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SENIOR MACHINE LAB  aisa #2fie gr=aerermerr
LIST OF EXPERIMENTS SYelT T F[
EMEC 2 LAB $UREHY 2 o

TO PERFORM NO LOAD & BLOCK ROTOR TEST ON SINGLE
PHASE INDUCTION MOTOR & DETERMINE EQUIVLENT CIRCUIT

THA AT WOT AT W F§ A3 AR sdlfer e wfieqor F AR qa1geq
afde uia s & [/w

TO PLOT V CURVES OF SYNCHRONOUS MOTOR ON NO LOAD
25% 50% & FULL LOAD

Rmaw AT & &t w8 F e a1z 25% 50% AR Fof A5 W wdle FE
TO PERFORM NO LOAD & BLOCK ROTOR TEST ON 3 PHASE
INDUCTION MOTOR

3 WUT $5FAA Al W a1 g 3R satw Ve gdigor F:a & faw

TO PERFORM OC & SC TEST ON ALTERNATOR

HeeweX W 3 3R vad qdiaror A F v

SPEED CONTROL OF 3 PHASE INDUCTION MOTOR BY
CASCADING

FEHFT gaRT 3 TOT AT Al it Afa fAg=or

STUDY OF VARIOUS STARTERS FOR 3 PHASE INDUCTION
MOTOR

3 TUT g5 AT F v e Ty #1 reaas

STUDY OF INDUCTION GENERATOR

SSFUA AANET T AT
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35T

THA-TIOT W7 Al (FIWeT T gH6R) W HE @15 781 3R
3a%ey UeX qdieTor 3R gAweT afhe Rl FuiRa F

SSFUAT Al AT A7 T AfAsedr
230V, 7.4A, 1420 RPM AT $oT S5 A

3ATAYh 3YhIUT.

%.9. 3YHIOT ey faavor | y&R HATAT
1 3iteY 1
(ALY
2 ofEmet 0-5/10A M 1
3 SrecHeT 0-15/300V M 1
4 drcHe 5/10 A, | ... 1
200/400V
5 ST e e 1




afhe InRw:

\
\{\ ~\ ; A Capacito
L — —N\Yp— v ¢ A LYY e
k .. T TR
F1 i \/ PV | |
‘ | } \
A Auxifary
| < ;
{ starting
i | winding
.

- — 0—N\p e -

IGIECGE

Al-eilg 3R selfeg e TIETUT Tehel-a_0T IROT FAlex W HU STl drer
ar Agcaqot qdator §, At sEdhr yede faAwansit @ et wd §1 3
gETOT MACR 9 JAETRATT AT FRATA H, AT I TAYAT H Igel
fore S €, e I gaRad fomar o a% & I7 aifdd [fdet ik
Hlelehl &l QI Tl B

1. A-IS ¢TC; A-AIS ¢EE H, Al I 3Tk ATFe W Thdr ¢ oS
IT HAhfaehel A8 & Toar Farfed fRar Srar g1 38 gJefor &
36eRT AT & Ul FAYE, Al-ails e 3R FAl-ells gray herex




2. Y AYT g1 3 TETUT & GRIeT, Al ! Teh 3ugercd THT HCATS
¥ ST Sirer §

3. 3R 38 3@ FuiRa aifa & e« f&ar Srar g1 Al 7 arax
SeTYC & ATCHAICY T 3YANT Fleh AT ST & 3R Al-ells e
3R grax e I FAA: THRY IR gray ey HIeX &1 3931eT
e ATAT ST B

2. 5elles Ve TFE: sellFs YT TFC A, ALY hl 3 YT ATHE H
dleh T solleh Fleh 3R TEeX aATST3T X LT dlecol @R FdTfold
fohar SiTar 81 8 9deTor #7 3¢ qUT ols W AT #T gelYe UIR,
T, TR thefed A ATTAT et s AT &1 36 W& & &R,
AT T Teh 39 TH Feeollg @ SiIsT Sl g, 3R Al & Aqe |
Teh 3Ugerd FitAeh R ST ST § dlfeh 3§ gHA & Ael ST Heh|
AT & Yla AYe 1 dIeHIeT ST YA dHish AT STl g, 3R e
3R graR HheFreX AT HAW: VAR IR TR e #HeX HT ITANT Fh
AT ST §1 AT & AIHST H Jeftr i UATHICT FT 3TAET Fleh
AT ST &, 3R 3T SRR &7 39AT Al geTar FuRa ==
& forw famar e gl

3ol Q&0 & UTed IROUMAT & ATYR WX, Al T & a3t s
f5 sgdT gaTdr, aTar tharex 3R TEIféar eich ol ROT fhar ST &ehdT
gl T gA&TT Al A fRaEY Y Q1Y A1 FHEAT AT ggdled el H T
Ao A & AR TE FARYT d § & 3961 # el § U5l T8
JgR T+ T FH F T ¢l

fceuia & SR gigY IS 817 & HTUR W Thel-aIuT WOT A Hl
AT Hiche T 2 # gufar @ gl

50 GAJed dfehe & Wi YR & fav Aeafaf@d adetor
3aeT &




1. %A & TAUA W HET dsisa & YUY &l AT | T§ dlecHel
3r#AReY Afer ganr forar e B

YTeled di9HT W 38T Yiay e yR fear aram -
Ri = Rio[1+a(t - to)]

2.3¢3 URT 3R IGRT W Ueh Hawedl WX GHETor fohar Sirer &
(IRFF aEEaT Gell T §U)1 Vb, 15 3R We T AT Ale i Selr g

50 foufd & AT s=1, AAded Afche T Gl T ST &

3. foeTT ©lls gfetor &, AleY @l WS dledsl 3R AR W TR STl
%I%FlTaﬁ's’Huldd%ddeagﬁam@Fﬁ%ﬁTsﬁwsﬁ
fEufcal & dgd @Aded Fithe Tl glhd a1 SITel &1 3 gdiefor
& IGTU Vo, lo 3T Wo &I e HaT AT gl

gfsha:
a1 s ¥ -
1. 9fhe @ T 1 7 @ 3gar Sis|

2. |fehe # ACHTATS dTe] |

3. dlecsl I FARNTST &L IR T g8 AlY & t IS dlecsl dah
CrAy

4. 9] et Vo, [9elr &g URT 10 3R 91 ais afdd wo & Repis
ey

5. O] dlecol &l YT o A H 3R AT & 9 el & fav
i 9g T gl
3ra%ey UeX qefor -




1. |fhe &N I IdIV IR SNs AR Afhe & T AT

3T Y 3R qoells =re] H |

2. ANTH FI 9 YhR FARITST H [ AT #F IS ORT Yared arl
3. o] dleesT Vsc, 3¢S FAYC R Isc 3R qrak Wse Repls |

4. AYET F 96 A & T il Aeg FT a9 H|

HEY arEfsar w1 yfader -
diecHiey Tt fafer &1 3uler oieh HET T asfse & S

gfaAer &1 A9

P 1S geTor LT

3Havey e gdrefor

Vo I0

Wo

VSC

ISC

WSC

dT0TCAT:

Zsc =Vsc/lsc

Rsc =Wse/lsc
Xsc=(Zsc?-Rsc?)*?
Zo=\Vo/Volo
Cosdho =Wo/Volo

gRorre:




IC A I |
1. -8R dieest dev 3R ST F &g & Al FY
2. THAEX 3R eI AT e ¢aar & qd S|
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ELLAD R

faer a3, 25%, 50% 3R ToF @iz W RAFEw AT & fi-aF F vdic
FIAT|

3ATARGh 3YHIUT:

HH " 3T fadw favor | &ET
1. drecHieT (0-600)V 1

2. TATER (TEE) | (15/30)A 1

3. wHfer (Bl | (25/50)A 1

4. AT (S (10/20)A 1
afFe 3ma:

Circuit Diagram :

{ -~ ; [
5§ 3 [rehE [ 0
- — ,., {
| .
1 3
=/ I :
; 7 | | 1
- — — — RS < | o
|| |
e | Se— -
o e & o
1 S | T - “
i |
| { |
| < ! |
1< |
J T I :
7|
*1 o
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IGILCGR

T fARTT dleest 3R AR R FIH A dlel Tk fThlaTd AT &
aleAl SaRT ARG AT SITar &1 $les e A dg Al o W TIRET
Folehd QU g ¥ Bles caRrT T BT &, 38 "HIHT Solell gl
ST &1 Ife Pres e & 39 A 9 FF X AT Jrar g, ar 3mfR
FIC GIHIT BT & R ST AT TAT B & o For TACNT Ferrd
2R (Ear g1 34 g Ife fies e FF IHeT § FW TG STl
g, dl 3R e fagedh giar § 3R g8 AT oar gen fe vl
Folarg fhT & R ol foar g &, fies aie & deaa & 3R
Fc H Fedld 3| olis W, Bes aic H Feoid JTHIR e &
had Rufdea gcsh I THITAT M, Vard Rld Al & HER
e 3R ez A & &I vF Iihehel TEY ST B

Vash faffiesd TR RT & foIT T R JATH Hleg i FH Th
tlie gl foar s & 3R #e (1a) 3R Fres e (If) & & Tl
foram arar I a% A VEHT F FT H AT SA1AT g1 Afh ST Gohi I
AR 37eR "V' & AT §, 397U Sog [Qhldd HICT AT VFHd gl
ST &

fHRad AleT & UIaY theeX &l hieg e ol deal @aiad foar ar
HohdT &1 T T g9 Aed g

ST of T 3T e la Bies aiec & dedid & 1Y deoddr gl #AT
of foh AleX foar Rt s & aor W 81 IfE ties &ic & 5@ Bic A
AT F T fear e, ar 3R e ladd do &H gidr I am g od
ek TR e ~PATH 8T 1 Sl $H #ge1aH §g W, Al Th
RS gTaX thefel W HIA F T &1 AT T AfFer qray el W
ds d 1A P & 9 a6 & Ig TR & 39 fog dF 61 95




ST g 319, Bles e &1 3R FaT &A1 ST, dr 3R e g

ST § 3R AlY NS graR tharex & & H FIH FlAl Y& X &l
g1 3R Fte 3R fies e & i T 7391 I g9 vas >
AH S S &l afe g8 gfhar @ faffieT §¢ gu KT & o
SYETAT ST &, T dehl &l TUeh gREN 9Ied giam 2l

I“h!‘!!‘.‘, I
Figl. V curves of a synchronous motor

AT 1. JeashIfas Al FT g v

V gk $les FC H FAIST el H 3YANN gld | sgladd e
e & T T W Hleg e F g6 T NS grav heed ST gl
Sl THE geTad HHTX e @ &rd Hles aC @l A ool § dfarer
YT} %hefeX ST 81 TE TN 17 ¢ o qoT R o gfAdr arax thearex
& fauT $res Fie, 9 &5 & A are’ et & fav dres aic @
e e ¢




-

Fig 2. Phasor Diagram

R 2. %R 3™
yfsa:
1. ol T A CET 3R 91T ST g

2. THRITH AlY HI T A Acg § @re] fhar Srar g1 39 A
RAslera afa & e 31T gred X ofdl § o $hleg TFarse 39a
39 A9 &1 STl § 3N AT Yo 3o 81 STl &

3. AT SIE. oY AT Sdlolell ARSI T SITaT & dlfeh I8
¢S dledsl & AT T Tl

4. 7941 g & Rplag AT & 1T 1, 37 1 =T &1 v Je o=
ST B

5. fFT S1.d1. SeeT AT &l dis W WHlad Alel HF s fhar Jar
g1 AT W 25% 50%, 75% 3T 100% s & AT if, 3T ia fr {fger A




T AT g1 feEr-37e9T as Rufaat & o fer #r arofieey fomar
ST B

Aaellhed drfeler ;

F.H AR e 25% WIS 50% @IS
freg IR | Hres IR | Hres TR
() | FE(l)  |FE() | FE() | | BLE(l)

1

2

3

4

5

6

qRoTH:

araenfaar:

1. fper o <fferer a1 faa 1 9 a8 gafRua f&e = gu 6 a8
Jc gl

2. GRS A et oY 3/her 1 oF H|

3. Tl o Widhe @ aTe] T § Tgel FlARTT R T Tl Farerere

T €, IO FAwReT F FROT A Tl H @ @ TR E,
o aRUTHEETRT 3Uol & Fo GEAl H FHA & Hevall &

4. fraY &Y FAFIT FT gl F Yol Tfche FT SN-TASTSS HAT FATT
T
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ELCAD K
3 thel S3FUA AT T & ANF IR st Ve geTor F=r1i

3ATaYh 3YhIUT:

%.4. 3907 JhR oy AT

1 THET TH 3.'|'|é' 0-10/20A 1

2 W Qg:r}né‘ 0-300/600 V |1

3 - 10/20A 2
dreH e 200/400 V

4 3 TIOT - 15A 0- 400V 1

afhe In@:

Wi
| ; =Y
[ " ; MY (8. ]
( A} Vif Y Y e A
‘ ‘ ( P g AA A l ~ N
[ D | o 0-10A \C VYVV)
3p | ' \ ‘
Ac |3 i 1
Supply | ' | ) e




IGILCGR

3-thol §3aRleT AlCX T 96T 3R 3T G9var as ol & dgd ALMeT
T TIETOT Fleh UTe fohdT ST TehdlT & Elellich, dIEdTdeh @Sl o
g GUETOT LT S AHl H Hidel gial § 3N F© A &
rcagIRe 3 giaT &, o & faega Rt et #F Rfda a9
&THAT arell AN & Y T ATHAT H TIATAIT A 319eThd TA
foeTr s 3R 3ra%eyr A WAGTUT R MR TH g 3N H FAee
T gred fRam ST FhdT §1 99 3G WOT AlX & AT AT
gy oX 3R & (STeT foer IR waer emar &1 i Sffsel W
TUATIRT T &A1 S1ar g) 3R I8 7T & wrafAs arr afeer &
fSequer 1 i &

FI$ Az gdetor AT

I A8 ¢¥C DA TR 9T Afche ¢TC & THAWT g1 Ig S5HAT
AP FAeT Hidhe F HAeaesfSr s WHex (e Widew) gred
el & ToIT fhaT ST &1 59 TIE0T &, Al &l 39 cfAdal 9
¢S IMgRT & WS dledsl W Al-dllS & Ay Tolol e Srelm g1 &t
STITSET HAbIeR I A A, [Tad 81T oHT8eT e & s &l
ST &1 388 THAded e YfdaTer sgd 931 gl Sl § (dewifas &7
& g¥o7 3R gull FHarT B 36T FT §U HeAd) | T, qeX
FAJeT FfASTE I Tk Gell Afehe AT ST Hehel &1 io, Vo, Wal,
Wo2 feT &g gdiefor & gRrer {fS g,

al, tandoe=v3(Wol-Wo2)/(Wol+Wo2) 38 Yo, foar ol afed e ioT
&Y IUTAT HT ST Fhdl B




ey el gdafor:

sclieFs AT TAETOT TP W QATE Hfche T&T0T & AW g1 I8
g ANl & AWl AUCS! AT s RATa Gfaaren &y arorer
A & T famar Srar §1 AT A gATg A Ashel & AT selin
ST & 3R T effAetell W s 3Mgfd & 25 gfaerd & 3nghy w
T dleest o] fohdm STar 8, 9 dledsl T WS e wied giem
gl FH dieco $r AT 3R WS e & dgd, FR a9 3R e Fr
HeersfSier ges ol Hic 1 HIBT BT Gfard giar gl

gfe K CRTAS TeT GAU&TUT & ERTT isc,Vsc, Wsc, Wse U391 &, 6 tand, sc =

V3(wscl-wsc2)/(wscl+wsc2)

59 UoR, ¢ic Tfthe d1aX therex &7 I0TAT Fr ST bl gl

arAT gdretor FEUTIAT H AeT 1 IR et Fhr FA g s@fav
gfche H Teh dICHIEY ARRIcHSD TSI &I, [T ga1d IT HFE PISA &
<Al FI 3eic A Rl fomvar a1 aehdr

gfshar:
TN el & TR0,
1. el T # QT 36AR §+T S &

2. Al I AT Bl aRTS T AT G 91 &g & (dec el gl
W) e faT ST B

3. 3TAlISS el TROT YROT AlX W 9] dlecsl &l WS dledst A
FATNST foham S1aT 8 3R 3aqe uTeR], e 3R dlecst & {fsaT
Reprg &1 STl @1 farsrelr 1 3nqfel g & .




4. sclleh T TETOT & oI Foderled FHeld: TSl ol TRAGTOT & HATA
& 8 &, Rarr s & weiieY 3R aresier @1 Aler &1 Ws urT &

& H AT STl B

5. &clleh YT GUETOT H VT T AT ¥ Tehs Y I@T ST & dlfeh
a8 gA 81, el $of aRTE $r Age ¥ FA dlecsl o@IAT AT § ifd
TN argfsar H WS e Jalfed & 3R e el &ie AR dlecs
1 QfSer Repls & ST T |

6. T ATSTST HI Ufd el S-UTcRIY dlecHTex X At & #Amr
ST § JUT 39 Ufa el YHIT HT &Y 0T G99 & & ST B

7. 9T GIORIY = Teh TROT & YUY T 1.8 I

fecaforT:
FI$ g gdietor A¢H:
%.4. diecat (V) | SRT( A) QTFA(W) COSd
w1 W2
1
a%ey AT qdiafor:
%.g. dlecoTV | ORT IES COS$

W1

W2

AT (IS 3TaRTH & HGYTd SRAd §T I0TAT )




qRom:

selfeh AT IAGTT & §Te 0T FoRam 1T draR tharex &
AT s 9d&Tor & &1 0T fhar IT gray e §
qraenfaa:

1. -4 dledsl §erv 3R (ST &7 e § Ac |
2. THIY 3R aeeH ey 1 |E Yaar & a1 SIS

3. qICHIEY & IO HReh HT 3T ST HT ST AT

4. ST BT ared @l gATRT GR-ER 3R Tdeh &9 @ fhar Sire
T

5. G Feiarele] Hogd gl A1BT|
6. AT TTe A FAT WX ! 3T & & solleh T S =130

7.98 €T H {W@AT I1feT foh TeeT effaTdl 9T SRR 31T dleeol e
gl TIfeT 3T UT AT dlecol %Ec&ﬁ&'l?@ﬁﬁﬂﬂﬂ@
gohdT gl
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ELCAD K
HeelAel T OC 3T sc qdiaTor F:r & fAv..

3ATAYh 3YhIUT:

&.9. | ITaTFH 3YHI0T T AT

1 AT HUI3E Al 220V 16 fehelldle 85 A 750- 1
2250 3IRUITH

2 3 OIS dd 3fecdaicd 400V 15 HdlT 1500 IRUTH |1

3 37T 10/20 A TH3TS, THAT 193
4 drecHIel 400 V THIATS, THAT 19
5 Sgfer e 1
IGIECGE

39T-Afche GAETOT AT Al-alis TIET0T, Selkex I 3T U a1fd W)
Tl ThaT STl § Sidfeh TR arsfser i Eell oI5 & S g
s FC I 3UPFd TWUN A deell Sial § AR 3eT-Fiche dieest &
I AR ® 3UPFd TN H dgell Sr § 3R IR asfsT &
ciieTell & ol off & g & g 3Nga-gfhe alees & HIrd AT Hi
Reprs foram Sar




SI9 deh T8I SIeikey ol Jaehid IRUY HJed gl BIdT, T« deh 0CC
T WeEll QT F TEY HT AT KA &1 WF 8T H, ] MMF FI
TAHTY HET Y R SaRT T fhar Srem g; delr 3@r &1 3R
T 8 AG-3RTT I@T Fgl STl g1 S & FGfed 3l &, occ arg-
HeRTel @1 ¥ fa=fad gl ol g1 ee-Hiche gdTor fHshleTd Sfeliey
ST TAHATT STAATAT & TR H SATAPRT JGI AT | TG AeIRe Hl 3HPT
freRa aifd W gemax fhar S1ar § 99 3R asfE & cffaa e
8 STl 81 Ueh THIEX &l el ATC oflSell H ¥ Ueh & A H@ell H @M
ST g1 $ies e s OR-8R 9T J1ar g 3R 3HTW HIT o1 JIrd
AT Rprs Far A1dar g1 39 9id-TRor Aie-giche e I Fles e &
Teh Hhardlel & ¥ H Tolic fhdl SATAT &, aF ATH Fl STelkeX ST AlC Afehe
faQyar ser Jrar g

deea [AfAgA:

U 3eclaAc] & diecs fAfATHT i "qUI-0R & YrI-HR dF diecst A
geiT 3R (81T 3ol AR afd AW Wl W) WS A dlocsT &
fFeafaa” & &1 7 aRea fhar Jrar gl

gfaerd fAfazedsT = (E.-V)/v * 100
STel Eo 3R VHA: el &S & STATH 3R gl oI dledt &

q4:

[N

Jegeniieleh GTAETE, Zs = OA/OB = 819 YRT Isch oI [T & Telle 0A/OB
=Vo/ Isc]

Iscl T TIT OCCoh XWh HART W FAT AT &, THIT: I ¢S
TR URT & 3T&T BIdT §lJedeplicieh FcTHTd, Xs = V (Zs? - Ra?), ST81
Ra-37ec{eicy &1 R 9iady (9fa =Ror)




qUI-ells & foIT 3dolell SUATH 31 3R aledsl fafa#dsT & o &
1.0.8 TOoST g3 dI.U.

2. JUITH

3.0.8 370l 9q.Tw.

Eo=[(Vcos+laRa)? - + (Vsin+laXs)?]% (+ g gegemsy pfolis & fov § - =g
EEMET pfells & foT §) ST@T V = 3ecdeiel & 9fd %ol W5 e
dlecal

% fafaaad e = (Eo-V)/V * 100
afke 3ma:
[A] 39eT Tibe e

V'I\J’
)i FU
.I " 4
h D 0
i A 0
i _ Armature
oo
« it T
4|
"p 10/20 A,

Field




[B] eITE Wf¥e ¥

[B] Short Cireuit Test

| ol =y

| 10/20

| | D) AN

I

. — A

i T\

I

i D

I

I Po~s 10/26

Field

[A] 39T Hfde ¥

a. R # Cw@v AR @fehe @ SIS

b fasa faemsier @1 Y=o 3m3eye fFufd W qur A &7 R3eee
FATH A W AT |

c. ST oIS TTe] Y 3N AT dTe] A

d. Al Hies N3FCT garT A & 1fd & Fhlead AT R FARDIST
A 3 AT ST Ale H

e. HeclaAc & &1 IAAAT H FeIU AR Fafrd AfFer &1 oAl |




f. 3ecdalel & ¢ effeTd diecsl ¥ 10% FUT deh oOT 5 i
algv |, g P & T Aex & a1fad W Ta1v ™|

[B] eIE Wf¥e ¥
a. T # fe@T 3RER #fde & S|

b. HIET &I 38+ &F N3NEE & WY ~geidd oy Bufa w are
Y 3R fasra fasmmeres &1 e 3M3eYe W dT |

c. FICT & A H Jedehliclh AT W FAGISAT |

d. 3TecTared & Iaotell dev 3R tHey AT e i)

e. Aol (Fres ) & [AffeT A & AT WoT 4 F¥ AT WS
3R e o JfEe o g3 {fEer & fov Piax a1fd sav @

f. ACEHICY AT IHHI-dlecHeY afY garr gfd et 3T 9faie Ra
T AT ATV

g. AN Y AT HT IR Jehiiae gfaarer AT w1

fecqforat:

[A] 39T Tihe ¥

F.9. | B8 FIC If(amp) a3 dleesT VL(V) |9fa S aleesT
= VLV3 (V)

NouhlWwWIN|F




[B] eIE Wf¥e ¥

#.49. $Ies HIE If(amp) eI "fdhe FIE Isc(AMP)

AN IWIN|F

gfa BT rectaAet 3= gfader Ra-........... e afd = ............. RPM
ATF:

Afaf@a I a9 & o {7 & odlic H| S g & v s
g7 ITH 99T &l 3TATT B |

1. I §&TTH Vo (OC TETUT H) 30FTel Jo6 T IAMH Telic

2. I ST Isc (SC ILETOT &) 37Tel Y6 W ATh Telic i

IMOTeAT:

qRoTma:

7ol &g W HeeaeX &1 AfFaa= amr s §,
Teh W UIUh=

0.8 fosd g

0.8 & 3mr




Jegaitas Sfderdr 3date & fAaffest A & fav @i gidr 2
HTaETA T

1. T ol I TE F HY §U gl ARV 3R FI-cael W A5 37
Glell dR sTel gler dTfgU]|

2. DC-HCATS dTe] ¥ H Ugel Ug GlAlRad X of o T &l TergAeT
3T 3l JifeaR gfay feufa @« &

3. 599 & fA&TH aRT FeAdeled &l ST o T ol Y, dd dh doalls
o] o Y

4. AT Yed FAY WriFH & HROT gl arell At & &

5. ChIHTET I ST g1ar ¥ R W 3R Aex e 1 @ § W drfer
{fsr T@Er 3o

6. GATET Y fob ATSIS URIT 3a7eh AR AT & 31 o gl
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TAT HHATF-........
3¢aeT:
-~
HEHST GART 3-@SSFAT HIeX dr aAfer fazor]
R M1
A i ‘
RO S ... i‘ !
-phase su b4 | r Coay A2
400V 3-p aiesu;‘np!v ; i 1 § &W ;/-\,Yv(\_4
— = s R | § el YO s Vs ;
= STATOR ROTOR P tl | s .81
% ROTOR 5% [ SR VOO
i STATOR
(o]
i %j% ;
ROTOR RESISTANCE STARTER

Teh §52M HIY Aol ® ¥ o3 T W Teh &M a1fd Al § STer ar
SSFAT HIY 3T & (390 & Th Toq Rer ghR gar =@1fgv), 3¢
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Experiement No: |
Aim:

No load and blocked rotor test on a single-phase induction motor (capacitor start type) and determine

equivalent circuit parameters.

Name Plate Specification of Induction Motor:

230V, 7.4A, 1420 RPM Single phase Induction motor.

Apparatus Required:

S. No. Apparatus Specifications Type Quantity
1 Auto Transformer 1
2 | Ammeter 0-5/10 A MI 1
3 Voltmeter 0-15/300V MI 1
4 Wattmeter 5/10 A,200 /400 V Dynamometer 1
5 Tachometer 1
Circuit Diagram:
N ’
\ N gy A Capacitor
L ~o/o—m—"1‘ 1/;\} o |—o—
F1 g Nl J TH T f
< _— < Auxiliary \
i Mi
Bov Y | { Vv Jo150/300v
1 AC supply . N

.S

L —& 0—e\p
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Thez)r.\‘:

No-load and blocked rotor tests are two important tests conducted on a single-phase induction motor
to determine its performance characteristics. These tests are usually performed in the laboratory or

factory, prior to the motor's installation, to ensure that it meets the desired specifications and
standards.

No-load test: In a no-load test, the motor is operated without any load or mechanical load on
its shaft. The purpose of this test is to measure the power input, no-load current, and no-load
power factor of the motor. During this test, the motor is connected to a suitable AC supply
and allowed to run at its rated speed. The power input to the motor is measured using a
wattmeter and the no-load current and power factor are measured using an ammeter and
power factor meter, respectively.

Blocked rotor test: In a blocked rotor test, the motor is operated with its rotor shaft locked or
blocked, and with rated voltage applied to the stator winding. The purpose of this test is to
measure the motor's input power, current, power factor, and temperature rise at full load.
During this test, the motor is connected to a suitable AC supply, and a suitable mechanical
load is applied to the motor's shaft to prevent it from rotating. The power input to the motor
is measured using a wattmeter, and the current and power factor are measured using an
ammeter and power factor meter, respectively. The temperature rise of the motor is measured
using a thermometer, and this information is used to determine the motor's efficiency.

Based on the results obtained from these tests, the motor's performance characteristics such as its
efficiency, power factor, and starting torque can be determined. These tests also help in identifying
any defects or issues in the motor and ensure that it is functioning optimally before it is put to use.

The Equivalent circuit of the single-phase induction motor on the basis of double resolving field
during theory is shown in figure 2. ¥

To determine the parameters of this equivalent circuit the following tests are necessary.

I

(39

[9%]

Measurement of dc resistance r, of the main windingat the room temperature to. This is done
by voltmeter ammeter method.
Its resistance at the operating temperature id given by-

r = I‘[o[ 1 +aft - L,)]

A blocked rotor test is performed at rated current and frequency(woth the starting winding
open). The reading of Vy, I, and W} are noted.
For this condition as s=1, the equivalent circuit simplifies to figure 3.

In no load test, the motor is run at rated voltage and frequency . The slip is extremely small

under no load operations and thus the equivalent circuit under these conditions simplifies to
figure 4. Vo 1o, and Woare noted down with this test.
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Procedure:

NO LOAD TEST —

1. Connect the circuit as shown in figure 1.
2. Switch ON the AC supply to the circuit.
s
4.
S;

BLOCKED ROTOR TEST —

1. Connect the circuit as above and disconnect starting winding from circuit and switch ON the

supply.

W o

MANIT, Bhopal EMEC-II Lab Manual 2023

Adjust the voltage and then increase it to the t=rated voltage of the motor.
Record the applied voltage Vo ,no load current Iy and no load power Wy

Adjust the variac such that rated current flows in the motor.
Record applied voltage Vsc , rated input current Isc and Power Wsc.

4. Switch OFF the AC mains to stop the motor.

RESISTANCE OF MAIN WINDING —

Reduce the applied voltage to zero and switch OFF the supply to stop the motor.

Measure the dc resistance of the main stator winding using voltmenter ammeter method.

Observations:
NO LOAD TEST BLOCKED ROTOR TEST
’ Vo Io Wo Vsc Isc Wsc
|
Calculations:

Zsc = Vsc/lIsc ) \

(07 o
Rsc = Wsc/Isc 7/ d Se
Xsc = (Zsc>-Rsc?)'2

Zo =Vo/lo *

(-

[ \) V7
Cosdo = Wo/Volo ¥ )‘/(

Result:

Precautions:

1. Slowly increase the voltage and note the readings carefully.
2. Connect the ammeter and voltmeter with correct polarity.
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Experiement No:

Aim:

To plot V-curves of Synchronous motor on no-load, 25%. 50% & full load.

Apparatus Required:

S. NO. INSTRUMENTS
I VOLTMETER (MI)
2. AMMETER (MC)

3. AMMETER (DC)

4. AMMETER (DC)

Circuit Diagram :

SPECIFICATIONS

(0-600V)
(15/30A)
(25/50A)

(10/20A)

QUANTITY
1

1

s | I
T (v) v,X
8 P S IMr N T ’
> — R A »—Q
T il .
|8 - : _—I \
N S -
T e
! [ y >
i
! =
2] 3
1 C
|
ot
; €
]
]
|

St on
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Theory:

For a synchronous motor working on a fixed voltage and frequency, the airgap flux is a constant,
being contributed by both armature and field currents. The value of the field current at which the
airgap flux is totally established by the field is referred to as 'normal’ excitation. If the field current
is reduced below this value, the armature current is magnetizing and Its value is such as to keep the
total airgap flux a constant. Similarly if the field. current is increased above normal the armature

current is demagnetizing and its value will be such as to keep the air gap flux again a constant.

On no load, a variation of field current will thus cause & variation of armature current. On load, the
variation of the field current will affect only the reactive component of the armature current, V curve
gives a graphical relationship between the armature current and field current of the synchronous

motor.
V curve is a plot of the stator current versus field current for different constant loads. The Graph
plotted between the armature current (I, ) and field current( It ) at no load the curve is obtained

known as V Curve. Since the shape of these curves is similar to the letter “V”, thus they are called

the V curve of a synchronous motor.

The power factor of the synchronous motor can be controlled by varying the field current Ir. As we
know that the armature current I, changes with the change in the field current . Let us assume that
the motor is running at NO load. If the field current is increased from this small value, the
armature current la decreases until the armature current becomes minimum. At this minimum
point, the motor is operating at a unity power factor. The motor operates at a lagging power factor

until it reaches up to this point of operation.

If now, the field current is increased further, the armature current increases and the motor staits

operating as a leading power factor. The graph drawn between armature current and field current is

Page No /




MANIT, Bhopal EMEC-II Lab Manual 2023

known as the V curve. If this procedure is repeated for various increased loads, a family of curves

is obtained.

Full load

Half load

No-load

Lagging pf

Leading pf

i

: I
Fiowa. |
Figl. V curves of a synchronous motor

The V curves are useful in adjusting the field current. Increasing the field current, If beyond the
level for minimum armature current results in leading power factor. Similarly decreasing the field
‘
current below the minimum armature current results in a lagging power factor. It is seen that the
field current for the unity power factor at full load is more than the field current for unity power

factor at no load.

| Eq ging= 2%
Mot
e En
58 Enp
g &4+
Normal o {
Excitation fa,X.
AR 21N vi= W,
+
o
2 En ¢ 53
k]
3 52 50
9 - w
] 90
" B,
44 la. oy, /
8 Locus
| of la
1 1

Ef(min)

Fig 2. Phasor Diagram

Procedure:

1. Connections are made as shown in diagram.
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.

2. The synchronous motor is started with the help of starter. When the motor attains a speed near

about synchronous speed the field excitation is applied automatically and the motor 'pull in”.

3. The excitation of the coupled d.c. generator is adjusted so that It builds up rated voltage.

4. A set of readings of 1, and I are taken with the synchronous motor on no load.

5. The synchronous motor is then loaded by loading the d.c. generator sets of readings of iy, and

1a are noted for 25% 50%, 75% and 100% load on the motor. The readings are tabulated for the

different load conditions.

Observation table :

S.no. no load

25% load

50% load

Field Armature

current (i) | Current (ia)

Field

current (ir)

Armature

Current (i)

field

current(ia)

armature

current ( ir)

(9%}

6.

Result:

Graph: On Next Page
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Precautions:
[. Do not touch any terminal or switch without ensuring that it is dead.
2. Never work alone in the laboratory.
3. Make sure that all the connections are right, before switching on any circuit , faulty
connections may cause drawing large power resulting in damage of parts of instruments .

4. The circuit should be de-energized before changing any connections.
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Experiment No-

Aim:

To perform no load and blocked rotor test on 3 phase Induction Motor .

Apparatus Required:

S. Apparatus/Accessories Type Range Quantity
No.

1 Ammeter MI 0-1020A | 1

2 Voltmeter MI 0- 1

300/600V
3 Wattmeter - 10/20A 2 ¥
200/400V
4 3 phase variac - 15A 400/0- 1
400V

Circuit Diagram:

—7 o
Fuse
|
[
[ D |
3$ | F|
A |3
Supply | | ) \
— b ¥ ) | 0-600v
| Fuse i g N -
LV B
| | Nt € ann VD
’ I } | VVV
| |
— i «,’ e
| —— A Ls
Fuse o TR
W2
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Theory:

The performance and other characteristics curve of a 3-phase induction motor may be obtained by
testing the machine under load. However, the test under actual loading is in many cases difficult to
carry out and in some cases even impracticable as for instance with large capacity machines built in
electrical manufacturing industries in such cases characteristics can be obtained with the help of a
circle diagram based on relatively simple on no load and blocked rotor test.

The circle diagram is based on the approximate equivalent circuit of the induction motor (where the
no load admittance branch is shifted to the supply terminals) and represents the locus of the primary
current vector of the machine.

No load test:

The no load test is similar to the open circuit test on a transformer. It is performed to obtain the
magnetizing branch parameters (shunt parameters) in the induction machine equivalent circuit. In
this test, the motor is allowed to run with no-load at the rated voltage of rated frequency across its
terminals. Machine will rotate at almost synchronous speed, which makes slip nearly equal to zero.
This causes the equivalent rotor impedance to be very large (theoretically infinite neglecting the
frictional and rotational losses). Therefore, the rotor equivalent impedance can be considered to be
an open circuit.

If io, Vo, Woi, Wo2 are the readings during no load test then,
tando=V3( Wol -Wo2 ) / ( Wo1 +Wo2)

Thus, no load power factor angle can be calculated.

Blocked rotor test:

Blocked rotor test is similar to the short circuit test on a transformer. It is performed to calculate the
series parameters of the induction machine i.e., its leakage impedances. The rotor is blocked to
prevent rotation and balanced voltages are applied to the stator terminals at a frequency of 25 percent
of the rated frequency at a voltage where the rated current is achieved. Under the reduced voltage
condition and rated current, core loss and magnetizing component of the current are quite small
percent of the total current.

If isc , Vse , Wse , Wse are the readings during blocked rotor test, then
tandsc = V3( wscl -wsc2 )/ (wsecl +wsc2 )

Thus, short circuit power factor can be calculated.

The power factor of the motor is quite low under both test conditions. Thus one wattmeter in the
circuit will give negative reading, which may be recorded by reversing the terminals of pressure or
current coil.
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Procedure:
Steps to perform the experiment.

Connections are made as shown in the diagram.
The motor is started on no load (with belt loose) with the aid of a three phase to variac.

W o -

The applied voltage to the unloaded three phase induction motor is adjusted to rated voltage
and readings of Input power, current and voltage are recorded .Switch off the supply to the
motor.

4. The connections for the block rotor test are essentially the same as those of the no load test
except the ammeter and wattmeter are chosen to be able to as the rated current of the motor.

wn

In block rotor test the rotor is held firmly so that it does not rotate, A reduced voltage is

applied with the help of a three phase variac so that rated current flow in the stator winding

and readings of input power current and voltage are recorded.

6. The dc resistance of stator winding per phase is measured by voltmeter ammeter method and
its per phase effect value is calculated from the relation.

7. Effective resistance= 1.8 times dc resistance of one phase.

Observations:

No load test:

S. No. voltage(v) current(i) power cos

Wil w2

Blocked rotor test :

S. No. voltage(v) current(i) power cosdp

Wi W2

Calculation: (
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Result:
The Power factor calculated after conducting the Block Rotor test is

The Power factor calculated after conducting the No Load test is

Precautions:

1. Slowly increase the voltage and note the readings carefully.

o

Connect the ammeter and voltmeter with correct polarity.

3. Multiplying factor of wattmeter should be checked properly

4. Loading should be done slowly and precisely by rotating the spring valve.
5. All connections should be tight.

6. The rotor should be blocked properly at the starting of the motor.

7. 1t should be kept in mind that the applied voltage on the stator terminals should be low
otherwise normal voltage could damage the winding of the stator.

Page No L{




MANIT, Bhopal EMEC-II Lab Manual 2023

Experiment No- L(
Aim:
To perform OC & SC test on alternator.

Apparatus Required:

S no| Instruments Required Rating Quantity
1 | DC Compound Motor 220V 16 KW 85 A 750 - 2250 rpm 1
2 | 3 ¢ sine wave Alternator 400 V 15 KVA 1500 rpm 1
3 | Ammeter 10/20 Amp MI, MC 1 each
4 | Voltmeter 400 V MI, MC 1 each :
5 | Tachometer 0-2500 rpm 1
Theory:

The open-circuit test or the no-load test, is performed by driving the generator at its rated speed while
the armature winding is left open. The field current is varied in suitable steps and the corresponding
values of the open-circuit voltage varied in suitable steps and corresponding values of the open-
circuit voltage between any two pairs of terminals of the armature windings are recorded.

The OCC follows a straight-line relation as long as the magnetic circuit of the synchronous generator
does not saturate. In the linear region, most of the applied MMF is consumed by the air gap; the
straight line is appropriately called the air-gap line. As the saturation sets in, the OCC starts deviating
from the air-gap line.

The short-circuit test provides information about the current capabilities of a synchronous
generator. It is performed by driving the generator at its rated speed when the terminals of the
armature winding are shorted. An ammeter is placed in series with one of the three short lines. The
field current is gradually increased and the corresponding value of the armature current is recorded.
When the per-phase short-circuits current is plotted as a function of the field current, the graph is
called the short circuit characteristic of a generator.

Voltage Regulation:

The voltage regulation of an alternator is defined as " the rise in voltage from full-load to no-load
and (field excitation and speed remaining the same) divided by the rated terminal voltage".

Percent regulation= (Eo — V)/V %100

Where Eo and V are respectively the no load emf and full load voltage.

Formulas:

Synchronous impedance, Zs = OA/OB = for field current Isc [plot from graph OA/OB = Vo/ Isc]
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Iscl is selected over the linear part of OCC, generally, it corresponds to rated armature current.

Synchronous reactance, Xs = \ (Zs? - Ra%), where Ra=Armature resistance of alternator (per phase)

Calculate the excitation emf E, and voltage regulation for full-load and
.0.8 lagging p.f.

UPF

0.8 leading p.f.

W N -

Eo=[(Vcos¢+laRa)’ F (Vsing+laXs)’]” (+ sign is for lagging pfload, - sign is for leading pfload)

where V = rated terminal voltage per phase of alternator
%Regulation=(Eo — V)/V %100

Circuit Diagram:

[A] Open Circuit Test

w

" FU «

EE m 4

n B t 0
,-\_,':E A 0

Armature
N "
. D

NS} ‘

b P 10/20 A,

Field
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[B] Short Circuit Test

{ | TEAEA [
:l L S 10/20
A 2 A
A rrntiira
e ;
| -
EI' D
|
P ola 10/20 -
1€

Procedure:

[A] Open Circuit Test
' a. Connect the circuit as shown in the figure.

b. Set the potential divider to zero output position and motor field rheostat to the

minimum value.

c¢. Switch on the DC supply and start the motor.

d. Adjust motor speed to synchronous value by motor field rheostat and note the meter
readings. '
Increase the field excitation of the alternator and note the corresponding readings.
Repeat step 5 till 10% above the rated terminal voltage of the alternator.
g. Maintain constant rotor speed for all readings.

e
t

[B] Short Circuit Test

a. Connect the circuit as shown in the figure.

b. Star the motor with its field rheostat at minimum resistance position and the potential
divider set to zero output.

¢. Adjust the motor speed to synchronous value.

d. Increase the alternator field excitation and note ammeter readings.

e. Repeat step 4 for different values of excitations (field current). Take readings up to
the rated armature current. Maintain constant speed for all readings

f. Measure the value of armature resistance per phase Ra by multimeter or by the
ammeter-voltmeter method.

g. Plot the characteristics and find the synchronous impedance.
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Observations:

[A] Open Circuit Test

Sno | Field current I¢ (in Amp) | Line Voltage supplied Vi (in V)| Voltage per phase = V\3
(in V)

(98]

4]

6

fB] Short Circuit Test

Sno | Field Current Ir (in Amp) Short Circuit Current Isc (in Amp)

(9]

6

Alternator armature resistance per phase Ra = ------- Q Rotor speed = ~====mmmcmmeemcaaaen RPM
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Experiment No-

T'o perform load test on 3-@Induction motor

Apparatus Required:

S.No. | Apparatus/Acccssorics ‘j Specifications Quantity
1 | Ammeter | 0-10/20A, M1 4 1
2 Voltmeter 0-300/600V, MI \ 1
3 Wattmeter 10/20A, 200/400V 1 2
4 3-¢ Variac 15A, 400/0-400V [
-
5 Tachometer 0-2000 rpm 1
Circuit Diagram:
r 104, 400V i —— 8
gl S (D2
' Rotor
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Théory:

The load test on induction motor is performed to compute its complete performance i.e.. torque,
slip, efficiency, power factor etc.
In this test the motor is operated for different loads and the applied voltage, current and input
power measured along with the slip of the motor. Again, the connections are made as per the
circuit diagram. For all the load conditions the applied voltage should be same and equal to the
rated voltage. In case the supply voltage remains constant during the experiment the auto
transformer may be removed the load should be varied from a low value to an overload value
the load applied to the motor may be an electrical load or a mechanical load. For electrical
loading a generator (AC or DC) is coupled to the motor either directly or by belt. The output
of the generator is measured. The efficiency of the generator at various loads must be known
so that the output of the motor or the generator input can be calculated when the generator is
coupled by a belt an allowance must be made for the loss in the belt.
In the mechanical loading some form of brake is used. A simple method consists in loading up
the motor by means of a simple band brake with a spring balance on each side to measure the
pull on the tight and slack sides of the belt. In another method mechanical load replaces the tight
side spring balance. If S1 is the weight applied (or the pull on the tight side spring balance)in kg
and S2 is the pull in kg on the slack side spring balance then the net force applied at the rim of
the pulley is (S1 - S2)x9.81 in Newton and the developed torque is T = (S1 - S2)x 9.81XxRN-m
where R is the radius of the pulley in metre and the gravitational force g is taken as 9.81 m/s%.
To be more accurate half of the thickness of the belt is added in the radius of the pulley.

*Therefore, for determining the output, speed and torque must be known. For this the speed of
the motor and the values of S1 and S2 must be obtained. The radius of the pulley and the
thickness of the belt must also be measured thus the observations for complete range of loads
are obtained. Efficiencies, power factors and slips for the range of loads are calculated and these
and input current measured or plotted against the output these curves are the performancecurves
of the motor. The disadvantage of this rhethod of testing is that the pulley and the belt very soon
get extremely hot so that the observations have to be taken quickly. Some methods of cooling
the pulley should there for be used to keep the pulley and belt cool. The performance can be
calculated, following the steps given below.

Slip:

The speed of rotor, Nr drops slightly as the load on the motor is increased. The synchronous
speed, Ns of the rotating magnetic field is calculated, based on the number of poles p, and the
supply frequency f, i.e.

Synchronous speed Ns 2%1-' r.p.m

Then, slip s = &S=Nr o
P NS 100 Percent

Normally, the range of slip at full load is from 2 to 5 percent.

Torque:

Mechanical loading is the most common type of method employed in laboratories. A brake drum
is coupled to the shaft of the motor and the load is applied by tightening the belt, providedon the
brake drum. The net force exerted at the brake drum in kg is obtained from the readingsS1 and S2
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Procedure:

W 9 -

RS

6.
A

Connect the circuit as per circuit diagram in figure 1.

Ensure that the motor is unloaded and the variac is set at zero output voltage.

Switch-on 3 phase ac mains and start the motor at reduced applied voltage. Increase the
voltage, till its rated value.

Take-down the readings of all the meters and the speed.

Increase the load on the motor gradually by turning hand wheels. Record the readings of all
the meters and the speed at every setting of the load. Observation may be continued upto the
full load current rating of the motor.

Reduce the load on the motor and finally unload it completely.

Reduce the applied voltage to zero gradually then switch-off the supply to stop the motor.

Observation Table:

S. No. V(volts) [(Amp) Wi(watts) W2(watts) Speed

(3]

Calculations:
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of the spring balances i.

o

Net force exerted, W = (S| — S») kg

Then, load torque, T =W x d/2 kg —m

Wxd?2x98 Nw—m

where, d is the effective diameter of the brake drum in meters.

Output power, (Po) :

The output power in watts developed by the motor is given by,

e 2
Output power, B _ 2NT watts

60

where, N is the speed of the motor in r. p. m.

This is the most important parameter because this will be the reference variable for each
quantity to be plotted in curves.
Input power:

Input power is measured by the two wattmeters, properly connected in the circuit i.e.
[nput power = (W + W>) watts
s where, W1 and W are the readings of the two wattmeters obtained after multiplying them
with the respective wattmeter’s multiplying factors.
Power factor:
Power factor of induction motor on no load is very low because of the high value ofmagnetizing
current due to presence of air gap between the stator and rotor. With the increasein load, the power
factor increases because the active power component of the current is increased. To reduce the
magnetizing current in Induction motors the air-gap is kept as small as possible. Input power factor
can also be calculated from the readings of two wattmeter for balanced load.
If p is the power factor angle, then
- L W1-W2
tan'p = a2
Wi+w?2

Knowing the power factor angle p, power factor cos(p) can be calculated.

Efficiency:
Percentage efficiency of the motor, h = (Output power / Input power) x 100

Efficiency of a three-phase induction motor lies in the range of 75 % - 85 % under the full load
condition.
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Result:

Precautions:
Connections must be done as per circuit diagram.
Correct range of instruments must be connected.

Voltage applied through secondary of transformer must be kept low in the starting.

)
)
)
4) Connection of current coil of wattmeter must be reversed if reading in negative.
) Current must not exceed the rated current.

)

Voltage must be kept constant during the load test.
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Experiment No- /
[

Speed control of 3-@Induction motor by cascading.

Circuit diagram:

r

ROTOR

ROTOR RESISTANCE STARTER

N— M1
— - — s Al
T
A
R 81 €2 c1
- 2 T 2A2
400V 3-phase supply E
R
—— o —3 R
— STATOR ROTOR
]
Theory:

STATOR

An induction motor is basically a constant speed motor over the load range where two induction motors are
available (one of them must be slip ring type) , they are cascaded together to obtain four different speeds
which remain fairly constant over the load range . If Py and P are the number of poles of the two motors , the
four different speeds are;

N = 1200P,

N2 = 120/P>

N3 = 120f/P|+P2

N4 = 120f/P|-P> {where P#P>}

In cascading , the rotor of one of the machines (slip-ring) is connected to the stator of the other .Both motors
mechanically coupled and the second motor will open at the slip frequency and rotor voltage of the first.

The motors are said to be cumulatively copied if the rotating magnetic field and torque are both in same

direction . This gives speed N3 ,

if the rotating magnetic field in the two motors are in opposite direction,

they are said to be differentially coupled. This gives the speed N4 , which is usually very high and is not
generally preferred in view of the low torque output.

Procedure:

18

Connections are made as shown in figure.
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2. Start M with the help of a starter after ensuring that a large value of resistance is included in the rotor
circuit of M2 (this is applied only if M2 is of the slip ring type).
3. This will help to limit the current during starting .The rotor resistance is cut in steps and increase in

speed is noted.

4. The phase sequence of the input to the second motor is reversed and the experiment is repeated.

5. The machines are then started individually and the speeds are noted. The readings are tabulated as
shown in table.

Observation table:

Motor no. Run As Theoretical — speed Measured speed .
Ml Individual
M2 Individual
. M3~ Cumulative o

Cascade

M4 Differential o
Cascade

Conclusion:

1. In differential cascade method , we get maximum speed.
2. In cumulative cascade , we get minimum speed.

Precautions:

7) Connections must be done as per circuit diagram.

8) Correct range of instruments must be connected.

9) Voltage applied through secondary of transformer must be kept low in the starting.
10) Connection of current coil of wattmeter must be reversed if reading in negative.
11) Current must not exceed the rated current.

12) Voltage must be kept constant during the load test.
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Experiment No-
Aim:

Study ot various starters tor 3-@ Induction motor.

Theory:
I. A starter is an electrical device which controls the electrical power for starting a motor.

2. A starter is necessary to limit this starting current to avoid damage to the motor as well as to other

adjoining equipment.
3.Functions of Starters:
a) Current Limiting: - can be done by reducing the applied voltage or increasing the resistance in the circuit.

b) Overload Protection: - it is necessary because the motor draws more current during overload condition
and it causes excessive heat in the windings. This extra heat reduces the motor’s life and may cause burning
of windings and hence fire.

¢) Overheating Protection: - limit high current during overload.
4. Types of Starters:

a) Auto Transformer starter

b) Direct On-line starter

¢) Star-Delta starter

d) Stator resistance starter
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A) Auto-transformer starter:

Circuit diagram for Auto Transformer starter is given below:-

I. With an auto transformer starter, the transformer supplies a certain percentage of the primary voltage
to the secondary of the transformer.
The auto transformer is connected in a star configuration.

W N

The three tapped secondary coils of the transformer are connected to the three motor phases in this
type of starter. This helps in reducing the voltage that is being applied to the motor terminals.

The Advantages of Using Auto Transformer Motor Starters:

o They can be used for manual speed control, but with limited options.
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They have extremely flexible starting characteristics.
They have a high output torque.
They are used for induction motors rated above 20HP.

Disadvantages of using Auto Transformer Motor Starters:

The circuit is complex and involves a relatively expensive autotransformer

Due to the size of the autotransformer starter, a much larger control, the panel is required which
increases the price.

If space is limited, it might not be possible to connect the starter to an existing machine due to its
physical size.

One of its major drawbacks is the frequency constraint of its operation. It is always necessary to
know the operation frequency in order to select an autotransformer that is appropriately rated.

B) Direct on-line starter:

[}

Circuit diagram for Direct-On-Line starter is given below:-

&

. €

Y i f G lﬁ L

L
)l I u'

The DOL starter switches the supply directly on to the contacts of the motor.
As the starting current of an induction motor can be 6-8 times the running current the DOL starter is
typically only used for motors with a rating of less than SkW.

Page No




A

3.

MANIT, Bhopal EMEC-II Lab Manual 2023

Large currents of short duration cause objectionable voltage drop in the power supply which cause
undesirable dip in the supply line voltage: consequently. the operation of other equipment’s is also
affected.

The Advantages of Using Direct-On-Line Motor Starters:

C

W N -

&

~

They have a compact design.
They are cost-effective.
They have a simple construction.
They are used for motors rated upto SHP.
Star — delta starter:
Circuit diagram for Star-Delta Starter is given below:-
Star/Delta Change-Over Switch
Three- o \F{% )
Phase o o
Supply o-B_5 .
Main b, Run Start (Y)
Switch (A)
b1
Stator Cy
C2 ay
a2
Rotor
Compared to the other types of starters, the star delta starter is used on a large scale.
As the name suggests, the three windings are connected in a star connection in the star delta starters.

A certain time is set by the timer or any other controller circuit.
After this time is passed, the windings are then connected in the delta connection. The phase voltage

in the star connection is reduced to 58%, and the total current drawn is 58% of normal current. This
results in a reduced torque.

The Advantages of Using Star Delta Motor Starters:
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o They are ideal for long acceleration times.

e They have a lower input surge current when compared to other starters.
e They have a simpler construction as compared to other starters.

e They are used for motors rated above 10HP.

D) Stator Resistance Starter:

Circuit diagram for Stator Resistance Starter is given below:-

~

© AN
Three-
Phase O ANAAA
Supply
O AR A
Main Starting
Switch Resistors Stator

1. The stator resistance starter consists of three resistors, which are connected in series with each phase
of the stator windings. '

2. At each resistor, a voltage drop is caused, so it becomes necessary to apply low voltage to each phase.
3. These resistances are set at the start or maximum position during the motor start stage.

4.The starting current is kept at a minimum in this type of starter. Also, the starting torque to the motor
needs to be maintained.

The Advantages of Using Stator Resistance Motor Starters:
o They are suitable for use in speed control applications.

» They have extremely flexible starting characteristics.
o They provide smooth acceleration.
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Experiment No- °
Aim:
Apparatus Required:
S. NO. INSTRUMENTS SPECIFICATIONS QUANTITY
1 RHEOSTAT 50Q2 , 5A 1
2 RHEOSTAT 120Q2 , 1.6A 1
3 CAPACITOR 36puF , +- 15% 3
4. VOLTMETER 0-600V 1
5. TACHOMETER 1
Circuit Diagram :
| |
|
i d A
| \
<A |
L3 | : ‘ 1& , b L
A | - l N
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Theory:
Induction motor can be made to work as a generator if we rotate its rotor by a prime mover at aspeed
greater than Ns . in this experiment we use DC shunt motor as a prime mover excited by a
DC supply .
Ns = 120*f/P where f': input frequency
P : pole per phase
Ns : synchronous speed
The above synchronous speed across the stator winding of the induction emf is very low so asto
increase this induced emf we connect a capacitor bank across the stator winding , byconnecting

the capacitor the rotor speed is decreased as power factor increases .

Procedure:

1. Make connection as shown in figure .

[S9]

Now cut out the armature rheostat as it is initially placed at a full load resistance .

w

Now increase field resistance , initially it is kept at low resistance so that the excitor flux (@)
decreases and dc shunt motor rotates above the synchronous speed N(s)

TNu—E—Q
[N}

4. The dc shunt motor is mechanically coupled to induction motor which also rotates with dc
motor the speed of both side is same .

5. Now measure the emf across the rotor winding by connecting capacitor and without capacitor
for successive reading , now measure the emf across the rotor winding with connecting
capacitor and without capacitor .

6. For successive reading change the additional resistance and obtain different speed

atcorresponding reduced voltage .

7. Now shut down the dc motor .
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Observation Table :

S.NO. WITH CAPACITOR WITHOUT CAPACITOR
VOLTAGE (V) SPEED (RPM) VOLTAGE (V) SPEED (RPM)
L.
5
3
4 J ‘

Result:
The obtained readings show that for the given self excited generator voltage developed andspeed
increases and decreases respectively on adding capacitor bank .

’

Precautions:

1. Do not touch any terminal or switch without ensuring that it is dead .

2. Never work alone in the laboratory.

3. Make sure that all the connections are right, before switching on any circuit , faulty
connections may cause drawing large power resulting in damage of parts of instruments .

4. The circuit should be de-energized before changing any connections
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