R (TWG)
[EMINIUIGAIS &S (TWG)
[EMINIUIGAIS &S (TWG)
[EMINIUIGAIS &S (TWG)
[EMINIUIGAIS &S (TWG)
[EMINIUIGAIS &S (TWG)
[EMINIUIGAIS &S (TWG)
[EMINIUIGAIS &I (TWG)
[EMINIUIGAIS &I (TWG)
[AUMINIUIGAIS &S (TWG)

siRapigantovamn M ShhwatgthasHins afad

o

¢ iq i



%8BI S RIS RN G R B ENGRS

ﬁga@ﬁ‘aé!

(WS SNSUEIUAN UM U SREIAEMNINTEA iigitinmignmsamo <miphvd
g msamn R Bom sﬁmunUumanHimLm IRAYWIS URM NEY IV RIA AN
& i8S

C

8
HA miﬁsin FIRYM mﬂsmusumu mq]th o

]
3

asg
Zgng
% =)
5 3

c
<)
=
—~ a
%
<
n
@
EE
R
S
t/p]
8
200
3
e
DIn
S
t/p]
0
Py
~—
e
P
2400
=)
<
ha}i)
c
93D
3

o)} LCZ = w-
=200

o-
5}0
=
2
no
by
2
%B 3 831
-
=0
=
T
n
o3
o

hﬁﬁmtuﬂﬁ mLmt'Jm su@mﬁ&ﬁ@wga%w
in

a
(IZ
23
=
3
=
ﬁ
g
e
£200
w0
=5
=
=
=
=

e &
%)
e
e
e
D?
@,
.3
¢
(and
=
w0
e
=
=
e
bl
cg
7

..;

o

yw ‘1aﬁmﬁﬁﬁfusnumwtsiuhummswmsaw (
) ﬁ§J
1j@ﬁmﬁf§ﬁ'§°§wﬁ mLHUﬁJLHmULmU SHA

3
a;_
s
_c

SUNWywRuagn ShwnpnediititugnShijudiauanuamuis:y msyg
[T wwﬁﬁgq*ﬁﬁnﬁﬂ hgimstudioamigatduEpvEan Gt simSadinn:dhan

£

HatEuEARIMIE UGS ISRt AL

W
o immuiw:nansAhHa Satinmungmnisiahi
. msuiaffmsiviwtinmaiwhwaiyy AR TG
mitinmuigu gl umnsisighuguis:d
. mm[ﬁsw‘fmmmmmﬁ}gﬁﬁéh@wmgﬁmﬁﬁ§ﬁj HAAU{ARIUIHATRTY maAis]

Sal

Giseifigiaiieun Shuinmunsitvpinamngh

1
o

. gndhegumsamuidsidiaiaiant Shmmsinilminig [imatth gansi
ummummﬁﬁﬁﬁﬁsﬁﬁmmmmmmummgmﬂ This:yAS I uIRingih e
tmﬂs SAMICHOHUAIHA IWTWAN :

. SunwihywinwminiyBauhai

[

G 0ig il

93D
a
72]}
O3

—
0}
e

iR AniRAsama mudime ShhwalygtaisH



o ISHNUHEREMIMBIW: UAYMN MYAIUNUURMANWNFANHAJIENIG]SMNIUAY
A Lﬁmﬁhﬁﬁé’ﬁusﬁmyﬁmmﬁ / mihwaigthys 1 1ISHNUERTMUMERYW Isthw
AT AAIAIUAIEA AR I WMID mmammjazsmmumﬁwmm

o ishinugansmiganid)hat HnmSNHnmﬂnﬁMﬁHanLnUL”]S SNSRIV
HANWAEHAY UgRUISMINWRIGIURHASRHINSARM gAIsiahmniigsamn
ShmnRuBgRUIUNER |

o HAEINSuaMMLYguIsthys ysfaugisigauunims

n

MIGGUENUMILTANIRUMSYS (9.00.8.)
gawinuthnstinn:dh fadenmywdss yidswsisiatin)im unisapigad
FUURMNISSIS: DM HA: |
. MSIHMIYWIW:
o MSUMUMIBANUAMUISIARTI WIS
LUﬁ?StfrﬁﬁmGUmcﬁﬁmmua}ﬁﬁ'maﬁmsma;cjmm 1105 8
YW yuSunwhywigAdmisguanmidanitumsiys §igHa
ngnmgmjmsﬂ
S ylgnusuianspmaiimivan: vame
waEnY wasiiinmitugnsguasisimsynumn §hmad

HOMWNIBAYWISAMNIRUEANCUNMUU §6.00.5.9 HANG §h SINARANEI N
MNiglicon miUﬁjﬁﬁl sufim ANt RIS NYWIRIUATHA

islghumuistanis:  AdAnnamuoiigivngy  sfhanapmisaigindmme
uligeaizsd munddumsasia Sufidminnisiatgiimigiaig)a iRushgwyaanm
u‘jmmnmsmanmsaﬁmm gaﬁﬁwﬁfymagﬂmumﬁm AnnapmisuSgRuis ﬁ@’ms

siRapigantovamn M ShhwatgthasHins afad §fi1 iv



SSRUEBRRIGRIBEsEEMA (CBLM) $6R8RessHme

EBEFMNOTBUR
.1 igntouamn B enh
oa  mer n s migpaiSaayinisa s
o | alSaAgInisIIMENAGSH L e o )
i \ ¢91n ¢SS Isipnnigh POWE 0501
ag:isiphAigiming -
' mini
ah8afumindigisinudh IR SumiuAigs
| WANRR] AR L‘L ) 4 POWE 0502
upeu [y sayg
gaiSamithepnwugm MIEafSHIMI WU
m | ARSI (BAASAIMIEL POWE 0503
uigAtgsutsiaigameng Utgmgm isiaighmuni
aafSymiuynisSwinima | mipailamiuyuigsw
¢ |1 ., JMIUESS Lu Seymis POWE 0504
isinighigmi maisiatghigmi
o | sEiksmiISRIjumini oY mﬁjﬁ miSkiubmani
POWE 0505
minigig UREMINIGIF
o | AafRammsiamimimiuians | mifgafSqimimsigmimims
- POWE 0506
UTans
q | mallajugniuassmini oHs | miggalSajugnuauEming OWE 050
POWE 0507
isighamgpinny OHs isiatapinAY
HeimwsAiShsmnuRmmN | MIHSImIWS AiS A
G| minhiimusimnaw URY IMUMIANSHIA POWE 0508
SINM
o | panfymulfiiiivuih mipanSamulaTifiu e
POWE 0509
g tAlnN § ShiagtiAlinn§d
paflamig)suan: migaisamIR)yuEN:
o0 | UigAIgMIMBImaShmiatal | vigateumndimassime
cap . . «, a_ | POWEDO0510
FIHIQUAIAN SRUTAMIRRY [AUTAREIHIQUAIAN SRUTA
1Y
[ERDSYMIVARNWUIGAISUAST | MIFRNSAMIUARNWUIGA
29 | muEiasmi Samiannsian 1¢fsAgT MugiRsmi S8mi | POWE 0511
algn ALNSIANATSN

siRapigantovamn M ShhwatgthasHins afad

SERY,



g | IRAseamo EREEETY ienh
HigiShuivdimauammad | mikigihSapdvimauamm

9
. . o POWE 6501
(USARHMIENATS] HAN SARHEMIANAIS]
HigihSudviimguammud | mikigialhudvimguamm

v | wlphemindngay Suemi | HE0SpREMIMINGAY BIHAT | bowe 6502
28NNAY 28NNAY
bmaSahwaigdhiised | modimaoShhwalghisHi

m « POWE 6503
QS e
Rigiuuasthunulsgion | miigiauisthunnigion

G . . POWE 6504
Owhynu SWwhynu
muisaifmalhumey | mimiudgaiimnSaume

¢ POWE 6505
HIUS HIUS

9 | wnwirgipngamtiga MinARUASHAN®S | oowE ss06

A | wigadsdun§nnde | miligihuasPRn§inimda | oowe ssor

siRapigantovamn M ShhwatgthasHins afad

¢f1f Vi



D

SBHaNIBYBREEE

ngSSsgenp : miliduinisdpisuminvampiialganm

w [ I

igacovpmns  foe ShhwalghisHis
Goniuingan:  mufims Shhwalgtsuial
mifinnnsigzne

[UGROUEIAN (FU.60)3

MWimsuNUSigguis Ul mmuShnsuuamns
U.609% INGATAISTISTU(§61)

.0V NGRS CISAAT(§61)

a

i S¥uTm

2

.aams Bigihiagfugmie
N.AIGS hwmy{pmmnqéf

al

. AUAmISASHAUS mimmﬁmjﬁ busbar)

siRapigantovamn M ShhwatgthasHins afad &1 vii



7

R5.85093 SHRRHNBLBISIB (HR)
IMWANSUMUSigRuAANS: Ha) ylmmuShmsuuamngoahmys:
o URNWOTANGAN:ISIVIRA
. Uﬁmemjtj:»ﬁhgﬁﬁjﬁiﬁtﬁﬁ@%@%
o URPOWIUIASYSIGISMU(DC Motor)
o IBSNgGIoISE
. ugniny]|sggioigmo

o

siApiganbuvamn M ShhwatgthisHins afad



sesTHRaIS BB TS

) d
IRIHGIO[RTIM S0

v

CORYM NI iGRIANS
e MSWEANANS &.M.9-9 2 5IAIAAN: | WEAAANS &.M.9-9/ AyursShw)
isinA co a wi e .
HNUSANDMNS SRYBFIMS{AUNN:U
AM ST REAISTIN IR A MR
feghw ShmiugnAuigyy
o IBWATWHWHY ¢.Mm.9-93 oTANFAN: | AfWwhwaily &.m.9-9 RN SoISw /
ISIUIRA e "
AR MW SHUHAMYIW: Mi
bmamnheigw gAEiasgums
SISWRLHIORHY AIANIRUHASS
GG UMSTISWRB[ANG yums§n
fAmsyhig)a JoUQUYRNNUNEIR
ghig)a i)an e gumSoifwiiug
FhHEY
.« NSHEARAMS €.M.9-9 2 164)5HINg0 | WEAGANS &.M.9-1/ agun s §iwn)

al = o A a
NEUSANRBEIS S8

T

IFIMS{AUAN:U

AMUTYRTHATSTIN IR A MR ]

o IRWATWAWATY &.M.9-1 £ 16])5HIkY
GRMIHGOYIM G0

AIWAWALY &.M.9-9 IRUNSTIGW /
[HRNSAIMIFW O SHUHAMBIW: M

PmOmMNhGISWw gAEHasgUMS

siApiganbuvamn M ShhwatgthisHins afad

efli




GISWRYHINRHY RIANIRUHASS
GG UMSTIBWRB[ANG yumS§nA
fAmSyRig)a JOUQUYANNUNLIFLW
ghig)a w)atsgunsuifwiivt

ARHATY

e MNSWEAAANS &.M.9-M 3 [UIAGHEI
188U (DC Motor)

3]

SAARNS ¢.M.9-Mm / Ay SRR
Shagngimspuan:y

AR Y]

Bwalwhwaly ¢.m.9-ms [UiAsyd
G1§FhU( DC Motor)

o
e 1MW

[}

[BRDS MR W SHUNHAMYIW M
bmamnheigw gAEiasgums
GISWIRYHIORHY RIANIRUHASS
§SUMSTIBWRB[ANS yumS§nA
ARmSyhIg)a [oUQUYANNUNGIRLS

ghig)a i)annegumsoifwiiug

FIHN
o MSWEAAANS ¢.m.9-¢ s MASHYST | WEARAMS ¢.M.9-¢ / ayurmSSUWN
GIginu o a4 si o .
Afiwanams ShagnaimS{puan:y

AM T HAISTIN IR A MR

fylw ShmiugnAvigy

siApiganbuvamn M ShhwatgthisHins afad




o ifwalwhwaly ¢.m.9-¢: migAYet | afwhwaily ¢.m.9-c¢ iRunsoISs/
GIgtU - — .
AN AMIE WA SHUHAMUI A
PmOmnhGISWwY gARHasgumS
SISW{Av[piFaHY AIRNIRUEATS
§SUMSTISWRBANS yumsu§n
o A [ al
fAnsEhig)a IGUUEANNUNYIFW
ghig)a W)t gunsuifwiivt
ARHN
. msmgﬁﬁﬁms d.M.9-6 & MIVEN uEAGANS &.m.o-¢ / ayurmSSUWN
ingj)sgdioigent

Afi§nftms Shamsimspuan:y

AMOUTTATEATSTIN IR A MIE Y]

o IBWAIWHWE
ingj|s§éioigmo

iy &.m.9-¢ ¢ MU

[BRDSHMIFWOSHUNHRAMBIW:MI

o

J

oIgWRvHIRHAY AIAhIRUHASS
§GUMSTISWRV[ANG yum s
fAmsyhig)a JoUQUYRNNUNEIR
ghig)a i) aRus g SeIFwihupi

ARHATY

siApiganbuvamn M ShhwatgthisHins afad &l @




/5]
253
—
(@
-—r
e QD
o)} S
)}
-—0
=
)
-t
=
v
ZQ
N—
Q
=
==
Q.
Q

al

isighdpvanididhioamipngs

e Permanent

e Temporary

1.gnUIsIRStIM S
o WIRATR UM STNUR D SAIGM

) )

o wiRAlR UM STNEWR O MG

o

siApiganbuvamn M ShhwatgthisHins afad



iR AniRAsama mudime ShhwalyhasHin

ne
3
ba}]

(_"v



> LW P

85058305865 HE.M.9-9

padntsiahuAgam?

D

g
winawnsiigsyn 2fg:
RRvRam finuamisiiaa Mo ?

o

siApiganbuvamn M ShhwatgthisHins afad X

eng 6l



SeE5esH5E.00.9-9

o

siApiganbuvamn M ShhwatgthisHins afad

e @



(=3 4

sEuddne .ok : iSiegsassenig sigmunds

6

9.1faiRstim o
ninumsoisHinlphimanamaogiiepd  ulsaita  aiunpda)hiy

o

b)

viiamsthinstimo
+
- Field (North)
:'i 1’1 : 3 N A A A/ A} AAAA )S
 som ] \ p)
- %unem through Current
tojpi yhsaiita e
+ SEnmanG
o Gaggh(isiye)
o GeushiomsAl(utYRim)
V. AYABIM ST
myGnU Lorentz isinquitunsoiggamaigjouhinugaghugihsinstimso

NI S A NILIgIoyh WAL A ke §o




B thiRSBM o (T)

IENGIgARMAIN (A)

o3

L thiuitaigjeuiu (m)

o G aulinstindo Shoig

current |

Source: Sahdev, S. K. (2017). Electrical machines. Cambridge University Press.

o

siApiganbuvamn M ShhwatgthisHins afad ¢is 90



&jesss:essaé’gaé.m.g-b

1. QIgIs ﬁjitﬂfz\;tﬂsmtmgmﬁm ZJUUhﬁJLmUIUmmmU'P
T
- R
2. “@:@mtﬂt’zﬁ’ﬁsmtm@mummtmmmmmummmma

N ®I S N @I

4. IUMA

st dobiran(em)9 15ARIGISO0. &N (0. 5A)ghn 'f8jﬁgﬁ181:iﬁ

1" 9

AgihiimiouiRamhwigns:nsaigligs 2pknIins
§eordorgiatagsRign (0°0)

- v

siApiganbuvamn M ShhwatgthisHins afad ¢fis 99



655855 &.00.9-1

2.

D}

v

Yy

1§ aoidliginsthum Somptaiuaniau MY

mMUJUY S

F=BlIsin6

siApiganbuvamn M ShhwatgthisHins afad

¢fli OB



B=2T
I =0.5A
L =1m
ahAIhs
:"
o gmHizstimSosSHSuixisisidusiEims(0°)
F=2x0.5x1x0=0N

grnitstimiolndadiorgiegmoigm(30°)
F=2x 0.5% 1x 0.5 =0.5N
gininstimiolndamoigig e ofin(90°)

F=2x0.5x1x1=1N

o

siApiganbuvamn M ShhwatgthisHins afad §fis om



BSERAHHS E.0.9-M 2 {BIHIBRIBISIB(DC Motor)

L4

9.491G18thU(DC Motor)

géIoIgthUAMUIAS YW ?sé'ﬂﬁsﬁmﬁﬁmu‘fgﬁﬁt’nﬁnmﬁ'ﬁm§mmfﬂemmw
A IRUUANhYnumsyAicigiUY
qé’msmﬁmsusmtnso

“+ Separate excitation Motor
4+ Shunt excitation Motor

4+ Series excitation Motor
+ Compound Motor

Field

Aq
— .

2
Shunt Series

Armature

F F Ay

(a) Separate excitation (d)Compound Motor

v igaisgéioigtht(ec Motor)
gérorgthuionommiigados: in

1818 i (stator) §IRAGATE(Rotor)

3

Armature Drive Shaft Stator

Brushes “#  Commutator

.91 A18I8 R (Stator)
statorB iR ATE S SMSTUIUAYFIoIShY iwhnsaniuilainstimso
15154 Stator gtsjmm ws
o ffo“ﬁ'Hﬁi(Yoke Frame)
o 10 (Field Winding)

o URi(Pole)

eflf OC

e

SH

D30
a
e

c—"p
Ct

uiRnigAIlosamn mindimea Shhwaigh



RIUSYISI(Yoke Frame) 1(Field Winding)

v.1 I§AGATA(Rotor)

o
T
n
3
=
3
[and
-
=
ﬁ [
n%
=
c
Se
g
s
=
[
3
<
<0
=3
0
n
S
(&=
<Qp
9
pu(¢)
(e

al 9
Rotor AMIBAIK

(4

viinmsthagitismnaifn) 9

[N

Rotor Etm ws

o Wi Rotor (shaft)

o fy;ﬂﬁf,i(Amature Core)

Armature
Core

o Commutator

efli O

e
D3P
2
e
c_"o
CE

iR AniRAlsama mudime ShhwalgtaisH



Commutator

o ﬁ:f Rotor(Amature Winding)

Armature

International
Protection
INOBER .
2.IP23=MIMIHUEIH
REEAR i Shigfain i
adagh 12.5mmIkmimi
—— wehlhminmdn
W I AR
[USASIANG GgsHnho
MIMIMI
.1 tmag&ﬁmmtm:mﬁg‘:’h) tmag&%’lﬂ(mmfmﬁgm)
0 A SMIMIm MSMIMIMI

it

miniueig ShiaTain sty

U -,

50mm( 2.1R)

miniueia§h A

miniueig ShiaTain sty
12.5mm( 2.[08iR)

mimniueafhdapuanidisiinu

QUAIANINALS A MAGYM

siaapigantosamn mndime ShhwaigthRsHans &

¢flf 99

e

3]

(_"p



miniusiigiShigTaiRuimi mimiueafhmimmEahwi
2.5mm( 2.12j5yhHANS) W) ARUY60°

mimnumkigShigainudthiimm | mimnusihSaminmeaithwin
4 .

[ -

(2.ounAN §hignoy) [AUY
mimiusiafhglitumoiyl | mimiueikaminminihwings
° M AT IMIMIUE Il HISANU6.3mm
mimiBsynlgums(fela)fh | minueikShmimminmhwings
° mimiujmhmrgm BISANN12.5mm
mieniuRiSmigA FAssigh
! R0, 15m-1mARIW: N AUAB30S 3
mieniuRiSmigA Fassigiaigl
° i smaLmpiiw Ny
. MIMIUARSAMIN R WwEn s mm

RS NS EERS- RNt

¢.Binhimisg gy

Armature

Commutator Winding Air Gap

Cooling
Fan

Carbon
Brushes Frame Stator

iIslinumUgsna Shiuancisthuinuis:isiakigam Stator uiiaiistimso

fn

S
IRunsyus 84 NY Ufsmmﬁwﬁnauﬁgmgjﬁmgsa Rotor Mt (Brush) i1

u

?Jmﬁ
& mfmaggioigmt

¢t ol

e
933P
2
e
c_"v
Ct

iR AniRAlsama mudime ShhwalgtaisH



[UiAeyen GIANEAN: maime
Shunt wsing]|sieuist Sagia | A
visgEnuatiRsin | -géyuda
R S NREE
Ge1ans
Series oS st uipyeu $4 | Cranes

AgihU o UiRei

LRSI

(
QUMYWUSH)

NI S/RIENIUHY/
Rinnung

Separate excitation Motor

nsing] s ainf)sgin 8
agiaudnfiinuatiiei

Compound Motor

AgiaudufiinuatiReiy

il .

jumaismiBm g §ioigthy

siApiganbuvamn M ShhwatgthisHins afad

o

efli oG



aiessSIes586% &.0.9-M

siApiganbuvamn M ShhwatgthisHins afad ¢t 98



565585855 &.00.9-0

c

UIAgYWist msaﬁm§%ﬁ putghithuenuaiuSigihhunuism

D?E
C_"

{

3

ISTUA

"
=
C-
_c

&g

SA RUUANENUNSYA
GHIoIStUMSUSIUIAG:
-Separate excitation Motor
-Shunt excitation Motor
-Series excitation Motor
-compound motor

. gdioigttiontommiigaia: iRA1s18h(Stator) ShigAoa(Rotor)

230

e
933P
2
e
c_"v
Cl

iR AniRAlsama mudime ShhwalgtaisH

eni o



BSERGSHS E.m.9-¢ s miisSagRoIgnS
o liismiic

g yrgéidithimiyatnsan i Shnsiigmnga MES AU

i

earing )ilgimARMANMSY
g

siApiganbuvamn M ShhwatgthisHins afad ¢fis bo



wIAsy s

12 RSN Y §1( Serial )

v

MUUTIGSHaNSH]

MUUTIGEISMIT &

GSSﬁ:ﬂﬁm 1”111'[1{11'[591

v

siApiganbuvamn M ShhwatgthisHins afad ¢fis bk




aSeseessig &.m.9-¢

3

9. 1Rgj g sitinhimigaupsanaihi SamsSigmngal miisAsuoidma
AMBAUEATIGRIS R grjuntiungmnismis s
AISHUoliensmigAHg: 2

2 IBAUoIitnunsmisAHg: 2
AISAUOIBHIUNSMIGH

[}

g ?

o

siApiganbuvamn M ShhwatgthisHins afad ¢fis b



SeBesE; &.00.9-¢

1. tﬁqﬁjaermnﬂmmnﬁmnznﬂmﬁmf Suvsfigmnga MISHAMUG

OINGUUHAVIGAIG U MAT I U SS
. igguois

UmthUhnhmmh( Bearing )il gimARMANMSHY
g

>
>

> v

> ([AlSyMnAATOINES Commutator {3 (Brushes)
>

>

>

o

:31
ﬂ

=

siApiganbuvamn M ShhwatgthisHins afad

¢fli bIE



SSEHBIE™S E.0.9-9

SRNSISe: MESAERIBIENG

RS BRNSIRMINSSHS
o ihetiungGisigme
. isgigdivigmt
- giinnngdicigmuigiuig

&
%

o Tedingh

9 [y
9y
9
9
9
9y
9
9y

aas

CIMe/RESS:

1. ifetaauaind g S RUomImiRiRmamnigs

YRS SHAMIUAGE

o M 0 P

i 0IURY S

v

e auRIANmyy sing il Oluag 61
N8 Gaaag o & 1ol iRumoidgs

siApiganbuvamn M ShhwatgthisHins afad

o

et b



al

. umspiaR i (Bearing )iRgim iakmiqmsey
g

. Yyl ymme nggiismiaiahgs

6

7. YbY ¢

8. (HANSHMNIATOIUIS Commutator §j# ( Brushes)
9

._.
o
e

93
-aa

. 2
-
(e
2-
Co
1]
—
Q)
Q.
o
-~
Qo
By)
o
—~
o
-~

mirsighuimShean

siApiganbuvamn M ShhwatgthisHins afad

eni by



LT BT BT, oo oo
T ETHNETT FT(SEHAI ) .rerveeeeoee oo eee oo eeeeee e eeeeee e eeeee e eeeeeeee

-NGOISHAMS 0
i GluRg s 0
paiSgignumen 0
eyl ymmeuyglomiaphyd 0
Al SymaanToIuis Commutator [ji(Brushes) 0
nahfafieinuaih 0
1aahSajus:on ShamIvaTg S 0
Y61 0
-MUCIgHANS

o DARRRAUANGIGFL s v

. hﬁ'mg ............................................................................................................................... A
iuinuaighmsiglfaatyarhenistib éi( dentification plate)

mtﬁﬁ%ﬁmﬁmwﬁ ........................................................................................................................

i AniRausamn mufime Shhwalgthasuins adad ¢fis bl




sgncifme dmo-¥ 2 misminsieddisigs
9.0 q,mm,ﬂ SU ¢1shunt &Saparately Excited

mIUEI’mﬂJp]jSiUﬁ'ﬁéé)I Shunt &Saparately Excited 1§ smuiig)us

+ UMM WUiBUY IR agRIUasT§1( Rotor )

I
.f?— Ry

lﬂ.UfLﬂtﬂ{ﬂSiﬁi Series

mmq@mmﬂsmﬁ}ﬂfé’i Series {§msmuding)us
+ UMIWUIEUY e AR as§ §1( Rotor)

siApiganbuvamn M ShhwatgthisHins afad

eni g



+ UIMIMWUIEUE AR aRIvasT$1( Rotor )

o

siApiganbuvamn M ShhwatgthisHins afad ¢t b



aiesSIemais &.00.9-8
1. tﬁmmqntmpﬂsmﬁ'ﬁéé’i shunt &Saparately Excited i§MSmuiIsiy)u?fg: 261
ifunt 2

2. MU S1UAIEEI Series ifMsmuRSIu 28g: 2gnJuny ?

o

siApiganbuvamn M ShhwatgthisHins afad &is mo



Se5essss &.0.9-8
1. mmqmmﬂ SIUATY T Shunt &Saparately Excited 1§ s muding)us

+ UMW Uy e A as§ §1( Rotor)

1. m:uqntmﬂsxudjf§§f Series {§msmuding)us
+ UMIWUIEUY e AR as§ §1( Rotor)

+ UMINWUiBUE AR AIRIUAT]§1( Rotor)

o

siApiganbuvamn M ShhwatgthisHins afad &fis mo



o

siApiganbuvamn M ShhwatgthisHins afad ¢fis Mo



&
&
(@)
£3
a@
9.
g:
O
D
o
i)
e
Q.
@
gc

9. UARNWARNSMARSIUATE

g

V. whvimipaila) Suifimagsnm
S

m. igAgSnhwHSIMEmuaEIMIGNUIAMN §i

Immy Shensuamn Benkijmys
AON:UIgAIg & BRRNMY Y MS{RYH
HSWNEMUREIMIGNUNIAMN Sk

o

siApiganbuvamn M ShhwatgthisHins afad

@fls



sesTHRaIS BB TS

UAYMALIAN

RIS

o msaAdans ¢.mv-9 ¢ phatd

©

uEAOANS &.Mm.W-9/ agur SRMw

=3

a o A
NEUSANAENS SH

Te
2o

IFIMSFUMN U
AM ST REAISTIN IR A MR

feghw ShmiugnAuigyy

=3

2§zn
g
Qae
g
o 4

Waly &.m.9-9 3 {Fhagrn

AIWHWaALY &.Mm.V-9 IRUNSTIGW /

3p
Z'/DV

3l j'ﬁﬁﬁtﬁﬁJ'SﬁUﬁJ'HnﬁHiw il

=

bmamnheigw gAEiasgums

o

GISwihv{pifanY AIRNiRUEARSS

GG UMSTISWRB[ANG yums§n

fAmsyhig)a JoUQUYRNNUNEIR

al

ghig)a i)an e gumSoifwiiug
FhHEY
e MISURANAMS &.MW-V 3 §éiHkg0 | WEARAMS &.mB-Y/ ayumsShwN
fxﬁﬁ@‘m ( 1Phase Induction Motor) ca a0k o .
Afiew§anans ShagnaimSpuan:y
AMUTYRTHATSTIN IR A MR ]

o IFWRHWIWATY &.M.0-Y 2 §i1HRg0
PJJR 98U ( 1Phase Induction Motor)

i ﬁ'jmnﬁmgfwﬂ aﬁmﬁﬁg GUmS

siApiganbuvamn M ShhwatgthisHins afad

@M ME




ol

GISWRYHINRHY RIANIRUHASS
GG UMSTIBWRB[ANG yumS§nA
fAmSyRig)a JOUQUYANNUNLIFLW
ghig)a w)atsgunsuifwiivt

ARHATY

< o A s ol
e MSEANAYS &.M.Y-M 2 T
quAIANMIMIGSI( Gagh )

e

AISARAS &.Mm.1V-m / fyur S’k
1o al =) o A a |
wsiu§nidns Shangmspy
ANUAMSTUASHATSIIN iR (U E AT

fn fn v

miBgiiahwn Samivgnavigy

sfwhwaly &.mv-miRumnsoiguw/
[AANS MU WO SHUHAMBIW: M
bmamnheigw gAEiasgums
GISWIRYHIORHY RIANIRUHASS
§SUMSTIBWRB[ANS yumS§nA

ARmSyhIg)a [oUQUYANNUNGIRLS

ghig)a i)annegumsoifwiiug

ARHATY

e MISUANANS &.M.W-G ¢ §FIHIN30
£JJ M 64U ( 3Phase Induction Motor) 8219
$1aAAS

uEAAANS &.Mm.W-¢ / EMSSh

T

al = o A a '
Aru§ndams SaangaimsSpuancy
AM T HAISTIN IR A MR

(3]

fylw ShmiugnAvigy

siApiganbuvamn M ShhwatgthisHins afad

o

eflF e




o IFWRiWWalY &.m.-¢ 3 §Siag0 | Jwhwaly &.mu-¢ unsoigw/
fJJRMEN U ( 3Phase Induction Motor) Shy

3
(]

[EROSYMIF W SHUNHAMYIW M

RN * v
PmOmnhGISWwY gARHasgumS
SISW{Av[piFaHY AIRNIRUEATS
§SUMSTISWRBANS yumsu§n
o A [ al
fAnsEhig)a IGUUEANNUNYIFW
ghig)a W)t gunsuifwiivt
ARHN
o MSFAANS €.m8-d 5 Than(yy uEAAANS &.m.W-¢ / EmSShwn
g adlisgéimene I .
g Ali§nndms Shangmspuan:u
AMOUTTATEATSTIN IR A MIE Y]
Tylw ShmiugnAvigy
o Furwhwaly e.mv-¢ : fanjy | dwhwaly ¢.mb-¢ Runsoigw/
Deoyi§ aidisgsimehey

-)

oIgWRvHiRHAY AIAhTRUHASS
§GUMSTISWRV[ANG yum s
fAmsyhig)a JoUQUYRNNUNEIR
ghig)a i) aRus g SeIFwihupi

ARHATY

siApiganbuvamn M ShhwatgthisHins afad &fis mo



. MSWEANANS €.MW-D : ARNNGSS
g0 sjuRl tmj]s SUEJU(Slip)iuaTg S
Hugouh it

MIFIMS{AUANSY
AM ST REAISTIN IR A MR

feghws ShmiugnAuigy

=3

o IFWHRWHWETY &.mV-9 : AANNGSS
o Al ing)s Shgu(slipruaigé
gl

Afwhwaly &.m.u-9 Runssigw/
[PRASMUFWAISHUHAMBIW M

PmamNhGISWw ApiasgumS

o

SISwihv{pifanY AIRNiRUEARSS

GG UMSTISWRB[ANG yums§n

fAmsyhig)a JoUQUYRNNUNEIR

al

yRig)& U)AR UG UM STISw

o

vl

ARHATY

o IRWaSWHWATY &.m.u-r ¢ AgHUin
UG SIHIN G jamth e

o ﬁ'jmnﬁmgfwﬂ aﬁmﬁﬁg GUMS

GISWRYHIORHY RIANIRUHASS

¢S UMSTIBWRB[ANG yuMS§A

siApiganbuvamn M ShhwatgthisHins afad

efns mel




fAmSERIG)a JOUQUYANNUNLIFLW

ghig)a i) aRus g SeIFwihypi

ARHATY
o« mswinfAms &.mw-¢ : $ATismI | wEAAAMS &.m. -G / ayursShwa)
maifar Swifilinaggd T .
ffin§adamns Shanaimsguan:u
AM T ATATSTIN IR A MR Y]

iom ﬁﬁmnﬁmﬁwﬂ aﬁ[ﬁﬁm NS

ol

GISw{hv{pifanY AIRNIRUEARSS
§SUMSTIBWRB[ANS yuMSEA
o A [ al

ARmsyhig)a [oUQUYANNUNGIRL

ghig)a i) aRus g STIFwihupi

FhHEY
o mswfAfans d.mu-¢ shany | windAwms ¢.mv-¢ / yumsiawa
mmumumﬁmﬂsxs&ggmmm Afgnnams Sheyneimspuany
AMOTATATSTIN IR A MIE Y]

Tulw ShmIvAUigy

o FUAiwhwaly ¢.mv-€ : Hany
mmﬁmﬁmﬁtmﬂs%sé’ggm &

WhWwalY &.m.V-& IRunssigw/

(\ac,

Z'/.W

n8n

=
=
2T

RIMIGWES SHUNHAMYIW: M

siApiganbuvamn M ShhwatgthisHins afad

e o




PmamnheISwY gAEHasgumS

SISWRYHINRHY AIANIRUHASS

GG UMSTIBWRB[ANG yumS§n
o A [ al
fASEhig)a IGUIUEANNUNYIFW

ghig)a W)t gunsuifwiivt

ARHATY
e MSWEAAANS ¢.MmW-90 3 1asidh | WEARAMS ¢.M.W-90 / AyurSiY

AC ﬁmﬁf 1o al =3 o A a ]
wsHiu§anans Shanamspy
AN UM I RSHATSIN AR g AT
miBgiiahwn Samivgnavigy

o ifwalwhwaly €.mv-90 : asidy | whwaly &.mv-90 Bunsoifw

AC Uiney . N

/Al S A MG W SHUHAMYIW:

mudimumnaciBw gaRiiag g
MSoIBWiRvRiNaHg AahiRugn
B8¢¢UMSTISWRY[ANS fyumS

o A

n§AAANSYRIG) A IOUDUEANNINY

IFUhig)a W) aRUe UM STIFw

2@

[AYRi Y

Mw-99 ¢ §87Als | wEAfAms €.mY-99 / ajumsil
é) '

1o a =3 o A a '
wsHiv§anans Shandmspy

siApiganbuvamn M ShhwatgthisHins afad &is mé



)
J

o ifwaiwhwaly ¢.m.v-99 ¢ §A7ils
mish:Giun SuRGdio:

9k

(2]

BERNSYMIRWAISHUNHAMYIW:
muSnOmNAGISWw HAEiae g
MSTIgWRLRINRHT AIahIRUHEA
B8¢guMSTISWRv[ANS yums
S ARANISYRIG)E (GUDUEANNUNY

IFuhig)a W) aRue UM SHIgw

2@

BRI

o MISEEANANS ¢.M.V-91 ¢ QUAIAN

uEAAANS €.Mm.W-91 / EMSEH

ATUMITONE§1 Y I .
wuahu§anhms fhangamsigu
ANSUMAUIURIHAISTIN TR UHAE!
mitEgiiahwn Shmivgnavigy
o IFWAWIWATY &.M.V-90 ¢ UAIAN | WJwh &.M9-91 IR STITW
ATNUMIY clnﬁgé’i on o
RN SYMIRWAISHUNHAMYIW:

M mnaciSw HaEiag g
MSTIgWALRINRHT AahiRuEA
B863uMSHISWIRUEHG ums

S AfANISYERIG)E [GUDUEANNUNY

siApiganbuvamn M ShhwatgthisHins afad &1 GO




Fwyhig)s AR UM SHITW

(AvipifihHY

« NISUSARAMSE.MY-9M ¢ FiIA])R
UMY 198 & ( Start-Stop)

uEAGANS €.Mm.W-9m / ayursiY
ool < o A a '
WUHNUSANHTNS SRYBFIMS{AU

AN UM T RSHATSIN AR

=3 (24 o

>

o FWAWHWwETY &.M.V-9M 3 §iia])5
UMY $19 8 ( Start-Stop)

2223!1

AIWHWaAlY &.m.v-9m iRunsoi§w

IBERDSHIMIFWRSHUNHAMYIW:

3

M mnaciSw gaEiiag g

MSTIgWRLRiNRHT AahiRuEA

al

SGGUMSTITW

o

o

[AYAle yums
= o A
§AfAnSYRIg)a [BUDUEANNUNY

1FwEhig)a AR UM STIFW

23

BB

. MswEANAMSE.MY-9¢ 3 Bigiufe
Mt glye [RUUIMW

SANANS ¢.MmW-96 / fyEMSEh
1o al =] o A a '
wisiu§nidns Shandmspy

AN:UAMUILRHAISTIN IR (UHAT!

2@

o IFWAwHWATY ¢.MmV-9¢ s DGR
M IFIye (RUTIMW

IR HIMIFWRSHUNHAMYIW:

mudimamnacidw gapiiag g

gfi GO

siApiganbuvamn M ShhwatgthisHins afad X




ol

MSTIgWRvRiNaH9 AahiRugn
886G UMSTISWRY[ANG U
S AfANISYRIG)E [GUDUEANNUNY

IFwyhig)a WAt guMSHIfw

2&30

[AYRiFaH

siApiganbuvamn M ShhwatgthisHins afad &t by




=1 o A b 77 [
BEHRAFJR &.M.10-9 2 jFeasINRS
9. Swusw
i yihmauninnaglyuisiphong smiRumosmAyRIgiag mjhtmtﬁ
IANESMOSRIUARIGH
Panshipudspvywme Shpvima
Wl
4
w.88 g Shjuys
©.9 {BHEIN
Primary Transformer Cora Secondary Magnetic
i L— CDI' CDFE
— 1| primary secondary Ve
Vg
Transformer
Transformer Construction Symbols
V.V jUYS
Vp_Is _Np
Vs_Ip " Ns
iR
Vp mnhmjmsﬁ“‘ yuw
ﬁmjmm:{ﬁ”
Is toigishig§ i
Ip thoigisliiéyw
Np IGgsHisligiyw
Ns BnGSsaistife s
naysHANE Adad §fis Gm

uiRnigAIlosamn mindimea Shhwaigh



m.mufm e
Phat diginsfimes

al

Rigiuiadaghuny(MY) somimicipHAa

Ty

o islphnsanSwniadil
SHISAMOH

D3

Silanaghgaiigitng

<8B

ASMBUAMMARAINGEI(HV)
ao h{

o islahrsanSwninSionnwidgium:ahahivammeai(H) saal
RIJRYEE(MV)
. isighuampioAnwildug ataghiisbaghegsmy) saakayg

d a a

aaU(LY) sEBmalEng s

o

siApiganbuvamn M ShhwatgthisHins afad ¢l GG



aiessIeais &.00.0-9
1. (phagrAmg?
2. ihphatsipinsifimaisiaighnmg: 2

o

siApiganbuvamn M ShhwatgthisHins afad

eff GE



Se5esssEs &.00.0-9

1. (phaidmhouninnsiufywisiahois@aitumosnAyRigiial ki
IANESMOSRIUARIGH
2. phwtipiasifimars

(3

o isiahnsanSwninSilditisinfahaheasmy) omfmiopniuislai

b)

rjhgrdiiatsmymanfSmvuammanagigai(Hv)

do

. isiansapSwriaionowildup ataghivammgai(Hy) srahahegy

D)

(MV)

2

. isiaruammisAnwiidugataghiinhaghegsmy) sAakaRAU(LY)
R aakians

siApiganbuvamn M ShhwatgthisHins afad )



BSERaSme &0 : $8558255855298385(1Phase Induction Motor)
9. 8wysw

o L]

gdringoaghomuhmuinegdioiggatidhimiwaiaghome(220v-

230V )

GREEHERE TRV DI BY

géirhgoahomngidmuignaas smiBsgom

o v

. lifting
cooling end
fan bell ~ eye
nameplate

—— e

stator coils

bearing seal

cover , O
. .
] squirrel-
cast-iron cage ball bearing Lo
frame rotor e

e Fan cover (AIUA) aspnUmiminnigéiimitizeoimiay
e Cooling fan (A ﬁJ’LH]U”mUSUJnﬁﬁ%f INRIaNIMIY

e Endbell (A1UgSn)mpUpUIRANMIMWITATGS

e Wiringbox ({UHURANIS])uOMUigjuanShigge

e Lifting eye (§NAYST) UINUBAIUAG S

)s

. Nameplate(ﬁﬁms"é'i ﬁJL&nULmt'Jﬁ NANISUIDAIG RIS VY SIY

e Case-iron frame ( {GUAYST) UINUAUIRAINY SIURIT §19
e Stator coils (1GaN§1 mmvmﬁmﬁsm NGo
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o Bearing seal (ATUMMN ) MIMINIMRAZFUGUNINRY
e Ball bearing (NEhY) B Stwi§135Trusiey
e Squirrel-cage rotor (féﬁﬁﬁtﬁ@fﬂﬁ[}ﬁﬁg% Squirrel-cage rotor &wound rotor)Ufgﬁﬁ

Aginsum i oiaagiiemInitgi g §in
m.EinhiMIu A SN 36 AR 9th i

Flux due to Rotating stator field
induced TN .
rotor Y
current \

Rotor Ng

nS
\\l144
S Stator
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monmisigiumsghing sywmamnig
¢ mudmagdningoaghomm

géiringonghomafimughuimmgiogom
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o %’éiﬁj Hili(compressor motor)
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e Fan cover (AIUAR) {NUMIMIALN égg“' mitizgBoigiha
e Cooling fan ( ﬁi[j:ﬂUMmU gﬂgé’:mmﬁm‘hfmm

e End bell (ﬁm" 1) U UAUIRA DRI WITATG§1Y
o Wiring box ({UHURANIS))aspntmuiajuanliisgéid

o Lifting eye ($0AGST) IO AILAT I
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gE)
e Nameplate ( ms€;§’1 mLmULmt'jﬁmn SUIGRIS RIS U RIG§1
. Case-ironframe(ﬁJU ¢1) i tavIgAMy eI Ig§1Y
e Stator coils (17 9) LB“lUUﬁ iRstImGo
e Bearing seal (AU )MIMINIMRAZFUGUNINNRY
e Ball bearing (e} ) BgwidiTrudhn
e Squirrel-cage rotor (J$110AIGMIMA{UIAGS Squirrel-cage rotor &wound rotor ) Uiy fi

ﬁa‘iﬁ&trﬁ?mmﬁaﬁmam%tﬁyﬁj"

A
-3
=
3
C-
«@:=
De
9
nn
px~g
‘E:"
>
-3
b 14
bRa}]
2
e
c
pr7a]
I
D30
2
ne
=
)y}
=
pu(V]
n
S
(&=
QD
QA
)
=3
-Clo
2
ﬂc
=
=
&
<
-
-

S
191 j’é’m smstm EER ST s&mm%‘fﬁ gk Ui At AgiatIm oMo nmic
ivmspiin]sgwehimig

siApiganbuvamn M ShhwatgthisHins afad ¢t &by



BSEHASme &.m.D-m : (IS asiiasaBHRNMIMNISH(Saseds)

S adn

e
Sahdihahm A wintRigudihmiss yumo Samimiiag]

9.

o

§é1 ShuTmin

2

1]

(\a}{i]
bxa}]]

Siyghafimimighigh ibugn Sghuorgd
winednghdigiasivaionmiBsmdwiglids mmgyn juni dulhimi Ggs
oy Tagigjh mImAUSWRIZN (Arc extinguishing medium ) S3a{EIMI( purpose )
o.muiw:§§studahdimoivhiont: obn Wi M cln
o Hanai i i drpimimgén
IsiniR it G S omimig s aTanpnn: Anuaigsitupimsad
YIRS
e NUBHA mnej'ﬁjUgﬁ(overload capacity / full-load current)
. Ufgtﬁﬁﬁmfmmf(starting current / Imax)

3~-MOT MG 90SA2-24FF165-C2

P: 1,50 kW/|No85807906
50 Hz U 220-240D/380-415Y
Eff. . |l» 5.90/3.40
82 lmax6.50/3.75
n 2860-2890 min’cos¥ 0.85-0.79
CLF |[IP55 0346
DE 6305.2Z.C4 NDE 6205.2Z.C3

I | 2| <<

ce o~ Made in
GRUNDFOS »\ Hungary

©.9 imumINNIS MR T2 sk S umimig§i

+ mmnsmnuaYSnshilmanarges
+ IRGISINMUSATUAIGE!
+ 1AcigIsIoUIRyRidhimi
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start Full load
iR
| o SNOISISHINUOUIRBHIANIAN
K PRI Ui L 88 1runon
[T
e toag NGISINMUSAIUATY S
o 1 o ) ]
+ IRIWINUIRUMICIUIGEIURYSIUNT (ty)
Rated output | Speed at full load | Starting current | Full load torque | Inrush torque Max. torque Moﬂhom-ll!x.mho
power [rpm] Rated current Rated torque Rated torque Rated torque | Efficiency atfull | tor J 1/4GD* DOL starting
[kw] Ratio C, [Nm] Ratio Ratio load [Kgm? [s]
75 1485 6.8 483 24 28 95 1.15 18
90 1486 71 579 2.7 29 95.2 14 18
110 1488 6.9 706 21 28 95.3 2 18
132 1487 6.7 848 22 i f 95.5 23 18
160 1487 72 1028 24 29 96 29 18
200 1487 7.2 1285 25 29 96.2 35 20
250 1489 75 1603 22 26 96.2 57 20
315 1489 73 2022 23 28 96.4 6.9 20
355 1490 75 2277 24 27 96.6 69 20
400 1490 7.7 2564 25 28 96.6 8.4 20

al

nyjuidigpmaisdané
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tripping characteristic

acc. to UL 489/CSA 22.2 No. 235
1200 i (1) conventional non-tripping current
600 | 7 1,=10 I, (T=40C)
‘ (2) conventional tripping current
300 : ! I,=135 I,:t<1h(T=25C)
120 — (3) 201,:t=12-120s (T=25C)
60 -
instantaneous tripping
30 — acc. to lEC 6089&
= 4) typeC:Sl:t>01s
g g 101,ct<01 s
T 5 € typeD:10 l:t>01 s
g 201:t<01s
.-
g 2
Q.
a 1
=
05
0.2
0.1
0.05
0.02
0.01
0.005
0.002
0.001
0.0005 T T T
1 2 3 4 5 6 7 8910 15 20 30 40 50

Multiples of I,

v
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VEVOR" ™ IEC 60034_-_1

TYPE YL90L2 .| No 20219048 |
6205 - 8205 | 175KG | IP B4 |
v Mz KW A o
220 | 50 22 | 142
51-100% Ins.cl F !
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tripping characteristic
acc. &%’?M/m 222 No. 235

Tripping time t [sec]

05

0.2

0.1

0.05

0.02

0.01

0.005

ipping current

1,=10 |, (T=40C)

conventional tripping current
I,=135 l:t<1h(T=25C)
20 1 t=12-120s (T=25C)

instantaneous tri
acc. to lEC 6039&?"‘9

4) typeC: Sl:t>01s

10let<0ls

type D: 10 Iy:t>0.1 s
201:t<01s

0.002

0.001
0.0005

2 3 4

5 6 78910

Multiples of I,

15 20 30

40 50

UIRANTR AL Y

0
o

mn o Shhwaiy
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56558585555 &.0n.120-

anns1daghdndgimimnigé
ﬁms’] IFullload

| P 2200w
Fulllead = x PF~ 230%0.85

AN lgan

qart = KX 1oy 10ag =0%x11.25=67.51A

=11.25A

mujuigmhimy

tripping characteristic
acc. to UL 489/CSA 22.2 No. 235
| (1) conventional non-tripping current
I=1.0 I, (T=40°C)
2 conventional tripping current
1,=135 :t<1h(T=25C)
|3 201,:t=12-120s (T=25°C)
instantaneous trippil
acc. to lEC 6089;‘]’“9
'g 4) typeC:Sl:t>01s
) 10l:t<0ls
-
[ (6) typeD:101:t>01s
g 201:t<01s
=
(=] 1 1 £ — —1 1
=
a A P S
= N
05 — - - 4 s 4 : \ 1
0.2 — 4 4 ! . SOUNNNAA
01 — ~ o @ ARATRRR 6
REBUE

005 — C D

002 —

001 | — A Zi e | —
0.005 — + : s : - : -
0.002 — e — -

e
0.001 — 4 ! |
DKo% T | PR PR R 1 I B — G
1 2 3 4 5 6 7 8910 15 20 30 40 S0

Multiples of I,

ifhAMNawAZai $il.=32An:muigpmizin iwn NI R GMAMG
(tcs)A12-120sfithitty,

o
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e? 0 A " & o a 7 &
BEHRAFJR &.M.1D-G 3 SRHINSHBREFSMNBIRS(3Phase Induction Motor) REBRS
ROLLE T
HerRaonR3m i (M HRS)

9. 3wusw

©.uliuagFHingoAhame

geiHingoahsmhuRIgIMwigA NS Ithidsom:

) lifting
cooling end
fan bell ~ eye
nameplate
\\\“\ stator coils

=~

bearing seal

cover , O
- ~
. squirrel-
cast-iron cage ball bearing Le i
frame rotor

e Fancover (AIUAR) nUMImMInIgéiimit:edoimigy

n

e Cooling fan ( ﬁJ’LEﬂU"“InU yqé’:mmﬁmﬁmm
o Endbell (AIUGST)UNUAVIRADRIMWILATE ST
e Wiringbox ({UHUEANIS])OMUigjuAnShigge

a "o

o Lifting eye ($NAGST) UNUBAIGAG ST
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e Nameplate (AHSY me&nULmUﬁ NANISUIDAIG RIS IV ST

e Case-iron frame ({GUAYST) UINUAUIRAINY SIURIT§14

. Statorcoils(1ﬁ@§1)mmﬁmﬁﬁfﬁsén@§m

e Squirrel-cage rotor (§1)UighinagihdiMEoigingitismImRyi 2 g din
o Bearing seal (AU MimithaAdjglguhihi

. Baubearing(mﬁnh)ﬁgwim“‘aﬁmshw

m.grahimisasg diHingoaghame
Bidhimunu g dingoahmimameininsuwilapaidiumnakmy

Stator Field Rotation

".I 1 BT '_ - '_ s . : F 1 L

Stator _—="". -
Rotor @ . :. :'. E. :..

o

tsﬂtmmmuagfmshwﬁ HAnSmine organluiliaid st doisiakigan
¢

+— Air-Gap

Force on
Rotor Conductor

v

iR
o fRI[UYARIVRI{TAN(HZ)
o pinGgsiiuiuagd
« Nsthingjjsasiias
fﬁs?mtm:mﬁﬁmsmmmsﬁé’ftsﬁnmim"i'c}’msmstsiﬁﬁ YR SIRs M e
iButhugRuuida mnmﬁmtm9umummf9wljfmm8nmmﬂsytﬁ ANA
c.annwyaist 9tmhaﬁﬁghmmﬁj

HAUIUNRSOYMISY SR gTajamihes

. wsiAavRanem St
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. HWSLUEGE D (efficiency) §ﬁﬁ§ﬂ5—ﬂ SMNZHi(good power factor)
. BigIA

3 SEYEIUNESE
. ﬁfﬂﬁﬁﬁ”l mﬂsmwmmmsmﬂsm

:T
e HIS @hvhmmmmmuﬁ@mmwuigmvﬁ yii LUiLﬂEUGiﬂGNﬁiSUISiUI
(rating current))

1 u

N 0.31¢1 0.5).

. orantakiatithimumeammsmnda mmttﬁwgﬁﬁqﬁmmvgﬁﬁﬁ nAd
(Wi

BihimusiammsmndmpATEa

v.miBim g dingcaghmie

gddugoagammanimaghicuwigiogon:

e Cranes.

D30
a
e

c—"p
C*&
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e Large exhaust fans.

e Lathe machines.

e Textiles.
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afgsigiSativapand
©.ufiuasgdinihsmee

©oBEARING SUPPORT ASSEMBLY

o LAMINATED STEEL ROTOR CORE SECTIONS

MAGNETS o
PAR WSTALLATION
STEEL PLATE ©

ROTOR HUB @

LAMINATED STEEL STATOR CORE @

e Bearing support assembly:

e Laminated steel rotor core sections:
e Bar wound wire:

e Laminated steel stator core:

e Rotor hub:

e Steel plate:

e Magnets:

o

siApiganbuvamn M ShhwatgthisHins afad &1 OC



m.BidhimiuaIGdraAk{asmeh e

igna s gisgsiaihigsminaun A §ojuiigmy )

Salient pole
3-phase Rotor
AC supply N
0 DC Excitation
D
Source
> O
Stator
S
. andrsAmignduistdidnuifiamhwusitauansoisiahahiouai
msthAgualohn: iRupinsiuisignmg

—
pul v}

=

g, a

-— D)
9

o fSrsiérisgdiaihnsmin AT aInNis salient pole fithwidigjogh

IMWEIgHU(DC)Famamslip ring ATMWIUANGISEU(DC) MG

)3

3

o
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Ridhimis AR anS g diaiupsmina VN (P=2)ShmsiFIRARRIMWIUAN
61§ G (DC)IBUUIR AN SITUNR &S:E GIUMIME NN IR VAN MEN &

"ne

winsmuiaimSiGan i instimssiuiimansipinsusR asisiwudnuféi

o

istalin]s s

Three °
phase e
supply,

Three°
phase e
supply,

JAJSQR Code sHEjiSuinhimigiaiifns

¢.aannyRisgiadugisme
HAUIUNRSoyghisgSiaiksmin s
o fdhimiping]) s satipgs) fpsugauatRISUSA
o APMNSMAISYSIANR{S M UMWY UU NI W OYIMIMoIsy s
o UIUMIH Q@himﬂSﬁu” §othU300RPM ), Gérafb{asmiadianmhg s
HR3GAM N
. msagﬁhu@m(torque)mmmﬁtf}aﬁmhi@jﬁiﬁjﬁ%é’gé’ﬁﬁﬁgﬁmjhmmm

e,
8
(@
=0
Z'/J
ﬁe
ZS‘
S
[7A])
3
=
[

Anniufisy §1ﬁﬂﬁL"Smmm—
SHIORINNIMIQ SIWwg sk
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. wisalgighinbiyuiguisigéningoaibmng
9. mudime

e centrifugal pumps

e air-compressors
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e paper mills

e cement mill
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ishinumugsnsifhuanufudmi uis:»:;ﬁ“

J

Y
hwiuanoighoism iR siduufaisiiian
Imﬂ S ﬁﬁﬁLﬁuS (synchronous speed ) :

o fiN ‘Lﬁﬁmf{jmﬁn(flz)
o P ihGgSUNIUAYSE
o Nsthingj)safiafgs
isiusuiiamnsmoigisiidr ishinisiéin soigisighughsitstimso

v

iBumgkuiiamagihdimicmonmididfum SnﬁtmﬂSHtﬁ ARNAY

v.sApWwRAMN YR Shannfufisydiigomhimes
-Aonssyfisgdiringoaghmin g

HR(UIUN T SoYRisY SR gOr M s

mn (efficiency) §ﬁﬁ“‘|?ﬂ8|ﬁ”m§ﬁ5(good power factor)
. Aigita
e WISAYINIGUNUIRGIENUZ SN self-starting torque )

S ad

aonfufisgdringoagumene

1 fn

o

annfudisheibacahmings
. foAghmIvmIN] S wanh eI $is:
e DSAYRUIUINUOUIRERCITIWHIS ARG (U GIF GRS BISIBE

(rating current) )
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. priatakial himagmenmnsmadach s wpkagRinuughs
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RidhimisiAmngm numLﬁﬁUEn (it 0.3191 0.5)
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imugigigioghmihwpinsthagualohn: iupinsiusignmg
(Armature winding )1t ¢ Ut B AU R{UANME U
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GRi(slot)
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htd D)
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o fSrziérisgdiaihnsminauAtaInNis salient pole fithwitigjogh
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DC supply
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1§ G (DC)IBUUIR AN SMTUNR &SR UMM B SN UUAN M &
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supply,
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o Hasyidomisgdimmahwinhmn(ON OFF ON)

. ;mﬁkt‘gi@mnmsymmmmtmwtmﬁﬁmﬁfmh(Button )

o Bavyianisgdimin st un{@iniiéi(Inverter)
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Reverse Starter)
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9.AnNSUAY) st ik goaghbme
120 f

p

N =

S

i)
N Sy s i ﬁu SRAME/NE (rpm)
Fﬁﬁ]}ﬂnﬁn AR (Hz)
P Gssijuiuagdi
V. AANSUTU( slip JIUEIE i
(U (slip) A easismng mmmmmj]smﬁmsshtmﬂsmmm

Slip = N, —N
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N thingjjsadisAnm /s (rpm)
N ehinj]sfé
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SeessEs &.00.0-9
geringoagudnuywidhimmhuwogm uifunsinansoHzgdnn:nstss
ijmmmﬁ Si$11490romGIANN S 2
9.inj|safiafns
_120f

F 50 (Hz)
P4
$13] Ns =1500rpm

1.65U (slip)

] N.—-N
Slip=—2
P N

N = 1490rpm
Slip = 0.006
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sEaasme &0l : sEiesSasisa$SiNegsaIensiss
9. AgRUUITRIG iR gorghmeheg
Ayl v Sirmh g wilanywigsgom:

. §tﬁfSUI§iUﬁ'Jg§1( Magnitude of rotor current)
. potimdoidumsénnésumhywliidnuagsmhaoahniaiuegn

s = QUIUEIYSI

E, = BRAIJRIUATI 61

R, = IR IRIURSTST
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Disconnect
the delta point

Disconnect the
star point
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ssgncifme dnl-8 : SEanjgesindmsipeinsieieddiBmes
9.mians
ingj)sisgioigtumopiihmsmulian|ay:
 Voltage control
* Field control
* Armature control
mﬂs%séﬁuﬁm‘ﬁwh m ®a MolAtEROSmYitianas
e Changing the applied frequency
e Changing the number of stator poles
» Use of external rotor resistance
L‘J.m:mﬁmhtmﬂs?si§§tfﬁhgﬁm4hﬁmm
* Changing the applied frequency
o wnyjsedigs Ns =2
o tmﬂségé’i Nr = Ns(1—s)
=2 a-s
Therefore,  Nr « f
o Motor speed is proportional to the applied frequency
o The methods of changing applied frequency are:
» rotary converters (or motor-generator
sets)
» solid-state frequency converter

» solid-state frequency inverter

o ROTARY CONVERTER

Three

YyYY

Induction
N
Prime Mover Variable Frequency Variable Speed
Output Induction Motor

o
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Frequency of the generator is depending on the speed of its prime mover.

N

Frequency of generatorf = 6—3

Therefore f « speed of prime mover This method is seldom used how

o SOLID-STATE ROTARY CONVERTER

i Speed Control|
Potentiometer

Three-phase SCR Three
Standard ——» _ Induction
Frequency Motor

Converter

Thyristors (SCRs) changes the standard 3-phase ac frequency into any desired
frequency

o SOLID STATE FREQUENCY INVERTER

Speed Control
Potentiometer

Three- Diodes SCR Three
phase — —”— —> __ || Induction
Standard Motor
Frequency

Rectifier / Inverter

Converter Circuit

Circuit

» Diodes convert normal 3-phase supply to direct current
« Thyristors then inverts the dc to produce ac at the required frequency
 Method is used to control large group of motors
o Summary of frequency control methods
» Usually requires a means of adjusting the voltage
This is because as frequency changes, the reactance of the machine also changes.

» Has higher losses than other speed control methods

o
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 Allow speed to be adjusted to any desired value
» Has complicated control circuit
 Is very expensive

m. migheoyiGgstuis STATOR

+ 1(} STATOR thésthwigafi
» Stator of squirrel-cage induction motor is wound with 2 separate windings
» Each winding gives a different number of poles and hence different synchronous
speed
* The windings are brought out to external terminals
e Only one winding is used at a time
* The winding required can be selected by means of a switch
« With this method, 2 pre-selected speeds can be obtained
» Used for elevator motors, traction motors, small motors for driving machine tools
+ POLE-AMPLITUDE MODULATION
e Another method of pole changing
» Stator winding is sub-divided into conductor groups which can be connected
externally in different windings to give speed ratios suchas 6 : 8,8 :10, 10 : 12,
etc

e Used in large induction motors
USING EXTERNAL ROTOR RESISTANCE

» Used only with wound rotor induction motor

» Reduces speed when external rotor resistance is added

» Reduces the efficiency

» Speed varies greatly with torque for large rotor resistance, bulky and expensive

SUMMARY OF METHODS OF SPEED CONTROL OF 3-PHASE INDUCTION MOTORS

Applicable To

No. Method Squirrel-cage Slip-ring

o
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1 Changing applied voltage / /

2 Changing synchronous speed by :

(a) Varying frequency /
(b) Using solid states control / /
(c) Varying number of poles /

3 Changing slip by inserting /

resistance in rotor circuit

o
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9.1 sisgioigmimorpiiatmsmuiian|ay:
 Voltage control
* Field control
* Armature control
lﬁ.tmﬂsfs'ﬁ;é’ﬁﬁh%ﬁﬁqh m e MopvERmsmEihan]a:
e Changing the applied frequency
e Changing the number of stator poles

e Use of external rotor resistance
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BERAHEOR E.0.D-90 3 MBLEHS AC B
9. 1aysifh AC Othe

Variation of emfs €,, €, and €, with time angle.

€A "
€, For coil 1, field magnet

is in initial position at t=0

0 + >» ot

For coil 2, field
magnet has to rotate

Initial €,
position /

ot

Coil 2 0 — e+ e » ot
5 .+ For coil 3, 240° rotation
of field magnet is required

The dotted lines |-c-[;rcsc-m emfs induced in previous cycle
B18is1fh AC gwhgsmomsiismuywisighain amature st auAIAN
ARAISIAhGINIS: emf T SMAYWHIMSHUAY §iG:

v

SYWIUIRG emt
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i
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ihwiginimy JigsnmapimsimuIheasidh Ac T

v

al

isiabi)hudisthiadsigh Ac S sy armature 0181865 s 6 IBumAISTidiavnk

Aivah Y 1gfywagaisionw 60e Amigimisivay Lumuummmm RAGSS{IYW
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Coil 1

1®
)
B4 120°_— NP
£l . . __.""'-,-a"-' Initial
> 6/( 12 iRt poslitli?m
............. - _3:/ ):_
@ 12¥ 2ot ®
SN
Coil 3 ®3 Coil 2

Figure 4.35 Construction of three-
phase AC generator
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€ A
€ For coil 1, field magnet
is in initial position at t=0

0 T e e >» mt
90° 180° 270° 360°
270
e For coil 2, field
2 magnet has to rotate

through 120°

L —— » ot
3
O‘A
*
.
5
.
l.. 0o

3 N

/

/ N\
0 :'5:;:;:8:‘;':
———— 240°—»

» ot
For coil 3, 240° rotation
of field magnet is required

The dotted lines represent emfs induced in previous cycle

Figure 4.36 Variation of emfs
€,, €, and €, with time angle.
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1.1 Maker’s Name or Trade Mark
1.2 Voltage Rating: 380-420 V
1.3 Frequency Rating: 50Hz

1.4 Type of supply: AC, 3-phase
1.5 Speed in rpm: 1450 rpm

1.6 Duty Rating: Continuous

1.7 Output Rating: 3 hp.

1.8 Current Rating: 5 Amps

1.9 Power Factor: 0.85

1.10 Connection: Star or Delta
1.11 Insulation class: E

1.12 Series number and additional information.

BS FRAME PHASE: 3 RATING: CONTINUOUS
OUTPUT: 3 hp FREQ: 50 HZ CONNECTION: STAR
RPM: 1450 INS. CLASS: E P.F.: 0.85

VOLTS: 380-420 V AMPS: 5 A ABC MOTORS LTD CO.

2 gdihgonhmoivhioathigaging::
2.1 Two end plates

2.2 The rotor
2.3 The stator core
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fJ stator windings fd‘[}ﬂtlj

Opens
Shorts
Resistance per phase
5.4 Insulation resistance
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NO NC . Cam (on mgachine)

Operating
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force ) Qperator

cnclosure

containing
Held Closed  Held Open ontact
mechanism
O~—0 O=10 '
(b) Operation
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Symbols

—C}EO—— NO contact

—Ogj/% NG contact
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(O—— NO contact Symbols
i <«— Switch
—(}go—‘ NC contact

(a) Switch and symbols

Flow Switches
N.O. N.C.

Sk oninoiganhtnimsous bl
AREMA
V.0 af UG

Fressure &
Vacuum Switches

N.O. N.C.

siApiganbuvamn M ShhwatgthisHins afad ¢fis 906



JUMN9ON UiNMARg: oM.

0

2

af:umngl yiwh safimaigjimmsag: YMSoUSIHUYITMRIUN
ARMA ITWH SN UIunS$ WTNUEATS AU NRGARY U@Ug}ﬁmggmﬁﬂgﬂ
2RNIAN: A HRUIAMADNUIFIOERg N MuAMajUaRGRInMItIw IR
pagwinng DKM sAmAsiphuHag:
3nghmhm"ﬁ ﬁnSﬂ‘%jB“lS”‘limmUiQ”‘Iﬁnﬁ”‘mHﬁiQ

O

al o

SEpumER S RhAUIRAIGY m&ummsmmmwwmtﬁmnmmm IE

v [a)

quninn UTE ywansiod g muiioofSaumuiaf mpdwigimyagh

~4

(2]

IURUIS TR g B uakisi) sis:iBhibawnashin m sAvinmigunsgo sk

i JIis mﬁm I NEMA £giidhi IECH
0

v.90 §BpEMH
iSiahGansis:s

Smuyrghnits (JIsco61)
afuupmisSamguiuSivaghm ss Ruwnsgoai

v

D30

En

HIEE

i AniRausamn mufime Shhwalgthasuins adad ¢ 900



imys

__[_—_‘}_ resistance —L capacitor
VY Coil — Fuse
Relay contact
® Lamp - (Make
Contact)
Push button Relay contact
I /_| switch ™~ (Break
i (Make Contact)
| Contact)
Push button
—\'\{\— switch —1] Time operation
— (Break contact
) Contact)
E::] Relay coil .“, Tim(e;oon[igztion
99 {BarmHAS Myt NEMA
siahtancissiBhauinmifBamuduSivmaiim NEMA IRUBSHE R
Description NEMA Description NEMA
Fuse {11+ J‘ J‘ J‘
Overload relay @
3-pole device oL
Circuit breaker l }_'} _|_)
3-pole device ;
[ | | Induction motor
3-phase
L1 L2 L3
Power contacts J_ _L J_ Pushbition

momentary (NC)

3-pole device '|' T T
T1 T2 T3
Coil ~(M)-

Pushbutton
momentary (NO)
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Power circuit schematic

$

$

Control circuit schematic

Start
Bused el mess Stop button
disconnect button |
switch 1
M
L1 L3 L
NEMA
M
contactor
OL relay
T1
vw.9v {8
i8ialG NRBHRfMHASIUN
Mys
Description IEC Description IEC
E m Overload relay J J J
use : BN
3-pole device é 2 2
Circuit breaker J(__ l_ J(
3-pole device \ \w \ Induction motor
3-phase ﬂ")
L1 2113
Power contacts J 1 J3 5 Pushbutton
3-pole device __\ _\_ e momentary (NC) E—
AN AN Edaa
o Pushb |
; ushbutton
Coll momentary (NO) E\‘
A2

OL

&fli 990



Power circuit schematic Control circuit schematic
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disconnect 95 Overload
switch il . B 13 contact
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: 3 5 button 21
m\ ) -7
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1 3 5 "
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OLrelay | ] 1]
2 4 6
U \Y W
M1 C0|I
A1l
N
IEC
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On-delay timer (TON)

IN
- -5
on-delay
Q time
Pl
&;\f
Y
\*%

jumam.m vinmfidhahmATejANNAEIN On-delay timer( TON)

s

o Off-delay timer(TOF)
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| Off-delay timer (TOF)
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off-delay
Q time
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ssEncfmad nlo-om : gualSsanEsi05Ias(Start-Stop)
9. i) fUgNE $19tha(Start-Stop)

Single phase motor connection with magnetic contactor

v.adpm I gSwishilgdroma

SUPER LINE

¥ A W THREE PHASE INDUCTION MOTOR

1/4 HP (0.2kW) 4 POLE TYPE  SF-JR
Hz 50 50 50 60 60 | FRAME 63M
\ 220 380 415 220 440 |RATING St
A 1.11 064 063 0.97 0.61|TH.CLASS 130(B)

30 1 1440 1730 1750 | AMBTEMP 40C

BEARING 520122

e

620122

3 4

mujuahibidhmopyuigSwmsyoms:
. LUiﬁGt%fé)i(Three Phase induction motor )
o« ISMNYSI( 1/4HP(0.2kW))
o GgSUrU(4pole)

o B2 81(SF-IR)

v
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iLtQﬁﬁ Hz 50 50 50 60 60
&l fU’J:ﬁ u 220 380 415 220 440
618 I 1.11 0.64 0.69 0.97 0.61
U%Sil:'g: RPM 1430 1430 1440 1730 1750
9§
Aeit] | PF 0.68 0.68 0.60 0.74 0.65
. ﬁtﬂU@iiéﬁﬁ?‘]éqﬁLUﬁﬂ(@ﬁmﬁconnection diagram)
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9.gind[mEsSwilAam siuaIgFiahigmy 2
SUPER LINE
THREE PHASE INDUCTION MOTOR

1[4 HP (0.2 kW) 4 POLE TYPE SF-JR
3 50 50 50 60 60| FRAME 63M

220 380 415 220 440 | RATING s1
e 064 063 0.97 0.61|THCLASS 130(B)
1440 1730 1750 [AMB TEMP _ 40°C

: 620122
- iBEARING > S0z

siApiganbuvamn M ShhwatgthisHins afad ¢t od



1/4 HP (0.2 kW)

SeE5ess s E.m.lo-9m

4 POLE TYPE

SF-JR

Hz S50 50 S50 690

60

FRAME 63M

Vv 220 380 415 220

440

RATING St

1.11 _0.64 0.68 0.97

0.61

TH.CLASS 130(B)

1730

1750

AMBTEMP 40C

o 0.74

0.65

18]8

620122
BEARING 7o

mujuahibibhmopyuigSwmsyoms:

. LUtﬁGégé)I(Three Phase induction motor)

o ISMNYSI(1/4HP(0.2kW) )

o GSSUNI(4pole)

"o

o ia0Ug§i(SF-JR)

Al | Hz 50 50 50 60 60

53 fU’J'iﬂ U 220 380 415 220 440

618 I 1.11 0.64 0.69 0.97 0.61

U%Sif‘l'g: RPM 1430 1430 1440 1730 1750

9§

’rjﬁIUj PF 0.68 0.68 0.60 0.74 0.65
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Motor Motor
v v
Forward Reverse

§é1 3 "’mfu;mmg e mmmnﬁwhmmm 21 3isy¢t 4 (Jumnakied) ipnsig]
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IReUIg umymnies rotor 4
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n
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= Star Delta Forward 83 Reverse Starter
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9.9 Direct On Line Starter( DOL starter)
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Direct Switching of the motor

(b)

Autotransformer starting of the motor

Motor
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ssEsuasme &.on.m- & Motor control circuit
INTRODUCTION

1.

During starting, a three-phase induction motor draws a very high current. This current will
reduce when the back emf is set up as the motor speed increases.

2. Astarter is needed to reduce the high starting current.
TYPE OF STARTERS

1.

Induction motors may be started either by connecting the motor directly across the supply or by
applying a reduced voltage to the motor during the starting period.

Induction motors may be connected directly across the line without damage to the motor. However,
because of the voltage disturbance created in the supply by their high starting currents, motors
larger than 2.2 kW are often started at a reduced voltage.

CP5 requires all electric motors with a rating above 0.37 kW must be supplied from a suitable
motor starter incorporating overload protection and no-volt protection.

Commonly used motor starters are:

(@ Direct-on-line starter

(b)  Star-delta starter

(c)  Auto-transformer starter

(d)  Electronic soft starter

Direct-On-Line (DOL) Starter

N

This is the simplest and cheapest method of starting squirrel-cage motors.

The DOL starter connects the 3-phase induction motor directly to the full supply voltage.

The starter, as shown in the figure has the following:

(a) A magnetic contactor with 3 main contacts, one auxiliary contact and an operating coil
to provide the no-volt protection;

(b) An overload relay is connected to provide the overload protection; and

(c) 2 pushbuttons that will provide a means of starting and stopping the motor.

The starting current is very high (about 5 to 6 times of full load current), with starting torque

from 2 to 3 times full load torque.

Supply
L1 L2 L3

Aucxiliary
al 1 3 5 oo
] \0 o o Main \ |:E1
= \ Start
(e}
—
on E"h E"O E"O Stop/reset
2 4 6 T

Three-Phase

Induction Motor
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Operation

(&) When the start button is depressed the contactor coil will energised.

(b) The main and auxiliary contacts close and the motor will start.

(c) The auxiliary contact (call holding contact) is connected in parallel with the start button holds
or maintains the control circuit when the start button is released.

(d) When the stop button is depressed or when the overload relay operates, the contactor coil de-
energised.

(e) The main and auxiliary contacts open.

(f) The supply to the motor cuts off and motor stop.

Protective Devices

(9) No-volt protection is incorporated in the starter when the supply fails, as the main
contacts will open since the coil becomes de-energised.
(h) The starter also offers overload protection to the motor. During normal operation, the

motor current passes through the overload coil. When current becomes excessive due to
overload, the overcurrent solenoid operates the trip coil and opens the overload contacts.
(i) Overload setting - The overload relay of a motor starter is normally set at 100%.
Power circuit

L1

Supply L2Ls

Contactor

Overload

Three-phase Induction Motor
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Control circuit

L1

Stop

Auxiliary contact

Reduced Voltage Starters

1. The starting current of the 3-phase induction is reduced by reducing the supply voltage during the
initial starting.

2. Star-delta starting and auto-transformer starting are two of the reduced voltage starters.

Star-delta starter

1. The six ends of the stator windings of the motor are brought out to the terminal box.

2. The motor windings are connected in star during starting. The voltage across each
phase

winding is

1 of the sup\;/)g voltage. Thus the phase current in the winding is corresponding
3

1 .
reduced. The line current is also reduced to 3 of the normal starting value.

3. When the motor approaches its full speed, the windings are switched over to delta
connection, the full voltage will be applied across the windings.

4. Star-delta starting is only suitable where the load being driven is reasonably easy to
accelerate

5. Operation

(&) When the start button is depressed, the contactors M and S will energised. The motor
stator windings will be connected in STAR.
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(b)  The delay timer will operate after a suitable time delay, opening the ‘star’ contactor, S and
at the same time closing the ‘delta’ contactor, D.

(c)  The windings are now connected in DELTA to the supply lines.

Main circuit
Supply
L1 L2 L3
----- Overload
—_o—10 o —"0 o ? o—"10
—"0 o —"0 o .—o—/
o—"0 o e o0 o oe—o0—¢
Main Delta Star
B1/ \B2
e\ oo /C2
Motor
Control circuit
L1 L3
Stop Start
oL T
"I" 1 m
¢ —0 M ¢
T NG
I Al S N (O )—d
/
M D A

7:
T

1
1
~
o—"10 I /R
D/ ]
Auto Transformer starter

1. Where the reduction in output power caused by the star-delta method of starting is too great, the
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auto-transformer starting would be preferred.

2. In this case, the motor is supplied from an auto-transformer which is tapped to give a
reduced voltage on starting and then switched to full voltage as the motor runs up to speed.

3. Typical values of starting voltage are 70 to 80 % of supply voltage.

4. Operation
(@  Whenthe start button is depressed, contactors M and S shall energize. Motor will runs at
reduced voltage.
(b)  After the motor has gained speed, the full voltage is applied by energizing contactor R. The
other two contactors M and S are then cut off.
()  The change-over can be done automatically.

Main circuit
Supply
L1 L2 L3
o o T
[ |
@

ﬂ—/o—

Trans Cont tor\i
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Start Contactor, S

UIRANTR AL Y

0
o

mn midime Shhwatgth

]

SHAY

ne
3

(_"p

pal}



Run Contactor, R

Oo/lL

3-phase
auto-transformer

A B C
Motor

Control circuit

L1

oL

Electronic soft starter

A solid-state starter is a reduced voltage starter for standard squirrel cage motors.

Soft starting an AC motor refers to one of the starting methods that limit the starting current
and torque of the motor.

The heart of the solid-state starter is the silicon-controlled rectifier (SCR), which during
acceleration controls the motor voltage, current and torque.

The silicon-controlled rectifier is a solid-state rectifier with the ability to rapidly switch heavy
currents.

The soft starter provides a smooth, stepless acceleration for a 3-phase induction motor in
applications such as starting conveyors, fans, compressors, pumps etc.

Most soft starters use voltage control to limit the motor starting current and torque by
continuously ramping the applied motor voltage when starting and stopping.

Other reduced voltage starting by electro-mechanical contactor switching techniques cause a
step change in the applied motor voltage.

Operation

(a) The smooth and stepless acceleration of a 3-phase induction motor is accomplished by

o
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gradually turning on the six power silicon-controlled rectifiers (SCR).

(b) To reduce the voltage applied to the motor in a solid-state starter, the SCR can be turned on by
the gate-electrode for any desired part of each half cycle.

(c) Usually the SCR turn off as the current wave reaches zero.

(d) They stay off until gated on again in the next half cycle.

(e) By switching the controlled current gating, the effective ac voltage can be varied to the

motor.

(f) This voltage can be varied from zero to full voltage as required.
(g) The voltage is applied at some preset minimum value that can start the motor rotating.
(h) As the motor speed builds up, the SCR "on" time is gradually increased.
(i) The voltage is increased until the motor is placed across the line at full voltage.
() Mechanical shock is reduced
(k) The current inrush can be regulated and controlled as desired.
8. Advantages
* They are small in size.
* They are rugged.
e They have no contacts.
* Unlimited life can be expected when SCR are operated within specifications.

9. Disadvantage
* The solid-state starting is relatively high cost in relation to other systems.

Power circuit of the Soft Starter

T

. —— . -
|

® ] . g
|

® —— g o

The rectifiers (SCR) are connected back-to-back or reverse parallel so that the amount of voltage can be

controlled.Examples of Motor Control Circuit

e Forward-reverse
*  Sequence control

1. Eorward-Reverse DOL starter is used to change the direction of rotation for direct-on-line

starting of 3-phase squirrel-cage induction motor.
2. Sequence control forces motors to start or stop in a predetermined order. One motor cannot start
until some other motor is in operation.
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INTRODUCTION

What is a variable speed drive (VSD) or variable frequency drive (VFD)?
1. Variable speed drives are electronic motor controls.
2. They control speed and torque of alternating current motors by converting the fixed
frequency and voltage of the mains to variable frequency and variable voltage.
3. When the VSD operates in torque control mode, the speed is determined by the load.
4. Likewise, when operated in the speed control, the torque is determined by the load.
Where are VSD or VFD used in industrial applications?

Industry segments are important, because many applications are industry specific. Some classic VSD or
VFD applications for various industries are provided below:
1. HVAC, fans and pumps.

2. Food Processing: agitators, mixers, conveyors for food transport, packaging and bottling,
preparation machines (slicers, dicers, choppers), extruders, fans and pumps.

3. Petrochemicals: deep well pumps, oil field recovery, local distribution pumps, fans and
pumps.

4. Mining and Metals: reheat furnaces, cooling beds, run in/out tables, fans and pumps.

5. Pulp and Paper/Forest Producers: washers, kilns, slitters, deckers, chippers, saws,
sanders, peelers, de-barkers, fans and pumps, vacuum removal systems.

6. Machine Tool: replace spindle drives, grinders, saws, lathes, tool positioning drives,
balancing machines, fans and pumps.

7. Transportation: material handling conveyors, cranes and hoists, small vehicle drives, fans and
pumps.

8. Any machine or process that can be improved by varying speed or flow is a candidate for a VSD
or VFD.
Why Use a Variable Speed Drive (VSD or VFD)?

1. Variable speed and flow capability with standard induction motor.
a. Improved process control.
b. Energy savings.

2. Reduced voltage starting characteristics.
a. Soft start/smooth acceleration.
b. Reduces power supply problems in the facility.
c. Reduces motor heating and stress.

3. Used with standard AC induction motor.

VFD FUNDAMENTALS

The majority of general purpose VSDs / VFDs have four fundamental sections. These are:

1. Rectifier or converter
2. Intermediate circuit (dc bus)

3. Inverter circuit
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4, Controller

Yvy

RECTIFIER

INTERMEDIATE

Yy

Yy

CIRCUIT
A

INVERTER

"7 3-PHASE

'A MOTOR

CONTROL CIRCUIT

Input rectifier or converter

CONTROL INPUT

= Can be either three-phase or, in small machines, single phase.

= To converts the fixed AC voltage & frequency input into dc voltage.

Intermediate Circuit (DC bus)

= Connects the rectifier output to the input of the inverter.

= Functions as a filter to smooth the uneven, rippled output of the rectifier to near a pure dc output.

Inverter Circuit

= The inverter switches the rectified dc voltage to a adjustable AC output voltage and
frequency.

The output from the inverter is used to drive the electric motor.

The construction of a VSD or VFD is as shown:

k% ] @r@kak

r—r

1

CONTROL CIRCUIT
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choke

Bus monitoring circuit

Brake resistor

Crr i\ U] drare

i4s ) @iaia

Charging

resistor I T I
CONTROL CIRCUIT

1. RECTIFIER SECTION

3

Ep
™~

* Made up of six diodes to rectify the AC supply voltage to DC voltage.
2. INTERMEDIATE CIRCUIT

* Filter the rippled DC voltage from the rectifier to near pure DC output.
3. INVERTER SECTION

e Uses Insulated Gate Bipolar Transistor (IGBT) that has high switching frequency
(i) To reduce motor noise during operation.
(i) To produce smoother output voltage waveform.

* The inverter controls the motor in the form of PWM (pulse width modulation) pulse
train dictating both the voltage and the frequency.

4. AC LINE CHOKE

* Provides some smoothing on the DC bus and reduces the amount of ripple current that must
be tolerated by the main capacitors. This has an effect of extending the life of these
components.

* The choke provides a limiting function to the magnitude of the DC bus current during normal
operation. This result in an improved overall power factor of the VFD and reduced harmonic
currents flowing in the power distribution network.
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5. BUSVOLTAGE MONITORING CIRCUIT

To prevent damage to the components in the VSD/VFD due to the operating voltage exceeding
the limits of the VSD/VFD due to regeneration of the motor it supply. This circuit attempts to
reduce regeneration until bus voltage falls to an acceptable level.

Regeneration causes a build-up of energy in the DC bus capacitors, which manifests itself as
an increasing voltage.

Regeneration occurs when the motor is operating a high inertia load. For example: a large
diameter fan, running at high speed, where the control system calls for the fan to run at low
speed. The VSD/VFD begins to lower its output frequency and the motor follows. However,
due to the inertia in the fan, the fan resists the change in speed, causing the motor to run above
the frequency output from the VSD/VFD. This situation will cause energy to flow from the
load back through the motor and into the VSD/VFD.

6. BRAKING RESISTOR SYSTEM

It is important that the motor and load follow the control signal exactly, it may be
necessary to add a braking resistor system to the VSD/VFD.

It consists of a power transistor, a power resistor and a control circuit.

In the event that the DC bus voltage exceeds the threshold of the control circuit, the power
transistor switches on.

It also connects the positive and negative sides of the DC bus together, via a large power
resistor. This action dissipates the excess energy as heat from the resistor.

This resistor is subjected to high voltages and currents, so it is a highly stressed
component and has to be carefully selected to ensure reliability.

7. CHARGING RESISTOR

The charging resistor is included in the DC bus to provide current limiting during the initial
power up stages of the VSD/VFD.

When a fully discharged VSD/VFD is switched on to the power supply, the capacitors on the
DC bus are seen by the power supply as a very low impedance load.

If the design does not include a charging resistor, the current surge magnitude would be so high
that the input bridge can be damaged, or require up-rating far beyond that required for normal
running.

Pulse-width-modulated AC Drive

1. ACdrive frequency control uses parameters generated outside of the motor as controlling variables,
namely voltage and frequency.

2. Both voltage and frequency reference are fed into a modulator which simulates an AC sine wave
and feeds this to the motor’s stator windings. This technique is called Pulse Width Modulation
(PWM).

3. The inverter controls the motor in the form of PWM pulse train dictating both the voltage and the
frequency.

4. This method does not use a feedback device which takes speed or position measurements from the
motor’s shaft and feeds these back into the control loop. Such an arrangement is known as “open-
loop” drive.

Advantages

& Low cost - no feedback device required.
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& Simple
Disadvantages

2

Field orientation not used

frequency and voltage are the main control variables and applied to the stator windings.

Motor status ignored

no speed or position signal is fed back.

Torque is not directly controlled
torque cannot be controlled with any degree of accuracy.
Delaying modulator used

slows down communication between the incoming voltage and frequency signals and the
need for the motor to respond to this changing signal.

Flux control by PWM

1. To emulate the magnetic operating conditions of a DC motor, i.e. to perform the field orientation

process, the flux-vector drive needs to know the spatial angular position of the rotor flux inside the
AC induction motor.

2. With flux-vector PWM drive, field orientation is achieved by electronic means rather than the
mechanical commutator-brush assembly of the DC motor.

3. Information about the rotor status is obtained by feeding back rotor speed and angular position
relative to the stator field by means of a pulse encoder. A drive that uses speed encoder is referred
to as a “closed-loop” drive.

4. The electronic controller of a flux-vector drive creates electrical quantities such as voltage, current
and frequency, which are the controlling variables feed through a modulator to the AC induction
motor. Hence, torque is controlled indirectly.

Advantages
& Good torque response
& Accurate speed control
¢ Full torque at zero speed
& Performance approaching DC drive

Disadvantages

Feedback is needed

to achieve high level of torque and speed accuracy.
Costly

due to the complex electronic circuitry.

Modulator needed

actually slow down communication between the incoming voltage and frequency signals, and
the need for the motor to respond to this changing signal.
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1.What is a variable speed drive (VSD) or variable frequency drive (VFD)?
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= Variable speed drives are electronic motor controls.

= They control speed and torque of alternating current motors by converting the fixed
frequency and voltage of the mains to variable frequency and variable voltage.

= When the VSD operates in torque control mode, the speed is determined by the load.

= Likewise, when operated in the speed control, the torque is determined by the load.
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9.VFD

o WV.ED 240v Water Pump Control

|atom FA, FC, & FB is the relay input / output

FA = Normally Open (Off) by default

FC = Normally Closed (On) by default

FB = Common Line (Your AC or DC Voltage Source)

Note: The relay’s max switching currrent is 3A
at 250v AC or 30v DC

Wiring Setup:

1. Connect AC phase 1 hot wire to “FB” on relay

- | 2. Connect phase 1 switched AC output to “FA”

_ % onrelay

# 3. Connect other end of wire from “FA” to one terminal
of your 240v water pump

4. Connect AC phase 2 AC output to the 2nd
terminal of your 240v water pump

Programming VFD to turn on pump when spindle runs:

1. Press “PRGM?” button on control panel.

2. Scroll with arrow keys until display says “PD052” then
press “SET” button.

3. The default program setting (02) will be flashing,
change it to “01” using the arrow key and
press “SET"” button

4. Press “STOP” to exit programming menu.

5. The VFD should now be configured to turn on the “FA”
terminal when the spindle is running. Check by pressing
“RUN” to turn your spindle on, and verify that pump turns
on
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8SEHAHBIRE.M.M-82 Methods of Electrical Braking
1. BRAKING OF AC INDUCTION MOTOR

* In many installations, it is quite satisfactory to allow a machine to coast to a halt as its
inertia is dissipated in friction losses within the machine.
* This inertia, which can be quite considerable in larger machines, can be dissipated more quickly
in some form of braking.
2. METHODS OF BRAKING OF INDUCTION MOTOR

* Mechanical braking
¢ Eddy-current disc braking

Plug braking
* Regenerative braking

¢ Dynamic braking
3. PLUG BRAKING

* Reconnecting a motor to rotate in the reverse direction while it is still rotating in the
forward direction by interchanging any two supply to the stator winding.

* Direction of rotation of magnetic field is reversed and therefore rotor develops a braking torque.

A

Stator

B
9'59 G B

4. REGENERATIVE BRAKING

B

» Uses the inertia of a moving load to convert mechanical energy into electrical energy and feed it
back into the power supply source.

» Theinduction machine is operated as a motor and as a generator alternately.
» Typical applications — mountain train, crane drives, trams.

¢ During ascent, the induction machine produces motive power.

During the downward journey, the induction machine operates as a generator driven by the weight
of the train (or crane), thus feed electrical power into the network and also act as a brake.

5.  DYNAMIC BRAKING

¢ By disconnecting the rotating motor from the AC source and applying DC to the stator
winding.

o
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pres—) r‘/
B0 __,

r " Stator Rotor
+ &0 -

* The dc supply to the stator produces a constant and stationary magnetic field.

Direction of rotation of rotor before braking

* The kinetic energy of the moving rotor generates an emf
* Resistors can be added to dissipate this energy and shorten the braking time

N @
N & o S

6. MECHANICAL BRAKING AND HOLDING
* |s usually required with electrical braking because electrical braking becomes less
effective as speed decreases.
¢ Smooth stop is difficult

* Must be used to hold a motor after it has been brought to rest by electric braking.

o
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565585955 E.m.00-8
1. METHODS OF BRAKING OF INDUCTION MOTOR

* Mechanical braking
¢ Eddy-current disc braking

Plug braking

Regenerative braking
¢ Dynamic braking

o
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SRNSICe: Si8ieas)SBanS 819585 Start-Stop)

RSB RNSIRAUHRSES
o figjiag)Fugme$19 6 (Start-Stop)
o i§inagia) §uUnnE $19 M aJ(Start-Stop)
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CINN/RESS:

RATRIUAINN RIENT §mﬁ;ﬂhwt’niimimmﬁ§mm§1m%s
. ifmaieunanmuyeini iBgimo

. muigpomigahdi(cn)

. muigjgruiinh

o Mmulgjgunhmad

. MUigigaTigAtyl

. Mmuiggglgs

mirstghumShenn

o

siApiganbuvamn M ShhwatgthisHins afad ¢fis OO



asEHSgms E0n.mn-b

%mes%’e% To wire-up and test a control circuit for DOL starting of a 3-phase induction

motor.

RSB RNSIRAUHRSES
« muigjapnUiaggugn Shia§msma

w
ol

o ifinagial§unn Sniafmsmn

= (2]

o inegMIGINIMITAYSIhgGanm

Tools, Equipment & Materials

= 1 no. Contactor

* 1no. Overload relay

» 1 no. Stop push button
» 1 no. Start push button
* A multi-meter

= Sufficient wires.

SENR/RESH:

Part 1
1. Complete the control circuit in Fig 1 for a Direct-On-Line starting.
2. Submit your completed drawing for checking.

Part 2

1.  With the material and equipment provided, wire up the main and
control circuits according to the wiring diagram given.

2. With the Multimeter provided check the correctness of the connection.

3. Submit your completed project to the staff in-charge for checking.

4. Observe all safety precautions when the testing the operation of the
circuit and note any signs of faults.

5. Switch off the supply before disconnecting the circuit.

o
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asEHBEE™S E.00.m-m

%mes%’e% To wire and test a control circuit for DOL starting with remote stop and a

remote start-stop station and indicating lamp.

ERRSBRNSIRMINSSHS
o muigjrmuiag§ugn

w (X4
ol

e ifinagia])§ugm

= (2]

o iRagMIGiANIMI

Tools, Equipment & Materials

= 1 no. Contactor

* 1no. Overload relay

= 1 no. Stop push button

» 1 no. Start push button

» 1 no. remote stop station

= 1 no. start/ stop remote station
A multi-meter

Sufficient wires.

CENN/RESS:

Part 1

1. Complete the control circuit in Fig 1 for a Direct-On-Line starting with remote stop
and remote start/stop station.
2. Submit your completed drawing for checking.

Part 2
1. With the material and equipment provided, wire up the control circuit according to the
diagram.

2. With the Multimeter provided check the correctness of the connection.

3. Submit your completed project to the staff in-charge for checking.

4. Observe all safety precautions when the testing the operation of the circuit and note any
signs of faults.

5. Switch off the supply before disconnecting the circuit.

o
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Control Circuit
L
- Overload relay
trip contact
Remote Stop [- %
P Stop F T
\
E7 |
Remote
stop /
start T : T
E-l Start f- \ L
| M | Contactor L
N
SSanjgsiwniy:
micsighuimShean
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asEHBAE™S E.00.m-é

%mes%’e% To wire and test the main and control circuit for DOL starting with remote

start / stop control for a 3-phase induction motor.
Gﬁ?%%ﬁﬁ@fﬁ?ﬂii—i@@gjﬁ

« muigjapnUiaggugn Shia§msma

w
ol

o ifinagial§unn Sniafmsmn

= (2]

o negMIGINIMITAY SN gGamm

Tools, Equipment & Materials

= 1 no. Contactor

* 1no. Overload relay

= 1 no. Stop push button

» 1 no. Start push button

» 1 no. start/ stop remote station
* A multi-meter

Sufficient wires.

CINR/RESS:
Part 1

1. Complete the main and control circuit in Fig 1 & 2 for a Direct-On-Line starting with
remote start & stop push button.
2. Submit your completed drawing for checking.

Part 2
1. With the material and equipment provided, wire up the control circuit according to the
diagram.

2. With the Multimeter provided check the correctness of the connection.

Submit your completed project to the staff in-charge for checking.

4. Observe all safety precautions when the testing the operation of the circuit and note
any signs of faults.

5. Switch off the supply before disconnecting the circuit.

w

o
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Control Circuit

L
- Overload relay
trip contact
Stop [-
E
Remote
stop /

start T T T

Contactor
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asEHBgms &.o0.m-&

%52518658% To wire-up the Main and Control circuits of a DOL starter with inching

control and test run with a 3-phase induction motor.
Gﬁ?%%ﬁﬁ@fﬁﬁ?ii—i@@@%

o Muigj{MU iagfmsmn

w
ol

o ifinag 1a])§msmn

= (2]

o negMIGINIMITAY SN gGamm

Tools, Equipment & Materials

= 1 no. 230V Contactor

1 no. Overload relay

1 no. Stop-Inch-Start push button station
1 no. 3 phase 415V induction motor

A multi-meter

Sufficient wires.

SENR/RESSH:
Part1l
* You are required to complete the drawing of the Main circuit (Power Circuit) in Fig 1.
* You are required to complete the drawing of the control circuit in Fig 2 to
comply with the following operational sequences:
a) If the START button is pressed, the contactor will energize and hold, the
motor will run continuously.
b) If the INCH button is pressed, the contactor will energize and motor will run and
once the INCH button is released the motor will stop.
c) If the STOP button is pushed, the contactor will be de-energized and motor will
stop running.
d) Tripping of the overload relay will also stop the motor from running.
Part 2

a) You are required to wire-up the control circuit of the DOL with inching control
according to Fig 2.

b) With the Multimeter provided check the correctness of the connection.

¢) Submit your completed project to the staff in-charge for checking.

d) Observe all safety precautions when the testing the operation of the circuit and note
any signs of faults.

e) Wire-up the Main Circuit according to Fig 1.

f) Submit your completed project (main & control circuits) to the staff in-charge for
live testing with a 3-phase induction motor.

siApiganbuvamn M ShhwatgthisHins afad ¢fis bod
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Fig 1 — Complete the drawing of the Motor main / power circuit
L1
L2
L3
Isolator %{{
Contactor g % \];
Cverload relay EZ EYL; I:Z
3-phase
Induction motor
SSanjgsisniy:
missighuimShean
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aSEHBIE™S E.N.m-D

%52518658% To wire-up the Control circuits of a DOL starter with Remote inching control

for a 3-phase induction motor.
Gﬁ?%%ﬁﬁ@fﬁ?ﬂii—i@@gjﬁ

. MUigjIMUIA U
e ifinagia])§ugm
o negMIGINIMITAY SN gGamm

Tools, Equipment & Materials

= 1 no. 230V Contactor

1 no. Overload relay

1 no. Stop-Inch-Start push button station
1 no. 3 phase 415V induction motor

A multi-meter

Sufficient wires.

SENR/RESSH:

a) You are required to wire-up the control circuit of the DOL with remote inching
control according to Fig 1.

b) With the Multimeter provided check the correctness of the connection.

¢) Submit your completed project to the staff in-charge for checking.

d) Observe all safety precautions when the testing the operation of the circuit and note
any signs of faults.

e) Submit your completed project (main & control circuits) to the staff in-charge for
live testing.

o
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Control Circuit

Fig 1 — Complete the drawing of the Control circuit

Remote Stop| E-% Stop. E_

Remote Start E-_g START E__T i M

Fig 1

SSanjgssaiy:
missighuimShean
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asEaBgms &.o.m-d

%mes%’e% To wire-up & test a Control Circuit for Forward and Reverse control of a 3-

phase induction motor.
Gﬁ?%%ﬁﬁ@fﬁﬁ?ii—i@@ﬁ%

. MUigjIMUIA U

w
ol

e ifinagia])§ugm

= (2]

o negMIGINIMITAY SN gGamm

Tools, Equipment & Materials

= 2 nos. Contactor, 230V

* 1 no. Overload relay

» 1 no. Stop push button

» 1 no. Forward Start push button
= 1 no. Reverse Start push button
* A multi-meter

» Sufficient wires.

CINe/RESS:

Part1

You are required to complete the drawing of the Forward/Reverse control circuit in Fig 1
that can operate an induction motors in the forward or reverse direction:
= At anytime only one contactor can energies.

» Pressing FOR (Forward) button shall energize F (Forward) contactor only.
= Pressing REV (Reverse) button shall energize R (Reverse) contactor only.
= Pressing stop button shall de-energize ‘F’ or ‘R’ contactor.

» Anoverload in the motor shall de-energize ‘F’ or ‘R’ contactor.

Part 2

You are required to wire-up and test the Forward/Reverse motor control circuit according to
the circuit diagram in Fig 1.

Control Circuit

Fig 1 - Complete the drawing of the Forward/ Reverse control circuit.

o
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asEHBEms E.0.m-¢

%52518658% To wire-up & test a 3-phase induction motor in the forward and reverse direction

RS BRNSIRMINSSHS
o muigjamuig§msmn

w

)

. ifinasiag)msmn

= (2] 9 1

o ingMIGINIMITAYSIHINgGMMR

(2]

)

Tools, Equipment & Materials

= 2 nos. Contactor, 230V

* 1 no. Overload relay

= 1 no. Stop push button

» 1 no. Forward Start push button
= 1 no. Reverse Start push button
* A multi-meter

» Sufficient wires.

CINS/RESS:

Method of reversing the rotating direction

To reverse a three-phase induction motor, simply reversed any of the two phases to the
motor.

Instruction
sPart1l

You are required to complete the drawing of the Forward/Reverse starter main circuit in Fig 1

Part 2

You are required to complete the drawing of the Forward/Reverse starter control circuit
in Fig 2 that can operate an induction motor in the forward or reverse direction:
= At anytime only one contactor can energies.

» Pressing FOR (Forward) button shall energize F (Forward) contactor only.
» Pressing REV (Reverse) button shall energize R (Reverse) contactor only.

= Pressing stop button shall de-energize ‘F’ or ‘R’ contactor.

= An overload in the motor shall de-energize ‘F’ or ‘R’ contactor.

i AniRausamn mufime Shhwalgthasuins adad ¢l oG
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Part 3

Test the Forward/Reverse operation of a 3-phase induction motor.

Main Circuit for a Forward / Reverse Starter

L1 L2.L3

o] o Q

\r—\——\ MCB/MCCB

(o) o] o]

[o] o o (o) Q Q

L q ( q g @
\ \ \ [ F ] \ \ \ [\ R |
Q o o] fe) o fe)

EZ EK EK Overload relay

J-phase Induction
motor

Control circuit
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asEHBEms E.0.m-8

505525:‘*365‘3% To wire-up & test a Control Circuit for Forward/Reverse with remote buttons

for a 3-phase induction motor.

RS BRNSER MRS SHS
o muigjruiag§ugn

[%3

ol

e ifinagia]§ugn

9 (3]
o

o IngMIGINIMITAYSIHINgGMMT

(3]

Tools, Equipment & Materials

= 2 nos. Contactor, 230V

» 1no. Overload relay

» 1 no. Stop push button

= 2 no. Forward Start push button
» 2 no. Reverse Start push button
* A multi-meter

= Sufficient wires.

CIENe/RESS:

Instructions
Part 1

You are required to complete the drawing of the Forward/ Reverse control circuit with remote
buttons in Fig 1 that can operate a induction motors in the forward or reverse direction:
= At anytime only one contactor can energies.

* Pressing either one of the FOR (Forward) button shall energize F (Forward)
contactor only.

* Pressing either one of the REV (Reverse) button shall energize R (Reverse)
contactor only.

* Pressing either one of the stop button shall de-energize ‘F’ or ‘R’ contactor.

= An overload in the motor shall de-energize ‘F’ or ‘R’ contactor.

Part 2

You are required to wire-up and test the Forward/Reverse motor control circuit according to
the circuit diagram in Fig 1.

Control Circuit

o
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Fig 1 - Complete the drawing of the Forward/Reverse with remote control circuit.
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BSEHFAE™S E.00.M-99

(1] =]
BRNSES L2 To wire & test the control circuit for a star-delta starter.

RS BRNSIRMINSSHS
o muigjrmuiag§umm

w (X4
o

o ifinanag)gun

= (2]

o negMIGINIMITAY SN gGamm

Tools, Equipment & Materials

. 3 nos. Contactor, 230V

. 1 no. Overload relay

. 1 no. Timer, On-delay type, 230V
. 1 no. Start-Stop push button station
. 1 no. Mutlimeter

. Sufficient wires

CINe/RESS:
Instructions

Part 1

bu are required to complete the wiring diagrams for the control circuit in Fig 1.

Part 2

ire-up the star-delta starter control circuit in accordance with the circuit diagram in Fig 1.

Part 3

Test for correct operation of the star-delta starter control circuit.

Control Circuit

Fig 1 — Complete the drawing of the control circuit for star-delta operation
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SSRGS E.00.M-91

BRISESSS  To wire and test the operation of a star-delta starter.

ERRSBRNCISMIHSSHS

Tools, Equipment & Materials

- 3 nos. Contactor, 230V

. 1 no. Overload relay

. 1 no. Timer, On-delay type, 230V
. 1 no. Start-Stop push button station
. 1 no. Mutlimeter

. Sufficient wires

CINe/RESS:
Instructions

Part 1

bu are required to complete the wiring diagrams for the main or power circuit in Fig 1 and control
circuit in Fig 2.

Part 2

ire-up the star-delta starter Main & control circuit in accordance with the circuit diagram in Fig 1
& 2.

Part 3

pst the operation of the star-delta starter with a 3-phase induction motor.

Main Circuit for a Star-Delta Starter

Fig 1 — Complete the Main Circuit for a star-delta starter

o
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W1 V2

Q Q
w1 W2

J-phase Induction
motor

Control Circuit

Fig 2 — Complete the drawing of the control circuit for star-delta operation

siApiganbuvamn M ShhwatgthisHins afad

¢is bbe



b

stoP F

O—-..L"l—a'

START E-

o—""—0
=
o—""

N

SSanjgsisniy:
mirstghuimShean

o

siApiganbuvamn M ShhwatgthisHins afad §fis b



SSEHBE™S E.00.M-9m

(1] =]
BRNSES L2 To wire & test the control circuit for a star-delta starter with remote

Start/Stop.
Gﬁ?%%ﬁﬁ@fﬁ?ﬂii—i@@gjﬁ

Tools, Equipment & Materials

. 3 nos. Contactor, 230V

. 1 no. Overload relay

. 1 no. Timer, On-delay type, 230V

. 2 nos. Stop/Start push button station
. 1 no. Multimeter

. Sufficient wires

CINe/RESS:
Instructions

Part 1

You are required to complete the wiring diagram for the control circuit with remote Stop/Start in
Fig 1.

Part 2

\Wire-up the star-delta starter control circuit with remote Stop/Start in accordance with the circuit
diagram in Fig 1.

Part 3

Test for correct operation of the star-delta starter control circuit with remote Stop/Start.

Control Circuit

Fig 1 — Complete the drawing of the control circuit with remote Stop/Start for star-
delta operation

o
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SSRGS E.00.M-9¢

SRNSESe: To wire-up and test the operation of an Auto-transformer Starter control

circuit.

ERRSBRNSIS MU E:

Tools, Equipment & Materials

= 3 nos. Contactor, 230V

e 1 no. Overload relay

e 1no. Timer, On-delay type, 230V
* 1 no. Start-Stop push button station
e 1 no. Multimeter

= Sufficient wires

CINe/RESS:
Instructions

Part1

You are required to complete the wiring diagram for control circuit in Fig 1.

Part 2

Wire-up the auto-transformer starter control circuit in accordance with the circuit diagram in Fig 1.

Part 3

Test the operation of the auto-transformer starter control circuit.

Control Circuit

Fig 1 — Complete the drawing of the control circuit for auto-transformer operation
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aSEHBRE™S E.0.m-9%

%mes%’e% To wire-up the Main & Control circuits of an Auto-transformer Starter and

test with a 3-phase induction motor.
Gﬁ?%%ﬁﬁ@fﬁﬁ?ii—i@@ﬁ%

Tools, Equipment & Materials

* 3 nos. Contactor, 230V

* 1 no. Overload relay

* 1no. Timer, On-delay type, 230V
» 1 no. Start-Stop push button station
* 1 no. Multimeter

= Sufficient wires

CINe/RESS:
Instructions

Part1

bu are required to complete the wiring diagrams for the main or power circuit in Fig 1 and control
circuit in Fig 2.

Part 2

ire-up the auto-transformer starter control circuit in accordance with the circuit diagram in Fig 2
and test for correct operation.

Part 3

ire-up the auto-transformer starter Main circuit in accordance with the circuit diagram in Fig 1.

Part 4

pst the completed auto-transformer starter with a 3-phase induction motor.

Main Circuit of an Auto-transformer Starter

Fig 1 — Complete the Main Circuit for an Auto-transformer starter
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Fig 2 — Complete the drawing of the control circuit for auto-transformer operation
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- Powerloss = 3RI?
Powerloss = 3x5Q x 4.68° = 328.53W
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InputPower
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