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/‘é 74, T
. ﬁf‘* (Three Phase Induction Mo-tor)

1.0 9R¥G (Introduction)

W0 W22 (Induction motor) #1 T TEM Afas AfaE smfF s, dfaerns, s &,
i wfian, fazm sifer it afaerer fen 2w 3 fFm §) TorFm o 79 B WA e
T % A A EwE @ T

T%aﬁ@ﬁm‘gwﬁ%ﬁmmﬂmhﬁmmuﬁmmmﬂﬁ@rmilmw
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(i) 3w wiex woa | wie, s SR v i wwn

(ii) Tr=fer (Self-starting) v& feag nf aedt 2t #1

(i) S0 Tirex ol wive g, gern aer v T STt we R

(iv) o Tiet 1 a1 TTH Y A o €

(v) 38 T srae | (No load) | 9 e aon qersrel 7ifd W2 7 = o O £

woqof e § 85 T 07 Wt T WA iR S €)1 3 Ot 7 No load power factor T BT
(FT9 0.156 - 0.2) Lagging WHd 1 &1 €1 9% 920 Negative lagging reactive power %1 (- Q) 1
Source T T 7 (+ @) Reactive power F Demand Ft #1

IR Al % stfaftr o e | $9 2w E @ e e §-

(i) gorent nifer = garen W Wt fea famn oftafd =@ fr s

(i) few w0 I WieT & whE, e vfa Es e & g e €

(iii) et wRfege wemyl few om0 e et @ e §9 wE 2

o el % e Fvser T el T H=i | H Fw T T e i

AT ufteer T STEvES dieedl, A O, TEt FUEerEl B W g W= fEw w81 5w
induction motor T S0 §T2T e 9w €1 ftks oo bzt w1 i fargr=r o Faplt ZrerefeT “Iﬂ?lfﬂ'!;ﬁ
qmﬁhmﬁwmmmh#lmﬁmﬂmﬁmmﬁnﬁmmmm% St trem
TV 1 fislrae FvEer (Rotor) He #1518 Zioift & wfim s waftes grsem A frios soem
Y SR I e & S W T 6 i iR T T et e | e gry g & amere 6 v vy )
A aien ZiEHTHT @) a0 T o e
1.1 Proefia goll gl & &1 s

(Production of Rotating Magnetic Field in 3-Phase Winding)

Wearere| e o 'v?[ﬁﬁfﬂﬂ' BT Feq=T 30T Produdction of Alternating Current Magnetie Field)-
AT ] v T e § 9 v feer w8 e e @ | ] PSR W 1 Fom 3 o 4 s o o
B v e aiem (Magnitude) B -a#tas @ Poriodic manners 31 aftEfia g @ s aemai
YR T A KU R (Magnitade) e o set o w6t fom seerd wdl @ s fawoo) o

frv=reray wefdier e e @)
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(@) gawd=n

form 1.1

Yol gEsa 85 379=1 &0 (Production of Rotating Magnetic Field)—=g T v
(3-dinduction motor) 2Tl Sreea 4 WAl € @1 35 3-dwinding HH 2w Constang mmﬂﬁ
o S 65 9= 141 £ 9 el & a1 S0 § (Air gap) (Set up) 815 E) m?fgﬁtudea |
& % (Poles) s, = (Stator) T fi# (Fixed Position) % T &4 €1 3 341 (Statoy) ﬁ-q 1 g
R (Position) 3 ST 7 4 (Periodic shift) 73 9 & TG 68 7 e g oM
magnetic field) ¥4 €1 ¥4 W9: Towtt ga#1a &7 (Revolving magnetic field) % 3 ;;u%i%g

|

T2t Field %1 91 Rotating magnetic field 1 Speed frefafas §-

N =120
P
Ei Ng =Speed of stator in r.p.m.

f =Supply frequency of stator in Hz
P = Number of stator pole
S ST W (A.C. machines) HMWW@WWW%ﬁéﬂm |
(Stator coil) = WTTEd €1 S SeAadt 90 (A.C.) & i i 80 3 o ST o=t o o
fom FA=foatan g =1 e ol ol |
ﬁ?ﬂf"ﬂfﬂaﬁ IFfrrari's ?ﬁncip]el—ﬂi':ﬂ@&ﬁ! ﬂmﬁﬁ?ﬂ?@ﬁwﬁm{m&a}mw
T 3 3 e & Pt e fegra & g 3 ofe 46 e foven o w1 et e
&3 5 9fta™ (Magnitude) S 99 el T T v fawm o gwar g
%3 (1.2) S =79 fora 3 0 0l &9 X 3 & 1 997 0 WRES 9 0 B0 37 (Angular

velocity) & G0 #7 18 901 T99 T991,

14Y tﬂ\

+ ¥ sin o — H
H cos wt
ol /

=X 0 wl +X

=¥ gin oy 6=t H
-y t

ferx 1.2 Ferrans principte
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~ Braen sor ez (3)

(1) 9oie &1 &3 X 52 = H cos w! (Horizontal component line) ool
(2) 9vieh T &1 X 2% = H cos ot (Horizontal component line) i)
T4 WL () 1 OTF 419 H SAT (Vertical component line) ¥2% = ¥ sin o . i)
w9 (i) 1 ol & I FAT (Vertical component line) = - ¥ sin et fiv)
S B X B HEH = H cos ot + H eos of (m(i)ﬂiii)ﬁlﬁﬁ_ﬁm‘)

L P YR IS = Y osin of - sin of

= 2H cos wl

=0

(TR (iii) T (iv) F1 529 T)

39 WK ©1 gui% &4 (Rotating field) G Woamd) & 2H cos o 8 {2 (Resolve) B 910 & Siis
| 31 AEM (Amplitude) % A g €1

T W US: Wearad] &7 i 21 oot & o fafea fem o1 wea # Sifs qegates T4 (Synchronous

B - ——— >

speed) T T TAC H fagda feom & g9 €1
oI el W8 gHT 3091 Yol qaafm & (Production of Rotating Magnetic Field with two
Phase Supply)—arH faan & & %=, 3 s Rt F1 ) 798y Fosiedl 90 90° F1 31 T Fo5a4 Jid

¥ Ira Tl g € Forei v e e § warfed S % w0 3= Feas Hi ) aeid (Sine wave)

— e e Faw mwm—

Fuse d (Winding diagram)

Zu

nn'

90°

wed (&) (Phasor diagram)

¢

Flux

I

N
o— L N
-— ( o (i) Phase 2 Phase
o j o 3—o0 (ii) Phase 3-Wire supply

T YTl ol g SeAh foa wEl & @ o wiew s % w1 fata e R

P

ip

759 sfte® | Equivalent diagram)
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w3-11

4507

! 2717 360° =

— {}

Wave diagram
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w7 fvn 5 4 Y5 el B e R R X ) 1, @ e e e g,
ot v ¢, 1 o were o e fveht of 2 v o afe A @1 e 36 e 4 g,
07, 45°, 907, 135° A1 180° 3 1 3 e 1 T 81 wfeomst werey et 1t 8 o0 1 &1 Plyge, ‘
(i) ¥ Phase (i) ¥ %99 91, T i, TR w0 wEted o ¢ o o mw: el e

Iy =i, sin of

1
|
iy =1, sin(wt -90°) i

T T AR () 50 F (1) F GG R (¢ oc )| T I e | Wt Ao W
e
4, =&, sinof i)
¢, =4, sin(ot -90°) (i)
b= 2
3 Nz
L b=t : _dm
: % V2
0=0 b= bmae T 0 =45
for14 Rer 1.5
s i@

(i) 90 =0, 7@ ¢, =07 ¢, Fferwon & arafq ¢, & T 791 HTHF 21 39 T IROTE T |
6, =6, & 79T HOTEE O & FIO WEH g A 3R femnn @ € |

(1) 579 0 = 45° 7 4, =%mm%sﬂz@, =%ﬁm%aﬁtﬁwﬁlmm T

S CROR . :

7ty 75 o 45° efired SgEmE 8 T
(i) @ 0 = 90° T 7@ §, = 0 T ¢, =, T GO §1 §6 WHW ¢, = ¢, A 7¥ fefas 45° 3
3 g wrdews feafa @ T 90° Sfbmar TARE B i (9 1.6) |

Gp = dm 1
Gr = Gm '
o =90° 0 =136 (14 \".2- = 180
ferm 1.6 fem 1.7 feer 1.8
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(iv) 9@ 0 = 135° B 7 =Eﬂmm% =-%mlwm¢u AT 4, R

2 : i
b = 3_] (*T‘"] = 38 WL ot e oo Tea 2 W 45° ST S 1t g wit R
2 135° SfoTad TETIRE B T 2

(v) @0 = 180°TM T, =0, &, =4, mmm%rwmvﬁmﬁlm@ = ¢, ST T
mw%ﬁquswﬂwﬂm%mmﬁﬁlsowfmmﬁama
T4 WK 39 A | 9 9o Freem ¢ i v 1 9oy fon T € 9 9% 09 5§ afawa

T ¢, % qed ¢ adn R v gl 1 ¥ N :]‘zﬁfﬂthm%l

TR WHIOT (Mathematical operation) .

% = by Sin of (FHw (1) /)
by, =d,, sin(wt -=90°) f (TR (11) H)
=, Sin of

feere Soif Srarenta &1 =1 aftamoT (Magnitude of two Phase Winding Magnetic Field)-fas
(1.9) ® wefifia Fefia (wfew @) F ar7an vfomd == &5 (Resultant magnetic field)

O = Jd’a + "g’b + 24, ¢y .cos 90°
= 90°, % ch;, coil ¥ == =1 S 2
A cos 90° =0

g b =07 + &
=J((h,,, sin ot)* + (¢, cos wt)?
.~=J¢,2,1 (sin? wt) + (cos® wt)

: =ty (sin® ot + cos® wt)
s b =t
Two phase 0 =& mmmﬁwmt%)%ﬁmmﬁﬁl@mfﬂansmm
quuntity)'%l
Forthstt WS T IeU=T Yuieh e @ (Production of Rotating Magnetic Field with
Three Phase Supply)—54 120° 8R1 Space (Air gap) # feaifta 3-phase YAERER 3-phase 8RT Supply
& =t & A 120° W fereenftd u qras wamw 7 Air gap T 9 T R
form 1.9 % weffa dew uftae qe wften ¥ swam wen s o freen 3o S92t F T Stator W Star
WEEG Ny, Ny 8 N, 17 goefeal wfm § o= 5 goston w1 e s (Supply voltage) & W g
T T ip, iy ip mﬁmmmm%ﬁﬁmmﬁ—
ig =1, sin ot
ty =1I, sinlwt +120°)
ig =1, sinlwt + 240°)
iy =1, sin(wt - 120°)

m
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(8) Fgawdaan

Axis of phase ¢

Axis of phase a

&y cos 60°

g cos 60°
¢p =in 60°

fem 1.0

%mw@mmm;%m@ﬁﬁ(wﬂm%mmmﬁﬁmm
VT & T Ao ehi-

|
|
|

Qs; = ¢m sin of [1)1
b = ¢, sinlwf +120°) . Gl
¢ = ¢, sinlwf + 240°)

= @n Sin ((Ul‘- - 120”) tu(iii}’

ool gradia &3 & &iftrst 9es! 1 A (Sum of Horizontal Components) ;
oy =y — ¢, c0860°~ ¢y cos 60°
=g ~cosG0°(dy + &)
= fn *%lm sin (wf + 120°) + ¢, sin (! —120°)]

= ¢, 5D Of - ';'mu {sin wf + cos 120° + cos wf - sin 120° + sin ot - cos 120°
— cos of - sin 1207

" =1 .
=, &in ol 5 [y, 2&in o - cos 120°]

( 1
= gin @f — ¢, sin of » l '+ eos 120° = —
45?1 they ( 9

-

ey | |

; 1 .
= {, Ein of + 2 4, sin wof
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= Ly = E fy, Sinof = 1.5 sin wf

mﬂmﬁmuﬁam# AT 5O [T A (R.MLF.) & Fwaias 52 &1 4 (Sum of vertical

components)

Edy =dy 5in 60° - dy sin 60°
- ﬁin 60B (% = %}’

= -—‘ghﬁm sin(mt +120°) - ¢, sin (ot - 1207)]

7

e siwer ex (7))

= 3 t,, [sin ot - cos 1207 + cos w! - sin 120° - sin of - eo8 1207 + cos of - sin 1207]
=£ By [2 cos wf gJ

oy, = 3 ¢;,, cos wf

=15 ¢, cos w!
Fafe vftomsd =iy &3 'q'-'ljlﬁ”m“l (Magnitude of Resultant Magnetic Field)

dp = (Zy)? +(Zdy)

- 8= ae uY fB
—J[Eq:m smmt] +(-2- (1

3 :
=— 511:2 wf + l.::::s2 i
2

or

3
—2% or

=154,

cos o \1

Toreren il = & 1 wiam mmmﬁ% T ¥ € S G fReE 0 (Constant
quantity) ¢ Sten f fo (1.10) mw,a(bmﬁﬁmmrm%:ﬁmm TS ¢y F Horizontal

component ¢y; 9§ Vertical component &, 2, i () 9 weffm 1

45°,
0=45" !
¥ Qh

la)

formt 1,10
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@ weie-11 ' i
'Ga‘ '|='lﬂ§' 57451::3 E:m
& ? @, cos of L
tan f = — =§—- = cot o
% > é".. sin of |

tanﬂztanl'—-'-mf]
2

B==—wf

b2 | o=

e inthigwmsR Riksm
(@) T ot =0, 0 =90° 53 3 g A & gy |
b T e =007, 0 =0 R IR B F ey |
ie) TF @t =180°, 8= -90° 755 % ffi C & igev
(@) 5T wf =270°, 0= - 180° faz & i D & ey
W TE - v %ﬁWWSm&qum%ﬁ“ﬁﬂ%ﬂﬁﬂﬂﬂmﬂwﬁ

Wo=29 #‘tf—m. SR e geae T ¥ g

T ST ﬂﬁ?m—#—%mﬁmﬂ%—
(i) O S S Yol § 0w SR 1 et & arg ST PR R & o i T

E=ETE E a:'ﬁi’ﬁﬂgqﬂ & a9 Ve v ¢

(5) o WS S H Air gap YW T S T S0 4 SR SR % WER o = 2 3
f= };‘.1:0 o &g Siac woed (Flow in mrgap)mﬂﬁim‘ﬂm‘[’lﬁléﬂ '
(i e e e R SR T G e W P e €1 9% o 9 e e
#F = SET S wew e = & T favia w9 H e wees a9 € iR g = feu age i el
9% RYB T S W IwE el U 9w 49 & o w1 fow SEeE § 54 RBY e ST
= fomn T £ € T RBY &1 = Fgen J ag fom 1 € 08 i 98 efkved i o ure o W
oA 71 TR 9 W A1 ¢ 1% 0 e SUee At # R AT Hies i few 4 W i i A AfR
foam et =0 € 1 S0 F F oA F S AR Al (5ive) RYBE Cive) RBY ¥ e 3 198 o
mm:ﬁwa:ﬁwmﬁmﬁmmm% T YA o e FUEHIA HIeX

37 STEvEEA FEAN i fom § 9e & o e s g

TrEra faf¥ (Graphical Method) =T % 3-F9 < a 22U F1 611 H9%Y & Fosierdl 120°
Frfaa(1.11) Jwefim fed ot ae Fe gvae  vaifed ST 3 S0 # R a0l aE T e

& =6, sin of

¢y =&, (sin ot +120°)

& =4, sinlof + 240°)
=d, sinfwt -120°)
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Fren txor e (9)

Fhase B

- FA-dy
Axis of phase ¥ +oml.... ¢{2 ...... W‘? ¢k~ ;
4 -

R 0°
{Axis of phase R)

'é‘m

Axis of phase B.
fem 1.1

W o i T g e woee =t a1 w9 § femmn @ 2 5 9 3-Phase & 100 woa @61
SAfaFaa a9 §, 2 3 W% Phase % {50 5699 Phase % T&0as fem 153 (1.11) S e w1
el sft T gRomdt woes @ A ¢, @91 Phase % Phasor sum 5 30aT 20 S F1 d@l ¥4
T H A0 9 5 T % i e & i fm w1 o o fam s § 55 Wave B fowm 8§ wfa s
w1 &1 ToEEl & afey anE Fun fagaiio) 1, 2, 3 W semm A W R
dp =4, sin ot )
& =4, sin(wt +120°) i)
& = b, sinlwt + 240°)= 4, sin(wt —120°) (i)
(i) 5= ot =0
7% T Wave Fig. ¥ 3 @l € 31: (of = 0) T I90E THEEO (), (i), (i) § @ R,
g =¢, sinwt =§, sin0=0
dg =, sin(0 + 120°) = §, g

_¥B
Qﬁ' _—2_4%
& =4, sin (of —120%:-—? &,
o= (1.12) | ¢, =1 6y wEiga wweas o & e fem & T
fer T R ¥ o % sqer o by=
3 o
%m cos - =24, =134,
(ii) W7 0 = 60° 3raf o (iii) & farg 1 FgEw ¥ 74
o7l 3 ¢y, o STTR W= St o forr & fomman wn &)
V3

%’ = —_‘,' Qﬂ d,.: 1-5 bm

- : 0=0°
ford fora % ¢ % fawfia == w8 - oy
H_ =

¢';— :2);
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:E % ;—15%
S Mmﬁﬂm3 N msq,,%matmso%ﬁwamﬁﬂﬁmﬁ?,m%

& 9 113 A femm ma & ~)
(iii) §90 = 120° aﬂ{qm%ﬁgga:awﬁmmﬁm% J' s Gy =0, T, hﬁk
S

-—¢.m 1

{

|

T AT 0= 60°
#r"' 1.5 ¢m ¢f= 15 (’m
ferm 1,13

Wyen far & s g g frawasm & 6 g, =15 ¢, |

S VTSRO 1.5 4, € e 60" e e o e e & 120 e s
timfs i fmmmd

tiv) 73 6 = 180° Fviq fad & fag (iii) & eI d 7@

T

|
4

|
|
|
|
|
i

0= 120°
ferm 1.4
T3 YA o & SITAR, T WO 0 Y 4 = 1,5 4, € TR 60° iR s st 'EW
feafa @1 160° Zfiomad g0 ™ €1
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76 Wehrt I fadan | e € -
(1) uftomsdt werer fea aftomd 1,54, m%mmﬁh%m%mmqﬂ 1.57m e 7
(2) o e T P i st e TR =12§f@;.ﬂu$m ir s
By |

A
)

. 0=180"
R 1.15

1.2 mmmmmmua—m

(Salient Constructional Features of Squirrel Cage
and Slip ring Three-Phase Induction Motor)

frpat-fadsatt ST Hiex & |
(Construction of Three Phase Induction Motor)
U Wt % H&q 9 (Parts of induction motor)

!
| |
=21 (Stator) % (Rotor)
(i) =T &= (Stator frame) l
(ii) T FIE (Stator core) | E
(iii) ¥t 2 (Stator slot) foorg goafem wel FSiEE i
(iv) T FZeH (Stator winding) (Cage wound rotor)  (Phase wound rotor)

_ or slip ring or wound
rotor

(Single cage wound rolor) (Double cage wound rotor)

forepen IR Az ¥ Frafafea & s §-

(i) Tamen 31ufv BT (Stator) (ii) ¥[Ui 37T T=T (Rotor)

TUTAT 3reie 22T W WO (Constreution of Stator) =4t T ¥0 AT F R 7 w10 6 F
TErTe wIRiiA 3 Rt ) WO & HEE @ #1526 wei R WA s W A E e
3R e, e, e Al e T R ) g agen 9 weE #1 ol B W et F e H
AN T W e § S e e -
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' et wrelter-1 \\ .{

(i) 2T W (Stator Frame) (ii) T T (Stator core) ‘
(iii) ¥ Fea (Stator winding) (iv) T2 E0 (Stator slot)
Stator

Stator core

foet 1.16 ®ev & g wm

(i) %227 3 (Stator Frame) 7% 7 %= gavm diet 1 awd e 2 H T F7 By |
%mﬁmmmélwwm%mﬁmm%aﬂtﬁﬁmwa;m Rl |

@wmmmmm%@mmﬁlwmm%(F‘abﬁcated)@ﬂﬁﬂ%ﬁﬁqﬂ \
mﬁamﬁjwﬁtmﬁmmﬁmﬁaﬁmmﬁmmw@%% |
mﬁa.éammﬁ%ﬁaaﬁt%m,@raﬁ@mmﬁwaﬁ T H

|
HEF b \
£/ ‘ |
i AR 1
- A A
& |
4
LT 1 [
- i - 3
+ i
i

fer 1.17 Stator frame

W ER (Stator Core)-R 31 51 &1 w74 a1l
EWW%IQZ’TﬂlT[fEddycuwent}ﬁ:“ﬂqglmﬂﬁlW
m%hﬁaaﬂrmmgﬁﬁmﬂm%mgﬂ—gﬁ
YEL HOHE Laminated stampings & T P &l
Laminated Part ﬁH{{ﬂHStampings Elluil 04705 mm
mﬁmﬁ'nﬁéﬁw‘réﬁaﬁnm%mm%mmd

fer 1.18 Stator core

|
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wex aRfEn a1 Bies aEfET (Stator Winding or Field Winding)

1 et S0 AT 3 e R ) it v vt i e RN B 6 T A S geTeer i
AC IR F A TR § AR SR o i e et i R it A mam w ik wm d fs
for var =t Yoo faf = 3wim w0 §)

e L
gy e &

R 1.19 Rex aifen (Stator Winding)
o fireredt fiiet = At = SRR -3 =R (Starter) 3 819 Y6 w0 & 31 gafere freed fist
T (Squirrel Cage conduction motor) ¥ T H 92 g &) ¥ Wi =) Fiesifera #veh fery o 7 e
FEE e E AR & gafery fer for fesavm Hiet $ et anfEn # ww a e i o S g 81 6
T TR HIZT 3 Wt WG Slot (@iE1) A S ARfEn i A € 39 et anfen m A= awgfen
T ST & | T W YT T ot T 3 SISl S € |l 9% U Y0 grEEa & (Rotating Magnetic
field) e = €1

Stator slot

Stator lnminations
Shaft

d— Air gap

otor laminations

Rotor slot

fr 1.20 Semiclosed slots

RO HIRT W 9 YT &) W o W Tied 1 I R e 81

(1) S s 3 At e ey | Fafem e s &1 3o ded w1 T weyd W &
Tmﬁﬁtm% R Fafee Rt TAEH ¥ A IUqE TR w99 i weeq ¢, S wan
aE-

(i) 39 TATZH (Open Slots)—FH WL 3 wiiey H Tt 2irafm weifem a1 =g & =wat g, e
for fora (1.20) T fearan 791 &1 70 YR & wolled § siae oi anEfEn € qoed S €, e s e &
itz Fe9 =g saae (High air gap) % 8 €1
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g wefm-11 . |

(i) T T (Closed Slot)-¥H YR  Teiizy # ifz sifn wifz %) derd % gemn i aga o
1 zafe o v 6 e § anfe @) s ofe wfen o € aiafEn S A ol s am
#1 Open slot F1 o1 1 Closed slot 1 Cost 31 21t & #iif% 398 Air gap F9 0 21 .
(iii) TuE W AT (Tapered type slots) -39 TR % Teiieq 1 o sl iz 1 =2k 4 950 o5
Bl EifeE T, 1 ST e & SUCH e & A1 W He- e anh e =an Jed wi !
T FAICH Sl Al AT TEH F1 5 H {291 Phase H 319 B 571 S w6 i
T HEH T & 9, T S e favmned S vt S i v s 1 e sy
&  forn i T 41 € ifeit 0 6o Tl o o 3 I A A F1 2Ed gl e # e
T w0 & e 3 fom v 1 ifs e 3 i 3 s e eifirdt o B 2 fen e 2, g
T arg ot o v T € o o i e o e < i e e 1 ft o 2, v O e AR
P T ST (Dynamical) ¥er 3 o/ 1981 @i (Slots) o & wwaes & frifefanam
3w &1 v T A sEe g |
9 (Advantages) |
(i) Low Leakage Reactance |
(ii) 2Tl (Teeth) ¥ F9 &9 BT |
(iii) 5% (Load) &9 # &4 (Load) R F1 &4 (Start) F1

T (Disadvantages)
(i) Ta H 9ig |
(if) = 7 9fg |
(iii) 72 (Large) T30 T4 40 |
(iv) & 1 B (Iron loss) |
(v) A9 © FiE
(vi) 2 F w41 4
Guies @i HTeFT (Construction of Rotor)-3RV Azt § 9% o+ aTel Part &1 A2t ol R & ¥AH
A YA g H FfE E 1 gee-gwe 1 AeEn S i e e i § 3 g dewd #
I %73 % fou @ a0e faws =i €1 9@9a: Rotor 81 Y&H % 31 81 ‘

b

2T (Rotor) $

- ‘r

(i) Single cage type rotor squirrel Phase wound or g
(11) Deep har cage type rotor slip ring type rotor '

(iii) Double squirrel cage type rotor |
(i) Single Squirrel Cage Type Rotor— et fiai Wt Tt 1 Uk ghg-zae H Jerar 31
71 # 1 Al ot W T Wied Tz 9E de | Ve T o G 2 o o A heae Ak e €l
T2 % A 4 FEa=t a4 91 (egHii799 %1 94 End ring B Short circuited &1 91 21 Sequirrel cage
type Rotor & 3 (1.21) %1 wefdm fam wan €1
T2t Ttz AT W S A A 817 § S 5 o B € DX dzadl & fawen e o A 15
F=fafas wae €-
(i) Smooth 3T Noise less operation WeT Tl 2l
(i) T% Rotor ¥ faf= Steps & f@w & T9H Torque curve H wftomm LGl

o -
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(iii) T2T =i e wafa &1 € = 2

(iv) T TR e 1 79 wTems F w77 V2w wfer 77 21
End ring (Shorting ring)

(Conductor bar)
Squirrel cage conductor

R 1.21 ¥=o1 wiwdi e (Squirrel cage rotor)

Rotor

Squirrel Cage Rotor % Wwrae—firaet fiew et % freifafas vz 5= e m &)
> fism dex wear s o memm &1
79 Tl uieafa ¥ onfEn ) w9 w8
TH TETEE &7 ¢
e St e B
Tt Wt 32T = 2arar S 2

a13ug a1 fie9 77 2189 T2 (Wound Rotor or Slip Ring Type Rotor)~38 Wil % 12T &I H{=
W ot feery fir amiram & wre =5 s 2, Fafe 7 fiem o 2ey T2 wed § e g s we
it o=, Zodlo Wied % Wt & et HI F 994 erd) 2 faqs g sgan T A9 waie 941 gial €1 39
Tfel # T AEE % wHE € yae ani i wge S w s 21 T2 antEn § v gem 2 A w1
e AT & ST € TE Al €1 3 W G F Ul a1 B2t 9T Uie S HE WHE wal #) = 9w
T e v aEfEn it e € srafE e e wr v anfEn 5 w6 € faas v i
| mgtaﬁmmﬁawﬁﬁm%mm%ﬁwmmmﬁmmmﬂﬁm
| m I
T2 T Uae AR i F5E ATEET Bt &1 o Wiy Ie g @ yHien Wew W wfen 2 34, A
- W % el A1US e 2R Hiedl i SAuE s € €
| 3-Phase supply Slip ring

¥ ¥ ¥ ¥

Star connected
1 S Resistance

— AMy— Without

m,— Neutral

Stator

Scanned with CamScanner




]

(16) dqa w11 - —_
wra: feay i o g e wfife # @ wie (Starting limslrmc«.l]‘-b’ﬁﬁ%mmﬁq ghi

aﬁmwm%mﬁmﬁqmwmammﬁsmmng Torque ﬂﬁm“fﬁﬁm“
Phase wound rotor & ®¥-Ihuse wound rotor ¥ fr=fafas e %~

T S Wi ) v s & R g
TE Starting lorque T Tg i 3t Starting current ® 9w T

Rotor 9¥ J9Re@-3q a3
m—mﬁzmﬁﬁm%ﬁﬂqﬁa%ﬁﬂﬁwwﬁmﬁﬁ?WW%ﬁW%mﬁmw
YA F T A ¢
faraaftrey—feafires et ey 3 o s 36 9 3 3t o i il i st o e o Ay
e =mn s €

1.3 B IRv "X @ ﬁ?s-"l'_ﬁ (Principle of Operation 3-) Induction Motor)
of} a1 gusEER AieT © T B Rigr

(General Working Principle of Three Phase Induction Motor)

TS TR 3 W i A T A 1 W swfEn ww € o pvaaen vt iy
W Enf A 1 et AnEn @ Awved e we ) @ gusaH sz of e e { Ay
# 72 v Rz arifen & ura 1 var B ¢ S o A e g e 4 (Rotating magnetie
field) 1 I B0 R T/ R | W R diee Fwd ¥ waﬁ’r‘mé‘ams@n%?hnse]
sequence iR Tt 3T g if Synchronous T Bl €1 38 Ng VellehTeh 318 W e (o o

?mmﬁahing‘nelicﬁuldﬂﬂﬂﬁwmg%ﬂﬂlélfﬂﬂﬁﬂﬁﬂﬁmmﬁﬁaﬂﬂi— |

3-4 supply I
- — Terminal box ‘
R |
Stator i
|
2,6 0 I
. 0 0O\e Rotor winding ‘
0 ' |
A
5 Stator winding

forr 1,23 oft tsr Fisr wrelt R R0 URAE Wie & Ve aur Ve awfen an fawo

N = E% r.p.m.

Scanned with CamScanner




|
|

where, Ng = Synchronous speed in r.p.m,

P = Number of stator pole.

f = Stator frequency in Hz.
A I T O e A e anfin & wefda v § @ 2 o uw v o anw am e @
| e ¥ i o e A 3 wrqufire €73 3 s 3= Bt Ao 1 uftafia 9 smn g o & s ded o
T AT YA T B Siren & Fori et o g A e &) aw w2 il e 4 W fmm w #

’ Statar

Itotor Rotation of Field

Rotor Conduclor

.......

f Motion of conduetor 5 S sl
relative to field ? St e, A
:’ -l. Ii. l" ‘.‘l .‘- -' .
M # L} . : : .

“
"""""

Flux direction
férs 1,24 Rolor magnetic field

W& T Conductor 1 et T2 1 fomm s € Stan fow fars (1.24) 3 faaman man # ik 39 Conductor

@ Ui e G % v o s )
mg&ﬁqﬁmﬁ m@?%mphasewﬁq@aﬁ%mmﬂﬂmqﬂhaﬁmﬁmﬁ

1

T 8 H S ATl w1 WA U (e e o w0 ue fre 8 1 ddeeiwans & w9 1 g
1 forega i o 3 S % Fraw ¥ STER FeEet H uE Voltage 3@ & v #1 S wffe qu @
| AW End ring % wrem & @ A ufidg & He 3@ Voltage T2 Feaet H Wamg (Flow) B4 %1 10T
| ) 2 e % @ T et | Wita v F fem fwif s § s e A Clockwise
0 1§ 3l drgaet iyt o o 9T T T € i Seaet TEEm A vy i ity fam 1§
W ¢, e T & fram & Wi uw # few (sr o) el fis 1w & St e faw 1,26 9 e 2

-
.......

Stator
| ‘ L

‘ _ Faree as conductor
i N |
Rotor Rotation of Field }
Flux %
fRrx 1.25 Rotating field nad mmf 1
— |
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s,

B ey s — .

e w4 e ety B W e wr oo s 8 Fe o Pl e 91 A iy
Sow ¥ grewle in § vy wm B M wm ooR wm o P o A e moyEa e hine
B on 8 S @ v g e § ooy B v T e woam w ol oh fim @iy
e gt on 8 fow fre B 3 wiarrs fize w0 ol o v 2l W A ) e T AT R by
v T o wn wmm b 0m Jorque feRfm o d oy Torque AET 70 7% fuftomt Torgpn 8
fingfie wor £ W vt w0 3 Fo s ) syl el O % o o R e
S ¥ vem # S Indduction T OF vim t T ey 3 e fndr v ) e v dTE i
Vidtwpr W gy ¥ Induction motor %90 2m 1)

of o of o e (8lip and its Significance)
v 0 wewten 1 Senchronens epoed | UTSTEW #, 7 o wftfusfa i drze g fovdt

b |

o v e T e 3 W e W e ol @ el vem o o s e 8, e

wr ey § 1w e i et o % g a ol o el € ah dve et o, fo wRe R i

syt e i £tk frf ) it srpeeh 70 P (Awynchronous induction motor) WA
“The- difterenee botween the synchronous speed and the actua) rotor speed ie called the sy

LR

The watio of wlip speed 1o svnchronous spoed is called slip”,

Slip spoedl « N < N, rpm,
Py Nt N Shiy Spey
Sips 8- lip Speed
Ny Synchronous speed

% fmu i M ¥ 10015
N.

fiorw 8 -5 & el w0 ) www W vt w0 o £

¥ yo vaw o vl e § £ =

v 9 w

II}.\ -,

g
Stip at full load varies from about 5% for small motor's and 2% (percent) for large motor
ALS <0, N, = N, T2 o o gramnd e & e el R
AS LN, v i f s 92 Stand Sull (¢4 g2 fery) swee 8 wefin T f
The froquenes of curment and voltage in the stator must be the same as the suppls
NP

frequency @ven by f « ——.
J

-

T frequeney in the oty windiog i& variable and depend on the difference betweed
the svnchranous speed and the rotor speed. Henee the rotor frequency depends upas

15 H-il'J.
f, -«f f = supply frequency in Hz

At 8 =0 f, -0 f, = rotwr freguency.

Ssndstill = 8 =1 f, =f
Thie votar copiper boss 1x equad te shp Limes the roter input (air gap power)

Hotar copper los WPy :.-.'" o,
.',!"} o Ktiowy ib glip power,
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it T D)

E et

y e 'wr Ilwl Mlnf n" ﬂ'. grenter in th"ﬂnmri’ &llpfv At whieh wnmum nm;.m e P

h.
} » At eynichronons speed 8 < 0, and therafore Ty =0 werfy m e e sy M b
i

- -

JESI

' =7 Note! *'f”*w-l ﬂ‘l"" ®1 Speed svnelirnnons apeesrd ® % 'ﬂ qresy ?ﬂ o Tn J“ nf "”'1'!* T

b F Speedd syniehronoue apeeed ¥ oarar W WO X Jolative ipead T AT N wey e [neduetion |

t pator ® Rotor # ¥ [nduced EME ol 70 @7 Curront %% gmm 3 860 % svro st e o |
T""'f‘#m" Torgue 76 il ﬂ‘f 11 Fonfit & %7 windage #ﬂ‘l‘rlwctmn ik Tt iy v B

3

e

-y v vz T PRI (Classifieation of A €. Moter )P wrst & g emeed oo
| whrit 1 wterey Prefnfr g 3 fem W ame #-

I 1) wrd firgrr % ST (According o the Working Principle

t (1} Synehronoas motor (1) Induction motor

| i) Repulsion motor (i) Hyuteresin motor

b iy Heluctance motor

i (2) wrmfier % 3ot (According to the Horse Power)

(1} Fractional Harse power motor such as.

0.1 HP, 0.2 1P, 0.25 HP, 0.3 HP, 0.5 HP, 0.75 HP, 0.8 HP, 0.9 HP Motors etc.
I i) Integral Horse power motor such as
{ 1 HP, 1.5 HP, 10 HP, 15 HP, 20 HP, 20 HP, 30 HP, 40 HP, 80 HP, 75 HP, 100 HP. 200 HP,
| 500 HP, 750 HP, 1000 HF, 1500 HP, 2000 HP e
(3) T W W AT (According to the Number of Phase)

(i) Single Phase (i1} Two Phase (iii) 3-phase (3-4

(4) ey gut H WEAT F AT 9 (According to the Number of Magnetic Poles)
() Two poles (1) Four Poles (iii) Six poles (iv) Eight Poles tvi) Ten poles mator

- (B) vitAEr % 3T Ut (According to the cooling system)

o

—

} (i) Natura) cooled motor (i1) Artificial cooled motor

ﬂ (1) Liquid cooled motor {iv) Gas cooled motor

IJ: (6) fgmmfrad=s & AT (According to the Commutator)

rlJ (i) Commutator type motor (it) Without commutater type motor
D feem & AT (Aecording to the Slip Ring)

[ {1} Slip Ring type (1i) Without slip ring

(8) wfa & AN (According to the Speed)

{1} High speed motor

o Medium speed motor

Wit Low speed motor.

9) AT 1 WA & AT (Accarding to the Enclosures)
) Open type enclosures

i) Protected ty pe enclogures,
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F
g w10 : N

it} Screen protected type enclosures. 1
tiv) Drip proof type enclosure I

(v) Splash type enclosure

(vi) Weather proof type enclosure {'ﬂﬁ
{vii) Fire proof type enclosure,

(viii) Total enclosed fan cooled type enclosure.

{ix) Ventilated pipe type enclosure.

(10) VETd WAt # WE (According to the Number of Supply Sources)

(i) Single supply source

(i1} Two supply source

(11) ¥&w+ & AR (According to the starting)

(i) Self Starting (ii) Non-Self starting motor

(12) 3ifisys e AT & AN (According to the starting torque)

(i) High starting torque (i) Medium starting torque 4
(iii) Low starting torque j
(13) Tt @ 3ot % AW (According to the Working Torque)
(i) High working torque (i) Medium working torque e
(iii) Low working torque |

(14) 7 %1 ¥aia & AR (According to the nature of speed)
(i) Synchronous speed motor i.e., absolute constant motor.

(i1} Non-synchronous speed motor.

(a) Constant speed motor

(b) Variable speed motor.

(c) Adjustable speed motor

gegare! Ma (Synchronous Speed)-T€ T Absolute constant speed # &t fif Voltage 3
Frequency (f) @ 59 % Pole (P) W U f14 g Tawl € 37: e Rt ¥ oy, RR v R
! eIl i Fed €1 9% i Voltage #1 Frequency ' 991 514 9 91 960 P 8 1

Synchronous speed Ng=—rH

@

el N = Synchronous speed. - : i

f = Supply frequency |

P = Number of magnetic poles. |

fera (Slip)—Ta o Wizt qedafes T 8 1 oo A €1 T U o o feg % i o € i i

Jeas Ma @ 9 T €1 78 feafy § Yeren Tet deaet gm e T Her 7 g o )

Voltage 7= 81 €7 3 # %1 Current 38 8 § Torque %1 9 ¥ &1 ‘

i i ufviETTe e o A @ i 7 e i @ T S ¢ gedwtor i wu A

11fe & dr = %1 feera Tifd g1 S €1 76 7 Synchronous speed Ng T Rotor 1 Actual speed §
AAN, T Ta-
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Prasen 3o wex (21)

Slip speed = Ng - N,
firmrra T U 319 6 ¥ o = 9 7 e Speed 1w g e w1 e few w0 S
afer gfire fera 1 i v fieTe wm wwn &1 38 S g ot s g
At stand still condition

Percentage slip = E'-gh—:&

s
it =0 9 (Rotor 1 Speed N, =0) ife 75 foafy F Trex fex @ e
Slip = Ng _“Nr _Ng-0 -1
Ng Ng
Slip =1 = maximum
a7 Stand still condition # Slip %1 T 31f=aq U (One) T 71
(ii) At Running condition—

S =

» 100

NS _Nr
Ng
S>>0

#9iq Running condition ¥ Rotor # Speed & Bt & Rotor I Speed synchronous speed
i axfres =TE Bit @ Slip w1 WH 2

0<S<=1
(iii) Induction motor H Slip F OF B 2 W 5% % Full load 3 o= 1 ferar =i €1
(iv) At, ¢ =0 T Starting condition or stand still condition T Rotor =1 Frequency

b ¥ =1—§ﬂ- (Relative speed) (Stand still condition N, =0)
IJ
=— (Ng-N,)
fr 120( S r
. P
=—(Ng)
fr =150 Ns
_PNg _
fr o 120 “'fwlnlo’r

Frotor =Fstntor
At stand still condition ¥ Rotor #I Frequency stator ! Frequency ¥ SET €M)
(ii) Rotor Frequenecy—Under Running Condition
Speed of Rotor = N

Rotor frequency at running condition.
_P(Ng-N,)

ff 12[) ---ill
S - Ng =N,
Ng
S.Ng =Ng - N, i)

. S I N————. —
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dga w1 N

FRE (1) TR T () ¥ @ W

| E
ﬁu—;S-ﬁru
TR i
Pﬁlrs ( 12[’{) N
:—LS N ,=—-—, |
f 120 77
= fr =s°f5

e LB e Bl

fruw-r =S-f, stafor frequency-
MLEEMQESMEGHzMﬁHWFﬁE(FuHlua:d}ﬁTtl%ﬂﬂn'ﬂtm-m
et & Tt e 7 |
- P=121=50HzS = 4% =004 | 1
. 120f 120 x50
A"‘ls'—" =
p 12
t;m=$=lv$—}\r
Ny
N'r'—‘Ns(i'S]
=500 (1 -0,04)

=500 r.p.m.

=480 r.p.m. ;
TS 2. T& 5 HP, 50 Hz, 400 V aet 3707 Hiet & U2t &t =iet 2880 r.p.m. € 79
(i) a1 ®i s faws foy R Fuee guefm
(ii) Wiawma fe=m)
- N = 2880 r.p.m, Ng =3000 r.p.m.

120f 120 x 50
Ng= =P
ST7P = 3000

HP=2%a

S | ’ 1 (1 i
iy g e = Ns =N 109 -3000-2880 0 4q
3000

TGN 3. 8 7 50 Hz 3 07 Hret quf 18 7T 720 r.p.m, 7 T T @ & 0 A o0
e & e =it
- P=BN=T20r.p.m, f =50 Hz
1201 120 % 50
Ns=% 8
Ng-N
5
%5 = 4% rﬁi!
TR0 4, U 6 G FaEra Ui 1000 v.p.m. TSR § O 0ok 8 4 Framerd or e
oo e wen 1 e vz @ ot wive T frew 4 & A e w8 qot v o ae {6 A
FA-WrERe gal g1 qed P, = 6, W He il § 6o P = 8,8 = 4% =004 |

1

=760 r.p.m.,
760 - 720

%8 = ¥ 100 = « 100 =004
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_ NgP, 1000x8

=50 Hz

= = =
4 120 120

ﬁﬂﬁﬂﬂﬁ'ﬂ’ﬁﬂﬁ*ﬁ, Ng = li?f = 120; 50 =750 r.p.m.

fier = Ns N
N

N=Ng-8
N =750 (1 -004) |
N =750 - 30 =720 r.p.m.

ISTEI0T 5. U e i 3on 1T Full load 9T 720 r.p.m. &1 ST & Y041 &, 99 391 50 Hz
A.C. supply ¥ "= famar wmar § (i) g g (i) e war yiavm few i) =27 any amgfs
AT wifaul

- N =720 r.p.m, Ng =750

N - 120f
S

r.p.m.

_120f _120x 50 _
Ng 750

(i) feeg = Ns =N _750-50 _
Ng 750

wfeora Slip = 4%
(i) Fex a0 F@fa = £, = 5f
=004 x 50 =2Hz
mm 6. U St ga firaen 50 Hz 30T diet 3% wdor & oo 1 €, 7| Uit S e a9y ¥yt
R I -

=N = 12}31‘- = 120; 20 =3000 r.p.m.

(i) N=Ng(1-5)
=3000 (1 -003) = 2910 r.p.m,
(ii) f, =8 - f=0.03x 50
= L5 Hz,

FETETUT 7. T 8 Y 50 Hz AT S0T Wit 3 Ut § Fea= fereg aeges oot i 3gia 1.5 Hz o
et fre et | =t W@ & wen fera @ ar fweaen 22

P

87

To-fem T P=8 f=50Hz
120f 120x 5
Ng = P‘f= 3 Oz?ﬁl}r.p.m.
et e arew 9 1 arEfa
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§=38%
-N
e s =

S
Ng-N
Ng
750 - N
750
N =727.5 r.p.m.

x 100

d=

3

zmws.@snp,mv.snﬂzimn‘rzrﬁufﬁaa}amw

b
\
|

] SIS oy e
r-p.m. T S § ¥ @ ¢ FHn (6 g WE 797 Full load W &y loag

T Vifew T 0.8 W wifaT)
¥ -fea T 8- 3 Output = 5 HP
=0x 735.5
=3677.5
Output Power
o = Input Power
Input power (P) = . Output P‘?“’Ef
< (efficiency)
p_5HP _5x7355
08 08
Vi =400 Volt, cos ¢ =03,
P= ‘EVLI L €08 ¢

I = W CO8 ¢
L ‘J§ L ¢

Therefore, J, - __ 43267

43267

maaﬁ,q“u Mgy
m%ah

=4326.7T Watt

V3 x 400 x08 55494 780 Amp,

N =1400 r.p.m,

o
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e Brasen ron rex (25)
1.4 eI vd U &= &) aemad) (Locking of Rotor and Stator Field)

ettt o v, & wrm qEamIfers i W i, T2 RS F W A (locked) 81 W 2, 7 feafa i 7
A (=fem) T Fwama €1 e A fren T wr # g v E Sea €, gt e
5 ST W T T B €1 A R e Y T2 Ten F A a1 M A= A9 6 A o e 2
¥ Tz & w9 1 ae 0 gug v § R 22 iz e e F amar g staas 1 g F T
o &1

“Magnetic locking or cogging in induction motor. The phenomenon of magnetic locking
between the stator and the rotor teeth is called cogging or teeth locking. The number of the
stator slots equal to or an integral multiple of the rotor slots, strong alignment forces is
produced between the stator and the rotor.”

T Fies SR U2t Gies 1 aife S74fq Trifes @i (Magnetic locking) # 227 3 =zt 2 %
e frrifees wo o & Wi € frmd Rt e ol 2 o s S € WR ) T iR

st TR R TR TN TR R AR E I RN S P E IS W AE W AR

it wh afawsg a o &, 991 32 el 51 e fatet (Skewed) TET 1

<6 W il 512 e 3901 /2t (Wound type Induction motor) ¥ %5 50 83 %1 waitma &t
21 =it g9 vt w5 wifén ae el 9gd Afus a2

Frame

Rotor slats

A
a. Rotor winding
o

ferm 1.26 Locking of rotor and stator field

e we (Single Phasing)-féme wfom firdi «ff wer %1 firpen Srw Wz 1 o wan i feafa o
ot Sreon wivew sro-ft Frffica nftr ot e e wowrerl gt Srareen i Sregfem o SR 3 SR UF e
&1 el uitay 8 = fmre Hfm wwer )

“An extreme case of unbalance supply voltage can occur if one phase of supply gets
disconnected when the motor is running, It could happen due to blowing of fuse in one phase.”

foreem Sreon et # R Slem =t we araivg wie ve srHdfoe fawa Sy @ T e w e e
(Blown) ST €1 §8 W21 o1 ek ¢, afe v fewrfar 3 Sror wivet weqol s @ &9 9 W o ) €, 7@ e
i 3 = ot el T eifen e i s & m%m-mhmﬁaamm%m
B 3t aifra (Overheating) ¥ T aEfEn % we@ &1 @aw a0 ©m

frmen Yo At W wdaw W sieer v e S ¥ 2o aufee w2 (Symmelrical
components) % FRI F TR § aa W AT w1 vfa w aw anel § ) @ ofEi@ awe S oem
ifvemetors % g 2@ W €
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200 200 - 200
o 150+ w 150+ 160+
‘;E E ®
£ k ]
Z 100+ g 1004 & 100-
& g =
- 3 e
50 50- 50+
e e ——+ e Sl
0 25 5 7 100 D 25 50 75 100 0 25 50 75
% Load % Load —y 0
(a) (c) Slip*—

(b)
fir 1.27 Graph at single phasing

1.5 WX 5ft<iy o % IRPBE (Rotor Resistance and Rotor Inductance)

T i (Rotor ResismnceJ-ﬂﬁTﬁﬁHﬁTmﬁRaﬁmqlwaﬁﬂ%.ﬁa
s w7 3, =i aw sy sfvs W g € 3k W s § e f s v a2

“A high rotor resistance will provide a high starting torque, leading to a rapid ac:ceferatiun"
of the mechanical load system. This is also desirable for low starting current and a high powe

factor during starting. However a high rotor resistance results in a high slip during the normg|
running operation.” ,4

T2t i R, UF 790 (Constant) Tl 8, %% i W9 (Skin effect) F1 Sga oy Tm #
firy it e v 1 |
“The rotor resistance R, in a constant (except for the skin effect). It isindependent of slip". |

"mm 31T 7727 ufaae (Rotor Inductance and Rotor Reactance)vﬂmﬁﬁﬁimm
T T & 720 & We A (Inductance) T FR T ) 560 WI9-919 X dree, UK 97 # i
(Frequency) T i fvft s 21 3fe

L. = Inductance of rotor, the rotor reactance is given by

Xo=2nfoL,
where X, = Reactance of rotor winding f» = rotor frequency
e fs =] fy =supply frequency :
X, =21(8f}) L, X , = stand still reactance of the rotor.
X;=82nf L, !
X, = SXg ‘

127 wlaamT (Rotor Impedance)=fa i ioy v & fore wfireen dree wferve o feerc gim, wog W
# frem zraw (Stand still condition) N « anfeE vfa o wfawal 2T 477 Wi (Rotor leakage
reactance) WZT & @ N 1 a9 76 (N - Nt & wfaren aro wirema & feam gom e ka
frgr smren 1 OF f& (N =0
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gap— ﬁmﬁmtﬂa

Ry = fter | 4 [T 1 Wferren Wi (Per phase resistance of a rotor)
Xy = Sl A | O 1 Wfiren wfae (Per phase reactance of a rotor)

p. h Rg B
' Zn
: b2
NaL 0 Rs A

18R
Z, = 3l W= | uis 1 Wi Fen waaran (Per phase impedance of a rotor)

-JRI+ X} 4
4 Rotor N 7ife & e er € o= o fifer F Sizor 8t 3 Rotor =1 HAT
s
Wieren Wiedly = R, W&

pItE T muﬁW=%_‘M X,=8X,0Q
E)
Zg =R2 +(8X,)* O
ST T (Rotor Current)—3or 12T Rotor B 5601 S &1 i F=Afeiad (&1 & g sird fHar =mar
9T -
(i) fe% a/erw=T (Stand still Conditions)—39 ftafi & Rotor et s Tt ma o 5

E, = foox sroen o =1 Ut o Wit foegm s Sa Wd %9 (e.m.f. induced per phase of the rotor
at stand still),

R, == &7 wfirdig whi 1 (Resistance per phase of the rotor)
X, = Teor sty 1§ e 3 wfiema wid %= (Reactance per phase of the rotor at stand still)
=2n fiL,
Z , = Toqr srgey ¥ Tt % wfdamm (Rotor impedance per phase at stand still),
1, = fey aveeen ¥ T2 § 36=1 9 (Rotor current per phase at stand still).
Zy =Ry + X

Power factor at stand still.
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g weI : ——8

(i1) nfvrviter areee o Tret § 37— @ (Rotor current in Runningmnditinns)%'& | :I .
WX F 8 (Rotor current at slip ) Si‘l“ﬁ'

T fem S Wi d i faeg oS /(e L) FHA :
E, =SE,
e A w i 1 WA = R, |
et wfen % whvam & 7 few S W

X, =2 fyLy = 2(Sf;) Ly
=8X,
e e (Winding) ¥ whiamen fiera S woam
Z. =Ry +jX, =Ry + jSX,

T FSlipS WA | =

[‘: f 9 :Srll‘ .

r

T T & Slip S WAH cos ¢, =.g_2_

R,
R, + jSX, |
IRV 91} @ 9ty sna (Vector diagram of an Induction Motor)
Induction motor & Stator & %l %1 Transfer T &9 # Inductively 81 &1 50 ¥R R ey
W IR A € w9 @ e ©X Primary coil %1 % waf® Rotor Short circuited fitas o
T4 F4 21 78: Induction motor & Vector diagram m* HIE E'Wl '% H fera fs
V, =R 8 g Voltage Wit
Ry =R st vt —
R
I, == ar wiawa

cos ¢ =

e m w
ferar 1.30 freoy wiex @ g wwEd YT (General equivalent circuil diagram of induction motor)
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frasen o1 Az (29)

WU H e Voltage V, U ot T 1 9071 9T & o T2t e e 2 fors 2 & @
foady = (aﬁﬂfﬂ) o BRG] % Self induction &1 fedet ﬁ‘-l'aﬁ 9 9d £, 991 U7 (fEdras)
WﬂﬁmﬁﬁH{Mutually induced foe@ R+ 99) £, =SE, aﬁmzméu faeta® FogeA o
ﬁaﬂﬂﬂﬁﬁ?ﬂﬁzﬁﬂﬂﬁ]ﬁm%?ﬁmﬁmmmﬁgﬁmaﬁﬂamﬁ I WA H W
21 1 ® Hi 42T ¥4 Short circuit T 21 3 30 ¥R

Vi =E, +I|R, + j I, X, =E, +1, (R, +JX,)

E, @1 9ftam (Magnitude) e aan T2t 3 =i dieeal &9 S0 K 91 feer S o frdf st €
7% Jofd: Rotor WirETe % SEwifUa (Absorbed) & S €1

Er =Igzr :-'Iz ‘732 . = sz)
E, =I, R} + JX;)?
I, (No load/srafHe R Wi € 7, % 21 Components ) & Wore foramiiet 21 g @1 W92 [, O
T SfFAiE a1 e 9uee 1, /1y YA e WA 6 war S & a9, e He ab1 ang S
F Y e T F ], T W
I = g + 17
fa= (1.80) ® wefla wftra =1 wfods, R, =-I‘?lamﬁ1ﬁ|a:uﬁmm:;., =%‘--ﬂmmrﬂtm%l
L B
Vie

X

et 1.31 Phasor diagram of 3-phase induction mater
2 Coil # Transformer H I, Y TS ORI 1 A FIR F TN q0i S 900 F 15 Bl &1 T8

; I Iy ¢ fo graera v @1 Path T YO: Low Reluctance aTelt &g s & & w1 5an @ fawd Iy
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gt eIl g
T 9 T & 9 T R 1, A o R S € e o wew # High Reluctance ®1Airg, |
s’mtg?m;n 1 S O G A R TG A S A Y A T 40 A 50% Wy
A '
e st 3 1, wrofires § 6s o0 3 9 790 K1, IO § 9L, = KT, T T 50 Ty
91T, 7 [, T EEn dm e
T R T R G 8 3 ST W R T X Quantities F E ST F e w1 vy
£, T 8 I 9 5l 3N em [ R F F99 T Fraction (37) %,mﬁ@@ﬁw%éiéam
e 1 T S-S B o o S R e 1 O g S5 T e S € 7 Space iy
Observation 0 ¥ i € 91 21 Wies W qeasiiors 1 ¥ ¥ 21
Rotor ® Tify-47% U2t o0 % aaft £, B2 a0 %1 af / & e S 7 an @ oy
fr =Sf _
T W& Rotor current 5 faefm qofe &7 (Rotating field) Tex Ft arden 7= 120f, o120

P P
=N‘sx3ﬂﬁ‘§{qﬁ[%| |
mimmm%qqmqﬁ,:lﬂg f, 1208

P
=NS>:S=NS:<N3_N' !
S

=(Ng -N)
L IR IR =Ng - NS
=Ny (1-8)
T VR U o &% 9 i fe et o
SNs+N=Ng-N+N=Ng (SNg=Ng - N}
7 T WA T2 o1 Vot araedy 3 B g ot 9o wiet o wlferen Ziaeief e o e € 1 Y
T et & e atE T Ew & uien % SEn e o we ) ,
Rotor &I Output-Wafie &7 1, & w1 [, 70 I', B0 & 9% & 1, & TeX 9 S
(Transfer) & W & 741 [, ©eX %) a9 @il aen S gl & gff & s it st 21
W& W deea v, ﬁﬂﬁﬂ'flzg & qUE R H il (Absorbed) € W1 € AU E, Lol
A AT e
AR E, T, FAA T YR T
Rotor input WfiWs = E,I', cos ¢
4 Rotor input =3E;I'; cos ¢ ;
Tzr ¥ A & ¥ H 99 Ay 9 =81,E, cos § 1
=3I R, ‘
I'y-Kl, :,:% B

FUE RN St |

El‘ =E23 a9 Eg =I(E:
Er =.SKEI
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(i) (ii)
i 1.32 Equivalent circuit diagram of rotor

fod (3) 3 e Y aftee =t w0 (1) % sE e (i) J foarar T € fowd e v X,
mm%(ﬁm%ﬁ@m@ﬁﬁwwﬂﬁnﬁﬁﬁ@mm%ﬁm@

%‘lﬂﬁwmﬁmmmé‘-
Firerr Y S W H ferve o = W €1 W W R, T2 = whi € w9 0w et o

mﬁlam%,a;ﬁnﬂmfeg[éqlmnﬁﬂqﬁ Ry X?
mﬁam?maﬁa%uﬁaﬁg%mm%n Ry =R (1_1]
i |~

s s F R, ¥ el w0 #1198 H e B —
whrr R, % g TeT @ e e i feaw l

Sdaw % w9 H =g dgm S+ o
. erq 1,33 Equivalent circuit of rotor with load R, .
=3x%2-xSKE1xcosd) 9 L

By =Ry + By [é—l]

=3E,I', cos $-8
= Rotor input = S

Rotor output = Rotor input — Losses
=3E,I', cos $—3E,I', cos §-S
=3(1-8)E\I'; cos §
=(1 - 8) = Rotor input

Rotor output -1-8§

Rotor input

Rotor copper loss = S x Rotor input

N _ arafas ofa
N, qeasret i
PTUT WET w0 LERIED gftaw (Equivalent Circuit of the Rotor of Induction Motor)=v@ Hi2x
Fifye wire fan wm & 99 e =,
SE;

E,
4 = .
r B3 +(8X,)*

Rotor efficieney =1 -8 =

(1)
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J

@) d@ i

SK,
Ia-‘ L’l: "
< [

'R, 2* . 19
AT o ,
wEE () § ¥ § e vt ¥ O Fised ¥R Ry w0 A SX, Fe F wony

E, - SE ¥ e ¥ wafem § S f w193 3 R mn @)
¥ SR ) §e O’ (Equivalent Circuit of an Induction Motnr)—mﬁizﬁm
e oy ¥ iR aw v & oA 9 T it | R o grea (it 1 fdEE) grems
¥ w0 T o e T st vl S e w0 A e el |
ﬁmwmﬁmmﬁmﬁwmmmﬁmﬁwﬁ .
T K2 o e m € e TR 0 ) SRR S E R R S K R o g |
mrﬁaﬁgﬁwihMW%mﬁﬁﬁmﬁaﬁﬁmémmmﬁmﬁ
t'ﬂ’ 1’
r,-® oy, X2 W r-m, |
i e | i | ;
W81 1, No load current [, 7011, FARDANR [, FAWGE Iy =1, cos § TN, =1, sm\ :
tmmr%mﬁwgimﬁnﬁ&vﬂg:?muﬁmxo=‘f—’arrnﬁamfmrarmt1

W m :

Ry Xy R'o=Ro/K? Xg=Xp/K* E ;

| ] i '
. : Iy=Kly

| 1 5

O —_— L j — g

ferm 1.3 |

|

§or Wrzw & Wieee qed ufied (Approximate Equivalent Circuit of Inducti
Motor)-5ron 71 s 7@ 99 F oy Sfoa 9fted &1 91 3 {99 & 319K Transferred ﬁ?ﬂ'foi
T 1 TR T W T W S S S A ) 9 € aun s e i A ferdy snyf e mﬂg,q"
WY 1 Approximate equivalent circuit FE1 S 2 3 :
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‘ atfirmmam finfa wifeer (Maximum Power Output)-fEmm 73 ofims =1 9 Gross output

mechianical power

Py =3F.§; Ry
-Jf_Rm R (K gy
W7 R,

o =(Ro| + RL ,2 *‘Ufm)g

et GHERTO SR FA T TG TR S B I T THEA (equate) T W AmaH

wifr % ford v e S wE @) TR W
RE :Rgl + X =Zgy
E ] Zyy =B &7 Wi 22w FEvE =T
Ry =Ry ‘

TH ¥&1 Induction motor T AFTT Output power T F95 WA BT =7 TIH 57 o8 Wa0w
| (Equivalent load resistance) &% witara & E_I_?Ifi'"ﬂl
Fftrwad afed Qutput W Slip

; Ry, (1
| ry =24 (3-1)

SEEEESE— | SRS - S ot T

T

‘ 2ale + Ra
2 S 01 2
|

| IO T Ontput!ﬁaﬂﬂmﬁ R, =Z, T3 W AaFa8 F9 Output T9 3y =
! [T 1 1A T o T )
| 3Vi'Zy,
(RDI +* ZGI)E + l.\'ul)l
V7 Z,,
R;‘fl * Z&l + 2Ry Zy + ‘Yél
3‘72

P = L

0 TSRy v E)

=

& lmax)
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(34) #gawinn
A 1. wmmmmmmmnmmw®
foefra wferiTer 0,12 S &1 3 feerw v e wirg Whrire R, 79 SIS dtezar %hh._

7 Fited afy w5 el wfe 7500 @2 @ - %%f,
- R, =0120,8 =0.1 g L
l '
R, =R,|=-1
L "[s ]
1
RL 30112[—-'1)
01
= 108 S&/Phase

émfﬁixztﬁganﬁm&ﬁfﬁ(ma)ﬁﬁmmé,vgEﬁ?ﬁiﬁﬂmﬁm%mfﬁmqm
Lo (Dny
v, =I,R,
G

&% Output power P, =I3R; = e
L

Vf-P x Ry _ 7500 » 1.08
3
=4/2700 =51.96 Volt
e =18 -—-—;}B =48.11 Amp.

= 2700

TETETVT 2. U 440 Volt 3-phase T HaiTad 50T AT @l et Wiaarar (0.06 + j 0.21) 3
FAT T Tt wiaamr (0.06 + j 0.23) 0 #1 Tw= aml, wmm&mmﬁaﬁw
=1 urA T Tt ur ag e 2, 7 i (0

T- Ry =006+ j0.21 |
Xy =006+ j0.23
Ry =R, + R, =006 + 006 =0.120
Koy =X, + X5 =021+4023=0440
Zoy = 10127 +(044)? =0456

ﬂﬁﬁﬁqﬂﬁﬂ‘iﬂf?{fﬁq8=ﬁ——~

S=—n—-—=01169111.6%
006 + 0.456

Hrezal WA = % = 95404 Volt

3@}"'

P - mrl‘ = \ Js‘

KI5 2(Rgy +Zyy) 20012 + 0456)
= 1680639 A 168.063 (Kw)
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FETEAOT 3. U A1 A Star connected 400 V, 50 Hz 4 pole induction motor &7 Stator
&t 2t 2T (Referred to stator) Tid g FTefaf@T Parameters &7 W7 wfasa 3w §
o
R, =015, X; =0.45, R', =0.12, X', =0.45, X,, =28.5
Stator current 317 Power factor & O &l 7| aflﬁ'ﬂ,’_i Slip =1 919 S = 0.04 motor
rated voltage 94T Rated frequency T I¢1 &1 gl

- R, =015, X, =045, R, =0.12 X', =045, X,, =28.5
R, =R, [éq}mz[ﬁ -1}=2.ssn
rs= .t
: (Roy + Ry )+ j Xy
400
V3

"0.15+0.12 + 2.88) + j (045 + 0.45)
I's =(6778 - j 19.36)
400
J3 400 ,
Iyt e -=-j8.1
"X, J3xj285
Stator eurrent I, = I, + I'; =6778 — j 19.36 — j 81 =73.13 £ -22
PF = cos ¢ =cos 22=0.927 (Lagg.)

IR 4, T 400 V-3¢ B Connected induction motor %1 Stator impedance
(0.06 + j 0.2) Q 791 ¢4 Rotor impedance &7 919 (0.86 + j 0.22) Exciting current & Wi+
I 7MUY A € Maximum power 31T Slip 1 9 Fd SiTaw)

- ZDI =006 + j 020

Zop =006 + j0.22
Xo] =X] + x"z =0.2+0.22 =0.420Q
Zg; =(012)% +(042)% =044 0

Maximum gross power output

-Rg A 'U‘-gﬁ

= = =0.12
R, +2Zy 0.06+0.44
8 =12%
400
Voltage/Phase = —
V3
400"
3 x { }
vy’ L f3

Fomax

2(Ryy + Zgy) 20012 + 0.44)
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(39) g i 1
ml.@ﬁﬁmﬁammmmm%ﬁmwm
fitr wftir 0,12 S 1 5w e w0 e TS WA R, 7 e ey &

I St aft g Pt o 7500 TR V"wﬁhq@
- R, =0120,8 =01 Ry=0120 X, "'
1 00— ---....
ReeRf2<1] =~ e g T ey |
L 2[8 1) 4 ‘i
R, 01122 7
=l | gk
& = 108 SWPhase - j
9 5 3 & e v e (1.36) e 4 Nl
s T (1.3ﬁ)ﬁﬁa‘mrw%,vﬂqmﬁ,ﬁrqaﬁm-%ﬁﬁﬁaﬁm{ D%i
T Output power P, =128, = Vi
RL
P.xR;, 750010
V=8 . L _ 00;1.08=2700

Vy, =/2700 = 51.96 Volt

V., 5196
AR gL 9190
R, 108 48.11 Amp,

SETET 2. U 440 Volt 3-phase R Weftfor ot
T e e W (0,06 + J 0.23) 0% T :r:? "ﬁmT (0.06 gﬁ l;;l] "

aa:mﬁ«ﬁmwazmﬁ*ﬂ,mﬁl
¥~ Ry; =006 + j0.9]
X, =006 + j0.23
Ry =R, + R, =006 +006 =0.120
Ko =X, + X', =021+023 044
Zoy =4/(012)% + (0.44)7 =456
At 7 el 7 fiemy g N
Ry + 2y,

Se 006 o
006 10455 =116 9 11.6%

_ 440
et i - = 26404 Vol

Al —

V2 3(142J2 | |
Péfﬂm: = E-E‘l___ = Ja
(Roy + Zy,) 2(0.12 + 0.456)
= 168063 9z 7y 168.063 (Kw)
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—

TETETOT 3. TSk A1 Tt Star connected 400 V, 50 Hz 4 pole induction motor 7 Stator
&t 3 PV (Referred to stator) &t g Frafefad Parameters &1 ar yfirths sitgr #

| wefira &1

Rl '-1-‘0&15, Xl =ut4ﬁ' R'z = 0-12, Xiz =0-451 xm =28-;5'
Stator current 3T Power factor & W & AT Hitaul Slip & 99 S = 0.04 motor
rated voltage 79T Rated frequency WX =IeT @7 4

e R, =015 X, =045 R, =0.12 X", =045, X, =28.5
1 1
R =R,|=-1|=012| — -1|=2880
- E(S J '[004 ]
\'4
PQ . .
400
J3

“0.156+0.12 + 2.88) + J (045 + 0.45)
=(67178 - j 19.36)

40
5 400 .

I, =3 _ =—j81

"X, J3xj285

Stator current I; = I, + I'y =67.78 - j 19.36 - j 81 =73.13 £ -22
PF = cos ¢ = cos 22 = 0.927 (Lagg.)

IEEA0T 4, Tah 400 V-3¢ ¥R Connected induction motor & Stator impedance
(0.06 + j 0.2) Q 74T ¢ Rotor impedance T 117 (0.86 + j 0.22) Exciting current & W9
I TUF WA §C Maximum power 3T Slip &1 WH 77 Sifww

ﬁ- 201 =006 + J 020
Zg =006 + j 0.22
Rﬂl =R1 + R’ﬂ =006 +006 =0.12Q

Xoy =X, + X'y =0.2+0.22=0.420
Zg; =4012)% +(042)°% =044 Q

Maximum gross power output

S __ R __ 006 =0.12
Ry +Zy 0.06 +0.44

S =12%
400

Voltage/Phase =
3
3 x @2 :
WY /3

P == =
CE0(Roy + 2o 20012 +0.44)
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dga il | B —

3~ 400 x 400

ce B L 142.900 W . MENG
2% 0566 MWJ

1.6 Uex amg @iy, W aun e Few ofdw & & s

_ (Relationship Between Rotor Copper Losses, Slip and Rotor Input Power).
RO AR @ @il vg Bl 9 (Losses and Output Power of Induction Motor)

Stater Electrical Losses

T Rotor copper losses
. 1 Rotor Mechanical losses
Motor input Rot tout i
ar Stator input VN INECOPAID S By T

Stator output developed mechanical - L
equal to rotor input  power in rotor _ Rotor net output
= 9xNTx i.e., Rotor shaft output
m=

2r NT,
60 Piy = e Sk

| | |

Induction motor ¥ Y& (Two parts) B © (i) Stator (ii) Rotor @41 37 Part ¥ @i
Stator ¥ife g1F@T (Stator Power Losses)—%2¢ & 1t Two parts Bid €1
(1) TaT WIE €17 (Stator Core Loss)-T2X #I8 ¥ 1 =il 8111 1 Stator core loss 84 _.
Smwrﬁlﬁﬁﬁiﬁﬂlé&ﬁ’ﬂiﬁﬁﬁﬁﬁm% zafeu 37 @il 1 (Iron losses) T8 Magneti
losses % 19 i <A1 7 £1 4 i feem 2eh & e 59 @i 1 e @1f (Constant losses) w97
Hbro gz b it w7 e i w1f 6 € (1) Hystteresis loss (ii) Eddy-current losses|
Stator 1 % ¥ Part Movable 7@ %11 & 31l Stator Rotated 78 Fvl & Tafer Stabuﬂ
Mechanical losses %1 7F ¥ T gl
(i) feweifam ifat (Hysteresis Losses)-Induction motor 1 Stator iron T =1 €/l & ﬁml
THe N TR AT AR e H oy R W R v Rl R i gefra iR
wirmd s e smEg G e &1 ge e W%W%mm%mﬁqﬁaﬁaﬁm
T Teeiifigm wify & 3w & S0 o 1 359 TH
Wy, = B -V
= n = Hysteresis coefficient
=(1.91-0.25)
[ = Supply frequency
V = @1 A
i = HfHTH T
¢ (ii) ‘ITRT g 'El‘ﬁ' (Eddy Current Loss)-¥earadl T@d & 0 Induction motor & Winding
' 5fta foregm e wm #m #, Formrs ot 59 270 B0 £1 9% S50 24 S T 1 Rt €1 e B
T AR |
W, « (B, 1)V |
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B, = Af&an woad 997 weber / m*
[ = Supply frequency in Hz
t = Lamination %1 Tier Tzt # .
V = Ig % #A=ad (m?)

(2) Stator Winding Losses—Stator winding ¥ 21 a7&0 217 #1 Stator winding losses F&a €1
Winding copper g1 i@ 21 1 o wiesen am = ufedg a9 1, w9 R, ohm Tam € 76fed o
T @i (Copper losses) @91 2 R @i & =19 | ot 900 <1 21 4 @17 91 & AR 9ieaiig 2t @l 81
Fafed 37 ¥ F Variable loss 4 %&d €1 99 % Induction motor ¥ Stator T 1% 317 R, & §1

yufer vifert & (Rotor Power Losses)—Rotor H 3111 %1 S0 %14 & (o1¢ 51 38 Two part ‘ﬂﬁ
fafera = faerema 21

(i) gutes =12 BT (Rotor Core Losses)—35 914 el 9 @ifadi @i Core loss F&d €1 7 wfai
Negligible 81t ¥, F9ifs & Slip Frequency T et 5% & o1 5 aifv foy 2 € i o @i 3t g g
wEga € A Sl oy F ¥

(ii) G FUSHAT BT (Rotor Winding Losses)~Rotor winding & & &1t Power ¥4 #1
Rotor winding losses &d €1 5% Copper losses 791 J* R 14 3 191 & o SIH1 90 €1 4 €1 Load &
SR uftefed gl § 38 s Variable loss 1 & &1 7% @i, @18 3 fe anféa % wivie w i
Tl €, VX IrEfen =1 fesngm e Ty e whrire S Hiet #1 &7 & e 8 T =iee, foed o
el Wi T (Power losses) %5 H % w1 fawd fria witm @ & sifos wa 1 <0 91

(jii) H=T I Y% TF Rotating part 2l 2 zafan 708 Mechanical loss €181 € 5 ﬁﬁﬁq@fﬁﬂ 2
WeRIU % BId §—

(a) Windage Losses—Winding losses air gap T f& Air buoyancy % SR g €I
(b) TEUT Ff (Friction losses)—Friction losses S %4t Slip rings 741 Brushes % & 814 =il
wefor 3 R e ¢

AR §ge, Fgel Aex AWeye, et Fmgol, am i aon Rea 3§ T (Relation

between Rotor input, grass rotor output, grass torque, copper losses and slip)
| Stator input “Stator output + Stator losses
9f% Stator 1 Output, SRR 7 F qua: Tex wRwe H TaHFE & 9w
: Rotor input = Stator output
. @ Rotor output = Rotor input — Rotor copper losses
& T Rotor output mechanical energy  Yiafia & W & 791 766 T9g9 Output & FRU
F‘Tﬁ Torque 4 famﬁqaﬁm%l Wﬁﬁmﬂ'ﬁ“ﬁﬂﬁ 31T%?T ﬁﬁ?ﬁ Wﬂﬂﬁﬁﬁﬂlﬁﬁﬂmm
Il o ez €1 S @ qen 9 S (Useful) 21 IR T S0 T, w9 § fasiaa g &) w9
T, = TRl =6 3Tl (Gross torque) |
N = Rotor =t sreafas nfa ' '
N = Rotor 3 geaared nfa |
S = Slip
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_ mhq.ll —
ﬂgﬂ T % 2N

My . B
7 &0 Rotor  Qutput = 60

=5

Q%Rmﬁ#mqamnmaﬁﬂﬁim“ﬁ F R AT Rotm-‘q
Input %ﬁﬁml “tp“-lﬁ

=

Hiﬁm(iv)@fm’ﬁml(nﬂﬂ T & W/

T Output __
= L "
60
Fogof Rotor output x 60
= 2nlV

Rntnr out powe;‘” 2 x T
60 ‘|

¥ Rotor input x 60
T, =
2N

|

= 251 N STS’ l
Rnlur mpﬂt power = '

50 | |

1

I

|

|

et T 7 = Rotor mput Rntor output
2N T, - 9aNT,

60 60
2::T

(NS =iV}

Rotor copper loss 217, /60 (Ng - N)
Rotor input 2T, Ng
60
Rotor copper loss  Ng - N
Rntor input Ng

Rotor copper loss =S x ﬂ!ﬁ srre A v
P, =SP, =SP,
P, = Air gap power
P,, = Rotor input power
ot 9% Output = Rotor input - Rotor cupper losses

= Rotor input - (S x Rotor in
put)
FRUE TR Output - = Rotorinput (1 - §)

wl

AME=“The rotar copper loss s e
is known as slip power, The

_—d""'-'—‘,

9ual toslip times the rotor input (air gap power) T IEW
air gap-power which i is not converted in tBELE'“,—/

ar

Rotor outpuy Poy=01-8p
[
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Prasen o wex (39)

where P,.; = Rotor output or mechanical power delivered
Rot_oroutputzl_s o1~ Ng-N Ng-Ng+ N
Rotor input Ng Ng

(=

Rotor output N
Rotor input Ng

Rotor copperloss 8§
Rotor total output 1-8§8

._STH:‘Rntor input : Copper loss ;: Qutput of rotor=1:S: (l -8)

Rotor input : Copper loss : Qutput = Ng : (Ng - N): N

BT 1, T 4 pole 415 V, 50 Hz, 3-pinduction motor & {27 F input VIR 20 Kw 74T
slip 4 whwre §1 7 Sifwe- |

(i) et # Uit Sparta g W i (RIMLF.)

(if) T it =e A f

(iii) ¥uis =1 =T (Rotor &t Slip frequency)

(iv) Rotor copper loss

- P =4 pole, f =50 Hz Rotor input power = 20 Kw

Ng=?% N=1%f, =7 Pg, of Rotor=?

(i) Speed of RMLF. Ng = 12;3" " 12“: 80 1500 r.pam.

(ii) Speed of an induction motor N = Ng (1 -5)
=1500 (1 -004)
=1500 = 0.96
= 1440 r.p.m.

(iii) Slip frequency of a rotor :
f. =Sp =004 x 50 = 2 Hz
(iv) Rotor copper loss =S x Rotor input power _ |
=004 x 20,000 =800 W X Ans.

IETEAUT 2, U | et W07 Hi2T &f Input power 50 Kw TamrIEs Stator W e gt 1.3
Kw £1 af motor 4 wfiera Slip o =& W € 7 (i) Rotor &t 716 ¥ (ii) faewfom ifies wiftm

T T
- input power = 50 Kw
Stator # T w4l = 13 Kw = 1300 Watt
S =4%
Stator =T Qutput power = Stator input power — Stator total losses.
= 50,000 - 1300
= 48700 watt
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(1) Rotor ¥ Copper losses =8 x Rotor # Input power
=004 x 48700
= 1948 watt _
(ii) Rotor & e fasiaa Power = Rotor input - Copper loss - : f
= (48700 - 1948)
= 46752 watt
TETETT 3. T 3 W 6-pole 415 V, 50 Hz induction motor &t Input Power ﬂﬂ
Rotor ¥ fagm aTee & 120 w0 i e &1 gar & 7 Statoraﬁ"zﬁﬁ'ﬁmwk"
- 9
(i) Rotor ¥ 3w fare] aees aw @i AT (if) Slip (iii) Rotor &t 7fy (jy) Feri
st 7T (v) S ot T 7 b

- P =8, f =50 Hz, P input power = 60 kw, f, =120 ¢/
W, =?
Rotar Slip Frequency = e Pm"ml?uw -
Second per minute
= -12—0 =2 C]S Hz
60 !

i Stips =Tr = 2 _g.04
[ 50

120/ 120 = 50
.
(iv) Rotor % 7fa 4 Waww Slip W
N=Ng(1-8)

=1000 (1 - 0.04)

=960 r.p.m. )
(v) Rotor %1 Input power = Stator & Output - Stator total loss

=60000 -0 = 60000 Kw
' Rotor copper loss =8 » Rotor input power |

=0.04 » 60000

= 2400 W

wfitd Copper loss = @ =800 W

(iii) Ng = =1000 r.p.m.

l
l
|
f
fvi) Mechanical power developed in rotor = Rotor inputl power — Rotor copper loss i
= 60000 - 2400 :
=HT600 W
Mechanical Power developed = 57.6 Kw

— e STy T e _‘
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FETEAT 4. Uk 500 Volt 6 pole 50 Hz Induction motor Fife T4t afis 20 HP b= =ar
Tt ag 996 Tt i frre =t nife & wrerdt &1 wife ToTi 0.87 #1

(i) Slip (ii) Rotor copper loss (iii) Total input Tf& BT @if¥ai 1500 a1 7 (iv) =g =
3t (v) et forgm @mgss ot =it smafy wfee vfa fire § worr St

&1=(i) P =6, f =50 Hz, N =995
120f _ 120 x 50

Ng == =1000
Slip = Ng-N _1000-995 ..

(ii) e | F Io9=1 wifer a1 weguf e Output 20 x 735.5 = 14710
Fequ} F=2T Output = Rotor input (1 - S)

14710 = Rotor input (1 - 0.005)

Rotor input = 14710

0.995

=14783.9199
=T @ WFAET = Rotor input — #9991 Rotor output

=14783.919 - 14710

=73.919 9
(iii) 1 Input = Rotor input + Stator losses

= 14783.919 + 1500 = 16283.919 T
(iv) Vi =500 volt, cos ¢=0.87
Input power = /3 VI cos é

16283.919 = /3 = 500 x I, x 0.87
16283919

V3 x 500 x 087
= 21613 Amp.
I, =21.613 Amp.
(v) Rotor frequency f, =Sf
) =0.005x 50 =0.25 Hz
=0.25 x 60 = 16 cycle/min. Ans,
IETEIUT 5. TH 6 pole Brthsit 50 Hz ¥T0T Wz QUi #1% W 9etd §4 162 N-m IUGIT &6 ATgof
ferenfrm oo &1 v T e faege aees wer @ g 90 wiek wia fee &, Fnsy &t o &
(i) Slip (ii) B.H.P. (iii) =7 ¥ amw g4t (iv) Motor input (v) HET St Zamm|
afg arg war wdor # =y Aifys @er gt 15 N-m & 71 22§ 750 € '
=P =6 pole, T = 162 N-m, f, =90 ¢/m
Ng= 14‘;3} _120x 50

Lﬁ

= 1000 r.p.m.

ol — - n ' N i
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. (32) dga il
- uﬁtm
tmﬂgﬁmﬁﬁm e e
5 siﬂl—5 =0.03
f. 60
mﬂi‘ﬁﬁ’lﬁlN=Ns(1—SJ
=1000 (1-0.03)
=970 r.p.m. |
(i) 3Rt Full lead torque Tg; = 13$m
_ovash
B a5 5
2x 22x 970 x 162
~ Tx60x735.5
=92.38 H.P,

(ux)ammmﬁmaaamr =15 N-m
@Fﬁ(}mss torqueT =T + T,

T, =162+15
=177 N-m
. T, x2zNg
Rotor input = T
177 % 2x wx 1000
) 60
=18542.85 W
Rotor copper loss =§ x Rotor input

=0. 03 x 18542.85
=5562 W

(iv) Motor input = Rotor input + By Copper lﬂSS

=18542.85 + 750
=19202 859
(v) Motor output = 22 38y, 735.5
| =16460.49 51z
n= ?n;i‘:‘ —Pu 100
= 16460 .49 ¥ 100
19262 85
=85.48%,
1 = 85.48%
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Preen SRt ez (43)

1.7 Foen SR Hiex &1 vidd HaE IRE
(Power Flow Diagram of an 3-¢ Induction Motor)
fret <1t Forsmen S0 A2t 1 F89 TRA (Input power) frser dreest 3R a0 % e wer & W
Eaokd
P, = J§VIII cos §;
where P,- = Input power to stator.
= Input voltage to stator.
I] Input current or stator current.
cos ¢; = Input power factor.
(a) Stator Copper Losses—I{ R, losses in the stator winding:
Psc =317R;
4% Stator Copper Losses & 19 § 4 S |

(b) Stator Core Losses—d% Hysteresis T Eddy current losses ‘tﬂ% = Pg =P, +P, B H
core-loss ¥ T A 9 91 € :

Power Output of the Stator—3% ¥ff R F1 Frla wf WP, =P, - Pge — Pslh + &)
& Air-gap power (P, ) ¥ 9 8 93 €, IR Wet 3t ¥2X & 74 Air gap T wra €t €1 1@ der
Input power e B
g Power output of stator = Air gap power = Rotor input power
Fy =P, =P,

Jex @l (Rotor losses)
(a) Ao e 87 9 I2R @l P, =312 R, 91 Uex @t o e & AW | S €
(b) AT H B areht @t P, (h + eym@wmmmwmmm
(c) forarert wet fods il Py,
(d) & wre Tt El (P, ) 9% T&F e[l ¥ e sl &5 & SR e €
ifser forefa vifert (Mechanical Power Developed) P, ,—dfe U aTd gifi @ 1 fraw v &
T 3 vife 5 Ear fag wift | it v d e @ Rl s gt vimp, ) Frfa sea &
" Developed mechanical power = rotor input — rotor copper loss
P =Py - Py
or Prd =8 ~P,,
P, =P, -8R,
aratq Frfa AT+ v
FoeFloy —Ppy — Py,
where Py = Shaft power or useful power.

E[Uﬁ et (Rotational losses)=3T0 62T % Weem w =ia !Pﬁ%i |94 WX Copper loss 3w

o &1 ifer == 6w e witE wed §) e o e afal yesna # = sronfo 793 & e awd #)
Ry fra, ﬁéww@nmﬁﬁmmmqﬁaﬁq%mwfmmilmﬁﬂﬁim
i Wil o G- T e ToR 3 T 1 U wifEl @) ol @b (rotational losses) FEd 81
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Pm, '—'Pﬁ, "’Ph +Pe +Pm‘5’f

|
m Pﬁ'Prd P f
Pﬂ Pmﬂ-Pf +Pk+P ‘;"Pmm ’

or

wmﬁmﬁ@mmmﬁﬁéﬂﬁgﬂﬁ (Input electrical power) am-#
i3 wiss (Output mechanical power)%iﬁ'ﬁmﬁm £
Stator input
i
Stator losses (Core loss + I R, loss)
J—

Stator output or air gap power or Rotor input power
I}

Rotor copper loss (IR loss)
1

w

Total mechanical power developed (P,4)
|

w

Rotational loss (Rotor core Joss + Friction loss + Windage loss)
|

w

" Useful power output or shaft power (Pg; )
fRr 1,37 Power flow diagram of induction motor. _

1.8 &d 317‘1"5 & f3uiRe T3 918 Ue® (Factors Determining the Torque)

P et e A e st o) e e AT T I P W €

(1)3-4 00t e = i e o e w9 & e R (R, ) S oot avevee 3 et v x,
F A (R,/ X ,) W Fefe v &1
20 TR (R, Pt e G 9 (X ) TG E (R, = X ) 9 g o i
¥ H 1 R w9 A AEan W G H T gy T Ry = X, T HA WG B

fa}qmmwmmﬁ-mmmMmmﬁﬁamﬁmWi
FH(R, < X,) T@n € (598 Trat 90 &gy W 81 691

(4)3 - ¢ IO H12T T mmm$mmmﬂwmﬁﬁﬁm{mmmmﬂ
T2t 1 7 3R 77 Sl @ ST & ATE WE 5 e €

fa}qzrmwmimmwﬁnmmﬁmmmm%néﬁnmﬁﬁmmﬁﬁﬂ
Wﬁﬁ;ﬁmmmﬁlwmmﬁmﬁatﬁnﬂmmmmﬁnmmmﬁi
G A e

(6) =21 Toe drea ¥ W 122 A % 3 A 7@ A A o o fopan e €1 el O oftafia
Fifen, =5 foafa % fo dezarsmta v/ f) Fro ga qease o o frifa e asa gl

(7) 3471 9121 ooy et & frw i W 719 (Slip and air gap) ¥ 1 %0 § 9 Wad 1 S wO W -

e 1 qftadq g

e ——
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wife OTE vd §ad mqvf 4 W= (Relation Between Torque and Power Factor)

Tex e 918 a1 (Rotor EMF)—=a 3701 Hiet &1 e et g € @ wiex firiee gt (formet
fidras $73e) T Short circuited F Tea Hd %@ 21 Sfava 9 6 e w1 Ui foga ares &6 B,
Wit B, Tt Wia fage ans 9@ winths wafs R d o 91 5 N, Waes g 28 2 5 5
N, ufefh e & TF SHEIT & T9fas TH (Transformation ratio) &

Ey_Ny_p
E, N
E, -KE,
(ii) T=X (Rotor Current) SHI—3 I, = e = Wi
R, =Tt wiws wft &
X , = Ve wferam wiaws = 2L

W A wferaren Wi Z, = Ry + JX,
or By Bf+ X3

Zy JR?. + X3

(iii) T2t WIfeRT T[UTE (Power Factor of Rotor)-5T1 5 aft Rotor 1 W 79 cos &, € oF
Rz
JRE + X2
Zreh 3T T2t vifert 70T § W= (Relation Between Torque and Power Factor of
Rotor)-D.C. Tt ge femma 7 & & Torque &1 A STE=R SR 79 Soias 90 4ie W (6T St & 7:
afz fadll D.C. Wil ¥ smifae ¥ T awedl =m0 1, 791 e W3 vee ¢ € 99 Torque %1 HH
T e, where T' — Torque
T=KI_¢
grsiifs I WX H Torque F1 W VX Tad Wi 916t ¢ @41 2T Current 1, 3T Rotor F Power
factor W 9T S & 7

cos ¢ =

Toxgl, cosdy
where cos ¢; =Rotor power factor

I, =Rotor current

At stand still i 3/€a1 5 Rotor T w71 €11 a1enn EMF S Foiad % a9l 8 14

Ez o ¢ Ea =Rotor induced e.m-£
i G TxE.l; cosd, T = Torque at induction motor
i T=Klngg ¢D¢2 Kl = constant

-

T2 W 9= Torque F WF, T Power factor 1 W 79 (1.37) ¥ foar mm Torque F fore
| I W = T -
T=KE,I, cos &
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Eqlo |
AN N\
| Wi e < e g o
Iy~ /. i )
'—Pnlepitch-——i.k"‘t._’ n . f
e e ug

fem 1,97
53 T Torque ¥ Ey, I, %197 Fraa 16 8 4% &, 3 5F ) 7gr0 92 & cos ¢, 79 & 557 a1
@8 Torque % 9 # ¥t 3t # 2t afz ¢, % W %) %9 fiFa1 Qa4 Power factor %1 0 78§ &
Puwerfactur%ﬂﬁiﬁef‘éanque & W A s 9 Bl € 37 T gEt & Vice-versa ik
: P xcosé, T @ Power factor Angle 1 9F 92 7@ '
@ 1T = cos & | 9 Power factor Angle &1 W W€ &4

S T vt faaw & o =1 T € 1 e gr Get Feaet o IR S T e f. d
Sinusoidal T 1 WA & 0 W Ve S W R € S Instant ST ST E6 € S
AT e = Bl V sin 03 S0 a5 W & g8y 3 e.m.{, F1 1 Rotor T Sinusoidal B

- (i) = e 37T ¥ (When Rotor is non Inductive)-38 foga & e & 110 1, 300 em.LE,

FHaddme
mﬂ, : =0 T=E cosg=1 §
Instantaneous torque %1 91 TF 8L F Rotor conductor T Fd &4 &e! Instantaneous ﬂﬁx"l
Flux density (B) 91 Rotor Current (F o BI,) W favft = § ama:
T Torque
L W 1Y W RO VU= gy L SRRkt (L e
£ ¥ Average torque
b2
“
. I2 ¢ —= 0
Time
(- Ep ~Ip) l
ferx 1,38
#d: Torque &1 A1 Positive half eycle % fe fr= wriiem gro
TaK{(+E)(+L)cos¢ | |
TxKE,, cos For positive half cycle

wd Torque #1 W Negative half cycle & fa fr= it gro
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- e o1 Hex (47)

Tx K (-Ey)(-1;) cos &,
T « KE,I, cos & - Wafiw fFan smn 21
Td: Wr4: T€ @1 9 G € i Torque curve %1 9 Flux 1 (Flux density B) #1T Rotor current %
Product ¥ 3 Torque ¥4 W< 211 € 39 Torque F1 97 Tea Unidirectional 81 Positive B
(ii) <T& T TAOTR BT (When Rotor is Inductive)-¥8 Condition ¥ Rotor current &1 919 U3

forem 9 9@ 1, | ¢, Angle lag T ® 9 Angle ¢, = tan™ ‘;‘;2
'z

where R, = Rotor resistance per phase
X, = Rotor reactance per phase at stand still.

Average torque
e 32’ 12 ------------ e e L i P

K-déo Time

ferr 1.39
7 o7 (1.39) & ¥@m 1 o € i et it & 0 el ‘AR’ % T8I Torque &1 9 TS € 37afq
T9fert %& Torque 3 Forward and backward torque &I mmmﬁrm%m T T 0 T WA
90° & 1 F& Torque =1 W Y= &1 i 59 feafs § Forward torque 1 WH ¥AE 3 fordia & smrm
a7 A EH E, I, 99 1 e v € wey <her e Sl w61 o U 91 1, 99 S S B) I1 W
(4) T OFEE & AT R S TR B T W TR AR E % F9 W 7 S & W S e
A 1 W o o T € e S o e Syl Siea 9w Sy SR JeX i ST 9Ig] H4 €
% ¢, =90° ¥ 79 37a T el T 7H Y e
T« dl, cos
g ¢, =90° (Pure inductive nature) EI%HI
T o ¢l cos 90° :
T=0
WRoT Wi Starting Torque (Startmg Torque of Induction Motor)—-ﬁ’ﬂ? syere 1 o et
Srw HreX & ara faanfam e ol @ smftves aer sl g € srafq
The torque developed by the motor at the instant is called starting torque in some cases, if
greater than the normal running. Torque its unit Newton Meter, (N-m)

E,, = feu stasn (Stand still) 3 920 ¥ 309 forega aes 2=
R, = Rotor Wity wiithw (fer srem)
X, = Rotor Wiasm wfotkat (feem staeen)
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T Wit Z, =R} + X} ¢ 3

= e whtramen Wit (fem arereen) 2
E y |
Rotor current I, = Ei ' e
Power Factor of Rotor cos ¢, = gg- | ; 2
2 7 B
femr e o Starting torque RE 1.40

T& =Kl 'Ea ‘Ig (’:‘05¢2

ey

Ty, =K;E2"_EE X R — [12=E ] (cos%:ﬁ%
JR:+xZ [R*:x? Zy Z.

K, -Ei R
y O el B § N
Si R; +X32 {1}
% T S w1 A foe 8 6 werm i Mt Voltage £, %10 ot oot ¥1: T Starting
torque ‘ 7 |
R,
N R} + X3
&4 Wiw (1) § E, o V 74 Starting Torque 1 7
K,V'R,
Ty =—2—"2
R} ¢ X5

' mmmmanqﬁ%fhwﬁ (Condition for Maximum Starting Torque)-Starting
Lorque =1 HI S §HY St €I o/ e wfilte 1 oA Yot e 3 wwraw a2 e g A
=1 fet §1 o v 3 3R Voltage 919 97 foo 8 & 79 Starting torque, #1 7

K,R
Ty =—22- (1)
R; + X;

(SupplyVoltageVﬂilmﬁ'qﬂ%)
0: ST A S T (1) H S R, F W 0 w0

(R3+xH L g g, (R} + XD)
d p g 7, dR,
dR, ¥ " (R? + X2)?

d (R + X2.1-R,9R, 40
e P 2 K b 2 ¢ donit
dRy % | T (RE LX) ]
d TS!=K[R§+X§-ZR§J

dR, (R} + X2)? | 1
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d . s
& gy _ s =W
_d_ I Hir dx D)

HA: HAFTHT BT A d’" = . 70)?

m:mwm%-ﬂ_ﬂ:ummﬁ

2
dTs _Rf + X3 -2R} _
dR,  RZ+X?
R2+X2-2R}=0
: R§=X§
2 el = = g o

Ry =X,
a7a: Fear araeen F sifernam =@ mﬂ%ﬁammmﬂﬂuﬁmﬁmmml
yrftsten o T O WEE Sear & qiad o WWId (Effect of Change in Supply Voltage on

Starting Torque)—Starting Torque ¥ THiwT

. _ K,E3R,
T RI+Xx?
W E, F1HA dees V ¥ e & a9
E; «V
. K,V:R
© Ty Wit
2 R} +X;
TS‘D:VS
Ry
3d: 2=c0-nstant.
Rg*’Xg

T A1 T Y F T a6 TR 8 Sl 8 T 5 Ut 6 W 9 4 3 v % e ¥ agew
%0 9gd Ho7 H4 (Complicated) Tl & Sl fif dga gwifraior %1 g @ 7ga & wém i swaieq
(Undesired) 21 37: 3afte ot ¥ whring s wivm v =t fraa s s €1 3m: feg fn o S
a:aa%ﬁaﬁwﬁrﬁaﬁmStartﬁme%mmﬁ?Stm'@raﬁh%mﬂamﬁ Start T fan
S 1 SR

&7 T Wiy 91 WS & WA &1 e 5 9 § @9 Starting
K,V®R,

Torque T' = ————
- R} + X3

w T o V* where R, . constant.
R} + X3

TH W NI et el 1 9 Supply voltage % &1 & WHIIR € 9% Supply voltage # 912 §
e & et ae sl § st s 9 o @1 3/ i Supply voltage ® 5 wivwa & wftad= V ¢ femn
W & 7@ Starting torque ¥ 10% 1 wftad & s &1
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g e

: and Inde. |
wa gl v yois =t 3w fage vl F wass (Relation Between Tﬂf?;; mm;‘)ﬂe .
Electric Power of the Rotor) - i St atvres e -y & fs o wiet (Indue s ,

' - _ D2 g \
e oy R W8 SEO B ® N E, « ¢ A E, = KE,, T ¢ = 1 Ty
e FEmimTw

K

T=KyE.I, cos ¢y
. TxPy P, = Eql, cos &
| Tmm « Power induced in rotor . 2 <
mLmﬁhﬁavﬁ?ﬁmﬁlﬂ%ﬁammmmmm: 0.0407
0.0 F Faer S ot e ST T WS o & ey e it arey HHR

=- ITFWRYR, =0.040 - | 1
TR T WeEE X, =0.20
e v S ® U R, = X,
R, =0.20 E
- v v 3 = g fem W A Weds wft = 0.2 - 004 |
\ =0.160 |
| s, v e e e e i § e e fea i 26 AT PR o
4 | 7@ fwE (Open circuited) stand still T 80 Volt farea arees ot Hfte wal €1 1 Wy

/ : rer 5 Frr R (Stand still) ¥ ShE wor whrn whr S w1 Q 79 40 1 59 fefy
I Rotor STTFE Power factor S TUrT SR wafes (& ) feera o ergatera € (@ ) fiera fieitg
90, YhriE aTe = HaiEd YIAOuS (Star-connected Rheostat) & Watfae faT 7= §) j

4 m—(s}ﬁmmﬁﬁaﬁg@mm=% =462V
ﬁ’ ' Rotor resistance =10
#.; I.._E b ' ' ' Rotor Reactance = 40
Yo Rotor impedance/phase = /1% + 4° =,ﬁ+_1.b‘:
*{: =J17 =4.120
b . TmemvEes I, =%ﬁ J%':- =11.2 Amp.
| ‘ - *
o Power factor ms¢£=g=ﬁz=u.2¢3
N v A Power factor %1 9F %9 ¢ 78 Starting torque &1 HWH = (Low) g1 j
- | X .".f A (1) =T e wfass =30 1
%) i . T vE W =3 +1=40 }
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P Sron Hex
T W i Z = Jiay? 5 4)°
rJlB-» 16 = 566 0

- Rotor current/phase = :—g—‘g =816 Amp.

cos § = 0.707
Tyl IR & T & 6 it o w5 o e © v 99 s v b v s e
=g 1 €, AR O H SUAHT FH FH S 9§ a7 9 e § g % w0 g f)
Z2Teu 3. UE PRt 440 9oz ©R daifae i Sy s i r dahtm § S T e
Turn Ratio 5 &1 U2T &1 feer arawen & witriser wfadg aor wiram w09 0.05 0 7497 0.25 0 $

memmm%mmuﬁuwmmmmmm
o 3@ e wigw et &t unitas an o g ee?.

- Rotor &1 Wiiil® R, =0.050Q
Rotor 1 Wiaad X, =0.250

TIEITum'ﬁﬁTW

- T srae 1 T2t 1 faga ans 96 Wiawa E, =%x 1

5

E, =508 Volt
Fftreay aa A & foe
R, =X,
i R, =0.25Q
-, SEYEE | vy wiaws = 0.25 - 005
=0.20
=0.20

e wheramen wiaet 1, = 4(0.25)% + (0.25)°
= J0.0625 + 0.0625

= 1-]0.125

=0.353Q

o E. 508
'ﬂafﬂﬂ =Ig=’ j 0353

=143.7 Amp.
.'3 = 143.7 W
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@) tgn i —4

T wredt WOt Wit W wnfivs ' 3“{“‘? (Starting Torque of a Squirre) o ]
Motor)-fr=sw T2t %1 wiAlng (Squirrel cage rotor) fiere gy @ e SEE Wi Reactance %3 a%
mﬁmﬁmﬁtﬁaﬁnﬁmﬁa@mﬂm%ﬁﬂmwﬁaﬁ@tmﬁmma;\
1 ST e Sy e T T A P S T 1, (T g o 3
e forge A v B, ﬁmagﬂmﬁmmﬁﬁmémmmw%wa@mwn;gj
mmmmwmma@mm%mmm@mmwﬂ
mw1&wﬁm§mﬁ§mﬂmﬁmﬁmﬁ5%?ﬂﬁwﬁmélﬂﬂ:mmﬁm -
T T oy SvdE 6 e T 9 e WS @l

Tiera oy wiead & Fraior (Starting Torque of a Slip Ring Mntor)—fﬁl"rﬁﬂq?mvmmm
TR S VRS el S 35 A G e 1€ S € o A O A (i) R,
TR (i) X , I ST 9@ o Ha ¢l S X %qﬁﬁ““ﬁmﬁ‘m%ﬁﬁm
Tt 5 U0 6 Wi R, Fr e afae # 2 e S agr A W € 9 9 § R e g,
(Star connected rheastat) g T2, wftwa # arg wiodre fen < & o o fering E) -y
T a1 SR s i v el o € e aRee H e w93 4 e v g
Foreri S 5 e 1 o e A R T 0 34 1 5 Y W
I 1 5 7 A € e O A 4 7 1 g g i, 72 €3 9 T ¥ v e g
T VT T e o § 37a: e Ied WIee W A R a6 A 5 o6 dfe
T AR # S 92 W g
: ﬂﬁﬂﬁﬁmﬁﬁaﬁmmﬁ.ﬂﬂm-ﬁﬂm@mmmﬂmam
. Rotor Reactance, Rotor Current and Rotor Power Factor Under Running Condition )=y
| o e 1 U 1 fonpe ew =@ Wi < B,

- Tfergiter e 3 U2 F HiE foe a6 @ W = £,
fee e ¥ Ut e wiadhs = X,
Tieeiter avereen o X Wi ke = X,
. fie e & VX 9 e = £, = £, Tl 9 Aaf = f
Tfawie sEE § T2 F A = £,

Hiet 1 WO FT % HY i et fe sy F g &, 59 g e 51 9M S = 1 3 few
AfFaq € & 9 T mﬁwﬁaﬁfﬁéwﬁﬁﬂ%lﬁmmﬁmiﬁﬁﬁfa@am;
e BT & il et 791 9T (Revolving) Tt Fora % e Toe i sifsay 21d 1 area
78 Ty fortha w2t 99 3 T gl & g o ¢ forme i e soeem win &) o 94
oot s7eren & st Wi A € et o il et o & die wne i wen e € 56 e
Yfite faregm aees 9o e mia @ W9 qErEed e €, i a2 e # 5 fefa 8 fer et s omfid
T Ao 2 T €| 38 T2 S U S w2 a1 e el 12T e aee acl % e 1 6w el

T W e (S) & ferd il srereen # T | i forgm amee 9a e e o #ftw fago T
&1.S T
T Y it s 8 3o # Wi forega ames aw@ vk
E, =SE,
gt Mfeviter v § feT # Ut faga anes 9w 927 o #)
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il v i Sreven # drew o e £, < Sf |
it sfeen 4 dex W X, = 2qf,L
X, =2nSfL (. X, =2L)
X, =S8X,
¥4 WhR 4% T foran = e @ o fex aw St snafa w2 @ Oet wivaa o 92w
Tfereiter atEeqr § X 8w
flﬂﬂl‘ﬂf, =§L

SE,

1|||Rzz + X2

" SE,

" JRT 1K,
ﬂf‘ﬁaﬂamﬁwﬁawcos¢,=&= R

Z, JR?+(X,)?

R,
JRZ +(8X,)?

Tferefter srawen 3 & SITqu (Torque Under Running Condition)
Running Torque &1 HA

T« ¢l, cos §, -..(1)
1 T« EI, cos
Running torque F Tt | -

1, =ifrsiter avareen % T SR Wi

E, =i s 3 3091 fayy 9 99 Wiaes

E, =SE,
SE,

JRZ +(8x,)?

R,

o8 g = —m0 —on—x
JRZ +(SX,)?

7w g SE2 R,

E
A A
r Z’_

3 .
JRI +sx? JRE+ (SX ;)2
S¢E R,
O i
R; +(SX,)*
__KS$E,R,
R} +(8X,)*
E, <
T b= E, B wa (i) § @AW

..{11)

e c—— T
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ﬁﬁm{ﬂﬂﬂﬁﬁﬁmﬁ\ﬂqu‘mi ‘\\
SE, .k =
T2 5R,
»._ﬁ_\
fi.' +(8x Rt
K,E3
T=“—2-'—-.§£L
Ra +(S:’f2)2
7~ KEiSR,
R! + [&ER}:
&% Running condition ¥ Torque 1 7R
T E,SE,’R,
R! + {le)ﬁ !
== Rotor feur sraean & € 7@ Slip FHR S = 18T #: Stand still condition & Torque
_ KEiR, -
Ri + SXE
wireiier sfteaw &n sl & ford ot
. {Condition for Maximum Torque Under Running Condition)
_ KoSE,R,
R? +(SX,)

1
TafE Y==
N T

R? +(8X,)°
_Ry + X9l

K SE,R;
| R, (SX)"
i ¥ RSE,R, KSRl
R Y=K¢S K¢-Eqftz

b

Y ==——“" T Ko EcR2
ﬁaﬂm@qﬂﬁmmﬂﬁmﬂ

e

TwiTes W e £ feu S mﬁwﬁf”
o % fo Frefefan yd S e e M A oy
2| e

d_f=i[.f—”—-=]
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— Presen sreor sex (55)

R, __Xj
K4S*E, Kb EyR,
R} =5%X}
R, =SX,
Ry =SX,
a1: Tifereite teren ® sfiraw a@smE & fag
Ry =SX,

77 ’ ==z

__K$SE,R, _ KSE3R,
RZ +(SX,)% RZ +(SX,)?
a7 I el <t TR (i) F R, -sxgmﬁwnﬁmmnmmmﬁﬁwmﬁl
¥ W W e 2

i)

_ - KSEIX.S
max "~ 7 ]
(SX ;)% +(SX ;)
_KS*E}X,
T 2(8%,)?
KE;
Ty =t
max Z,Xg

3% E, ¥ 99 Constant & 74

W Tax =

2
I FHE (iii) F(SX, = Ry) WA W
1, - KSEiRy
R} +(Ry?
- KSE%Rq

v oL

m:mmaﬁnmﬁmm%-

(i) 3tfermam =t el S WA Ve Wi ¥ W

(ii) e form et o feerg e sfrserey =t smepol @ @ o 32 e it gro v et = weman &1 50
for T ror 3 foman o o # 1o rferehan 9@ i T8 T Wia G W T § s d2 wihe w6
AT WA & T O €, $9 N e feer i w3 & ex wivia o sialia s fe sfoa fem @
X ) e W ifrare @@ st 1w fw S ww

= 1
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(i) s¥ferserm =t omepel o W W Seean o S 3 W WA g 2
(iv) Sy e oo Qe 3 e e s Py &1 e Qe ey o 1T 25 g e o
4 @ 9l W
Tt s # werd deear & aRacds o aw el | wvE
(Effect of Changes in Supply Voltage on Torque Under Running Condition)
__K$SE,R, —
R} + (SX,)?
<t i et 3 feeTe 9 B € TR (SX )% ) v A T Bt < wa
B (Ry)* >>>(8X,)?
7 - KOSEsR, _ KSE,
R} R,
o $SE,
T ——Rg
7% Rotor Resistance F AR fer g &
T ﬁﬂqJSEg
E2 Wd}ﬂ:‘r
T« SV
T W ST T § S W € o e e wihtv aw s 7
Fa Y TR o W9E e 8 ' T iR

e T ez e ol e e Al (7) e g e 5 e st =y '
Feerq =g, aaie i we <A afe wend dieea V AV, @9 d, e g %ST?JW C“ﬂ"??’?i'
T ¢ 7wy ' 1

feviier STarea o e gt 3 uftan & aer ot ae afy & wRE (Effect of Chanee!
Supply Frequency on Torque and Speed)—31af% % =i q’rﬂmnﬁaﬂ:{ma@aq@ Fault %gm
2 feeeor ot e e & 43l s W sr s, 3 ot YOS e 6 & o e
1 1w ZrEnA F e A faga w e e 8 X e w1 see s mﬁlﬁh’-}ﬂlﬂjﬁ
e W faga woned e €

. ::ql?ﬁ‘tsupp[y)ﬁNﬁﬁ%mﬂwmﬁﬂﬁﬂﬁﬁmﬁlﬂﬁmﬁ{ﬁlgq.;._,a;’t :
mﬁtzmwaﬁﬂﬁm’rm%Ea;ﬁnam%mvﬁw%:mﬂRmﬁm‘mﬁamsonz#
T FR A4 ¢ 99 3% 60 Hz 51 Supply | 5781 811 # 37t Wl wifig e 60 — 50) % 100 = 20% &
50 N '
aAfere: 9 @i g it @it vt o e T o v &1 g fafa 50 o w P
firar IuwTo &1 F94M O TR 1 Heh ¢ € i
mﬁaﬁﬁtsui{szzﬁm%aﬁGQHﬁﬂSupplyﬁmm%mm'rem"

60 - 50 i B twae AAn 3 |
i 5 = (20%) | (30% ) T 731 g7 Weitar €hen & 2y feafiy
voltage § = « 100 =(20%) ¥ (30 ) ® T g ¢ H Breakdown torg

]
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& (Base) T & AT # W 8 A EATR Torque et Arg1 o w9 g #1 f5f o e o G

TR SR A gfe HameEE T T o

T4 9 60 Hz %1 Wt 1 3 50 Hz 3797 90 Ham=iTeh 27 & F70 5 TH0l § 904 3595 i aees

I g 0 e e & we fom s 2
WRfHS aa amgel aen sifticsan ao gyl | Wy

(Relation Between Starting Torque and Maximum Torque)

-(1)

Starting torque =T HHHT Ty = K ,‘wz R,
R+ X3
e, o Gt Areedl (Fixed supply voltage) T a1 E, %1 0 = #1499 Starting torque F1TH ‘
R, + X;
Maximum torque 3T HHHT
_ K$SE,R,
SRR RE 4 (SX5)®

#1a: Maximum torque % R, =SX, %I T@4 W

KoSE, -SX,

max

g (8X,)% + (58X ,)*
_K§S’E,-X, K$E,

2(SX ,)?

‘2X2

af% Supply voltage &1 WH feom &1 v E, 3iR ¢ 21 %1 7@ fere € ® 3@ T Condition &

Maximum torque =1 §9

1
T S

[T (i) T T (ii) ¥ W S T

R,

o

Tsl.nrtinp Al Rw_? + Xy

Tonax 1
2X,
R,

R} + X}

s X g oimamwd ym AW

(i)
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w® H—Xg—ﬁ'&ﬁﬁﬂﬁmm)

Tous @ +1

ool s e sl qu Siftiaw & el A W
(Relation Between Full Load Torque and Maximum Torque)

T f&9 S W Full load %1 Torque
_ K$SE,R,
PR 18X,)?
afz Supply voltage 1 WH =R 3 6 E, 7o ¢, 1 9H feerw &
SR,

Maximum Torque 1 °H
T= K¢SE,R,

_ R? +(8X,)?

Maximum torque ¢ R, =S8X,
‘  K¢SE,SX,
(8K ) +(SX,p)*

_K$S’E,X,

© 2(8X,)?

_K§E,

-3

g T Voltage 19 ot 8 99 ¢ E, %19 i fet 87 #1: Maximum torque 1 HH

1
Tmmm

T (i) 1 T Gi) ¥ T A W
SR,

T}Lﬂﬂ_ = Rg +£SX2]2
; 1
(2X ;)
Trn _ 2SRy -X,
Tm.: Rg +(SX2}2
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e Rotor Resistance
Rotor Reactance

(e mﬁ) ‘

J2TET0T 1. U 3 Uit 50 Hz 3300 V Star connected induction motor T Qutput power
100 Kw @41 Synchronous speed 500 r.p.m. ¥, Full slip =79 1.8% @47 Full load power
factor 0.85, Stator copper 2440 W, Iron Loss = 3500 W, Rotational losses = 1200 W, 7
TrovT IFAT (i) TET gL €M (i) T3 W7 (idi) Full load efficiency.

#d-P,, = Output power + Rotational loss

=100 + 1.2=101.2 Kw
S o _ 0.018
1- ™ 1-0.018

(i) Rotor copper loss = x 101.2 =1.855 Kw

(i) Rotor input P, = P,, + Rotor copper loss
=101.2 + 1.855=103.055 Kw
Stator input = P, + Stator copper and iron losses
=103.055 + 2.44 +3.5=108.995Kw

Stator input = +/3 x 3300 x I x 085
Stator input

"L = 3 % 3300 x 0.85
_108.995 x 100
J3 % 3300 x 0.85
IL = 22-4 Amp.

(iii) Full load efficiency—m =

Output power _ .4
Input power

_100x 1000 190 -91.7%
10899.5

n=91.7%
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7 I
S eI — |

Power flow dingram

) Rotorinput ~ Mechanical power — wpo00n gutput
Statorp mput

i ~ developed in rotor
108995 | 103055 W I 101200 W 100000 W or 100 Kw

‘ Stator copper &  Rotor copper Rotational
iron losses 5940 W Joss 185 W losses 1200 W
FETEA 2. T A Tt 201 T 400 V, 50 Hz, 6 Pole T Input power 20 Kw TT Slip 5
A 3% £ () fizr SRS 3P (i) Rotor @t Speed (iii) Rotor Copper losses (iv) WeT# gy
60 A T WaheT & 78 Rotor Wikt sr aifmt
TA-P =6 Pole, Input power = 20 Kw, Slip = 3%

(i) Rotor &R %! 36 = Sf = 50 x 003 = 15 Hz.
i) N« = 1207 1205 50

= 5— =100 rp.m.
3 wigwd Slip W Speed
N =Ng(1-8)=1000(1-0.03)
=970 RP.M.

(1i1) X Copper loss =8 x Input power of rotor
=003 x 20 =06 Kw =600 W
(iv) Rotor copper loss/phase = ? =200 W
P=I’R,
200 =(60)*R,
R, =0.055 Q |
21707 3. T 6 Pole 50 Hiz 3-% JROTHIeT 4 srﬁwmﬁm*gmﬁl load Wt Hhre} zry
o forct & fa 7 16,20 Kg-m & ad et IR T € ﬁ:f' E‘%Fl.‘iehonal andl
?ﬁfr 3mﬁe losses) 200 watt & e et AW T Tire @iT 1580 e ¢l (i) Output (i
Wmd:'l inpper loss (iii) Full load efficiency 0 EaEd
Rot:ﬁ_.p _6, [ =50Hz, S =4% =0.04
Torque = 1520 Kg-m = 1520 x 981 N-m
=149.112 N-m

N —lgg{- =M = 1000 r.p.m.
5~TPp 6
N =Ng(l=8)= 1000 (1 - 004) = 960 r.p.m.
2aNT
Wﬁ Gulput-—f -EE-
22 960 * 149.112
= ¥ — X —
| 60
- 14996.35 9
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JEpp—— freeT =01 HRR

el Rotor output = Motor input + Windage 797 Frictional losses

=14996.35 + 200 = 15196.35 92
Rotor output x §
-5)
_15196.35 = 0.04
© 1-004
_ 60785

=——=0(33.188E
0.96

Rotor copper loss
S

633.18
=15829.53 9
004

Input power of motor = Rotor input + Stator copper losses
=15829.35 + 1580

Roter copper losses =

Rotor input =

~17409.5
Efficiency=2"PUt | 100-14996.35 _ 100 -86.13% Ans.
Input 17409.5

90l 4. T& 3-Phase induction motor T Startlng Torque &1 HIH 10[)"5 3
Maximum Torque T 99 Full load &1 200% & &

(i) Maximum Torque W Slip (ii) Full load shp
(iii) Full load Rotor current &7 Wid §&1E Starting current &7 WM 1

T, T, 1
A i
T o -1
Tmn:t_’l"‘s,ﬁ.“z
48, =1+82

Sfﬂ "4Sm +1=0
_i4J{4}2-4x1x1

S
2x1
g _ 4164
m - ”2
=4i2“fl—2 J12 = 8.46 -
=4+3.46 - 4 -3.46
2 2
=373 W 9—-‘-’-‘-1-—0 27
2
S,, =0.27
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&S, ﬁ"lESf, -483 .

9 7 |

45, 21282 |

= : _‘

_4S.+346S, 45, -346S, 1

2 2 '

$=373S_, @ 0278, "
Slip§ =0.27 85,

=0.27x0.27 J,

S =0.0729 |

|

|

S J12 -3.46

S

{ﬁim?n load W Slip Iy _ES __ SEy

zfs "Rg b (Sijz

At Starting time slipS =1
Ig =t
JRZ + (X p)? |
By j
Is _ JRE +(£QF
& SE,
J.Rzz +(SX2¢)2
Iy By (R’ +(SXy)’
In R} +(X g)* SEq
(1g T __RE+(6Xy)°
(T )  S%(RZ+ X,)°

[ 2 ] ‘
{‘(_SJ‘_ _ (Xg,g’ ' X}m_
J (X )82 [32 ]"’ | |
— *
'\X2EJ J

o

L

L
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(), ] Prsen e et (@)
(r.,, * Lﬁ} ”SIJ
HJ T4
82 {Rz \2
X,) !
8. 8 ’
X,

{! '\,2 2
s | _ (87 + 8%
ey m

(s )" _ 0297 +(0p720y2
\{rn) (007292 [(027)2 4 3
__00729 - 000531
000531(00729 = 7]
_ 007821
000531 (10782

_oo721
000573 267

I
F1

I,
7, = 3697

JETEI 5. TH 36 Kw, 3 Phase 4 Pole 50 Hz 37T Bret =7 Full load W Efficiency 84
wfera & aiix Windage @9 Friction losses &7 oI No load Losses T %1 Full load &
Rotor copper losses &1 B9 Iron losses & =&T § 98 Full load T% Spe:l FA HTad | B
wiertter &1 9T T §
- Motor &1 Output = 36 Kw
Full load efficiency = 84%

Friction and windage losses =-§ x No load losses

Rotor copper loss = Iron loss (at full load)

Motor output
Efficiency

_ 36000

084

= 42857

Motor input =

W
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S eIl —

Total loss = Input power - Output power
= 42857 - 36000
=6857 W
Total losses = Stator iron losses + Stator copper losses + Rotor copper losses 4+ Wind&ge

ﬁ"ictiunﬁ

. ‘ 1 ;
6857 = Stator iron losses + Stator iron losses + s stator iron losses

5857

(- Rotor copper losses 1 A iron loss % 7 & T ﬁ
Statsrh-on]m:Tg_.Ezi'@w ;

Rotor copper losses = Stator iron losses = 2743 W

Friction and windage losses =§ Stator iron losses
-1, om3
2

=1371 W
Mechanical power developed = Motor output + Friction and windage losses
=36000 + 1371
=37371 W
Rotor input = Mechanical power developed + Rotor copper losses ]
=37371 + 2743
=40114 W
Rotor output =(1 - S) » Rotor input
Rotor output
-39 = Eotor input
L 4
40114 'I
' Motor 1 Full load W Speed = Ng (1-S) ;

| 120f
-'='—P—' ” -*Sﬂ P

120 » 50 + 0.932 :

-

= 1398 r.p.m.
1.8 a@m Zgl-adl ap au R vl SR & 1
(Torgue Slip Curve, Stable and Unstable Zones) !

&7 v ferm aan @ mgvi 7fa @2 (Torque Slip and Torque Speed Characteristics)=
s o 3 7 4 01 % Ramge () e 7 e 7 o e s 3 e v
fa %1 Wz @ fem T &1 !
|
]
i
|
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_— : Bren 31 WX

Torque 1 Tl 7. _K-SEinRy
R} +(8X 5)°
4fg Rotor resistance W4T Rotor reactance = o7 ffo9 51 79 7 =7 oo/=0
T~ KS
sr: Torque slip curve %1 § &3 (Regions) # afzr =1 w=ar $-
(1) e femd 4 (Low slip region)
iy T e &4 (Medium slip region)
(i1i) == f1 @4 (High slip region)
(i) fror feTa @A (Low Slip Region)=Torque 51 Tdiw<o
KS E;R,
R} +(5X ,,)*
T SR,
R} +(5X 5)
23§ =0 ¥ 1 F€ S T =0 70 7% ge fag (0, O A vos s sa fEm s mum g sa A A
) T GO G o T F0 B R (SX ) F R A S E M e S Slip FTA W (2]
5, ) € Fer S & 991 Reactance F1 9 o 1 05 5 %9 8 § 99 A SoAS 5 70w WA
=0 § S TWIAT (SX 5)* % 9 1 B1g1 = T
T= % (7% Rotor resistance &1 W% 553 ¥ 79)

T=8
7w FeeTd S & Low T % & e 30l Slip curve 515/ W S9e T2 S0 ¢ W1 1% 199 (1.42)
# ferearan T €1
(ii) weaw RETT &1 (Medium Slip Region)-S8-34 Slip % 9 %1 933 = € (F9 Motor 7
Overload 92T &) W 90 A0 o Fga § @91 99 30 I9 WHA HTFa% € T 94 R, =SX, T
g = B2 3% o i auat dran £, 38 WWa T A0t B Pullout T Breakdown torque $E3 § 91% ST R

T=

~ (E, %19 53 (Constant) & 7)

st dire ¢4 & e, feer & 5 SR ag ¢ vateu ve ffa § S v R WA FE R, A S,
1 3 TTog B S, fal T e g § arean § o 5

= T = 2

(SX ,)°
= T = S:’ - (1% Rotor ¥ Reactance ¥ 5 Constant T £1)
= T x l

)

Induction motor &1 T H9E Torque T AT Short time overloading ®1 Capability & oA 1
TH WoTC et 3Tl FEeTy @ STarsi SfTeaed (Rectangular hyperbala) S €M)
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& dgaweivn }
(iii) s== fierw &= (High Slip Region)-Maximum Torque F a8 Torque M iT

SR VRO 7 o A o € T & i sf: 2 @ S 81 99 Stage F A Overloaq py,
1 T Supply ¥ ST w6 T AF Overheating % F induction motor damage 3 fgo"te

Induction motor slip§ =0 TS =8, % ¥ (VEWOM: 2 | 5%) T Ften & Emg
Torque % f&u Slip %1 7 €1 & TR I 912X % ¢ Pull out torque FAH 2§ 3 ﬂ:n Full
torque T ¥ #1 F8 ¥R Induction motor T ¥ & T Overload H H9RT (Holg)
Starting torque F1 99 1.5 T Full load torque 18 # S Torque slip 3 Graph % %
TR

L E I e

Maximum
starting torque

: . . ﬁ

Sym R3>Ro>R; S§=1 SlipS
e 1.42 aemyet-Rem @ (Torque slip curves)

e AT i Fa (Speed Torque Curve)-48 A% @ T ¢ o =iy Sy Torque

Rotor Wi ¥ @ el ¢ T 5t Maximum torque 18 Exact location T Dependent Ft §

et sy =1 =9 € sfermad Slip %19 ¢ for T aifsad Torque F1 W1 foran o & S me 37

i a1 =1 FEa ¢ 6 Tet a1 qF S-S wa o @ St #1199 @ e o

Torque F1 7 &t & 2l

Tmax Lo o

Torque

Ng Speed N
|‘ férr 1.43 Torque speed curves
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— Prasen SRor wivex
Presen o A @1 wifter v st
(Power flow Diagram of an 3-¢1.M.)

raen-ion AR (FmorT aredt) o1 ae Fmegef-wdf-nfey o
(8-4 Induction motor BT Power Flow Diagram)
Motor input = Stator input

' R
[Stator loss| H_Stawr output = Rotor input

or Air gap power

L

_ !
| Stator electrical loss | Stator mechanical losses = 0
1 (Since stator has no moving part)

! l
Stator core losses Stator winding losses
or or

Stator iron losses Stator copper losses

. '
Gtator eddy current losses Stator hysteresis losses
W, = K¢ (Bax )28 m? Wh = 1816 fwrare®

:

Rotor copper losses Rotor gross output = Rotor
s Dl-3 I Rp-em mechanieal power developed
— 2=NT,
60

v :

Rotor mechanical losses | Rotor net output B.H.P. |
2aNTp | - 2xNTgpy

) 60 60 « 735.5

1
rRutor Windage loss | ﬁhtor Friction ]psscs‘l

a1 311'?5'* wal-ae m‘f’f—-‘nﬁ-‘l a® (Torque-Slip and Torque-speed Characteristics)

qu?faﬁtnﬁtwaﬁgmmaﬁlﬁﬁwﬁﬁmﬂﬁl

1. 98 = ng TS =0, @ fafy d aa mwm%mﬁﬂaﬁnﬁﬁﬂéﬁwﬁaaﬁnﬁmﬁ
T & 7 3 3 S We 1 (Relative speed) T € &1 miqmﬁlmqaﬁz??msfqﬁ%l

2, 5% 3 #2 (Hatched) Qaahﬁruﬁ:mmwmiﬁmaﬁwimﬁ,méﬁwawmﬁ
Tl wgar €1 9 92T & Stable zone ) = ¢
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LI R

a‘.{a atill) 7 Starting torque BT F Load Torque 3 o

3, ra figru s = 1 feag et (Stand S S P _ |
ﬁaaﬁamﬁﬁ?ﬂﬁﬁ'mﬁ“ﬁmwﬁ e ST (developed ‘“"‘l"ﬂl?hﬂ;;‘

a 3 e @ B
um‘: l:-g]:i;m al W‘ﬂ (Joad torque) Brea kdown torque or pullout, torque 7 T B‘Rﬂ

JPE #far{mﬂfm? A A W2t F Unstable zone W Acti .
BT Stand still Wil mm%mmwmm%mwwﬁgmﬂ;ﬁ&

oy ity 1 SfaEaH A0 7
Wiﬁﬁ?;ﬂq;:ﬁwﬁam it (load) ot 79 B B
6. tro et A i 7w S mwmaamawmmwﬁ

Wl W H mﬁaﬁtsmnﬁ‘tﬁﬁﬁil

: Braking rone ‘e Unstable zone motor action — Stable zone
! motor aclion ! :_motor action !

2.6 T‘ T — ;
. /m:l |

rd "
- / \ | 3
15T / ] \ :

Torqun \_/"Iﬁiup torque 1
T - ’ ] —
N
_ N !
0 i) 40 60 80 N Ném

Slipe——-

Rotational speed %
férg 1.44 Speed torque characteristics of 3-¢ LM.

1.10 @e Zmel-wdl @ W JUeR AfeRiE @ quE

(Effect of Rotor Resistanee upon the Torque Slip Curve)
o sty 5 e wiah e & yEe, 99 maﬁquﬁwﬁaemﬁg@mm%ﬁ%mm
fora i T a1t Al ST Wi UF SAeneioe Sl o g HHE Wehd ¢
Yoy TiieT &1 96 AT e i et T (Torque at running condition)

2
y}—ﬁ—% Newton-meter
Rz + [SXQ] |
70 H12T H =9 24 (High efficiency) ﬁmm%mﬂamnﬁﬁﬂmﬁ,mm FH FH@
&, <o Tt W (X ) % R 5 S O W (19%) 912 o (20) 6 8 € srafi X, 9 gert]
R, &9 95 B T 1
T Wit H Ufta w03 1 W - T o & e A fo wifen TE ¢, T WO 96

(Starting torque) F UM W 7491 #HaaHa aa ERH}’T i feafd (Situation of maximum torque)
Tz &, N ¥ VR R w F E § veim !

wEA A T =
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Bresen o1 Aex (69)
T1ET WA 8 S (Starting torque)

i
Ty = M Newton-meter
R+ X2

dfs X, F G A R, a6 @ v £, A X, % e o e fr wa

ST Starting torque Ty « R, e & #1

TRTHEEY W TE R, % 9 9E (Low Max™ Ry
values) W Starting Lorque (I¢) 31 9H F9 q41
R, # =99 (High valve) "EH fem T, =1 @
Ffre e w1 ﬂﬁﬂﬂtﬂlﬁlﬁtwmmmﬂy
anqﬁaammmmalqﬂf (Starting torque) _
T A AT T Fohell T Torque

ﬁmmwmﬁmmamz:w
T I HH T & 0 I YO I S

- Al Wi SRR

":I'Hfﬁl'qﬁafﬂlahw starting torqute?ﬁ?ﬂ%mm Speed
WeRTL i UIZT H A% Wil ( External resistance) 0 ?

ot agran 78 W T 21w frery o o v N .
T WS W A S 93 % PR e féra 1.45 Efect of rotor résistance .

siferera! e ST o I Ao g o w & i fdt o T Wi w4 s v e =0 wew
gafen feerd i Yo dizx 1 vt w76 el (Variable starting torque) 27 bt %4 #, o
(1.45) ¥ weffa fafir= Trex ufiria W =e sl nfs sfwenafors =% dex wfr0e % 923-323 % 5m 70
aquf-nﬁfénfmmmﬁﬂm‘%l

TR, <Ry < R", < R, a4 5o vitez 3 siferepam ae el feafa a2 wa o &, 7@ feem
.Suiflnﬂgmqmm wmﬁg.n o T R+, % fita @9 o S =g it W ) stfirem 2

2

ST AT & S|
2
At § afueay 9a g, T, g Newton-meter.

T YER e 76 S w5 aE, T e R, ;wﬁmwrﬁmmﬂzmqﬁmmm
m%mmnmm%mﬁwwmmmms = ‘

torque (S, ) T 2T WA ( R,,) T werema (X ,) 3 = g §1

Note—"The maximum torque is independent of rotor resistance, greater the value of R,
greater the valve of slip at which maximum torque occurs, [t is also seen that as the rotor
resistance is increased, the pull-out speed of the motor deereases but the maximum torque
remains constant.”

ITTETOT 1. AfE Farel Wiet & WaTAEd SIeedl UT S, = 2% WaT WA Voltage 8 15% 3ifaes
e Uy A aer gl famtad g & A1 T8 e @ fre e e
BT S, = 2% =002
V, = 1(Volt 100%)
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@ ¥R el —

Vv, =116 (16% H )
15% 100

m S]“tg :SEV;’
002 (1F =8, x {1.15)°
g, = 002x 1.0
PO
S, =001512=1512%
S: = Lﬁl%

e 2. @ feet 50 Hz Induction motor % Rotor & Resistance T 'ﬁ'—'ﬂ? =
TR wm: 0,025 0 7 0.15.0 W £ W SR W Full load slip 3% ¥ | Qo
ST 3 37yt 7t (Half the full load speed) W fasfia 7t & fordt @2 Ale=ar o
W_fﬂ T o wfa) 3w feafa F 9f T8 (Power factor) ¥t 7 SR

- R, =0.025Q, X9 =0.15Q, Full load WSlip, S, =0.03

T s g 7 Ng = 100 r.p.m.

T & 7 Ny, = Ng (1-85)

=100 (1 -003)
=97 rpm.
57 5 & Abnormal voltage T A V, volt & 78 Helfl load W 1fy N, =97 5 gen &
2 . -F
Ng-N, 100-485

Ns 100

=0.516

Syiatriosd = 51.5%
Ta ”EER!
Rg +(8X g]z
E,z4zV
oy
RZJ + [SXEF
]et V, = wam feaf o Voltage
V., = T ferfft 9 Voltage
<& Hulf load % Full lond W Torque 31 A 9 § 73
Tyan =Tr
SViR,  SyViR
Ri+ Sy X' RS 48X,
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- Breen Sror ez (71)
(Vl ] = -lS.H e Rg + {SFIJI“"Y;E}J
Sy RI +(S,X,)°

_0512 (0025 + (003 0.15)°
003 (00252 «(0.515 < 0.15°

ﬂ =]1. 297 Vz
a1: 9 WHN Half load W Stator voltage # witads
Wi FH = Vll; Y2 100
!

1.297V, -V, 0.297V,
= : _—= = % 100 = 22 83%
1297V, 1207V, ‘

wiferera &5l = 22.83%
SpX 0.51x0.15
. foitg foafa of tan ¢ =282 _
' ¢ R, 0025
=309
¢ =tan™! (309)
b ="T72°4"

o ifeR 9 cos ¢ = cos 75°4" = 0.31
Power factor = 0.31

ITEAUT 3, Weh 4-pole, 50 Hz, 3-pinduction motor & =T ufere ufathar 0.021 O & 7w fege
3T (Stand still) # e (0.7 Q) ¥ 39 v @ worn Fifed few o sifveaw @er smgoi
ferenfom g

To-fEa T 8—Rotor resistance, Ry =00121Q, X, =07 Q, P =4, f =50 Hz
ot 120 f 120<50 __ -
Induction motor %t GeAHIE! MR Ng = =——— =1500 rp.m.

P
Sifteaw wre 2wl & f& Slip (Slip at maximum torque) S, = —f—“- 5 &::;.ﬂ =003
mwm%aﬁﬂﬁll\.’:hfﬁ» (1-8,)
= 1500 (1 - 0.03)
= 1485 r.p.m.
N = 1455 v.p.n.
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a1

FTE 4. 6 Pole 34 50 Hz induction motor &1 Full load T Slip 4 Wfvm ) sy
stand still ®1 Condition ¥ § $8 W09 Impedance Per Phase &T 917 (0.01 + j 0, 05
Maximum torque @ 70T Full load torque F U1 W 741§ T AT F& To

]q"

*qu
W Maximum B w
FO-P =6 Pole,S =4%, Z, =1001 + j 00 Q i
R, =0010, X, =0050
. . 120 f |
Maximum slip ¥ Condition H Ng = > -]
Ng = 12"; o0 1000pm |
R,
S, =—

20 vz ]
005 .
&7: Maximum slip W Speed ’ - :
N=Ng(1-8,) }
=1000 (1 -0.2) =800 r.p.m. i
(a) N =800 r.p.m.
(b) Maximum torque relation and full load torque in induction motor. %
.. S%+82 . i i
= . Maximum slip % fau - 4
Teq 25-S, .
T Sg +a 2 - R ]

= . m = ——z-— = S
Ty 28-a W g, - }
. 3 2 -
PutS, =0.2 S _1004)" 4 (Q.E} |
Tra  2-0004)-(0.2) :
Tm - 0.0{_}_16 +004 _ 00416 -9 516
T ~ 008x0.2 . 0016 . :
- L !

=2.516 }
Full -
ZZIE701 5. 0% 6 Pole 3 phase 50 Hz induction motor &1 fa&fad Maximum tnrquei
o9 30 N-m F27 Speed 960 r.p.m. %1 5% Slip T Torque & W T ATl Eo\J
Resistance &1 91 957 0.6 0 71 s
FA-P =6 pole, T,., =30 N-m, N,, =960 r.p.m. (Maximum torque W Speed), S = 5‘5”
N 1200 120 x 50 1000 £.p:m.
P
Ns =—‘10‘Dﬂ !'.p m.
NG Am
T Ns

Slip at maximum speed, S, =

-
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\ﬁﬁﬂﬁm;ﬂa

S,, = 1000 - 960
1000 - 004
Sm ‘.:ﬂ-M
Maximum slip % fim - Rz
X,
s, - Rz
X,
06 Q
X ——
2 004 =150
Xg -—'151'2
Starting torque 91 Maximum Torque % w5 gegy
o Tg 288,
Tm 32 +S;‘i

Ts _ 2x005x004
30 (005)* + (004)?
T - 30 x 0004
00025 + 00016
_30x 004
00041 _
Ts =29.27 N-m .
SETEATT 6. [ I Wt 400 Volt 50 Hz W Stand Still srawar i 377 dret ¢ yfvive qar frere
Serear T UfTE HT: 0.04.0 79T 0.2 0 §1 e 36 wrfiws wet swast a7 Hitramam e amgel
& g W@ o o e uite F feen Ffafi gfeia =1 Srgn &, 3@t o= 7 St
goi—Rotor resistance =004
Given that Rotor Reactance X, =020

=29.27 N-m

TS“=Tm;.u
Ty %
T wi° +1
o2
a“+1
a?+1-2a=0
02—241+1=0
+2 £ b - dac
a= o
g ax® + bx +e=0
~b+Jb* -4ac
X = —
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74) dga wf=e1l ~ - i
@ #w g

210
a=—
2

a=1
Ry+r Ry
b g {q ‘T’Z}%
1=OD4 +
0.2
r=0.2-004
r=0160Q
ST 7. T 4 pole, 3+ 50 Hz 1 2 Wferrer e TRt et Al sH0et: 0,026 0 oy
ot mmm%mﬁuaﬁnﬁfﬂmwﬁﬁmﬁa%mmm ‘l
s e Sl e A 5 feve e A feer it whtter whier 1 g2 "
- P=4, R, =00250, X, =01 l
stfaam 7o e & T

S z&:?—@:a.%

X, 01
5 =025
1201 120x 50
,’\";: = -
o P 4
Sfaaam o Ay & o T
hr’-‘-Nstl—S]
N =1500 (1-0.25)
N = 1500 x 075
N =1125 r.p.m.
- i i e T WA 80% AT ae A W W R € A

=1500 r.p.m.

80

TSr = Taa * Tm.u.:
4.

T‘al = E Tmun

Tq‘ 2

4
E Tmn 2 = 4 Tuml = ut

s -7
4 m 4
Ttuai a”+1 5 qum n- 41
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—— . et

mn‘&l lz:ﬂ

o i 78 A £
ax? i bx i e-pmm
e fra
P b+ Jb® - dac
2a
ﬂ=5t'25-—4v212
Z2x2
. 52516
4
5+3
=
4

a=2 % a=0.50
w6 = Vet oftag F vl fea o e sifafiss iy
. Ry, +r
X,
0025+ r
" Toa
r=0.5x0.1-0025
r=00250
JETETUT 8. T 200 B.H.P. 440 Volt 50 Hz Star Hafaa §or Sl & 127 = gaitaa §1 =220
R X &1 Turn ratio &1 W 4 2T 1 wierra it a9 f=w srawar § wiar &9 0.015 0
97 015 Q 1 9fg Rt gl =t g 1 @ Prefefes = o 7@ Fifae-
(i) Frqutys feera f @9t Normal voltage W Rotor eurrent Wi
(ii) WY o WO (Start) % WWA VIfa U
(iii) T =TGR 4% feea
(iv) e yifem TuTeR 4% Slip W
(v) WX Y WO S & BT R R 75 Uftray e W & 3 T o fawen arfaftae wfai
A Fm?
F-WyAER fean € wet % B.HLP. = 200 HP, Supply voltage V = 440 Volt
_ Rotor turn/Phase 1

" Stator turn/Phase 4
Ry =00158, X, =015Q

(i) feere svereem (Stand still) § 2 faga aws a9 wiEe-
Vo1

= N ==

E.
R

a

0.5
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O g vl
g, - 40, 1651 Vol
I
E, -6351Velt
2, =R + X1 =y(0.015)7 + (015
Z, = /0000225 + 00225

Z, = on22125

7, B2 _ 6851 _ o0 43 Amp.
I, = 421.43 Amp
R, 0015
151) co8 &, = —= = ——— =(0[0995
e =g, " 01507

(i) Slip S =004
R, 0015Q, X, =0.1500
Running condition ¥ Impedance

1, = JR? + (85X,
= 10.0157 + (0.04 x 0.15)?

Z, =0.016Q

E, =SE, =0,04 x 63,51
= 2.5404 Volt
_E, 25404

" Z, 0016
= 158775 Amp.
R, 0.015

(W) oosdy =—2 = —— =09
1"z, oo

{v) TET O WA = 75 Amp,
o A, 1, =75 %_%9 - 300 Amp.

4
I, =300 Amp.
mmmmmzi "‘r_
2
7, - 8351
300
Rg 50.("5{!

=0.21170
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Z; -.¢R2‘ s "Xg
= (RQA’-)}!Z%_X%

(R, +r) *1!123 - X1
Ry +r=J0.2117)7 —(0.15°
_ =0.1493
sfaftaa = vt r=01493 - B,
r=0.1493 - 0015
r=0.13430 |
gt 9. TF 6 9 50 Hz 3-pinduction motor =1 nfiwfrer e AT A TS W 4%
feera e T W T & o P 850 r.p.m. W #fFaw we 3ot 160 Nom §1 720 = wfiw
et 0.4 Q &) ‘ -
fA-fem T &-P =6, f =50 Hz, N, =850 rpm.,S = 4%
Rz 20.4 Q
N =120 _120% 50
P 6
Hferas 9a ST 9T R = 850 r.p.m.
- 1000 -850
1000
st 99 3 % 9 R, =8X,

= 1000 r.p.m.

=015

Y g U S 79 R, W 9H W@H W
T =K‘¢SEE x ﬂ.]5

=0.1875 KaE.,
2x0.4 9E,

w4 e 4% 21
: S =0.04

: K$SE.R,
'lﬁl?ﬁa‘ﬁ ﬂlq”i :-’,_“—:-;;-
R3 +(8X )"

T GAH R,, S, X, W WH @ W
 KhE; = 00404
T (0.4)° +(0.04 % 2.66)°
T=009 K‘ha_]

W (ji) ) T () T W W
T 009 K§E,
T... 0.1875 K¢E,
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iqu i1 \
Tynx = 160 N-m '
T 009 y
160 0 1870
_=160x0.0
0.1876
T =76.8N-m “N
FEMAOT 10, T 3-pinduction motor forerest Full load torque T WH Speed '@ﬂaﬁgh’&l
Voltage drops %! 91T Rated W %1 90% # & Copper Loss @ MUY @i 4

- s o o
Torque Slip Relation ®
T e« SV?
af% Torque 1 9H Constant § 99
S 1""1E =8 2‘*’22
S: _(W j
{7

2
={L] -1.23
0.9

Ig ’ISIV]
ﬁ !’2 ‘UISEVQ
I, &8V,
=1.2x0.9 =1.107
-, Copper loss %19 I? & Garuw g 2
: : SURY
B Copper loss 1‘n the 2nd case i Ir's) —(1107)% =123
Copper loss in the 1st case [

. 4% Voltage % 7M § 10% 1 wRad= firar smam € @ Copper loss ¥ 23% &1 yfad grm)

1.11 2R fiiory st X wiex vd 3
(Double Cage Rotor motor and It's Applications)

e firora wredh o et 3 e 9 gars; et (Squirrel cage) T TR ¥ 3K 2 €, Ay a0
T:'_'ﬁﬂﬁliflfl g1 91 BT € 4w S o1 e o arg el @ g €, e v s dm @
et Fod Wfeea et Aol arel il ¢ 9 SeE W favier feafi o see e gar W waE T

vga ¢

e filer wedt wiex vd i fifsm et wiex A qemTeTe semoe-
firmer 31 viTex Qi 2qe -1t 1 0 g Wi R A2l o e e Y geen 6 wad €
(1) 291 %9 T Gt G WREA G i1 3o Weew el Aol gy € gaferd 3 vies 1 gratae A

5 R (DOL) T Yo &4 €
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(2) fémren e 2T o H sae e T2 WRe % T W (Heating) ¥am 8t #7406 e i
Az warE whia s g

(3) ol whes SR T % wrw wae e ey d am ofel s del fed der @ eam
(Efficiency) w9 8nfti

(4) [ STTIZ E ST 3147 91k w1 A Syt firer ot @ g 1 o g  Form wwon 2
T Sl ae STl ST~ STem T T g 81

(5) e el VST AT T ST A ol T wrall sfevermer s g € form e qof At (Full load) of
Tt (Power factor) 1 e #

(6) Zae = Tt et o wareh wiri v warEh v @ eftafia wae sl sfaemafrs = o
wfafid 9 76 W HT T ¢

(7) TaE = UL WL H R 20% A 30% o el et U2 Wt § e v ¢

FqEnT (Applications)-¥8 WhT 1 WU F1 3941 H957 fel (Textile mills) # o1 fafim v w1
ey 1 fera fiman e € St et o wEt Tl W % e e war el :

Fed dqeT 311*:!3!1: Cd E?l?qﬂ'«.'."{ (High Torque Cage type Rotor)~9Raf@ Squirrel cage motor
Low resistance % @19 Starting Torque 1 HM T B &1 39 Low starting turque % 59 ) 721 &
foru wram I WM A A w Sd far s § fE Starting torque 1 I 95 W@ #1 394
et whrda UF F== wfe o (High power factor), 359 Starting torque 37T Low starting line
current 3 21 TrlifEs 3= T2t i qol dig 9 1 T & 3 AT Ohmic loss 3 9H &1 2w = &
forord wei = el &1 W U2 W ¢

A AT % e w5 Tt wferie =0 sevaema g €1 s@ wre T feafa # 9 € e fem s
SR % Feel 399 81 U =2 Starting Torque % foe e v siferes g =nfe i wmr= sifwem

wite ¥ fore T2 wfeda =a @ =f Minimum
SR T A T i e DR A ey cokeRefee 1 Top most
nfirr feafa & fea &9 afd (Low resistance) i \\W" Vo
I e o fer e &1 e 5 (Rotor) &1 WA faan : i ElementA
W%I : “——g- Rotor Bar
(i) $9 4R 2159 T (Deep bar Type Rotor) Py Sttty (N |

- ;ii}] T &9 2189 12T (Double Cage Type ’%////%—-—-—Elemmtﬂ

(i) gta & 2189 W2T (Deep bar Type Rotor)— Mt egs
76 WETC U ) Faferhit T (Silicon Steel) W pboon gt Lot

e 9fedt ( Laminations) 31 399 | Hnied 51X T . ﬂux £ I' Element C
w 3fa fafia 3 =4 fegn sman 21 2o ofvdl #41 wita ag i Py

ofeal o wffy % wa & ww gEc 4 faa A N ekagelu
(Insulate) FT 3 Al 21 SE VAR & I Wa=s@y 000 T

(Closed slots) &4 & ford wegfafrm = 7 & ol Bottom layer

B0 9 T (Short cireuited) w8 S # )1 ard e 1.48 Deep bar type rotor

g i A1 uegfutEm @ o U F FUSHA H R H ¢ TH AT R Smta i 98 (Squirrel eage)
F ¥t € vafere et A fiew Afeaa T2 aw e @ e wred we e
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aw

ol die casting) fafé &R Bt T ﬁﬂq |
|

e eIl -
e 3t TR ¥ SR TR S FeT (Centifug

e = T I
IR ER R T W F T

=& ¥ S A F W T e

FTER-

S A T TR TR HT
) Fe o = e g A e w0
&iiﬂ'ﬁ'&ﬂ%ma@#mmﬁmii
Gv) Fod T fiee o wfean t[l.'npm:lzu'u:e}"ﬁ;T"W_a‘ﬁ - TP
i ot e s e A ol A (Core) T A1 (ou ing) H T fen o &, fiy

sﬁ.ﬁ?@ﬁ;mﬁéﬂﬁﬁ@mmﬁmm&m%mm:W@ﬁmmé

o <= & 5 e 8 imer 9 (Cooling offect) 3 fordt Tt H o1 AFTAT (Ventilatip,

dumsaﬁaaﬁm%‘mmmﬁaﬁaﬂﬂaﬁmﬁmvmﬁmmﬂmwm

mﬁ%mwwmﬁmwa@wﬁ%ﬁﬁmmﬁmmmt
ﬁms%mdmm;smmﬁﬁmmm%%ﬁaﬁmﬁﬁnﬁmm rings) gy

?ﬂﬁ'@qﬁShortcirmitedﬁﬁ%lmm"hﬂﬁmm%mqﬁw'ﬁﬁgmmaﬁm:

m‘%mﬁaﬂtéﬁlﬂh@ﬁ%mﬁﬁﬁﬁuﬁﬁmﬁ%l@@ﬁmﬁm‘mﬁmi-

mmmtla@ﬁﬁa’ﬁm%wfiﬁacﬁﬁmm%lmmﬂmfaaﬁ:{ﬂqmr
t.mwleakaqenm:%mmmﬁﬁkmmﬁwaﬁnﬁfkwélw’tmﬁ%ﬂmci
m-émm:}mﬁmamighleakageﬂuxmmﬁm%mazhaﬁtmm%mmm%aﬁa

e e e A S A G 81 8 S e €, AR e A G

WWW%WWCWMWW%WQWWW%W%W

qﬁmm%ﬂfﬁﬁwmmmmmmﬁl

oy rae YIS (Hum) T3 B S | T Wi i)a

fo

=g A ¢

)
7 W ¢

2

Current 1 VaTe o & e 19 910 (Unequal
£ 7= 7= e Y 3 ¥ T S T T U

current) 3 fararor & HieE! Tt sl S A ag
3 o o wihem w0 e 71 sl i

¥ = (Torgue) AT 3T Running % T4 FEFT FH O 2
S e feied] & aed e sl e maf aga 91 Bl €1 3 Wi < g § Jet s
% ST (Reactance) TE7 4 €1 61 v ar & e T F) W (Impedance) ST S B
W%mﬁwmmﬂmmﬁ%%mqﬁm}aﬁqmﬁmﬁ@aﬂ
zeA (Efficiency) foedl ( 1
o= 7 779 717 (Double Cage Type Rotor)—38 & & Tyt 21 Tt e @ fier % W
U& $Zav 5TE 9 294M %9 Starting current T8 WRFEWE 3= et (High starting torque) FIWA
Mmm%.mmﬁﬂmﬂﬁmmﬁnmmﬁmﬂu%mm%lmﬁﬂaﬁ‘lﬁﬁ‘
(Laminations) 31 2 70 £ ¥ e s femt (1.47) % e 7 €1 l
s A ?ﬂ Enf:l ring B0 Short cirevited fema =l €1 Outer cage % Bars @1 Cross sectiuﬂ!t
inner cage T & AMNH FH T1 © a9 Outer cage C0f High resistance materials 4 9,
a2 31 2 <7 €1 Ajaf a7 (Inner cage) F Wflg FC T A ﬂﬁT% ad: Quter cage mﬂﬁlﬂ‘t
|
|

IPM‘*' cage F Wi B @ £ 81 SR A Outer cage 741 14 Inner cage F 419 T fiere (Slik)
#1al €1 TF 2 Inner cage ® Leakage flux & Permeance &1 W 9@ 2| 39 WER inner cagé |

!
|
{
;
A
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Leakage flux &1 Linking 791 Outer eage Winding  Linkage flux %1 5= 5% 77 # 4% 7% High - |_
Resistance Y&rd & a1 11 # 317 Inner cage & Self inductance %1 T 711 711 81 ; E:.
o Il Y I
* i

Outer cage ¢

/ A" Negligible outer
¥ " cage leakage flux

-------------

[nner cage
leakage flux

‘‘‘‘‘

4]
Inner cage —-5-
* e
l:.::: Sieals
isate : t+41 1= Mutual flux
fer 1.47 Double cage type rot

At starting time BT Voltage Tt ® Supply frequenc}?ﬂ'ﬂﬁ'ﬂmfﬁl%f fa = f,) F9i0¢ inner
cage ¥ winding T SR (X, = 2rf, ) 553 81 £, Outer cage winding T 374am Tafere feiw
wafes O (Starting current) ¥ Warg el {1 § T840 (Outer cage) %3 Current 1 5 Wi
WM FA 81 3%: Outer cage winding 1 Wi 3= AT High torque 5'mningﬁﬁ$ﬁﬁm‘§l

S € TeT F A H G TR € UL EMF T A@E (£, =S5f) F9 8 T &1 wmwe sy v
Wﬁﬁﬁﬁ'% Leakage (Inner cage and outer cage) Widemd &4 F9 Y 395 Wewrd g fetaa g
2| GERUE: Outer cage T WA 5 ¥ 6 T[T SE1 8161 € Inner cage ¥ Wi &1 3@ i 1120 $2
affafte fiert | S aaa 81 Tofene s uitarer 1 & fA Torque 6% &9 8 59 ¥R @) sl
fia (Inner cage) BR1 Tt fRam s &1

T v a1 e € f %W Starting Torque STETITHASI & 670 U W 7 W SRR W 94
far o #1959 (High torque) % felg &L 91X (Deep bar type rotor) 1 W4R frar srar 1 298 Fa At
w1 394 W 399 Torque  fore femmn W el

T2 HEH I U1 Y g0 981 Starting torque 3R SR Large starting torque ¥ e fie
f&T Rotor #1 39drm firar <iwn 21
SaT o1 §3aY Al B god TRaY
(Equivalent Circuit of a Double Cage Induction Motor)

A R, =% & Per phase Wil

X, =R Per phase Wfr=m
R 4, = Outer cage T2 %1 Watre Wik 22 #1 3t g
X'y = Teat s/en § Outer cage 2T &0 Wi whitka et ¥ sl Geia
R4y = Inner cage Ut Wi wfirhs @t 4 it S
Xt = feurt 37 ¥ Inner cage W H &0 Waam Sids 223 51 S HelvA

S = Fractional slip
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g w11 —
mzmmm%ﬁg@mﬁamﬂﬁﬁwmagﬂﬁm?ﬁ‘ﬁﬁa}%qﬁm#
m&mmtnmhﬂam-ﬁnﬁwﬁms%mwﬁmmwﬁl

%; o9 WY (Equivalent circuit) ) |
f'l 112 Rl d‘.l

MAMAN—TUTTT i
T ‘ |
Iy
ie Iy
Vl Rﬂ qu Eiﬁ
R'ag :
5

P 1.48 (A) Equivalent circuit of a double cage induction motor

aﬁﬁﬂqnﬁmﬁuwnﬁma(xm)%qﬁaﬁmmﬁfmwﬁaa@wmm
(Simplified equivalent circuit)
r B X | ~

1 l
——— WWAW-TT000"

'
T3 1.48 (B) Approximate equivalent circuit of a double cage induction motor with magnetic current Neglecte!

feT9 8 W Outer cage i e 2, =% + X'
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Torque-Slip Characteristics of a
Double cage Induction Motor—a=R0H: I8
1 = € & Two cage rotor TR & Torque
1 I H &) T8 Torque I A1 59 Outer
cage 791 Inner cage & g0 WA Torque 5 7 &
T Two cage rotor 1 Total torque el £l
3 Torque slip Characteristics 1 1% (1.49)
& wreqm | weffm T )
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Torque % W 1 6% avaHdl & AJERX T4
F9 Modifying f& 1 ® 914 98 Modifying
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Ofteds @i faran o €1 7: Resistance ® 4%
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Torque current

Total torque

Torque cage outer

v
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1 Speed . —» ©s
«— Slip Synchronous speed

2P 1,49 Torque Slip-speed characteristics

T 1 wfiedq Tz @ie %1 9198 (Open Slot width) 3R Siafts et #1 =ter 91 wgemt 7aa 9

A R
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pd:r"r.ﬁaf’,f s

T 5w |/ Outer cage T Inner CAEC 7 Current

3 i

Zogl ,-,J[i?‘l] +(X'g0 ) |

i [R‘g )2 2
Z’m =Ji———-ﬂsy +(X31:'

w® T, = Torque developed by the outer cage
T, =Torque developed by the inner cage
T, = Torque developed by the two cage
Py =(2m) Ty
Py : [(1'2932 Kw , Hﬂ)sz'}

é _2’!‘15 N Ll F3 S S
p
[_R_m] +{(X'5)°
Tao _\ &
TV- - 2
& [.RA) +(X'm)2 ‘
S ]

1.12 B SRor et &t arer fAfrT (Starting of 3-¢ Induction Motors) 9

et ST Hiet @i 9o #i faieal (Starting of 3-phase Induction Motor)—14 fail 2
F WF&E’! (Secondary winding) %I Short circuit FT% 3H% Wﬂmw (Primary wind: f
% 9= %= #1 T @ 91 & 9% A S (Current) T & 915 361 WER A WX F Three phas
wound stator %1 31 fif Wi v &1 F1 0 ¢ B G & W1 A et Ve gt v 4 .
Secondary short circuit % FR9 Induction motor H® a1 &t 51 fF (i SR WU S T
& O €, Safs wafivs 79 Al Full load % 1.5 0 2.5 71 7% €1 fasfon €1 & == fon frtpe S e
Ta=ifen e ¢

SR & @ (Function of Starter)~3 1 Y o Hiex 31 weend & et € 7w i gl
& T 1 § S T T I R 1 5 e O i St S et e e g ) Het fla

& B % HRY/TE W e 3 € fF U2 9 1 91 9 S Induction muturmﬁw
Fd & )

(i) =ferEa Starting current F1 F1 %W £
(ii) Over voltage 791 Under voltage | T WeH w0 €
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=TT smayasar (Need of Starter)=3rg: @t T W0 6127 35 &f087 ( [ntegral horse power) %
Gl ¢ wifh Starting F A9 WfeTE 4 (Full load current 5 3 7 AT current) i & wArE T
Wt Torque FAMA 1,5 # 2.5 T @ # 811 2 #7: T 784 Rating T Motor 1 Winding Fert
= B "l &1 am: Tt W= | Supply voltage regulation waifaa ¥ #1 Start F T9T 71 Voltage
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power # Hiet F WY T H ~ne] O Undesired 1

T WHR i 37va e i Wit B W % T9Y9 T Voltage e =ifew aan 74 siffiam
vt a7y wife =t TIET Wi GO & Tl ofaa waeT B wifed) o = A B | fetatas 22w
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(i) Fuse ¥ 7eld Rating & T2t 1 anfe w72 2 954 €1

(ii) Tty urT & SR faaen 5T 3 (Voltage drop) #1 91 3 =8 Twar ¢ fao® Voltage
regulation WIfer g 2

(iii) Voltage regulation ¥ SU%Htl & (Equipment) 1 T4 f92 ( Performance) @0 81 ST 2

(iv) féfee @5 T Stability ¥t Disturb & & €1

T $7 T4 HOT F W2 H R F & 60 Starter F A=wawa a6 gl

Starting of induction motor

Stator side starting Rotor side starting

For cage type of 3-¢ induction motor (For slip ring type 3 induction motor)
(i) DOL starter Rotor resistance starter
(ii) Star delta starter
{ii1) Auto transformer starter
T ERECH 2 Push Button 1 &1

(i) B A w=TE ratq ON ferer-ag Th #t {131 ON fem= @1 € 5 Normal open T €1 3% ferm
T I W F0 & 60 260 21 3099 TaH § =R ¥ i 292y 59 (Open contacts closed) &
W ¢ S UReY g FUSEl g Yo & W 81 S (M.C) Magnetic coil 399 98 Strong
magnetic T Sd € 88 98 3T S F Contacts F1 Eid o4 § f598 Motor Start & @1 71

(ii) ¥ F2F Bmfi{Slop Switch) 7% T 3% fim= €1 & 9% Normal closed T #1 3% fa=
T i Stand Still (319 ) F & 8 201 €1 §791 28 | Motor % Contacts open's:rﬂm%
ﬁ?ﬂﬁ?\‘ﬂﬂw (M.C.) %1 faega ftqa i 97 05 (Magnetic coil) F1 Demagnetic coil 3 9fafia
?ﬂ%ﬁﬁ%lsﬂﬁmﬁmmm% S wrewl g¢ He v e 21

(i) 7 Sreear Hueet (No Volt Coil)-ag g #1 W (Solenoid of iron core) T fwd & @&
Fosel Bl & Supplv voltage &I Jufeafa ¥ 319 fAshzamd Soft iron F 3T T Attraction TR
(Hold) T2 &4 ¥, g T8 fa¥ T Low voltage T 37w § wow: fageaisd 71 = Tafsa et
oo Frereardl s < s g v e 1 gl T8 S 81 wea: v W0 @ 9 S S @
e W% 1 A

(ii) 3T& #T WSy (Over Load Protection)=Over load protection ¥ Bimetallic stripe T
Thermal heating coil fT9ét Tt §1 5@ ¥/ T WA Normal WA | Tt v & 9 & = A

Bimetallic stripe thermal heating uml & g @ g S € e andig frafa w wer A frm
qfeam W (Break) € e &1
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I, = Starting current
I't; = Full load current }
T, = Btarting torque r

Ty = Full load torque |
83 = Full load ship §
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At Starting time slip %1 ¥ Sfiray 1 #)
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2
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2zN g
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< e AT BT ferfad Torque T Voltage % =f % T o )

gtar delta starter 1 Starting torque 1 99 DOL Starter 31 3a % 7T 21

= T AT | an q wihEr § e Induction motor ®

V.. = Line volage
Ve, = Phase voltage

Iy = Line voltage

I'p, = Phase current

Z py, = Stator impedance

A1)

HZTF [nput power = /3 Vi, cos ¢

= ﬁvb » 'VL oS ¢D
V3Zy,
Vicosd (i)
Z pi
W W T waifaw € 7
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Fade Tt & 6y 3ugaa €1 59 vafi o Wnfivs 2ot wge Voltage 1 %8 w4 5 2 @19 Phase auto
transformer %1 39817 & YEAR! Current Tl F5 Fidl €1 3] SIEEHT 1 FE 47 % W19 WM foa 5
T 81 e T WET Gad I9YE e Voltage 1 Wa w13 % fay v favm 3fm ® qzmeawm 3
Double throw switch S 1 TR #fe § STe) TR S RIE T4 F (60 F992 H13 o (610 (a1 A ‘
¥ 7 feafr 3 R § % S 1 9 ST 0 3 o a2 it 3 WREA (Primary) ¥ 31 o & o ;
ﬁratﬁﬁrzﬁmwﬁwsnmﬁ@méﬁﬁaﬁmﬂﬂaﬁmﬁmm%m '

dda—

=0.61425

AR E A, b g ]

B —[{ ) ~Handle
2 o-— . : i
?l; C ¥ . I

E C . + L i
P T T T T T T-Run :.
e i

. Stator

fRr 1.53 NI TR

Sanned with CamScanner



St LT \
Sis A i & forae ¢ fea e & i e 0 e & g e o T i R, |
R ¥Em A o el e Rmﬁﬁﬁﬁaﬁmmmﬂlﬂﬁﬂlﬁﬁéﬁﬁmﬁﬁmiﬁ
forvam o9 § 99 fire o & @ Sw fecd of faufa § a1 i@ §1 99w R Over load ﬁmmﬁ
EGiE

Theory of Auto Transformer Starting

by
i
E |
SRR SR S By

Auto transformer
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FTEEAT 6. U $TUT Wr2T 2 P prftas et vt qui S wer W ok wat F F mifan ﬂ
:nrn‘xm:mimmﬁnmwmmmﬁrmmhmhméﬁﬂﬂﬂmmm 5 |
$rruT sivzX %1 WRTAT Sz uT v Ot am qul Fvy av 6 T v ot e fen 450 I E‘;
FEIETE O ! 0T WA AR A &
T-(3) =N TR =REH Tw 1”- g =1y )
T, 3\,
T L 860045054
Tﬂ
T, = 0.54 Ty, A
(%) A AT (K = 07)
T, o[l |
S g2l xS
T \n) ©

=(0.7)? x 6 x 6 x 0045 = 07938
T, =79.38 Ty %
FETETOT 7, Wk JA0T HIET 12 Kw, 440 V, 3-phase #1 Efficiency WIT Power factor R85
791 0.8 Lagg #1 =Te 2T 9107 &1 W17 45 A 220 V 97 §) 701 SIfA0-Starting current and

full load eurrent ratio. AfF RN Feer =T =1 wanT fawan AT 11 .w i
TA-=0® U2 Current T 9H 4
Iy, =45x 239 _gg A
220
Efficiency = Output Power
luput Power
Input Power = w .
Efficiency . 5

Scanned with CamScanner



- § 12000 \\

g | {
i } | . N = i
\3\ 4-"‘\!,. ‘\n ﬂﬁ‘r‘i

Iy =231 Amp.
le. ©
= A elarie ] &= -E"—" - — 52A
Star delta starter STRA
Iy, 8y org
In W1
Ig =2.256 Iy
1.13 oy s § 9l S B9 81 & RO !
{Causes of Low Power Factor of Induction Motor)
¥ Thex ¥ W1 W W UWE (Effeet of air gap in Induction Motor)-Cauge of
Efficiency 310 Sex # &9 S=0& & R0 (Due to air gaps in the induction molur) th;
{Leskage Hoarmnr@l T =54 (Magnetising current) TEHF H&ﬁlaﬂﬁ'\ﬂ
-“mm“ om bnmﬁmﬂammﬁﬁwwmﬂwﬁzm&amnmﬁm Ty
T W TR O € TR VAR R w5l § 1y mmmmmmmmﬁ%u
T ST T O F ¥ 9 afs = 9 A )
» e sva vifEa #9904 (Fractional H.P.) Machine ¥ % 91 $=10& 0.508 mm mw
TR E 1 mm T 1.5 mm 7% § g6 ¢
» VT H ¥ 96 T (Power factor) BH91 F4 (lagging) T ¢ i T ﬁh@am

TFS Waam (Inductive lmpeduncc)ﬁ?ﬁ%

» o i w O W R U dew e A € el (Inductive) g # forads o v

T'Wr‘ 9 & Laggmg o ¢

> WE $TO et § W A A & w Wl F T w6 e g
fauiit (No load) W 3w S22 steafires Srrerfem am ot @ ot feramiier o Fsic SmT (No load
current) ¥2Ta fava & qv=mndl (Lagging) €l € T 9€ &9 90° 10T T QY= Bl 2
> “At no load, power factor of Induetion motor is low",
1.14 7 31 IR Hiex @ e
(Testing of 3-phase Induction Motor)

YU WIZT & WTET (Testing of Induction ()
Motor)-F7atm =1 92t & aftaun 7@ 54 & fo
Tz 1 e ) S AEE €, 9 W
9 T T U 9 2ea, =2 v, Te v,
vie 7o, aw m @q‘m A & fer Wire wound Rheostat N

fa=fafea v fa7a @ € 0 |
(i) few anr (D.C. Resistacne)-Induction i
mutor  Coil &1 Wae 2995 D.C. %1 70 vy |
1 Coil 9 walfea 7% 74 37 W9y 9 FveeH & = “(
Zit=e & wen Fieed] 9 &) qeE A T @ §| fert 1,58 D,C. Resistance les! method. ,1
394 fem vfrya &) femm w21 g v D.C, g1 s =iy (Fest 1.68) |

—_—

|
;
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(it) ?ﬁmﬂﬁm (No. Load Test)=No. load Tt 1 Tem w27 %) 74 WWW
HEZa W SN T TR e T 1 30 fofy oy vy v g e am afe s 349 Input pewer
w3 fort wftew # W Voltmeter, 21 71z sz ao w tdrzy 1 fora (1,59, 8 Frarm o #, ofier 3
W'ﬁ’ﬁﬁﬁﬁlﬂmmqﬁ‘mﬁlnputmwwrﬁm*m% mﬂﬁmw
wHtet g Y TS 91 w9 A T 5 Voltage 7T Fi w0 £

%q whiaqo o Y B qEEHE T T Tew fA WA A 4| Wy G A i w6y W g,
F Full load 810 3 25 ¥ 33% 7% Bt 21 <1F% o t S[ersra 0 wfEmim dw=s [, T F e
Tere 1y, T FTH T TN % Taher =1 S W AR T cos 4 %1 WA A 4 e 7w W 3.5 3w
s 0.15 T [l m%l Wﬁ’l’a'ga'ﬂ Input power P, AT Watt meter W, aW, =1 ®= Gl 4

it / R,

| C
_-'f_\_‘E_rofﬂm_ P v ; @

¥ ¥ l = _ Rotor

i

..............

c.C. Wa
fer® 1,59 No load test of induction moter.

fafir=1 mﬁawmm%@ A F (Leading) 791 % 8 W W T3 I 39w E
e s e 3 e man 1
Table (A) for Lagging Power Factor

| S.No. ﬂ‘;n Py cos § ::L :3:]’::';) W, =V, I, cos (30 - § ;r:;:ir :
L. ¢= Ua. 1 W = ij‘ Vil | W, = f‘?w I, W, = W, 7 BV,
2 L':;:ig L ag‘:ing W = V"; L Wy =V, 1, W, - 2W, :-: Vil
5 Ii];r;[:g La?;;ﬁug W, =0 W, =3 V,I, ::" :(;., -“;—3 Vidy,

| . __lt:g:::}ni Lng(:.l.i.ng W == % | ‘E::‘{‘::L | W, =-W, P =0
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égau'ﬁll —\:
Table (B) for Leading Power Factor |
| [ Lpp | W=Vl [ We=ViI, Total 0 Y
‘iﬁﬂ- P Angle | ¢ ¢! cos(80°-& | cos(30°+¢Q power bsemﬁ% ‘.
| l |
| | Byl By (PN
-;. 1 t $=0 1 “1 :?‘L!L 2“-_2 [2IN “I"‘Wz !
L , CVily |3y ?
| 9 l¢=30"Lead| 0s60 | W=V I, | W= P, =§\ Lo | W=aw, ;
|| -
1 I
L " 3 B W, =0 i
h 05 » Fy r 2
i & & =80° Les W, =—V, [ W, =0 P, ==V,1I ]
i 3. |6=60"Lead Lead | 1 g (LIL 2 L= Ll W <P |
- | | r
| . Vil Vil; | |
% s |4-90"Lead [0Lead| W, =—"2~‘~ W, =-—%—‘—'~ | 0 W=, |
| —

e S T WE: TE 9@ T 6 T Wattmeter T WIG@iE oAl 1§59 {07 39 AR iy

A fEm S B

e S S A X T I 6 S e 34 e e gy
=@ g Input power i TRE S0

am@¢=u.sm¢=§,aﬁm(§ +¢)=0ﬂmmmrﬁmwo‘5 RaT ¢ 9 gE AR

= S 1 o R T S 0.5 3 6 & 9 W, S HH € e ¥ e Hed o ey
o Coil & Faran a0 =4 912 4ret W, & vigdis fod s =

TH T0sW & (i) No load power input (i) No load current (iii) Windage 791 Friction loss (i)
e Y99 ¥ W94 R, T Wowa X , 791 (v) 90 1 g g9 1y, a9 Afmamie J6es ], §

=9 512 4 Load TS W & 9 39 Input power W, Fret aifidi 1 = 8 S #-

(i) St FeEem 1 o T (i) R Aie § Fie @b (i) arg s qen FifE wtl

mﬂéﬁmﬁﬁmﬁﬁﬁﬁﬁﬁ‘ﬁﬁﬁﬁ%b@uloadcumntﬂmmwﬂa
%nmﬁaﬁ!&?mmmm%ﬁnﬁaﬁmmﬁﬁmﬁéﬁm?ﬁﬂ%ﬁ%mammﬂg
T € & A wr el %1 S0 0 W T

(i) Form e e Flt 1 T € 9 90 WO RSt Wl el 9 e et et o Ry W
Vw70 T ¥ A ¢ T 22 W el = 312R,

(i) FrE v aan ey e oE o aifival 2 firere frer gl Sear €1 6 (Input total powerl! |
W, ® | w22 @ i (312 R, ) weve feat il v 9w wa el |

argmfwrwmdage;mmmmummtﬁmtmwﬁﬁﬂﬁlﬁmmnﬂmﬁﬁi{
# a9 74 Jreea % 9 Y7 A1 A W F ehiE Fae it afl @ weila s € adiie o Voltage
#1 Regulation #1 8F 10% 9 390 &8 ¥ € 9 90 = franie @ g 992 1, a@mﬁmi
o 7 el S v € e § e S v e W € 6 e & o g we qen e
ré faria 77 781 T 7 VW A Y Voltage WCRTS il adn A wifral v e & au 56 W
a1z Hiet A arg gav a4 Fif el wwa )

|

]

i

L}

|
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a7: T Input power W, I, 3 Voltage V & 5o 5w 5 R wn & famd sz g w, |1 99

w1 S Agr 9 4 FEAut A F fag F 9, OF 9y =i auwin #1599 of f wfm e

fas 0A Y& Normal voltage it weffm Fw#t 21 4
TH WL A Sieedl W AR A, | FEiT OF S #18 AE gt Wk W ww 2

AB = ag =4 791 = gAy W wia E |
BC =Rt am wifE i
CD =wie wifE i |
¥ A
E " o
Ip Wo no 1 ¥
I P——MWWW—T0000 £
/ Iy
/ - ey ang afl e Iy i
1D - ‘T
Wo. I - i
o BoZ %o !
o K i
Normal voltage 2 u
(8] — Voltage A ) | ' n}’
Vp ' %
i
W A CERTRE L : Iy b
I cos i : :
0 €0s §p & *
4
i
, : j
u 1 4
+——lpsingg— i
fers 1.60 &
No load W Induction motor ¥ Slip (S) 3 F1 € & T W= F X ® 9], = SE,) F R i
Fvdg (Negligible) I 4 U WX Open circuit F 7 F74 4@ £1 39 THK Induction motor F No 11
load test transformer & O pen circuit test % Identical B 21 6o 3/ QOpen circuit test ik !
I | I T AA YROY 9 e st H1 wei e m g
T YR 2% (No load test) & 1]
Wy =8V, 1, cos & (No load power) 1
No load power factor cos §, = Wy g
Jav, 1, -'

’i = Line voltage
| W, = No load TR input

i, RSP e g e
=SS R —

Lo =T
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¥ eIl * ~
Fraw14 ¥ % Reactive component (Magnetising component) of no load current
I‘I = rﬂ Sil‘! %
No load W Working component of no load current
Iy =1, cos &, !
I =JI3 + Ij A :
Magnetising resistance at no load |
Vp_ ¥V 14 *
IW J_ 31 w J— Iu. Cos %

Magnetising reactance at no load.
X VoV _ V

I
i AP 0
""1, VB, V3I,sing |

T 1. ISHP,MOVolt,mHzdeltamaﬁmﬁauﬁmwﬁmﬁrﬁmNul :

grer fasar = €1V, = 440 Volt, I; =4 Amp., W, =1200 W, W, = - 400 W -q&umﬂ.g

i sl 0.5 0 B war wegut gifyes gt 200 W Fe i |
(i) No load, losses (ii) =T 7TW 17 (iii) et FIE ®IS T (iv) No load Power fy,

31 { war yieamat 7o (v) No load W Per phase Active T J@&T W2 (vi) T@eh qﬁ“l
o whrerg, wieoTe, SiwameT (vii) IR Yava, ’ﬂ'ammaaqja:rdm
4
—Vp =440 Volt =V} =440 Volt, | — Amp.
/m{r] il " T f 5B
- R, =050, W, =1200 W, W, =- 400 W, W,, =200

(i) Total no load losses Wy =W; + W, =1200 - 400 =800 W
(ii} No load 9T 22T (Copper losses)
Wey =3T3 R,

. 2
i 4
| =3|—| x0.5
: =3nix0.5x4
3

=HAwatt
(iii) No load Wt %=X (Iron core losses)
W, =W, -W,, - Weo
=800 - 200 -8
= H9Z4ae
W, = V3 VI, cos &

e
" _-_"
-y

No load power factor

592
- = 01942 ‘
el J'wa " JBx 440 4 1

|
l
!
i
.
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(iv) No load reactive factor
sin ¢, = m
=y1-(0.19422
sin &, =0.981
No load ® Working component

) )
Iy =1y cos 4 =— » 01942
V3

=04485 A
No load T Magnetising component

Ili =1 cos ¢y 2%“0331

=2.266 A

(vi) Resistance of magnetising circuit
_V 440 _

Impedance of magnetisin_g circuit
Zy Vo [T 0 8an
Iy, I, 4

—_—

3
=0.00525Q

ittance ¥, = fog =1
Admittanc Dpzo 5053

I |
Conductance Gy = L _ 2 _ooo1020

1 1
= — =—— =0005150.
Susceptance By X, 1942
= 000525 x 0981
= 000515 Q |
= e THET (Blocked Rotor Test)~F8 Wi # HIet H1 Rotor att::;d i;,:u wa t T:mﬁm
‘ 7 Load resist: = ~ 27 _ o #rmi 1z Motor
Slip (S) Sfkrra THiT (One) B Tehal ¢ 347 Load resistance, Ry = Ry — o grm 0

#1 2T Phase wound & @I Slip ring W Short circuit % e S ¢ !nduliti;l: mﬂt'nr EE:
Bloek rotor test TTEHHT % Short circuit ¥ Exactly ¥4 (Identical) den &1 gRRTLH Short eireul

test ¥t w1 I 1
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Is Is Ro Xo1

_ | D |
@9 3o i f i

e MW — TUT— |
4 0 - . _ Rof \
= =Ry +jXo1 — - Ngll-g)

fo Iui-—-zm 01 +J X071 —I S.C.RL-__.E___ |
, Ry=0
4 ' Short circaited | CUP 2 maximum ‘1) J
Ry Xo :

;

No x,
o 1.61 7= I W fogg v
éﬁm@emcﬁmmmr%ﬁlmkmmrm%mmmmw%im :
S, ) TR T e (Vg ) T TG e e (W = W, ) 3 H19 3 709 ey *
WVTESZ S W, IW, a%hﬁﬁmm%smmmﬁmaﬁmmﬁ
‘F?ﬁ?;fai;@;fﬁ%'swmhmﬁmm%mmmﬁmmm%‘
s S ) 5 e e S (V) 9 0 £ S 9 1 v
ﬁﬁﬁﬁfﬁg'ﬁ (Break drum pulley) &z =1 =75=41 z/ Rotor?zrist-amﬁ
&f::’trb.:*n’f??_ri‘ﬂ Sia,m%ﬁﬁﬁ“ﬁ L=t 31*?{‘3_“'7 R = (Full load current) mm?ﬁ

=T T Teea = oF Bead (10%) 9 9 (20%) T 31 Sl Y2F 3 I B
FE =T 3 ON ST =38 Auto transformer ZU ¥ (Supply) Sezar IR

Pl ok

Ammmeter B

y

by
Sy

}'

L A it

..
E i
==l

(B R R TT R
" "

vn—.h\""‘}-.-—-...‘lw; EsE AR

i
| j 2 | |
Tt - 3 1
I I e e Boter
=% ; - i =
= rose = .
2 = | Sty
e £z
)

"""""""" I Souirre] eage industion ectnr
Lo rznaiormesr |
e

57 1,42 Bicex roner teet of S Induction mctor

\BEE S E T R T v E i A B TaE F Se T A AN
77 Evm T §1 72 T 7R A g o A A e o ) TR A T

TRV, B Cph Fr i matm i nivtamt

l _AJ L‘
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ﬁmﬁmm%mquszm Is
; ng’mmﬁsitﬂ?z@émmﬁmaa%:ﬁ
émmmmm%m@ﬁmmvﬁ AT
J, &7 Voltage Vs, T mm I, o E

-

'

1 I
I, _Is _p :
Vs, Vs
I
_'5
IS; -——;V—XVS:
5 ’ o ~ Vg
] I5; = Reading of ammeter A_ o % Egzrm e
=line current on short cireuit. & é- s 3 a@;ﬂ a2

VSL = Reading Of vn]tlm!ter

= line voltage on short circuit.
I,
Ve =Vs =IsZy =‘Z§'L=
a1} §
J3
Zﬂl =.Ii$_ =ES£ =_%ﬂ
Is Is Ig

W, = Reading of first wattmeter W;
W, = Reading of second wattmeter W,
T s Er T Fra e
W, =302 T2t ¥ Total copper losses
Wer =W, -W5)
=J§V& "151 m&'
Wee
CcOoOs = —
sin ége =41 - cos? dgr)
“'Cﬂ =J§-V51 Iﬂ"mﬁgc
We, =3 Vs -Ig -cos és
:,fi.,rszm,ﬁ;g,gﬁ

“i1
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{00 ¥ w1

«] E! Rm |
Wao =1 }Ii’. Ry,
W
Ro = e
I

x.m = \Ez‘ulla = {Rnl ,!

—

e 1. U& 5 HP, 200 V, 50 Hz, 4-Pole 3-Phase Star connection oy % %

circuit 37T Block rotor test ¥ Frefafas aifews wet fivg T §-

V, =100 Volt, I, =26 A, W, = 2500 &
Wy =~ 800 W, W, =300W.,
(i) Total short circuit losses of the motor.
(it} Total coper losses of the motor.
(i3i) Equivalent impedance of the motor.
(iv) Equivalnt resistance of the motor.
iv) Equivalent reactance of the motor.
{vi) Short circuit power factor of induction motor.
(vii) Short circuit current at normal voltage.
{wiii) Input at normal voltage.
(ix) Total copper losses
-V =100V, I =26 A, W, =300 W, W, = - 800 W, W =2500
(i) Total short circuit losses of the motor
Wep =W) + W, = 2500 -800 =1700 W
{ii} Induction motor ¥ Total copper losses
Wy, =1700 - 300 = 1400 W
. . , Ve Vg
(iii) Equivalent impedance Z, = -g = Y 111
100 578
U Bx26 26
(liv) Equivalent resistance Wy, =3I2R,,

W, _ 1400 ~0.690 0

Ray Car 3x26x 26

=2.220

fv) Equivalent reactence X, = J(TZ;,, 12 <(Ry)?
- J2.22* -0.690° =2.10

(vi) Short eircuit power factor Wy = J3 Vi, - I, €05 dge

COE Gy = - -
%{ ngﬂl"fﬂh v)ﬁxlﬂﬂx2b
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(vii) Motor #1 Short circuit current

I _Ig
v 1:’3{,

26
I=—x ) =59 3
(viii) #eX A Normal voltage T Input power g

W _Ws |

v
W ::(_!_ ¥ WSC'
\Jsc

Kol SRS EE e B

=§—: « 1700 =6800 W

abea

(ix) Motor @l Normal voltage Total copper losses
_ We, =W =W, =6800 - 300 =6500 W

FaEOT 2. T 10 HLP. 430 Volt 50 Hz Fe=1 waifas fitheit 4127 7= Load test &7 & 1=

aiter T §2 &-
V, =430 Volt, I, =4 Amp, W, =800 W, W, =-200 W, R, =075, W, =150 W

(i) X 7T JhET (ii) R F1E T (1) No load W Power factor (iv) 1, 74T I,

(v) Exciting circuit = wiedier R, @en wfaema X, |
4

gV, =430 =Vpy, Ry =075, I, =4, %= a0 "B

T TR R St s g

W =W, + (- W) =800 - 200 =600 =€
Fe-(i) wet ™ T W =313 R,

4 a
=3x|—| x075=1279k
[J??]

(ii) Rt wiE i Wy, = Wy - We - W
=600 —150 - 12 = 438 A=
(i) W, =38 VI, cosdy

cos ¢ Y. YN z-—‘ms-— =0.147

BxV, J3x430x4
(iv) = =n firanefier d@ees, 1, = 1, cos §

4
= x 0.147
J3

=0.339 Amp.
(v) BT w1 rfemardie weeeh, [, =1, sindy
cos {y =0.147
sin ¢, =0.989
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@ w1 f |
1 =4 <0989 \

4
n J".;
=2.284 A Wi
VW 430 |
(i) R, = - =1268.44Q |
X, VR 430 e 0660 |
I Tars  2.284
TR 3. TF 5 H.P. 400 Volt 50 Hz .4 Pole firike = Haitfvm xﬁaw-;%
0w e st W o §- Vil
V. =200 Volt, I} =7 Amp., W} =1.6 Kw, W, = 0.6 Kw
afs et & W, = 200 T2 § A Frexfafaa =ty Fife-
(i) Z¢, Gi) T2 ORI R, (iid) T3 Wi X o, (iv) T TR 7T Wifirer Tpurey (V)N
voltage T Short circuit line current (vi) Normal voltage T a19 gifiy) ‘ Ormy
-V, =200V, V, J%’, I, =7 Amp, W; =16 Kw, W, =06, W, = 200
200
Vso =— =115.47 .
5
Woe =W, +(W,)
=16 +(-08)
=1Kw =1000 &
1’ » IL =ﬁﬁﬂm,fsc=7ﬁmp.
() By wn2l m 20AL g dos i
Ion 7
W, =200 3=
r -— -
Gi) Ry _Wsc -We _1000-200 800 _ el
g, 3x(n? 147
(§if) X oy =(Zgy)* ~(Roy)? =416.495) —(5.449)°
=15570
(iv) Wso =3 Vel e cos g
COE By = 1000 0.4124
V3% 200 %7
Igy »V 7% 400
(\'}f — 8N - a4
&L Vo 50 14 Amp.
3 2
(vi) Normal voltage T Input power, Wey =Wy x ( .‘;éiJ

2
= 1000 x (-1?_4] = 4000 TE

|
|
__
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e feon s
(vii) Normal voltage T3 wiffal = w,,, - #rz ot -
= 4000 - 200 = 3800 A=
FEET 4. T 4-pole 50 Hz st Fezr waifam o drzr @t Fraffta Voltage T witar frzy
AT W IATHS WA FU-
No load 97 Input = 2.54 Kw
I;, =25Amp,
Full load input 62.56 Kw
Ip =92 Amp.
N =1460 r.p.m.
Stator resistance/phase = 0,13 (.
(a) Full load slip (b) core losses (¢) W27 Input (d) 727 718 141 (e) 28T (Efficiency)
&&-No load W Fa 1 Wy, = 254 Kw = 2540 W
I, =25 Amp.
Full load input =62500
I =92A
N =1460 r.p.m.
P=4 f=50Hz
Stator/phase R =0130Q

120 f 12
Ng = P . 0: = =1500 r.p.m.

_ 1500 — 1460 60
. dslip=———x 100 = « 100 =0.
(a) Full load slip 1500 1500 x 0.026

S§=2.6%
(b) No load T %< 911 1;, =25 Amp.

wawﬂm?%maewﬁmg)

7
No load T Copper losses =3 x IR
0 -
oL LN 0.13
=81.259E

- rE B = No load W Input - No load W @ wfiai
= 92540 -81.25 = 2458.76 91
(c) T’f (Full load) 9T Current, I'; =92 Amp.

92
Full load 9T Phase Current = y Amp,

_—.‘____‘
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A .‘-

At farf oifat (Output power)
4 % = « 100
' R = (Input power)
fafaree wifem = foofa wfe + ool af
Tl wfem
= - x 100

" R v o |
Pﬂut lﬂﬂ .

2
Full load Wﬁ?{ﬁmfﬁﬁs:;x{%} «0.13 lL

=1100.23 € {
¥ Vet ol = am af + B T ‘
=1100.32 + 2458.75 |
= 3559.07 9 |
. 7% &% W @2t Qutput = Full load input - B AFMl
= 62500 - 3559.07
=1532.46 91
¥ Output = Rotor input = 58940.93
(d) T2 a1 7ifat =S « Rotor input
=0.026 x 58940.93
=5132.46 9
(e) Rotor output = Rotor input — Rotor copper losses f
= 58940.93 - 1532.46

=57408.47 |
=_Outpnui: <100 = 57408.47 < 100
=91.85% Ang

'Rv1 HYex @) 2w B TET (Efficiency Calculation of 3-6 LM.)

| ftemar (Definition)—3or Szt a1 el ot 7 (Machine) %1 28 39 frfa (Output) 7y fy
7 (Input) 51 3791 (Ratio) €1 &1 38 391 Unit T Percentage & Fr=1 Wa & =ra fea sy g..

l
|
|
1'
Input 62500 ‘
|
[
|

TP W AW, s Wy

4f& No load W Stator # T Tf¥al &1 W 7194 &1 7@ e wiaer e (P.)
PDm’

T = x 100
Pg + Wy + W,

4

FETEA0T 5. 15 HLP. 415 V areit firsen Sor @t &t No load %vﬂaamammgrﬁﬁmow
& it arareeg guis SHeToT GRY WTE TFAl 1750 W &t HreT @t Wi ggat i sl
ga-fem d fF Py, =15HP =15 x 7355 = 110325 W
W, =1000 W, Wy, =1750 W, nf =2
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_ e o e (113
w1 i No load & Rt # o wifral Fvg & 7a e oo virex #1 e wferw 2aan
oon = Low x100 _  110325x100 1103250 _goc +

Py + Wy + W, 110325+ 1000 + 1750  13782.5

ZTETUT 6. T 5 HLP. 415 V 50 Hz areit fraren Wizt @1 got w97 Fmifia i 1140 r.p.m. &1 ik
7f No load test 74T Blocked rotor test T Gzt i ffase yifer wvr: 300 W @91 450 W wrar il
Tt &t gEea ga §E, Slip (e ) 7 2w & 3@ S i ¥

Ta-fea §-Pg,, =5 H.P. =5x 7355 =3677.5, f =50 Hz, N =1440 r.p.m., W, =300 W, 1]
W, =450 W, P =28 =% =

ﬂﬁﬁlﬁﬂ{ﬂf ﬂﬂﬁ'{ﬁﬁfﬁﬂﬂ"ﬁ 1440 r.p.m. %WWWNS = 1500 r.pm. i 71 T

# Trasd §E S §& (Number of Poles)
p_120xf 120x50 _
Ns 1500 ;|
s-Ns-N _1500-1440 1 ., 4
o[l & No. load T Stator H T wifal wmva § a firsen oy X i e wiowd <&
T8 %o(y) = — 0wt X 100 4
PDM + @y + gy, ’4
e F L0 S T =83% (Approximate) ""-j:_.' !
3677.5 + 300 + 450 rd'
1.15 ORUT AR B y-Frozo & Rftwi §
(Methods of Speed Control of Induction Motor) ’a
0T Hiex T Tife fEET (Speed Control of Induction Motor)=friReit Srw \ret, fee &m0 v Hiex \;
Y

1 it feer i aeit wiE 1 9ol @ie W3R e #i afa f@e (Speed Regulation) 1 5F Wil 5% §
9 & T 21 o= a (D.C) 1 i 3w wiwde a1 st ufeld 1 U R &5 8 (Field
Rheostat) B0 a5l & FrIf fFan o Tedl ¢ ao sue! 2am 0 o ¢ fai woe 6 vl €; 0 98
o Hrex § gevE T8 21
I Hret e Fr et wien € o Tl gua W F wWiE IE g
HieX ®i 1 N = Ng (1-8)
N2 e

W& N =Speed of rotor in r.p.m,

Ng = Synchronons speed in r.p.m.

: IR Ao J T € 5 smafa ), g9 (P) a few (S) F witaffa = € o 31 vfa 1 v
W T 1 3 o w5 F6fe ®) FrefafEd weR | 2gen o v )
Speed Control Squirrel cage Induction Motor

g)ﬁﬁaﬁmmﬂ ¢mmmﬁnﬁﬁawﬁaﬁammﬁfaﬁimﬂﬁiﬁlﬁuﬁaﬁm
A E-

Fa il tees o b b e i e b,

e e s R It i
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h) Sx = wffE FYE o™ {By using multiple pole stator winding)
Gi) S5 5 wis29 715 (By changing the pole)
(i) 7 ¥ v § Teaaq (Pole amplitude modulation (PAM) Method)
B #‘.numﬁwﬁaﬁ?m%:—3~¢mﬁaﬁéaimiqﬁqﬁmﬁqm ;
=R ffmfaami- bal
i) Thyristor voltage controller L
(i1} Triac controller I
{iif) =755 & W=7 (Variable frequency controller) :
{a) Voltage source inverter ’ |
(b Current source inverter |
(¢) Cycle convertor i
Speed Control Slip Ring Induction Motor Control

{i) Rotor resistance T Slip change Method. é
(i1} Czsecade connection. ]
uni*‘?ﬁﬁ?’%"d(emf}ﬁ‘m&ct&d#ﬂ’ |

Ui @ wed agead (Changing the Pole Methods)-ReX Wi #1 Hem & ficfafag mﬂi
. TiEds few i £(2) e 9 7% Winding WM FT (Multiple stator winding) (bJ‘ﬂ'ﬁ'T{Qﬁaaqm!
(Method of consequent pole) (c) 91 % 374 & Wited ¢ (Pole Amplitude modulation) (PAN) |
% 3 Wmea 5w Cage type motor H 1 W11 § Fif Cage type motor ¥ Rotor & 3 Pt&r
Tt T Automatically stator pole F1 & &l £
(a) BZT T FF aiiien s:mgaam (By Using Multiple Pole Stator Winding) —Eﬁrﬁﬁﬁéa‘
= 2 - e AT & A Ve (a1 S ¢ 91 2 S mpoiem“rma:f‘aqsmtsaﬁirﬁtrm
a7 3 U e 5 S50 (Energised) 5 w1 €, 7 foran o v Hiee # 6 st 4 'ﬂa%mz}mﬁm
&7 Fd 50 Hz %1 #yfd & fefq gedaier® (Synchronisation) T 1000 R.P.M., 1500 R.P.M. .
%z 527 5§ Full load slip 71 57 5% & 78 S 7 #5909 950 r.p.m. & 1425 r.p.m. it 7g
& 75, mmmwwﬁmfaﬁmmmmﬁWwémﬁmﬁmm

{b) U= & uftadq #7@ (By Changing Methods of Consequent Pole)- ~Consequent ti‘la‘q'ﬁﬁl
R 'qawmss?ﬁfamﬁramﬁmrmﬁfﬁ’rﬁwmmﬁwﬁwquﬁmﬁﬂﬁmm
s imw'&p{g}mzﬁmﬂmmwélWmmmmﬁm#mmqﬁaﬁ%mi
Lol mmmmmnmﬁmﬁnmmamwﬁﬁmmaﬁm%agﬁm}mﬁz,iil
B, A am |
| T % 0% Phase #1970 796 1 914 4 Coil A GF T@ N GEHA LI A - B ARC - DAGI,
 ABE famm Coil (1, 3) % ¥ F1 st it 98 S §1 99 C - D w@n Coil (2, 4) 5t sen gt
ZHiEE A, B, C, D3 fram m & w9 H 2wt @ 916 o ) Coil W6 #9161 e 41 aw i b
'.dvurc)ﬁn:ﬁmhmwin ‘ i
i
|
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Fliass group AT ——TR—— b
|
Co— TR —— T —— ¢

Series group of connection

a
¢ o
d o— Parallel group of connection
R 1.64 Connection of 4 pole stator winding  Rrr 1,65 Stator & Phase connection high speed &
fae (Pole)

w1 fif S % Connection # T2 2 5 Number of pole %1 #&1 4 71 Frequency 50 Hz # 73
Synchronous speed = °H

Ng <1207 _ 120 50

=1500 r.p.m.

Consequent Pole

P 4
2 3 4 .-
.——
S N S N ¢ 8 N
(-
£ . i >——

S

N N

7977

Connection for 8 pole
f2r 1.66 Stater winding connection of 8 pale.

3 IR WYE @ - b % Figel (Coils) & WM | G/ F1 M A Reverse FT 2@ wmq @ &+t Coil North
(N) 5al 1 3 i

e 8 ] 0 A % (0 o TR & WATE AR & A (o e 8 e i) 76 W 36
|E1 Space ® fawdia g8 (S ga) & Trawiy Fal & I F €1 W& W gai 1 vftomi g1 w0 5w &
9l 5 wEel F qern | 2 T g € i 8 Pole § 3R qeawitees iy fras vy w1 Wty

N 2 120F 120 x50
S p 8

Iy fogra T Jr et & W @ Phase 7% 9901 9 6% 1 W% Phase % Coil W{E ¥ 419
T A AR FE & U ITGE A BT W TS Phase T WREd % @9 w1 w3
FaH F) Friat =i darer % T e R o v &

=750 r.p.m.
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dga w1 —
ﬁimﬁgn‘emmwﬁaﬁﬂﬁ'fbm

ucﬂmﬁqﬁﬁlﬁﬁf*m“ﬁ'aﬂ'{m.

firs % ol i € %
A= B

6 pole
12 pole

Torqye

C B
High speed (6 pole) (@ Low speed (12 pole) (b) ef vkl
Ne= 2208 120 » 50 Ne = 120f _ 120 = 50

I o— lmﬂ I'.p.m. = 500 I’Ep.m.

P 6 P 12 ‘r

féra 1.67 Speed torque characteristics of motor |

(iii) Ui & A °§ giadT i (Pole Amplitude Modulation (PAM) Technique)- |

amplitude modulation (PAM) technique Ut 1 9w %1 & Flexible faftr 1 so wwim o

g 3 7 & ivas fea 91 €1 Pole amplitude modulation %1 3 & STER T fadv iy

o S F PAM HiEt F 9 H 59 9 8

78 & 9 3 % fawin fgwnsd 4 Torque mmﬁﬁ%ﬁamﬁmﬁﬁmnwueaﬁmma

T T Pole 5 2 1 731 foar o § v ot it o1 et vt o =W s T % 3k sy

FraEER Space T MMF &1 01 70at 211 1 |

@mﬁmamm%mmmﬁmﬁﬁrawwmm;

mﬁ;wafm%mmén ﬂ'ﬁﬁﬁiﬁaﬁ Coil inversion 71 5 i &9 Coil omission FTmam

m?niﬁrﬁfwmlﬂhm % Winding F1 fawifera & amif 4 w7 §1 Figet % wraeir 51 faftr g v
Phase R Current F1 Half 71 %2 % 90 % fom %1 362 (Reverse) F0% fiar < |

|

1 3 5 T !

| N N N N ‘ |
) ; (a) j
S S 8 S | 2= ;

2 4 i 8 |

| + |
— :l o (b) |

7] I : |
Nl [N V] [W] |
8 S8 sy 2a el |

!
l
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| N N N N _
S 5 S 5[z @
| + - \|
0 m — [ 2= (e}
| v N | N
s 5] [s]% -
firr 1.68

Pole amplitudes modulation ﬁ'@ﬁﬁﬁﬁ? (a)d fEEm M E o 5 ﬁ%ﬁﬁvﬁﬁ;ﬁ
wifz F1 et MMT %1 fe@rn 71 2, 2 95 51 Modulation Fi fa3 5 (b) frars w2 fam8 Modulation
wave & TEHTETH Y =5 T e yEt # a5, 6,7 A ) i nfRdm i wm o e 3
fidien (Dotted) fe@mn wa €1 fas § wiomdt Pole %1 5541 6 71

Coil inversion #X Coil omission ol fafe 5 o 5 vF 5 =t e & e T fes
Brgr a1 & S I v e e e ey v e o i wRd A mAn H e A R

farst (a) 3 fommr 3 forw a1 et o o0 0% 22T Pole 31 414 3 32 sha 91 s Rmamn € 3t i
viad, T8 3 ad Fied F) Ie 69 5 gan § 30 fem a §1 79 vy vE 9es § frmam @1
et % et (8) € it weifed g (6) §1 PAM apfET =1 4w fwimand =% £ fF & s A 9 W j 7
Sifrafia grar € & < WA e § 9w 8 92 @9 €1 9 fi § 9 Current same direction %3
Reverse direction ¥ €11 81 Current Reverse 31 W& Modulation ¥ a7 ¥l # SR 3em-Sem %‘%
Pole %1 ddler <l & wrafh Hei % Phase 1 Star 1 Delta # 59 fem = v 1 Jaen ¥ 3 fawsg ;-:15'%
YA Phase ¥ A1 WY 3R AU F49A F 419 TIAR F9597 Phase 5 919 0 Torque H90H i
Tt e iy 4 AftuEe Torque AM@E &g 51
i St W e T W €1 R PAM TRw | X {!
Swm G, wew sty grE A fEmam & v\ 1

e diee Tl UEnT &Teh (Stator Voltage 2':' | Va b
Control Method)—3-¢ Phase induction motor & ; Fan load f.
Supply voltage & 9 § Wfedt s A H mfad £ 1
ftada frn o1 W ¢ K A€ =T Induction & |
motor & Starting Torque =1 A1 Supply Voltage % e §
¥ Square B % 3t Maximum Slip %1 5H Supply A |

nanany

voltage T ﬁﬁsqm;f:%% ﬁiﬂ;ﬁ'l:[rque speed Speed in R PM.— i
characteristics = % Suppl - E
voltage ¥ 9ftat= # Fan load % w4 foxt lgg % | SO 40 Spand-Tompe. dmcibisica i |
Wil farm e 2 b 11

fer Ferer=ron S St Y SET- T T W Foray e & 9 o 26 e ¥ o e Torque
Desired 7ft féerfia 78 8 9l &, 36 Developed torque 15 ST Voltage % 1 ¥ Ay ¢ 3R B |
Current vullugeﬁimﬂqﬁﬁi'ﬂﬁﬁﬁlﬁ?ﬁ %Im ﬂm*mﬂﬁlﬁmmm%l g @l 3 I-.i.
STl & fery Iwegea & el i 36 T EE Torque 3 it 3 & S 5 W Fan load ¥ e a1 o

fem 0 oo & i 8 TR Load o fegdieg =i Speed T WA T TEA Rangeﬁ‘lﬁﬂﬁﬁﬁlﬂnmil '

7% fafir Feet Normal speed ¥ 7R F Speed T 0 w0 ¥ fowg fvm s #1 f. |
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Thyrister voltage control

L/
X-inductance

A.C. series motor

I-4 A.C. supply

ferm 1.70

|

|
Thyristor voltage controller-R% dww fram #fos IwE @@ 2 GIHT J
Intermittent HEIEH F1 STAaw il ¢ | 7% afty U@ =1 ¥ e o fore, ot S et € e wire ag,{
crnmmﬁmmilmwnmnﬁmmzﬁaﬁwm%aﬁh%ﬁm

T e F WY T aleew & WY W R g

f&¥9 ¥9 | Single phase % U ER sER F 9w F >
Tfa fgaw & T Variable Voltage, iﬁﬂmm@ﬁ
¥iFe 3 W (Inductance) T SgHT 1 32 THwT
= TE w0 W T o wea g

&d; e Thyristor voltage F=w o =9 § 2
Qmwmér&nglcphaseﬂm%mmﬁ = po
TOAiAT (Back to back) ¥ 8 Thyristor 91 fe@rn ma 21

7 9§29 WX & faU @ 918 Back to Back R 1.71 Thyristor voltage control dlﬂam‘

connected YT 71 FAVEA 8 &, YIF Phase i
UF WIe) Gt 1, UF WiEl 36 Phase % Voltage 1 Frifim Ftar € frgd g8 (21 €iam €1 Sped

fd o Thyristor & 3e- e e Safd gr o fFar s 81

hase A.C. supply
et

Triac controller—¥3e Fan motor S T el % €1 € el % Triac voltage mntruﬁ
0 ffm w1 w1 € a0 f o (1.72) ¥ fe@man 7m0 81 Speed %1 Control Triac % AT~ T

U & I fa 9 #1 9 Controller &1 ST W Hifes Rz 9 T &9 F o 6

e o Wi framE Sewe afts wam ¢ it § sl s afts e
Triac controller

MTy

1-phase
induetion
molor

1-phase A.C. supply

fert 1.72 Triac control method
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_ _ Pemrmdw @

st gftad (Variable Frequency Conrol)~Induction motor 8 Synchronous speed %1515
e

a7: Induction motor 1 Speed F1 T Frequency 3 uftad= %7 Hizt =1 fd 5 afiae fim = 21

Induction motor % Iy ferega 9 79 w1 oA
E, =444 K, [ 4T,

afg Air gap flux ST HA Sameﬂ?ﬁlSupp]y frequency ﬁmﬁ%mﬁﬂﬂm?ﬂﬁl &
et At @t it # wfted fran w2

e (Saturation) 3R Loss #1 F1 %11 % e Motor F1 331 % T4 Fiem-3iem 2049 Voltage

{

i I 9g Wmﬂmmm%aﬁmmmthﬁmmmmﬁm

firda (Control) % ¥R Wi FEaT Voltage % 9 # 9 o1 21 Variable frequency 1 374M %t
T TH T Tzt Sl Voltage power source %1 SE¥ddl Bl € .

Variable frequency 1 W fr=featad fafa 4y fem s 8- : ‘

(i) Voltage source inverter (ii) Current source inverter

(iii) Cycloconverter _

T& Inverter fixed D.C. voltage FI Fixed 91 Variable voltage A.C., voltage vanable frequency
i e el ¢ 7

T& Cyclo converter Fixed voltage and Fixed frequency A.C. % Wi =1 Variable voltage 74 3
Variable frequency & 9ftawi= =t 1 {

et wiedier =1 T SIgeret (By Changing the Rotor Resistance of Slip)—U2t 9its 5 Siafian
wfertrer Fe TIeT 1 ey weel w1 wewd ¢ gafad ae fafa e fem i dm A i e )

LSTTee 2 S ]

70 i 3 fer e Frafeor et e i = wdm 52 s & e | 7w faf e g w9 :
F amifer feirefes frm fafy & w9 21 B
£ 3

#d: Torque slip 949 T« —§=; ' :
3-8 Suppl * | 4 |
o3¢ Supply L)
o %
Starting rheastat ' ?‘ }

and speed controller ‘@' ;

- . i

| | i}

= Rotor 1 il
gt 4

7 Collector ring kl

- Stator Q ‘%

. Rotor Rheostat control '§ff

forr 173

{ }

1]
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i N=Ng1-8) |

a: fom 7t s 7% R Slip S mqﬁﬂawﬁmamﬁﬁtmﬁlmmmﬁww%
& fordt dret it R, 9 Fee fier 1 derm 1 v €1 39 wER i i aan e s R R
et 7 N W Il 8

mﬁ;ﬁm gmﬁﬂqﬁ%ﬁﬁnuﬁ%ﬂnﬁﬂﬂammﬁﬁ(!&@maﬁﬁ%ﬁﬂ%ﬁaﬂh
HE Wt Bl |

%wﬁﬁﬁmm(ﬂamﬁm)m#ﬁﬂm%mwﬁﬁwmﬁ%Wi
FaT a7 9 (9 & (A g i # sfiEd Fen e e fm a v e Wﬂﬁlmﬁﬁmm

1 Wil T Wt §Ae e i ST (Speed Control by Operating two Mot
Cascade Connection)-59 faftr § <1 Yror gt aﬁmﬁﬁ%ﬁaﬁwﬁﬁﬂﬁaﬂmﬂw
e ¢ 3 S Het i w Y Cnuplmﬁ%ﬁmﬁﬁﬁﬁmﬁﬁmwﬁmm%
et waa fie i e w4 WerE e Squirrel cage type T e Wi € W 21 i

W%Ammﬁwmﬁmmmﬁmamm%mmwh
HIET A T2 9i9s & W < A &1 e Hiet A F Rt e U e g 1: 1€ ey
feert stereen # en et 1 A w0y e € wa et fsr o 3 red e, STEA S & W
forms VTl Harem & sl W Hiex & v g ¥ S-S ST 91 w6 ;

L | Busbar

Iy, A

Motor A HEERE )"" Motor B ] L

Coupling e T R
fer 1.74
T YN I WA W W e YR Qe o w6 -
(i) A T A 9 W @A A 7k of <o o1 g €1 79 feafe e et A 9 e
Nsﬁ’—ﬁ-”—’-ima =T A FRAgEE

A s

(i) T 2T B 1 o TS A & S Sedn o e o) 3 feaf # 7w det 9 ge g
w1 &7 #1 7 feaf 1 e et ) qeaed 1 N ..lﬁ—”fampﬂ B H R H gl |
" |

(i) et feafa % 21 Hredi @ Wt @9 4 (Cumulative cascade) connection & mi

54 e i € Hret 3 wex & 1 91 T (Phase Rotation) T & fewn 3 €1 5 webr wivr 28
e T N = ol |
P4 + Py ‘

1 S He s el € e 3 U e e A ) et v & ) e e v e €1 g

A % sfa, T argfa & nd A dre s g wifE fem 50% R drg s AR (f, =S |
1

L

N S ——
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o T
N = Cascade Connection = wfy
Py =T 950 A % o o
P2 =mﬁ33%ﬂﬁ3ﬁm
Ng =T R A T e vy
Ngg = W I B 9 e
f =W 5 = st
Ny =T 3 A 9 v oy
Ny = e A1 B F W
S) =& 9T 4 ) frey
S, =Hﬁmai"i12'{3ﬁﬁ&"ﬁ
T e el M N, < 2
¥
Nl =N5,1, {1"81)
A PRWRAS Gy
Nl=12_ﬂ£(1-81)
5]
6 YR TEEF W B ¥ e 3 iy
_120f

N2 —‘E—);L(].—Sz}

%ﬁﬂﬂ%@ﬁmmﬁmnupled}%l
N, =N,
1207 (1-8,) 120f S, (1-8,)
P - o
(1-8,) 8, (1-8,) -
Py i Py i :
P,S, - P§,8, = P.S, - P.5,
%S,Saﬂma@mﬂmmﬁaﬁmﬁmmmé‘-
PS, =P, -P_S,
PS, + P)S, = P
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(122 dga wefre1l —

S] (P‘+P2}=P2
P2
5 P+ Py |
m% INFIENS =N=]20f(1 '—S’} |

1
1201 ( P,
N = 1
P [ Pl"‘P2]

1201 (P, + P, - P))

PI P!l + P2
_ 1207
B Pl + Pg é
o T s e R = L e e 1 o T 8 |
1 2

aﬁmﬁmaé&mmﬁﬁtﬁaﬁﬁmhwammﬁaﬂaamﬁw%
T

107 oy 1208 o

i 2
T T ] B T
— PE
*" P -P,
N = 120F
P -P

A et o e 4 B o N = 2L sl e o e e o af
1742 !
gl ﬁ

l;ascade % HUA 9 (9 99 79 @A § HaTed 9@ (Ventilation fans) 1 e # A
1G]

Cascade fafer 3 gt 5iet i savawa1 & sifoftaa wh 7o o 7e & i i el & ford gram o)
T T U € P FE G0 TR (Wattless) Bt 2, vaferg 75 wiw 7o # dw aw A 8|

T e e o 3 0 o 74 Qe ford e 2 e e v v § 9
T WX 1 AU F9 g4 o 5

TR T T A Z 7 A Al e g w1 fier 3 g @ e # o v el
e F) fa A qerae T B 9z w9 96 o f) ,

RO 1, %0 A A, 50 He 400 V §2aT v i <praraiter g ot wien 4 e 6§18
T G YI 37 W12t & qedanTet faal i s

TA-HITH WA F Fwia frefafa ) g 1w S -

w
1
120 '
Ng = P,f P,=4,P, =6, [ =50 Hz l
i

i

1

i
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- o e s @)
w B
= ok =1500 r.p.m.
120f 120 = 50
Ng = = = 1000 r.p.m.
S' Pz r.p m
©120f  120% 50
N53 = P =
, + Py 4+6
= 120 x 50 =500 r.p.m.
10
Ny, = 120f _120x50 120« 50 _ 3000 r.p.m.
. P[ -P2 2 -6 -4

= —1500 r.p.m. Backward speed 5 ==
#d: Cascade ¥ HaeH ¥ frfafaa 7fa (1500 r.p.m., 1000 r.p.m., 600 r.p.m. Ng = 3000 r.p.m.)
1 fe W 2l
FLTVT 2. T 4 pole TATT 20 pole i fra i Hiex Hadt Wt (Cumulative cascade)
w A HATA § | AfE TS TET S 3Tgh 50 Hz 318§ A Wi §eaa geaate i e ®iad

5 P1:4,P2=20,f=50HI.
4 Y9 STt HIZT N AHe o T g M
120f 120 x 50
N — = ﬁl500!’. MER.
°7p 4 .
20 53 A Tt T ST T T gedsHen M
120 % f 120 50
Ne = = =300 r.p.m.
ST 20 .
e e <o e T e # geawe M N, =f° "Pf
1+
_120%50 120x50 o0 oo

4 + 20 24
FEMEAOT 3. Teh Wi H2 F 51 Wt A 7 B € e ga s 8 7an 10 §) Wer @ 50 Hz @
TGS TgT ¥ Waitea fenan wn ¢ a9d
(i) § Ft g 7 =it (i) afs < &1 Input 50 Kw § &t Wrex B &1 wifes 7 ®ifad)

‘ o
T-~(i) e F geuwed T, N, = P”P‘; . li 1:“ 3002 pan.
A TLB -

(i) 31 Hiedi 1 Output 34 a1 & I J g

2 12 | 9l "zt | Qutput = 50 x 0
P+ Py

12

=50 x -1—: 30 Kw
t)u

-
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¥rer uftew # e s T
Cirﬂim-mfaﬁiﬂﬁﬂﬂﬁa?ﬁﬁﬁtﬁﬂ
Pyt ¥ 2 Y (Start) T §, (A
v for @t whiedy 1 &) T e.m L Phase chikk il

J-phase supply

Slip ring

Main motor A

011

Coupling

Scherbius machinge

Motor B

i femmasa )

181]

.?ﬁ

€
Regulating .

transformer

7

& 1.75 EM.F. Injection method

| TErEiE S d A.C. voltage 1 WIH (Apply) F10 B
wzﬁm%w?mﬁm %rmﬁv&a‘qﬁirzwﬁwﬁ ﬂshammmmmﬂzvﬂuﬁa@
wE T E 52 53 0 W w i e # 7 (Fn ) 2 T e e '

Vﬂjmg‘: ‘Kﬂlj’

fez1.78

2 Injected voltage %53 Rotor 8 277 T T v Seox -
- e 20 77 F Opposition 1 71791 72 Rotor 172

aggi.ﬂ - EM;‘ * I:m f!fg * Jle
BEyy = By + Tl gy

Injection s e Frdsor {Emm

fq-:ﬂ"ﬂr ‘.
s s o, R 5 oy SR 3 2 O

%ﬁ:{‘

!

|

N 12 97 Poregey s

1

AT % Ter A v
(i) 7 Injected voltage F19H Rotor # 2291 e a19% 99 % Opposition H 9173 79 a3 46
SE ‘
!2'&? = R ":ﬂ
2+ JX g
Ry Ay
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129’!3.';' iﬁ ﬂﬁﬂmm nr
§-Zu
Ez,
% E,,, T i Poritive 81, 39 E, T B Positive 7 7 Slip 51907 Positize Y00 770 70
Induction motor motoring ¥ T2
771: Motoring mode ® Induction motor % Speed T 9 Synchroneus speed B B T
18=t
B
77, Injected voltage % A1 4 95 %73 ¥ 7 Slip % 73 W # Pl Gpeed  Control o o
ez kg

N =Ny (I -8
(2) Izg Fy Jr e’
O—— MWW T —0-
é Einj
o b
oo 1.7
72 Injected voltage F1 Polarity %1 97 Rotor T Additive polarity 1% 79 Hotor % [nduced
voltage 1 9 Injected voltage % %2 8 7
KVL 1 Apply FA T
SEy, + E,,, =I,(Ry + jX )
SE,, +E,, =12, 1,Z, =0  TETAT
™ SE,, + E,, =0
SE.'H) et ‘Euu
§ =L
Ey,
Ew
By

am: lm Super ssyncpl:anm T E TR T T T Mode S Slip ¥ =3 Negative ¥ fams
Motor %1 Speed T2 AFMI
N=Ng1-8
1.16 BIEE X TP UWE (Harmonies and its Effeets)
@1 @3 ooy HieT wave & smite eniftes @ e

(Effect of Space Harmonics of Three Phase Induction Motor Performance)

#7 %2 7227 Winding 20 00 v 7 v s w2, nrEmrm m e 1
wfrr ity favm & e W @ 0 T v e O Tee B0 TS ¥ o3

Scanned with CamScanner

|.,?'H-a..‘1 T"|~ O

&
oty

S T 2 ) LI i e

= S s bR

e e

LGy b e Sl




S i
mmtm%mm@amﬁﬁmmﬂeﬁmﬂqmmm% -
TR te § o s (2.4.6) Wﬁgﬁﬁ Tl U& Non sinusoidal m%m‘m
3 7o frew il 3, 5, 7,9-.mm#mﬁﬁmmmmﬁﬂhﬁ%ﬂf
R ) e e T G T 1 SR T gy 1
%(ﬂ\%ﬁmmkmwﬁ?ﬁmmi}mﬁfﬁm#mm*w‘ﬁﬁﬁhaﬁw% :'
TS Space # Phase 3 120° 7= 8 §1 Space TWHIF FT H IR Winding mn;:q i
R, g e 3 s ik & 2 e e 3R 2 e e g
52 5 1 e A Current T e 1 T 4 5 o g
SR 8 (Noise) T 37 w7t &1 %

.

TRITE % 5% (Production of Harmonic in J-phase induction motor)—3

_ -Phase i £
3 Sinusoidal current ¥ Air gap ¥ 7 TR WA gy
H=6K 1
. WET T T 1 g Tl 1 geqeere i @1 74 Fundamental Wwave ml!ﬁﬁt
. ba s HYR
. hﬁmmwmwﬁmﬁw%ﬁlmmﬁﬁx+1ﬁmﬁkﬂﬁmﬁm~w-;
4 fundamental wave ¥ fawim fowm o gwer § W S WA H = 6K -1 8 "‘l
57: Forward direction # Harmonic 1 ¥H =6K + 1 :
b
Torque Unstable frtabte ﬂ

is
T | i

ferr 1.78 Torque speed characteristics of a 3-phase induclion show of space harmanic Torque. 4
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afz K =1TAH" =6 141="7th
Space harmonics F1 K %1 91 Wave ¥ Pole %1 931 ( Stater ¥ ey %1 o KySammame
af: Space harmonics T IR T W

@) =Ns _ 120f
fis 152) H H+«P
el f = Supply frequency
P = Number of stator pole.
H = Number of harmonics.

Fundamental flux &1 Rotational Speed N = 122{

e
.

o B ol o i

I e R I W T, S

e

e i i o

7th harmonics ¥ Rotational speed = %{ = &

Backward direction % Harmonics 1 99 H =6K —1
=6x1-1=5
120 f Ng
P 5

4 greifferen 37ERct HIEX & HAeH W 9ga 9 W94 S €1 Fundamental flux 12T % Speed torque
fersramatt 2R W= Si AwE T ¥ it vaw B 1.83 3 e & weE AR o o
Torque T & HR F TIH € SR €1 €1

<f UiEE IS TEE U % YA & favda fom § e #1 W= Harmonice torque
fundamental torque w1t s g = W= | gl i e o #e Torgue RS FAR
Fundamental flux harmonic flux 1 T4t faen § qor ¢ sofo @d et Induction tarque,
fundamental ¥2% 1 Torque resultant speed torque I S1gd & 97 & wrad SR AT TR
fergraaradi &1 ST B S 7 o 1.83 F framn T #)

mﬁWMﬁamé,wmmﬂ;ﬁ%m ﬁwmmma% ¥

mﬁ%n%w&f&mnﬁﬁami@mmﬁmﬁﬁmitﬁimﬂﬁ%mm
TR 3R Load torque ferdrumnaTi %1 weffia #tan 81 Induction motor ¥ Torque Fa& Fundamental
ﬂm%mﬁmﬁaﬂm%lﬁaﬁgzﬂnﬁﬁmﬁt Load torque faRoamsil SR ST i ( Torque ! T3
1 W 21 A gl S Torque T S9Tedia % HRY SIS Torque ST ) Taa w7 €1 fag A
T A GRS were F 918 Torque F1 11 F1 Stable torque # it it =g 3 F da @ ¥
T Motor torque 3 1=l 311§ | S8 S7ereay ® W 3= qrary i w9 =18 980 o 761 i & et o

el WWW%W%%I
st famg A ¥ e i w Wi e vl N 3w a5 feanfa | e 9 i e
e T e e W sTame B 3 S §R W UM (Crawling) ¥ AR X 9E W@ 81

Crawling & \F %1 yred 30 el enifs F 9 1 59 06 90 9 ¥Fa § 9 Chorded (3 |
Short Pitch coil) %1 398 & Crawling ¥ w9 #1 F7 fFm w1 7% &) 4

5th Harmonics %1 Rotational speed =
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117 o R a1 Ry v v Pufor x
(Specifications and Ratings of Induction Motors) i

m%%ﬁﬁ?ﬁw{&mgnﬁnngﬁma?mm: sﬁﬂﬁmrm«gﬁ; ]

WiRE o e R w v, st o e e P STl SRR Ty Sy

Tt Prcen 3 forg e e = R et o i i deten 3y mﬁ@?"h%{

1. Rated out put in H.P. or Kw g 1|

2. Three phases . e l

i
1

3. Frequency in Hz=f

4. Voltage in Volts =V {
5. Connections, star or Delta, Y or A FF
6.Speed in RPM.= N 1
7. Type-squirrel cage rotor or wound rotor.
8. Type of Duty-continuous, intermittent etc.
9. Poer factor

10. Efficiency

11. Class of Insulation

12. Temperature rise

13. Full load current

14. Pull out Torque

15. Slip

16, Conductivity

17. No. of poles

18. Efficiency
mmmmammﬁwmmmﬁmmwmmmmw

T TR e  fo g g i Freffo a6t €1 et Seor drer 9 Yo sy

@qm&mﬁﬁmﬁaﬁﬁwﬁzww%nm~m15*12360—1988%mﬁsm’
2% e w o fauh w0 £

Name Plate of 3 I.M.

{5 Cat No. ....coceeeeivrnnnnnns Part No. ceeveeeiinvicrimasns [

Power .....ccoresie0eie H.P. Kw Insulation ..................... 3

Enclosure ................... .. Connection ..................... l

Hz .o, Duty 8 e,

EROY ..oooseciimorncsosios WHEY s rscssivasminmate Kg

BPM. ..l ittt [

€S Grorevrarsas Fovir it AMP oo, L

Year Manufacturing ...........ocov.. 53 88 N O

Made in India ..................... |
i
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i Tt i wErE Yo w6 e 2w den i Tk s AR e 9 A
31 NEMA MG-1 % 3@R 415 Volt, 3.3 KV, 6.6 KV, 7 11 KV a7 3w 50 Hz o w=r% ozt 5
Ryl 3 STEN B e

1. 3-Phase induction motor & HTE A9 F TN 1 FHATI
2. 3-Phase induction motor # induction ¥4 g1 W 27 froi ES=r
3. 3-Phase induction motor % Slip, Wfewr few v =gy & froph fafam
4, 3-Phase induction motor % fafa= wda =1 afew a7 Fifw)
5. 3-Phase induction motor Fit 7ifq % friam % faf= faf 1 == =i
6. 3-Phase induction motor ¥ W faf=T W % Rotor #1 ufas avfF iy
7. 3-Phase induction motor 1 =g (Start) F1= F1 fafirdt =1 7@
8. Double squirrel cage wound rotor &I %74 fafl TogmEy o o= W W i)
9, 3-Phase induction motor 1 T & S0 95 Hiray)
10. 3-Phase induction motor %1 W4T =i Haffas: fem s £7 w125y
11. 3-Phase induction motor ¥ YRS o9& 30l % §3 F1 =grra H1 Hifaw)
12. & Induction motor I W] H13 & fa =t it s €, G oo =23 ¥ 1ol 2 2nfl = 2o
Fifew T8 T & I9dm s o, 3 R HeT | 2w T S W w0 @ e aa)
13. 3-Phase induction motor T WiH AWy faf= WE R & W0 92T F A G009 WaOoE 7
STV 3 SME T GET i)
14. 3-Phase induction motor ® Cogging, Crawling 741 Harmonics & WWI= &1 I94 #iT49)
15. 3-Phase induction motor ¥ Stator T Rotor field F1 &vA Hifaw)
16. 3-Phase induction motor H ed vy g RO G I g Hira)
17. 99 %= Het W feat i wllem (Blocked rotor wstjmﬂmmmm1mqﬂmﬁ
THed Wi9Y % S-S ¥ Woe! (Parameters) F TOE 9w # SR EE v #
18. T et 30 IR F 2 T S 4q fhY AH ST ThE A i)
19, & W A9 HieT # No load test 31T Blocked rotor test % faferdt %t wagmw)
20, 8 %9 Induction motor B 3091 96 Y F o5 i Il Al
21. 97 %9 Induction motor T T a1 STl v a3 witaw) 96 feat man sfter &6 F wJrza #®°
TR FHIAU) 3R 39 9% T Yol o WA WEdA ¥ R v i s @ e st
22, T % Induction motor % {7 Speed torque curve 1 o TArFT &= Tz vl © Curve &
Tl i ferererm s
23, T %= Induction motor ¥ fr=fafea 1 wrdrem Sisme-
(i) DOL (ii) Start delta (i) Auto transformer T FH Torque current (starting torgue, full
load torque, starting current, Full load current) ¥ W= 51 fafay
24, 3-Phase induction motor ® Rating & Specifications T STEAT HifaQ)

Scanned with CamScanner

T Ll

Ty by
.

et il e e G i

R S S PET

.\._;\t'_LA-—_—. W= WP TSy 1Y
STy PR S, -

e gk P AT )

s Ty el

2 e A St 5t

D, Em e L et St T Ty | i




e well-I0 \\
25. Induction motor ¥ Rotor Resistance (R,) & gfe # Freifed w0 e sifere- )
(1) e w1

(i) SRfeN =@ ol
(iii) Fe=am o el
(iv) o s fl
ilE a9 (Numerical Problem) .

1. T 6 5 50 Hz firsem 2o 9122 970 r.p.m. Wiﬁtﬁ{i)m(ﬁ]ﬁaﬁﬁﬁﬁ%%ﬁ
wifen- ‘
IW-3%, 15 Hz B,

2, & 3 % 6 pole 50 Hz W01 H1ex 31 I wftrlie v whtema moer: a.nz_nmo.m%.m%
Tl T HIEE 5 A S0 SHaema 27 e A uitey F fre i ST B e R
 WHg a@ g st aw s w5 s ey :m“
FW-800 r.p.m., 0.0068 Q : By

3. G 6 I 7 ST 1000 rop.m. mw%aﬁtaﬁmﬁwﬁmﬁmﬁmmh%
el = e At 9 v 2.5% € &
IW-T31.25 r.p.m.

4. 15 Ko, 3-phase, 400 V 3120 37 0.8 Woe 4t w0 ot 1 e o v 1 Pty g
g Y
F-27.06 Amp. g

(BTup y

5. % 8 ¥ 415 V 50 Hz induction motor % Y0 %1 9 W goies a1 wifivai 800 W T ol oy

2Hz %ﬁl‘ﬁﬂﬁﬂﬁrﬂﬁmiﬂhhputﬁﬁﬁﬁlﬁml
T=720 r.p.m., 4 W@ 741 20 Kwl
6. T 1440 r.p.m., 4 pole 400 V, 50 Hz frael SRl BT 40 Kw it Input W 391 600 W I Statr
e T 21 Fffta i v wfeen ool o aifwl ) o S (BTE Examianti
-523.34 Kw
7. T 6 pole 50 Hz induction motor R X Fet &Y 150 N-m 41 T I FA 2 i 3
@G 1.5 Hz &1 7 ifaw)
(i) T F1 fq
(i1) Rotor ¥f#d Output
(iii) 3291 Tia Wi
(iv) gvfe g w1 afz v # et %190 sl 1 A7F 10 Nom 81
8. U 15 H.P. 415 V areil fiaelt 3701 12T & No load TH&or g1 e @1fal 1000 W 3t Blocked roter
test g7 W 7l 1750 W E 9 wiet ) viowe qum @ Hifey (BTUP 2018
I =80% |
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Prsem Sivor #iieR
9, T 4 pole 50 Hz & Star connected et #i fifta drezar w i fr an s Frefstan
it vra gY E-
No load T Input power W, = 254 Kw 1 Input current = 25 A (W7%9)
Full load W Input power W, =625 Kw 791 =92 A 70 =92 A (&139)
et &t fuifi 7t W = 1460 r.p.m. 791 Wrwen = wfela (0.13 Q)1 37 w9 7@ Windage
losses &1 HI 400 W B i Frafefian & vitesem sifae-
(i) 3of 91T (Full load slip)
(ii) Stator (THI) | 1S @41 (Core losses)
(iii) o= Ff&= (Rotor input)
(i) HvTer g
(v) TreT S 287 |
(vi) Tt T (BTUP)
F-(i) 2.6% (ii) 2058.75 W (iii) 59340.87 W (iv) 1542.86 watt (v) 92.48 Q (vi) 64958.75 W
10. T 400 V 50 Hz fraren fiera Sron et v wiem ¢} 3 frofafan st wa g0 E-
No load test-#1ga Voltage 400 V #84 810 5 A, #aqvi fafaw 800 W
Short circuit 1 Blocked rotor test : T1gA alweal 100 V, @& 910 15 A, Top ffa= 900 W.
T TR R0 R O o SET I S e Wel W 15 HLP. 31 91 R (BTUP 2017
IAT-ERA R 24 A, cos b= 0854, n =T96%

11. et freeita 400 Volt 50 Hz 4 pole ST BT Input I 20 Kw & 701 Slip 519 4 o & o9
(i) T = Sl (ii) T e e (i) T aw afe 2w afE e TE

12. U § §[F ATel 300 Tt & Wt H 31 e a1 a0 1 Jghd 50 Hz T T # 1.5 Hz fioe i
e & = @ ¢ 7o e o o fen 82
TW-N = 727.5 r.pm. S =3%

13. T 500 Volt 6 pole 50 Hz e o wiex gifrs wfvd wea 20 HP a1 St @ wafs % 995
< Wi e 1 f A wer 1 o o 0,87 § @E-

(i) &9 (Slip) (i) e a9 @i (i) Fo FfE2 (Total input) 3 B2zt @l 1500 =1 &, (iv)
A = A (v) Ve 5 fagm A 90 91 sngfe aafea v & e i)
F—(i) 0.5 = 5% (ii) 73.919 =2 (jii) 16283.919 TR (iv) 21.613 Amp. (v) 15 cycle/min.

14, T kit 3207 512X 440 Volt 50 Hz, 6 pole, 960 r.p.m. W e §U 15 Kw T Gifs oIS (Srdias
et Finfer) ferenfioe wean €1 9 W9 R &1 VR 19 0.8 € 70 3T wifvdl 0.8 Kw &1 @ die
e
(i) feemm
fikicedfaice
(iii) fafire afz o R afwl 1.6 Kw B a0 @5 9 @ sifig)

T, S = 4% (ii) 658 watt (iii) 18.058 Kw (iv) [, = 2962 Amp.
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5 & Induction molor 1 eyl w@ st ol s W%ﬁﬂmﬁmﬁﬁﬁf
I o R ) G 2 Tl e g vt 700 St 91 2w o &1 96 oo gy
e e T RO e e W # 6 1p  on yed eive fir 4.6% @1 R g
e -’
art-4i) T =054Ty = 54% Ty (i) Ty, =79% T ;
= @gﬂﬁa&mﬁngﬁ{mzmaﬂ & 6 T mém%uﬁmaﬂ@iﬁlgﬁms%ﬁﬁﬁ
T 7 S o T T el ) v s R v 9 2 e S T e g, |
1o =06 TF
17, T 0 R 1 SRR 8 S e ¥ v et 1.5 1 9 A A o < e ag
s o0 Y e O 1 fot TR e o o e R it s e @2 ?
swe], =6121F |
18. G 6 §5 P91 15 Ha YO St T 018 W B 162 Nem ST et et foresfiee w ¢ Bi
o7 e foe e 7 9 g 90 R W e 1 o 9 o - b

(i Fom i) 9 o7 e (i) T o o il (iv) 1R Input (v‘)ﬁaﬁmu&aqm%

& it a9 39 15 Nem 8 791 R wfEl 750 9w (BTEUP 2013 ”HE
TI=G) § =3% (i) 22.38 HP i (iii) 556.2 W (iv) 19292.85 ST (v) 85.450 |

1. 5 6 pole 50z freen o i 4% fes 35 e of el v o & 0 ST o 3
1520 Kgm W98 ssrqmm:mrél 21 7oy 7o Windage losses 200 W%W’@E{W( té
Wmmmﬁ) 1580 1€ 1 W1 (i) Qutput (ii) Rotor 4 RIFTET (i) Ful) load effie; ﬁi

A Fia eu!?
T3} 14996,35 2 (ii) 633.18 A (iii) 86.13%1 i
20. % et vy sher a7 e e ot 109 P T S 21 HRX 6 0 fetors |

%3 §1 % fe ) e e et R, (i) W8 S V,, (i) T w7, g Eﬁm%ﬂﬁ‘
) (BTU 2005,
i) 108 0% ;i) 51.96 Vol (i) 48.11 Amp. 08, Ut
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(Single Phase Motor)

2.1 Ryt Bat IROT A (Single Phase Induction Motor)

yeara (Introduction)-3eifagael W2t %1 Tl W=1 WF Single phase induction motor #3
s T H S, A i s ssEnt § waEa f5 = 21 Single phase induction moter
7 W: Fractional horse power of F.H.P. % 78 & o w1 s 1 F.H.P. 5123 % 5791 1 Kw fen
14 (Continuous Rating) WX § B 9 TS WA 1700-1800 RPM. 7 L =5

3 Kw 925 R.P. M. W F7d 97 =it 12t ¥ %0 51 AR 1.0 Kw, 1700 RP.M. 750 93 5 Swr 3 9
4 :

a1 ¥ W S kw‘ﬁﬁqﬂaﬁngﬁﬁil{w%Kw 100 w 60 w 3% 1 Rating 5t wim

Fractional horse power 31 F.H.P. motor é 3 $7 A § w9 £ % Fractional horse power 9% GElS s
1 Kw ¥ Fraction ¥ Tt & 3% % Kw, 60 w, % Kw 372 &1 3 9 Single phase motor 1 Rating 5t :
S A 21 e, rsiter, wre it St o T avem 3@ s 5 J O 1 g

TR FEAAT F TA, T, Faied T, gie fadel 3y, S5 T, 9 F 59 e § 0
aEirT fea Wi 2

Single phase induction motor & T s 0 A2t i FYE f=iaiad T =1 = = @ §-
(i) FH T =it

(ii) Low power factor W %14 % aren ]
(iii) TA €S o fere # qamm 'L
(iv) 9 = 3l fafad =13 9en ﬂL
(v) Low speed regulation = 1
(vi) Not self starting ‘
(vii) Low cost, BT ST, TITe ST 3 S0 9 Searyiie 1 it 3 w9 3 Wi SvF 0 7 3=
apifen el H W siferene wa i s ) vt 9 e f w A T S wr i R w ¥
Motor ¥ #ad Single phase winding 3 € 37drm ¥ @ 5w #1 | J 1
WA e Hftenaifors T (Construction and Charaeteristies) ‘ *
T Feilg i T H T qre jred S Fa = W (Electromagnetic induction) % g s
T F €, U e S v e €1 A e ) e vt R e H e v 3 W i 1
Feld FUEEH (Single phase winding) T W@ = 47 (Alternating magnetic field) B E
el &1 FEren et Sror Wit i weeen et e St 1 HE A T I e w6 €, 5 TR e g
1k &

Scanned with CamScanner



s o s
ey

EL A S

’
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mq::aﬁaMtﬁRmﬂamﬁwmISquimlmgnt:fpemmﬁ,m%. |
and auxiliary) winding AT T b “ﬁn‘kw

i s = W = mtrifugal switch) T B & 5

2 v ¥ 2 Yew B s s I_Contnfugay swite e 3

?«?"aq-sa TRy Fee (Starting winding) R yerd A R YO R Rrgi.
13\ﬁﬁ%ﬁﬁmﬁﬂﬁéﬂmﬁmaﬁiﬁminal leads) gy g

Se-5veeas (Practional horse power) 3 T & ¥l ST ST R

‘li,'
tl h%tl

|
|
|
i
|
|

form 2.1 () Fomer &5 b iz 3 2w 0 Favam iy v (b) Wl v (¢ = 0°*) (c) wfewr ma (=0

|

2.2 ©® BEIY SRO1 Ae | I GgUTl & B Wk |

(Nature of Field Produced in Single Phase Induction Motor) |
Production of Rotating Field-

fa) (1 1]] () '
fer 2.2 Production of rotating fiekd (1-61.0.) |
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- e v wera Hee (135)

A Winding A @ Bt 90° Wt frenfim %73 7 Space § <o i3 w1 77w 574 § 4 5 Fy
frgran T €1 A S[AERT TR A H AT 4, o e 2 s A S am b wm H o §
o 1 e T R 1 59 2 4 0 o ey o A 2 e e v e a2
7% Rotating magnetic field 1 Phasor "{"h?ﬂm Cyde T 53 (c) H WEfim Supply frequency
% @ Cycle % Y Phasor & ¥ cycle F1 w2 frn v 21

Qi ?@m sin wf
by =&, sinlot +90°)

Ty fean {26 € THIGER A 3 B Space © 90° fenfia  &f= 8 de w e =@ E oS e
#7190° ¥ e W A T R S s f i Rmm b A A s T e S T e e
& & S T T 8 TolE = ¥ 40 vfe § e 21 area 5 A ¥ o 5 A
T 21 8 A %9 HI AL g e 2 & R 90° @1 w0 S A9 2 H Torque F1 500 w06
Thet & VI % W ) T 21 Non uniform % 38t W9/ #1 Starting torque T 7 & 31 5 #fs
Uniglrm rotating field I H=T F LRl T Non-uniform rotating field 5 ¥ Starting torgue
T el

éB -1

-

forx 2.3 84 |
R B3 ST Hiex @1 o1 Rigra vd Gxa 5
(Working Principle and Construction Details of Single Phase Induction Motor) B
Construction %1 32 ¥ Single phase induction motor ¥4 Fa W@ 57 % T EAR A E A : i :
foram &~ ‘ i
(i) Single Phase Motor—&mme Poly phase induction motor % 579 811 #1 57K F4A 7H1 8 %
e U o1 Wi & 22U H %ad Single phase winding o R EE T8 WEN F T3 8 Centifugal switch
o @ € & S Motor H Start T3 3 forq wqa fed o € @ wiowa & 3997 Weras, Winding
HEX ) Heiag 03 & UyEe A 10 i WE w9 F 1 e s % o wm w2 R
Distributed Rt Coil 41 fo=m wed Rotor %1 WM faa1 =1 # 504 38 512 %) 0% W 5 v 51
g | Fafoa fean o € W 7T LT R B T s W (99 e i 2 6w 9 5
(Polyphase) W i w{ifa geaiter® 1fd W Rotation torque T 39 78 57 €, P00 wonaey Wzt :
T (Sell start) 7 €0 #, 37 U8 WX M waiers 190 5 fon o 59w ¥ 390 w09 6 (e el
e F TErenfer v w0, 76 fere fée Y v = ufs e v d g w = e T 3R
vl ifa <) Wi X o €, Fiet o A e A g woad s d, sifE wee e e e e
(Operating principle ¥ e &1 b 3

T, iy Ml e, e R P -

- vy
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{i) Cross field theory (i) Double field revolving theory l

(i) Cross Field Theory—39 fagr 9t qgnt & fae a9 wa: fma A.C. ﬁﬁnﬁlndumo
& farwfien @t S (Developed torque) & FHIFW — T' = KFgF, sin § N - m fow f, <
stator, F, = field of rotor T K = Gmur fesis 3T 5= Stator field 741 Rotor field ¥ ,
ﬂng]e% ﬁﬁﬁﬁtﬂiﬁﬂﬁﬁl‘mﬂﬁﬁm%ﬁﬁﬁﬁﬂ@ﬁ Winding ¥ yaifeg "W%
ﬂmmmmaﬁaﬁﬂaﬁmﬁm%ﬁmﬁﬁmﬂmﬁmﬁmﬁmwh "

(A)
(a) THT O

(C)
(c) S[oie T &
fem 2.4 wiodivs R &1 s

Stand still condition W Rotor %1 Winding & uftonfie fifen gro i v g aws am
yalfed S W T A 8 a9 39 9o g oF @ fown w1t el e T € 9w
Stom S & F e & ot §1 79 e g S it e 4 F w1800 ¢

wqﬁmmn%:s&ﬁmﬁmﬁm%mmmmaﬁarqdmwﬁﬁm%aﬁﬁtMutor |
=& 2 €1 379 e Te 1 ot = 5@ i g <faomed fewn (Clockwise direction) # @21 gm i
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Xy, = Leakage reactance of the main stator winding.
X,, = Magnetizing reactance
R', = Stand still rotor resistance referred to the main stator winding.
X', = Stand still rotor leakage reactance referred to the main winding. .»f_:'f‘f
V. = Applied voltage

. '. 'I 1
1,, = Main winding current.
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(i) Blocked Rotor Test 120 V, 9.6 A, 460 W

(ii) No load test 220V, 4.6 A, 125 W.

Stator winding &7 WRRYE 1 WM. 1.5 Q 791 97 Blocked rotor test T wmar § mr
Starting Wmdmg @I Open f&ar @ 31 W uftga & el i Core, friction and
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Core friction and windage losses = Power input to motor at no load ~ no load capper loss.
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25 C, 1
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Running Capacitor8r SR & SHF 1T #Igt &1 $ie Q1T (Starting) 3 & g ¢
wafee Fifefea wirem 1 oF st 9w R FhiE 1X ), = 1 __2mr# =it Running capacitor 3

2eFCp 4
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Eddycurrent w1 1 @ foan o w1 w9 @100 % Pole I STews o i 5 763 -7 2w
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0 ST ol v w3 ¥ ¥ forg a7em- s wires W Winding faen § 92 quti P
winding ¥ End elip ring F 579 8 1% Slowio B (TF SoHlo T 91 GF Y wAT) A2 o)
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 Salient pole F7e7 § 78 TWA F Poles TA € 3 78 Mfa A Fifed 810 €1 UE A FA T |
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| snrmsawfmaiwm i
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() TSt (Spider) F1 et fem e & <t By o i e &)

(6320 UH WA (Constant i) % a0 5 forg nformer: (Flywheel) 31501 frm e # 7 1o
Eﬂm Pole 1 wrf) T A R

(7) Pole % Main winding T Damper winding ¥ 7 Slots =1 79 # wrem T
n_Dnmperwinding)ﬂﬁﬂﬁ?@l’(}npper bar) MM 2 AfE A= g o F oo En AT I i aw
71 et ¥ 3R TF T (Shorting rods) 7 771 (Rings) 7 71 2 915 Fom w7 #

(if) AFTT W& 2T (Cylindrical Type Rotor)=3% #f 753 71 7% weamts! (979 Z0m 300
=f WIS ) ¥ fol =0 o SFn I 21 Smooth TETER 27 3T =R TR TR Fee) TR
,-pn@ng}%ﬁ%ﬁmﬂﬁlﬁamfmmﬁﬁ v B e w05 o T @ A iy
g5 (Field coil) B T2 TG WA i Slots F 7@ 7w 71 T v A WA & e e
3zva AT WHRTS 7 (Air resistance loss) F %3 %73 5 fm wim fm v 21 70 7 912 505 & 740
i o T © A U2 W Wz 2 71 4 o 5 o wad v ) 3 g A o 3 #5000 rpm.
a4 Y@ 9 T A F A 1500 r.p.m. 3

2 ga A%t FET= (Non salient pole) & % 3 i feard vf 1) 553 w5 Wmm T w0
TAF0 F [0 T Ve Foeer | aws, vz A e vl 31 A (Insulation) F 53
i wdm fo e 1 FUeeHi o 16t e e & w5 o 7w v G2 (F) 0 (Rings) B A
9 TR §1 92 e o el 31 g A A e ) s s s e
T 13 W, 4E = 5 o I e I ) s ofifa 1= S e W s T e (T
1 BT Ol €, 3Ter <@ s 3 e wn s aw A g e s w8 £ R R
O BT WgEH a9 O WA ¥ 2w I5E Ay e v 9w 81 5 1 W e TR
(Dynamic balance) 37521 Bl €1 $5 5o H 9 STaT= 1 &1 355 =rg =7 w143 T o & e 5=
FAA FISEH I SEEEF Wi &1 val ¢, Fad § w2 ¥ W= $2 (Cylindrical type rotor) #
faerd fiemry fin, s 9 aan Sotdte TH T2 MR F 9w Fw 1)

Slip-ring _
Carbon brush - 1 _
¥ - smooth cylinderical rotor
D.C. supply
from exciter
e ad
Non salient T Wedradsh & q&4 W59 T8 €0 £
(1) S1 S48 FH a9 Aei et s o

(2) 78 &g @il (Windage losses) %9 8

(3) ¥ A 1500 r.p.m. T91 3000 rp.m. &

(4) 1 71 |@=ger (Dynamic balancing) ST 41 ¥=IeH HT% EEUE e G e EORn e
(5) T WA Steam engine 41 Gas Turbine T fm = &1
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TSR TR W swws (WRw) womelt (Excitation Sym_gm u

mochines)-T5 s 5 9 v Fors T 9 Fild winding ¥ Tt i gy 3"
winding 9205 & TR Ferhe ez 9 8 e L s P ¥ S o P b
=% 3 Ficld winding ¥ &1 § Fewle @ Slip ring T Brush & e R fey M # %’T{t
Slip metal 3155 93 & 7o et 6 e 1 e & S 790 $99 60 1 Brugl, '
2 Path () ¥ e Sieelo S W 1 SO 57 O Brush & T8 Nogygy, Py
21 g% Brush ¥ Connected #0910 1 Excitation %1 e fafts fr=fafa 8- Ttm%.i
(1) Brushless-Excitation system
{i1) Static Excitation system
(i) Brushless Excitation System-fi&g f1 st 7w ¥ TEEE 3 Brush voltag
ToET SO O £ 9 S F SN 2@ Seeeiet & & # Current T 5 Ko a“‘;';’“w
&fieee 3 O 7 Gen ST YT 1 A1 {61 SR | G 99 e o SR S (Dasheq) | b

s R R T T
—— Main exciter
/ Gen ﬁE]d
\
Buse Ad) L Regulator | -
Regulator on-off

fém 3.5 Brushless excitation system of synchronous generator

\ #i7m ven e fin S0 ge 9 Eliminated (W) 81919 €1 793 S99 49 #1991t (PMG)

e e e & o e @ g wad e e g € S e d S sl (PMG) WAL, |

y & Output 717 %9 % 3 1fa=w19T (3-Phase full wave rectifier) BT Bridge 9t (Thyristor) @
~ Controlled & =1 #1 Thyristor 1 fesre 70 v 3 fava s & foF i @ swte w eer 4
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A Thyristor T 327 i s 21
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gase excitation I T Input setting g Frifi fm s 2 96 Thyristor % 72 382 51
]

T i W T fafrafi| (Regulated) D.C. 2 % wreaw & PMG & W mn £ 35
Regulated e T ot = w2

@ TF T FgIl (e T YR e P Frm Foa = A s W A S s d
Regulator @ H Solid state T =t witrer fir ma 21

TH9 WoIell ¥ W FH 594 foT (Short time constant) 3 G %972 § 55 3551 Response time
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Static Excitation System—Tifim ste Wil §o7 Seetiet 2iasa 3 3-phase % Winding &

Step down transformer % HrEI® | TF oo i 5 G5 mﬁﬂ’ﬂﬁ'ﬂ T T
fon e € e o e 9 e 1

Rectifier -
1KV transformer Hy Hy
—0000—
X - 5 "
AV T AN
Xy Xz S4 Sy | - ventilating fans
P.T, | : —nﬁ-@- ;
E é Firing control ' = 5
3 :
: 8y ; fr.
B i v
@ Voltage _ ™M
C.T. Regulator [ Shunt
4%
....... ' y _
Generator Field Field discharge
’ : Resistor
Field flashing Crow bar cubicle T"ﬁ’f\;—. if
contactor ﬁ:\;d Fl;lg:f,:; "

ferw 3.6 Static excitation system of synchronoys generator,
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*ﬁwﬁﬁﬁ%mmaﬂmmﬁﬁwmmm%mm
m?w indonr ¥%7 § el waga Air cooled ¥ 58 Immersed oil 1 1o T #) = %ﬁM
SR WY I o7 ¥ =% 7= Excitation B '{Elm t Dolm connected tertiary ‘h\
£ syster 3 5= wpTs o= & wm o ) dfeew wea T Current 3y g;;"}q
S E AR RO ) e ¥ v ofia @ Aie T v IREE S W
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Thyristor 370% ¥% 3 U fo 7597 vovet (Excitation system) % f6q W%ﬂﬁsﬂ%
(Response) % 752 7% &i 7== vie = W e o1 o €1 i}
Static Excitation & #19
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2 TEy Winding loss 3% $95¢21 930 W@ Winding maintenance 1 @ %)
) 9% TEen 5 v e 3§ O W T §) e aees W 1§ I e d g |
T T & e e v o S €) 7€ 908 8 S O g W wmmd
2 digw ‘0 BHe BHo JARA (Generation of three phase e.m.f.)
¥ ¥ S w & 3AIET (Voltage Generation)~3eetiet %1 et 3fd i & S0 W g
T 1 W O O A € S 9 S TI9E 9 Seetie i f i g1 6 St aem g
¥ e T weam fa 973 o VR e I ¥ ofed T erggifer 2tame €1 w2 sl meamy
Tom TR Sy § wen e & w H fem v € 3 s i W Sw o 2
T T § 9 U ST 91 24 et ) 74 e w9 €1 I F g Ay
srifer Szl § 99 W 95 § S, 9T GeeR ST H2aet 91 FIE 20 ¢ afdn deee T it
7= ¥ 1 7 WS Alternative YE #1309 €10 €, T Alternative age & g fd fam
T ST ) S0 ¥R 90 €1 U 3 e Aeetiet § o #¢ Winding % W Ret W s 120'F
fomgr= s em €1 ﬁWindingiﬁT 3 Phase outputl W™ mﬁ%mmﬁmmh
srard @) fogs @ am W (EMF. Equation of Alternator)
= . 2 = & & s el 4 Coil side %1 8@ = 275, T = Frveford] % weA W (6
FTA & 4 Side W e €A ¢
P = veredE 1 g T
[ = Wfra faega aws @ % amfa
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PSR ' — Frenfes v (89)
KgorKp =ﬁammﬁww:mg
Ky = %9 % Form factor
N=tHA W rpm B
¥ TF T (AR 60/ N FEE) A s TR e P A S R g e s i E
== Y4FT (Revolution) ¥ Wils R22T S0 20 520 70 W 4y = P 70 s Wiy S femoow
e di :%ml

G mﬁﬁaﬁgﬂmaﬁﬂﬁm=£} ’% =%?Lvou il

wma € - g oy 12
N F A FHE () H @AW
sﬁuaﬁﬂafaqamw:wagjzgfzwvmt
Fa gtz Soi 1 forg AT o T HEn A A 2 A A AR i T - 2 2 Volt
3% @ 964 (Turn) 2 FEH & 763 300 ¢ 7900
T=% @ Z-or
71 i Y foaa e @@ Wieha 1 @ 9 T (r.m.s.) FER
E, . =2Kg-§Z Volt
Eoms =2Kp &f » 2T
=4Ky §fT
o w0 =i T Kp =111
E o =2%x1lxdx fx2
=222 ¢ f Z Volt
E, ., =4xL11x$x f=TVolt
E, ... =444 of T Volt
Yt Arezan F YU UF T WK B 9 FOLEH 0 7 e Foze T (Sides) T @ F A4
v % U Wi i fead # i SveeR WA 9 W63 (Concentrated) #)
T guzer QUi o 7@ & 9o Fueel Tt (Sides) U O & A 0w | f 7 § iy e
faita i Y f= (Short or fractional pitch) Lk ek e Eﬂ'ﬁﬁﬁﬁﬁfﬂ%ﬁmiﬁ‘!ﬁ LEE B
WA T WA

Eppy =2%KpxKp-Kyxfxgx2
=4 x Ky x Kpx Kyx fxgxT
A WEE D K, =111
E oy =42 1115 Kpx Ky x fxdxT
E, . =444 Kp Ky f 4T
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g iR -
3.3 iR SRR (Armature Winding) \

= Winding Fowis mem & 767 o 1 50 &1 % 10 2 9 Wenfie g
geeeil (Field winding) % § it s F6e (Winding) ¥ et 3w i ¢ 33 qﬁ::" ig?hg., ,

smifew arEfen & watam § gt (Basic) wftwiia yregmsht-o (Purn) o3
ST U RSN TF T2 O et hrew OF (Turn) H1 Fofor 5 § s (o turn cop _g\"%a
conductors connected to one end by an end connector) Sists of tw,

T (Coil) - T T ot 3 Sger FUeeH ¢ A 21 (A coil is formeg by ea
R

several tumn in series) etlr,g
FvEe (Winding)-5¢ F9ecl (Coil) F1 201 %9 W W F9=2ew (Winding) = T
winding is formed by connecting several coil in series) L I

# (Turn) FEH (Coil) F9&eH (Winding) H =afeaa fo § weffia e oy
End connection

NN A A

ARV

S F S F 1 £ Sy Fy
Turn - Coil «———— (Winding) ——

fer a8
Turn coil winding % &1 1S (Start) & Wi % €1 Turn coil winding ¥ End (37) fem

F (Finish) % w2fifia foran £
YR % e # wfaaa folt 9 saaron a5 3T ¢ aft feed e i |

0, = Mechanical degrees or angular measure in space.

0,; = Electrical degrees or angular measure in cycle,

afz P e %1 A B 99 safEe il F e v @ vt s §-
[ ¢ el P
/ i ..'J. Dm. ';E Umd m(”
T8 i %1 @ 7% ¢ 6 faga # i fed o i faee feedt it e v e el W
(S, f |
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“The angular distance between the centres of two adjacent poles an a machine is known as

pole pitch or pole span”. .
@ W T ST (Adjacent) g F  Fde iR dafrr s =i
One pole pitch=180°,, = _..%E.P_"‘i wal2)

i 71 i @ T T WA (Regardless) & f1 v v fir i 180° ot P dvn )

e R 5 S| AU TS HAE o S T I O I €1 e F 3 7 (Side) BT T
ﬁaﬁﬁﬁf%‘ﬁ Coil i w Eimtd AT iEmmwl, RymfAEaEEs
k@ e = oy e gvea @ s fre gea Fa =

“The distance between the two sides of a coil is called the coil pitch. If the coil-pitch is one
ole pitch, it is called full pitch coil. If the coil pitch is Jess than one pale pitch, the coil is called
the short-pitch coil or fractional-pitch coil or chorded coil”

iger W et a1 frm e (Coil Span Factor or Pitch Factor)-T& F55 % o 7% (Side)
7 1 g0 1 HIEE T A1 i 19 1 1 ¢ T 7 3 $a (1 H A g w43 3 5
s i 0 01 i Tt 1 ST 1 49 3 e % T (Regardless) 7 o @ fra e 180
Fog ol T 21 180° T 3 S0 2T i U 05t 91 0 0 9t 5 o v £ 90 19 0 3.9
T TN 1

o g 1 79 A% 180° it forege & %9 € & 9193 Short pitch 71 Fractional chorded coil ¥
3 1 = 8

4% Coil F1 Coil span a, S faga fefi 7w a1 Coil span (180° - o) foea fedt ¥ S f fa 5

o T 21
% Pole pitch
: E : i
il i : i i
Vol kel T SR 4! (ol side-1l ‘H
Coil side I Coil side-IT Coil side- ¢

1807 electrical

Star  Finish Start Finish
Full piteh coil Short Pitch codl,
forr 3.9
i ot foren ahfgen 3 vt ¥ < e w4 180° fargn fenit ¥ v o 3 e 0 vk aa yfomrees
P i et diree E,, aE,, %4 .10 9 famm §
WA E, AE,, coil side # 30 Voltage % WA E A E, coil T 5ROTH Voltage # 7
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E.

Full pitch
E =E  +E,
|E,, |=|E,, |=E, (R %)

IWE, 9E, Cmmdeﬂamvultagewffhi’w,mﬂﬁ“ﬂ\’altage%aa E, wny
7@@@?%%—

E =E, +E, =28,
E,=2E,
T2 folt waet FvEel (Single coil) F1 iz € 180° forft g de A frm A wm €, ﬁ'mﬁa
TS S Sees w1 A1 St 3 7 € v TROm oS Voltage B, F1HM Coil Voltage B 33
Phasor Sum & 90 & U &
\ Tmmaﬁwﬁamw&mmﬁ%ﬁmﬁﬁﬁ? 180° - o fiht fora dm
‘ FEHE, T, § 39 3w @ §8FH B (Out of phase in B, T E, }%mmmﬂmﬁ
forx 3 vl o v 2 3R E, 4 E,, ¥ Phasor sum (e ) F A E, (AC) R fom

2E WSEWM|

“wiew o e T fim St K, # T wiem o oo Mfta diee s & Siqum o e fre wimd
Wﬂﬁﬁﬁéﬁ#@ﬁ mmﬁﬂﬁmﬁﬂmﬂmﬂiﬁ?mmmmhwdmg factor) Wit ¥
E

Hifta fae amess 9w w1 wiew 9 i Foe
e forege atees et 1 ST A W FoSe
_ Phasorsum of the voltage of two coil sides

¢ Arithmetic sum of the voltage of two coil sides

@
2E. cos —

K, = 2
[ '2Er

K, =

K_=cosZ
¢ 2

Rt {i)ﬂfﬂu:ﬂ,ﬂimsg—zl

K, =1 (Full pitch ¥ gmm)
(ii) & K, <17@ Coil short pitch coil T feraam o1 31 91 (180° - «) T
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p— Jeaatems T
ghort pitching & U1 (Advantages of Short Pitching or Chording) ‘

(i) Short pitching, Winding = AT D121 e ¢ P e wmnd A A )

(i) e &5 fereet SYt 36 TS 1 0 T € A 3 T 2 2 e 1 e (Wave) 3 R
0% @ Sine wave o ftefia faman s w21

FiAruT SITSTE AT HULE 10T (Distribution Breadth of Winding Factor) (Kd-73 #i37
wmdmgjﬁ feu mu Phase%iww Qﬂ?ﬁqmﬂﬂ%ﬁmmﬁmiﬁ%ﬁ ﬂﬁﬂ-ﬂﬁfl

(Coil) # T S 1 I T A F F9H FA1 7 (In each other phase) B €1 F F=4 =

O A (Arithmetic) % 9 521 o1 a9 1 9 e Wt dre2 =1 fifm 701 5 fov vs g
e AT I WO el | Ee @ 3 Fieew F1 6 F o 6T T 81 T G At aes i
e 91 0 T W FHfa T o e € S W 9w 3 S o 799 R § Space (Air gap) ¥ ¥
e ¥ farafter foR Tt €1 U Yt WHg 91 &t Coil side 3 3R @eed Phase 1 741 819 & @94 Slots
& anity fareared b % =E B gR fre-fa B € el S Phase # Wfia drea =1 5 Fer-wa
i o 391 dee s @1 Phasor sum &I

o1 TOTe 1 ST TV I AT Sede ¥ ST ¥ 5§ vrosia o e & 9 G e ae
T T ¢ 4% Y WY % T Fvea (Coil) T mR H Hza e fl

fa @ U (Distribution factor)

Ko forgm e @@ = wltw A w B
? " T O A & St 9 W G

o &
M = TR W O W%
M= Slots
Poles x phases
b = forega Toaft & s e & i S fareame
=(Angular displacement between adjacent
slots in electrical degrees)
_180°  180°x Pole
" Slots/Pole _ Slots

LR Winding % 0% Phase # m TR ey # oqaftas sy
T € 3t ¥ Coil o 37em-3F@T Induced voltage F1 W Fow:
E.E., E,, > E, % WiF $i5a Voltage E, 3 Coil % 3er=y
Valtage % p =hior 7t fereonfi e 0@ 26t ¥ %9 F a8 (Out in phase)
¥ 9 TR S AB, BC, CD ¥ it DF % weffa firm may )

#A%: T Phase o % W% Phase O FFEE TG AR
1 st o 3 ) F1z 1 Phasor aM AF Sfemt Winding dreds
1 Wiofir e € Ao 4w W U B mp W T B

Hi: STET-37eT Coil © foRpa aws a0 T siwmirg dm

=mE, =mAB = =m (2AM) (3 9)

= 2MOA sin AOM

&—»-'
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@{@0) #ga w1l ﬂ T |

. 0 & 7@ Om, AB T & ¢ THfEY
% Om AB # favifem I

s Coil B 39 Aeed Phasor a4 ‘
AF = 2A0 = 20A sin AOG

. mp
= 20A sin r

Phasor sum of coil voltage per phase
Arithmetic sum of coil voltage per phage

204 sinm%

Kd=

=

20Am sin%

mp

Kd = 2‘3
m sin —
2

mmhmmﬁmmphmaﬁﬁw%m%mm%ﬁaﬁqm@gm
mﬁlmﬂﬁﬁ{mil'ﬂ'"FWinding%?LapﬂTWavem%Winding’@ﬁﬁﬂ%"iﬁﬂfﬂﬁm
T %) HeA 7 W1 ¢ 7 e T #h 9 W €
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e Ee

=—_—Eax“
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= 14|

4 -—
16x3

sin B 8220

3

R s
m Siﬂg 3singg
_ &in30

———

"3 gin 10

_ 0.500 0.500
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1736 0,5208

Scanned with CamScanner




- ot v (8])
7 2, T Tttt 6 qa At yemadw & 22w F 12 wte §i g e g e
Fvgee ot 1§ & Forwremy uer famam 10 9% % 79 4 7 vw gree = fr v Py i
7 Wi
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9
@Y firg Winding =12 -10 =294
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ﬁawxpzm?g=m15=n_qss.
4 Fraveam fawamem @iel & wre faearm &m
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wafag 12
G
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Koo 2 _ "5 sin30° __ 0.500
P 4gg 18 4sm75 4x01305
2
=050 09579
4x0.1306
K4 =09579, | .
wodo | wWiEWgm |wiewfrgayie | p P K, |
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2, 6 2 30 0.966
3, 9 3 | 0 0.960
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5. 15 5 12 © 0957
6. 18 6 10 0.956
1 24 7 5 | 0.958
T 3. U 6 Wi Wit g areit T ol Wyt & oo ors 7 it afg
(a) 2 Te Wit @ Wi fewan @
(b) 8 wiFer wftr & =t wab faer W
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b i uf @

I
Scanned with CamScanner



- Y

g i Tl . ™

518—0—:30°
6
(a\ﬁ"ﬂ'&ﬁﬁﬂﬂmﬁa?ﬁim.mﬂ . -
sm 8in - )
K 2 2 _ sindQe
ol ﬂ . 30° zsin_,i',‘ggaﬁ
Y 92sin—
m sin 7 sin >
=0.9660
by 3 R v g T R A S, m =3,
3 mﬂ inx3x2
' _smi—s ,g__:sinz,lsu
o Lo sinE 3s5in30 3sinlp
msihg T g
=m=0.910&
3x0.2588

(o) 4 BT R g A TR W i, m =4,

g 30
K A K_E sin4 x15 _ sin60°
d=" 80 4sinl5 4sinl5°
4 sin —
2
0.866

~4x0.2588
K, =0.8366.
M4.Eﬁmaﬁi’f$tarcamectedm1000rpm Wmmﬁwsum
8 wTEE W Slot $1 T W I 0.05 Wh ¥ 7yt § I AIcEw 1 AT I He w
Winding factor %1 7T 0.96 §I
w™- P=6%=3
Stator slot =90°

T % T = B Slots
(' 120
|, TE R A aaE 'ﬁ & = Conductor per slot x Number per slots

=8x 90 =720

B e WA Z, _1:2.39,.240

=0.8366

=50 Hz, $=005

K, =096
9 Vollage W 9
Ep=222+K,[4Z,
=2.22x0.96 « 50 x 0.06 x 240 = 1278V
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% Line voltage, Er, =3By = 3 x 12787
‘ =2214.7 Volt,

R S e
e , | R0 2 T 7 e oy e :
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34 T il & wge wide sma
(Equivalent Circuit Diagram of Synchronous Machines)
flmm T & o0 TROY 3T e M@ (Equivalent Cireuit and Phasor Diagrams of 4
Synchronous Generator)-FERE TRt ¥ gea wiww F1 fom # weffa v & o g wivem
X=X +&,
‘ el X yp = SR 420 S (Armature Leakage Reactance)

(a)
fir 3.22 Equivalent circuit diagram of synchronous machine.

Lagging power factor (cos §)

fa 9 weffm ¥ @@ (Phasor diagram) lagging
power factor &1 TR 2T %1 9 cos $lagging &1 TR H
friafias v ¥ (Draw) veffa fem &1

wEwem V ZfiE Voltage #1 Reference voltage A=
OA fieam e ¢l OA =V 2t Voltage & % Power
factor lagging nature %1 & @mier Current I,
Voltage A ¢ Lagg Fta ¢ fogs OB wefdm faan T 2
e Wit & dees g9 I, R, e Current % Same
phase & (e it ) %1

W: Voltage drop ¥ ¥R AC ¥ Weffa feman Trn 1
e Y X ¢ F F0 Voltage 19 X1, & & 7@
wiaea & s fawg ¢ # 90° W a7: CD féswrra wiaerd
T I, X o T WeRm w21 36 AR A 9 D H T
Tan AD fewrm wira =1 weffi @ 21 § Voltage drop R 3,23 Phasor diagram of synchronous
(AD) I R, o1 + jl X % F0 Voltage drop femr™ machine at lagging P.F.
iren 1 weff w 2 |

#9: % A 0D E, el 59 Vollage 91 v 37 €1

m: 0D* =(0G)* +(GD)*

=(OF + FG)* + (GF + CD)*
E: =(Vcos g+ I,R,)* +(Vsin g+ I,Xg)
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E, =V cos ¢+ I,R,)® +(V sin ¢ + 1.X,)

(b) qﬁﬁmﬁﬁw (Unity Power factor)-?ﬁ?
o O A 3R @ 9 (cos ¢ = 1) T o T d
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3 effa Tt €1 7 A forg A 71 D R e g e
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fin i 21

f @ OGD #
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| v
. FEAGD-GC-cp  Fm3.25 Phasor diagram of synchronous
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machine at leading P.F.
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_E, (=T Voltage) a1 2fimm Voltage V)& |
4rE S0 H 5 W T 39 Power angle A Torque angle
FE ¢

ferenrTe T < F wrare welt weitamor (Power ©

flow Transfer Equations for a Synchronous

Generator)=TEmAa Tt T 9 = Wit u

weffra feen T &1 L,__

V = 2w A B

fom 328 Pawer flow diagram.
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dga wefls-1n
£y = Excitation voltage
1, = 3T¥ET 910 (Armature current)
§ = Ep @91V & 99 Load angle
Lagging power factor W Phasor
Graph—3f& ST Current /, e Voltage V # ¢
F0 Lagging ¥ € 79 Wai¥a 17 916 %o 0% s o
TER | B
fémrTa SR A Ep V / 531 Load @0 #1714
34 feafi | 2f=a Voltage %I Reference voltage &
O St I T e | Wi g

where V =V £0°, Ey =Ep £0° Rt 3.27 Phasor diagram o laggi
ngPg,

- (90‘ — Uz) = az

Xs -

férs 3.28 Impedance phasor triangle.
g1 9T fama ¥ wfarer (Synchronous Impedance)
=5 Ze=R, + ;X5
=5 =220z
Ep=V+I, (R, +jX,)
Ep=V+LZsmEr-V=IZg
=5 I, = EF—-V
s

Complex Power Qutput of the Generator per phase
8o =Py + J@y = |7
Soe =V, I, = Complex Conjugate

) _EF—V‘
-V

_V L0(Ep £6-V 20°)

Z; 20,
E; v
=V 20| ZE(5-0y -— £-0 :-}
{Zs 7z ‘
2
_VEp L0, -6V
Zg Zp

Scanned with CamScanner




| 4

/V,E“"cos(ﬂ -8 + V-Ep
Pa®

L sin (8, -5 Y )
v?
v EF Y =F cos(0z - &'*cosﬂz +J'VEF sin (0, - 5 J-Vz in 6
g+~ Zs Zs 2z, T2 .
5
- o Complex Power @ T &1 W)
od! I’*l’ iput POWET per phase of the generator (PG
Re? o F V2
POG" cos(gz-aa.lz_s_cosﬂz
cos @ R—
o Zg (impedance triangle ®)
Bz =gﬂu = D(.Z
V-E, g
ng'—" 7 FCOS[goﬁ—(azq.m}_z_x“R_c
4 s Zg
2
Pog:- £ Sin(5+ﬂ.z)-.l’_ﬂ'.
S g
V-Ep . v
PDG =" < §in [ﬁ-l- ﬁz) - -z—g- Rﬂ LA
Py = SR T 3091 e vl
Reactive power output of Generator (QOG) e (i) B)
V-Ep . v:
Qog = ZSF sin (0, —G)—E;-sm 8
. Xg .
SIHBZ =Z_S [Gz :90’—02] 11
VEp . VX ‘ 140
Qoc =—= sin[90° - (o, + §] - — .28 1B
g Zs uZ ZS 'ZS .I‘r;:~
V-E v? {37
QOG = ZSF CﬁE(ﬂz +5]—E§' XS
2
Qo = cos (ag + 8- 2r X . i)
Zg Zs

Complex Power Input to Generator (S,,)
S a,n, + J’Q:g = EFjl
Ep V
=Ep 48| = 40; -8 -— 20z |
f [Zs ‘ Zs z]

2 Y ‘ .
P + jQ =2 ;u‘f‘%" AL 0z)
S

8

- s
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A 7eie-1l _ e

8 ] VE VEF ; .
ﬂc*f@.chgimsﬁﬂj%sinoz [ —E cos(6+0z) + = sm(ﬁmz}

8 8 Z'S 5

2 V-Ep sin(s 3
E—-Slﬂﬂy _F_'M
Zg

2
Py + Qum =§5me3 -1;" cos(§+ 0z)+ J

4]
45 8 8

4

Real power input to the generator

P,'gei!—'i* : cos 90° - (ﬂz“s)

2
B g VErg
Zg s

sin (8- az) )

Reactive power input to generator @,
E} V-Ep .
Qi -z sin 0, - z; sin (0, + 6)
sin0, =350, =90°—a,
Zs
sin(fz + 8 =sin(90°+ 6 - 0y) =cos (8- ag)
Q. _E ¥ V-Ep

2! "5 Tz

cos (- ay) )

Mechanical power input to Generator = P,; + Rotational loss

Rotational losses friction windage and care losses,

Maximum power output of the generator per phase (POG) Max.
For maximum power output of the Generator,

d |VEp v? _ _
— -——sml-5+az)-—R (Load angle ¥ TTer dTaeer W)
dé| Zg Z3

L1 cos(b+ay)-0=0
Zs
cos (6+ ay) =0 = cos 90°
b+ay, =90°
8=90"-uy =0y
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. um power transfer 59 &dfir o g o
1
[ Load Angle = Impedance angle 6,

, Mo

o Power input to Generator per Phase (P,, max)
"mﬂ EQ
e &

- Sinfﬁ‘—uz)

ﬁ( dPIG m
dd

(v]ﬂﬁgMgle%ﬂﬁﬂmﬁ[ﬁ)ﬁﬁq{
o d E} V-Ep
5 By +—
ds| z2 Zs
V-Ep
zS

sin(d-az)|=0

c0s (5 - az) =0 = cos 90°

6-az =90°
5=90°+ a;
§=90° + 90° - 0,
§=180°-0;
70 ¥R Maximum power input % faQ

v dvil)

[ (i) F

Load Angle (8 + Impedance ang]e (Bz} =180° - |

Maximum power input to the generator

R +VE’
§ Zs

P (max) =

A8

T G ETERAUT @B W T, e STt WiRTe S e W A (Power Flow Equations
for 2 Generator with Armature Resistacne Neglected)-fimia w3 § are AR, <<<Xg

R, % (amfa wirg F 9 S T 5 W)
ZS ERG +jXS
. R
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g miI — ——
V.Ep v?
Q== Xs ¢
V ;
Q. =-A—';|Ep cos & - V] q
Vv . f
Qug =— [Ef cos §-V] < {ix)
Xy
Case (i) R @9 ST Under Excited W ﬂﬂﬁ[E' w cos b LV T éeg & HA N&gnﬁw 4
s v fefy 3
Ttz W fef F Reactive power $1 Absorb T 7l Connected load T4T Bus bar Leading !
P.F. W ¥ HM 4R Generator Leading P.F. W Run HMI
Case (ii) 3 Er cos §>V, T Q¢ will be positivel et 39 feafi | Over excited T91(4 Q
Redctive power 3! f&#T0 9 deliver Fm
fimiaw wter 78 fmfi § Lagging power factor W Run S|
Case (iii) Il E; cos §=V Normal excitation
%o foafiy & f&a ST 7 7 Reactive power #I Deliver ST 31 7 & Absorb %I
a7 e Sitet 9@t ufs T T Run Ham
3.5 aretst faffera Bt 31@UROM (Concept of Voltage Regulation)-
famrm @zt @1 Voltage Regulation : (Voltage Regulaton of Synchronous
Generator)~f8 T T (Field excitation) &% T a1 7 1 feer @9 €L 30 W A i g
2R W 30E) areed ¥ @ 916 W Foffta 2o diecdl %S9 WA W4 S e e e 6)
% w2 d Regulation = Eo -V . 100
E, = Y= wire W feifia effe dieeat (No load W Terminal voltage)
V = Full load 7t frwifia 2% diezan (Full load W Terminal voltage)
Voltage Regulation FaleId 3Ma¥a® &l R
(i) E, -V Siwivmma s 1 ) )
(ii) s @E WF TF (Leading power & )
factor) B W 3t g9 die 1 geran WA & e T L
arezal 4 firez S, 36; A e e T W g
frama =1 9 Fone e E
(i) FTee Faw 1 9 S A R T SR YT R T
fat e &1 - e
(iv) SR %1 3aTE Wi o T e & A Load eurrent
10 & 15% ﬁwﬁﬁdﬁzmﬁgﬁwmmm m’mmmimﬁf;?m““ﬁ“w“ !
35% 7% 11 qE 1 e f
(v) VeIt T EiTE TE W Aleed gid a9 s e W dieedl | 91 uh eeE e e g am A |
 fegfoi % fow faem (Regulation) 1 9H 98 &6 =g f
i



drear Fram 7w it faftat (Methods of Determination of Voltage Regulation)-
g T A e (Voltage regulation) # Frefafes fafird g 7@ fFn = w1

(1) weaer g fafiy (2) s fafe (Indirect method) (i) Fo A =t o Fesehvett whevaren fafir i)
e e A (MMF) 3 feqer =dq fafir (i) Y71 T (Zero power factor) 91 WHER (Potier
method)l

(1) W&t wreg fafir (Direct loading method)=Voltage Regulation 7/ T % 7% g W 9
ol ¥ fom wug € S 5 KVA o wearerda 3 for 7 fafia o 8l ©1
7 el 3 ferdl o fafy g wrfel o srfamrares §1 56 fafln 3 v & fag s sia v

mtl
@ @ .
RE A « (34 Load
s [ o Fo——
R
h Ay
Fuse 4
M H *
. D.C. Supply Q
\;'Z'Ej- Zy B wm v
Fuse ‘ Ag
e .
(Three phase alternator)

3.4 wuEts
Rt 3.30 e amy v Hiex waw @@ (D.C. shunt motor as prime-maover)

eI ) Tl T TSR S e areea @ Pt e o e we €1 s s
7 -t T e & A ity H o e o A T el R A 2 e wE v
AW L

73 T F I A A S ) e TE gy e s R ple: w2 fow ) w w
ST v wire a1 e WY S E, W Waflid ¥ 81 7 W § P (Regulation) e g

0 FC o e
-V

Voltage Regulation = E"V
T3 Wit o fore o fafy mmmqﬁm%ﬂﬁm%{mmaﬁ
YT TSl &1
fome wigamn fafir a1 EmF (Method) (Synchronous Impedance Method or EMF
Methods)—3TEfSIT Reaction ¥ WWIE I 9€0 % STEHRVI T STHIRA &1 Voltage regulation % 0R1
fory s faftr 3 e Frafifiaa 321 9 stavama B 1 sl smfew v s siew wfée
i €1 i i & e afee S 3K 87 (Field current) %1 W% %) 79 fafe 3 v wféz
feive w1 ¥ft e B € o Wil wie Sl & A e v )

x 100

R PUSTT
$ . . 3
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dga aeii-11 _ .
T ged wifw wtet & frg om) fg g weier -
V=B 1%
Zs=R, + jJXg
qEamer wfewran @ o ¥ R Z g wre € st e £ 2w it e it e 81 E, 3RV Sy
# Voltage regulation &1 7071 &1 =t el
qegwifr wlaarn w1 797§ Frfafaa et  gr A e s g
(i) Zhe The wiFirg Wl (D.C. Resistacne test)
(i) 3o B ST (Open circuit test)
(iii) 917 |z 9w (Short circuit test) |
Ftotdto Wierer TiieroT (D.C. Resistacne test)—30 Tamr § 7 o1 =it € i szt Sotio &3 |
%W@Wfﬁﬁﬂpm circuit & fax o fewmmar war 2) |

e
3

= _at

Field winding & = D.C. Supply

Rotor o Suitari

fér 3.31 D.C. Resistance test on an alternator
7 WeliE I & 919 SloHlo Wie T T I AiceHiet faft Fi STanT Sk 91 e ©H & [
FYRT T B I &) WS A R, & ot #2 % sitad forn s 1 R, %1 W 94 Phase DC Wi s
T W 3 3 forn 2 & farenfora foan =i € s 9t A.C. WfRig Skin effect ¥ W9 3 FR0 Dot
Wil @ 921 ¢ $afeTy Wi Phase A.C. Fe 7 & SR & SER T Eloilo WierIH %1 T Factor 1.20
F 1.75 79 o1 FT& WIS A1 S &1 T 7 I94R F % fore w fafiee ar 1,25 @
31T Wide &% (Open Circuit Test)—geadiici Hioaran & faim & fou i affe view i
et 12 fama 7fa 4 e 61 € @it aite 2fia 1 Open @1 741 €1 59 waed & i 9 saw
e a1 # 3 WieE Current F1 9 I W H2 & w1 f Gfe i = feamn 0 21
Va 0 Ly

O oO-

+ :
D.C. supply O Lz @
ks X b Ly

Nrated
ferg 3.32 Open circuit test on a alternator

GieE Hie F1 4 T A F & a8 Fies Fie F G-t Step by step Tran s €1 e died
(B ) %) 519 1 €1 122 dlee s & qorl H 25% #14% WIe #14 & fed 399 (Excitation) % SRI TR @
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e E LR LT T o PO .—.-% 3T Field ST 1, 3 9= % Ei=0 10 2 9 Open i
il (Open cireuit characteristic) (0.C.C.) % Yam s # v v e +m F v am

i v fifies (0c0) aﬁtmﬂﬁaﬁﬁﬁ?ﬂﬁqﬁﬁmw%
r gap line

0.CC.

Open circuit voltage

Field current [p —
frx 3,33 Open circuit characteristics

yité withe 2 (Short Cireuit Test) 3= 2fiFe &1 41 3fiet 5 mﬁﬁamﬁmﬁ:ﬂa
frae e e T B

I
A a
Ip @ g
| B J :
F £ S.CC.
=
o 9
g 3
5
2 g
x @ | Field current F

N Rated
fer .34 Shont circuit test characteristics

FERTIT F1 Start T | TEel Hieg H2 H1 98 4 WA 95 T2 971 TR Wl e e
OIS Svg A atferes T 21 i) e Steetet 1 e i & e S 9k 36§ ¥9 1 @ Open
circuit test ¥ & & %t 4R €iY-#it Phase % 9% Wl @ #R Y& Phase # smier #ie 1 w21 83
% Current ¥ 9% % & 3¢ A9 ¥ 150% 7% mi=n uwsli #1 W< 3 F {0 @ee Current M A 3R
VT Phase H i arvitet dfEn 3 sftam = i fora a1 €1 0 W% = smie S 1, 3 (Geld)
current % %1 ez foF ST &1 T WA WIS eGR4 Wi SRR (SCC) 8 I &1 98
fevoren oo et € Stan st 3 femma @)

ijﬂ??muﬁmm 1 AT (Caleulation of Impedance)- i wfwarn = wom =14 = =i
e

» Open circuit 3T Short circuit T F1 v § 7% i I =i

» Y BT T I 7 AF fAuifi T 9 9 Phase rated voltage Tm #)

> mmzqmmmﬁmﬁmmmmwuﬁﬁm%mm

RfF W Phase rated EMF ¥ #1

_ Open circuit voltage per phase
Short circuit armature current

(For the same value of field current)

- _‘-3}'.-',.'_'-5-,-'"!-"- 9

Lab
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@) dgwin
qerTTs whem # Frs ww ¥ Fwifa fren s 2
Xs =422 -R2
39w sil®s ¥ Field current Iy = 0A St Wi Phase rated
voltage 1 SR T &1 76 Field % Current ¥ forvfid 397 -

---0.0.C,

ge E

Open cireuit volta,
%]

=
o
(]
(o]
Short circuit current fgg }

= awew AB §1 wf
Ze = AB (in volts)
§ T AC(in amperes)
- Geamhie wivar fafi @t sEEwond (Assumptionsin - 0 A Field current /¢
the Synchronous Impedance Method)-geaeicrs feamen for 3.34
fafe ¥ forey sraemom] 9 & % € & 39 e g

1. Ao wharen few §-geaeifos wfaamn 0CC s sce & fraffa g €1 9% e W
g;egfmamaﬁﬁéwm%miwocc st see e g & & gedemes sfaar Zg fig
\ (@) e S ¥IRY & v e TS vl & g WA §-7¢ A 9 € i e we wiy
| T O 6 e =) e e 1 T SR S 3 a8 T SR S B S
.1 forn i 8, W9 T Y e S Sedd 9 T 90° Y FH 20 ¢ ot gy AT vy

(Armature reaction) T Y o @ faufen & o 4

> ST Reaction W ¥ WOIT 1 e Fiz % srguifee aeew 3 g0 At s
Hedl © S SHET Reaction Aeed 19 | 0=t Reaction drop % Sre1 o 2 _
3, T m%m Reluctance yiiad Air gap line . Linea‘r magnetisation
ores & For e & AT g-deeR X W & fag \,gd
WU A S F TR ¢ SRO1 FIE 6 9% G T
eawIOE Waard fald @1 399 W& WA Regulation g
e SiEn g W F gee o afve ¢ s sa g e S
fTTaTE] (Pessimistic) fafer i a1 wmar €1 s
Low excitation ﬁzsméaﬁﬂ%aﬁmwmaaﬁ E
a7 S Ta % 9 Ue a6 g Zg % 6 A S g
SR fEiTa viaar e o 2
Erei® 9ear Excitation ¥ 919 Wgfd (Saturated) F o _ :
W9TE Z 1 9 1 & 8T Open cireuit % @ 9 # R : :
A 7 R Yia & HgE W Fe o g 0 Field current = Ip

Unsaturated Synchronous Reactance— for 3.36
Unsaturated synchronous reactance (X g, ) # AF Air
gap line voliage 741 Short circuit current %1 T fa¥i Field current T fora s € faa @

ad -
ZSn 3'071,;:]?:; *‘JXSR

'ﬂﬁfﬁrmgture resistance FAA(R, < < X g) Reactance &I &1 H et W'@m%mﬂo @
HA TG A4 T

Vhesassssioans

Pen circuit v
Short circuit current Ige

_ d .
Zg, = Z-2 &
ab
- ad

-x'Sy "a

I - et L SRR Y S P e R S T S S e~ ‘4*
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gaturated Synchronous Reactanca-mm
W?mﬁaﬂmmmfﬁﬂmﬁiiﬁmm
oration ¥ F T F mat fir=1 91 81 i oy g
mﬁmmaﬁaﬁmmmmqﬁ;ﬁ
i T8 TR &) A T 2 o e
@4, A 2T S VA o o e e
g 7 T A 0 T et 3 g w5
37T T AN SO, SR T T O o e A :
gp T T A T T A I T (Magnetie | L
aturation level) % STAfores et  <h sifetfen e ¢ 3 -

Open vircuit voltage

Short cirouwit eurrent [ @

Field current Ip —
|
‘ﬂﬂ% ‘ Rmam

Saturated reactance %1 WM Rated voltage

ZS (Sat) =E—m =Rﬂ +J’X's (Sat)

7% R, &1 9 199 8 74
Ecﬂ
Ibn

Magnetomative Force (MMF) Methods-MMF B9E %1 Tiiqy = Buz 578 9 Eckcidl
e e faf e et faam g g 99 (MMF) 2/ e f (Armature
reaction) 3 WIS S ST 1 SN T S 21 MMF fafa o it Am= e (Armature
reaction) MMT BRI 3= i U3 (Armature Leakage reaction) & WO 1 Wireid Feal t
7% T MMF @1 aifer figge MMF &t Siigt 1 1 - %

MMF fftr g e fafam (Voltage regulation) 1 ToM &4 3 fere Feiofan I i
ST Sl S 39 YR 8- , ‘

» W Phase ¥t Winding %1 Wi

»  qeasliers Tfd W gfhe fadmmet 1 (0.C.C.)

» Wie withe o

Phase MMF it 3 Phasor diagram- Lagging W% 2% % Phasor diagram %1 4 @
e I

(1) Per phase voltage (V) syt 2
9 F 0A ¥ W T2 (Phase) ¥ ¥ H
o e 21

(2) sEfere Tt St 1, @ e i T §
3 T X HIW Power & mwfi’@'
% Laggng W § PR Voltage
tegulation Fi O F SRR ¢ '

(3) amfex T g0 %X [, R, @
Phase § &1 AC %ﬁmﬁﬂfzél 0 3RC
7 dEH OC F W H g 3 EMF ® Rrt 3.38 Phase mmF method diagram
wifer e 21

X&xf =

a -
..............
-y

L
®
Ll
1
3

Irs

3
o
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(4) W R I ¥ Fe @ T A e FEet 0CC H
T T G AR 3 e 01 9 9l €1 Field current
I AR R R AR E F90° BT TR AR Efeeee,
THe TR Excitation 3=t fUS¥H (Armature reaction)

& MMF g fire e oTa1 21 56 W
Pp=Ip £00°-qa

5. S femm mo v wiEe Wi fadmmat (SCo) 7, W
T T 7 1 W T 5 (o7 ST e 870 [y,

I fruifts U T AR e g L X R s S fm O
FE Hies Fe & O i e dRe I % g (Opposite) §
Iy, Field current % Wef{ia a1 1

Ip: =I& £180° - ¢

(6) Field current (I ) 3R I, %1 %o firsfeor &2t 7 wfoedt & o 7 (
W%u&wmﬁaﬂﬂi@zﬁaﬁ%maﬁé‘w%mmrﬁmm
S & & Open circuit EMF E, 91 Wivs %tz % a7ey 1@ s 21 |

(7) AR H Voltage regulation %1 9 frfafiag T d EIGRE T m%l

Regulation = E“V- ¥ x 100

F]
et cfrcadf ctaryvirnt Lo

'Curre-nt) I

R

Ampere turn methods with R, Iy
Neglected-9/%  Synchronous generator H .
ArmratureresistanceiﬂﬂﬁReactanceﬁmW E iy
WW%'@’R,<<<XS E ‘.‘TF
; ﬁmAmatummsismnceﬁmﬁﬁmW '
G

Phasor diagram #1997 Lagging power factor Tt Iry 90°- ¢
9 Armature resistance %1 g5 g B & m 90°
T Iy, =1y, 2180°-§ v
I'y=r, A0
Ip=Ip, +T R 3.40
Ip=Wp)* + )2 2I'p I, sin ¢ ‘

3.6 Y9z Rk v qJeadreht 79 & g
_&;2;2;“0“ of Single Synchronous Machine Independently Supplying a Load)
qm ﬂF%‘Eﬁ a:: i r:ﬁfﬂ'ﬂum SFIE (Synchronous generator) 3 2ffFrer debet # YRed M
el o m Eil.ﬁﬂf.a;(F"mnrer factor) W W (Load) ¥ frads +f 2w s & oy e |
ST T 35 0 et o S S R e e 1 e o o el & o P
ToIETE S e vy T 5 TR ST -S7e0 Wik o e ol B

-
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o T (Excitation) = 1 T8 Y T <01 79 Gl WA F1 2 aeed aga ?, S iy
?Emamﬁﬁaﬂiﬁwaﬁm%,ﬁ YR o e e, 2 des & WY 9% T 3

o ¥ I € o el IR (Alternator) B 3792 W&
s 0 TGN 1 ST B €, < o e A e v €
o T IR ST SRTYE TR 5 WA e ¢ 4 w
ey T e et Al © 7 W e g v e Y
o ae M (Speed) FW & wrEnh, foge @ wom 3
3o @ mgfd (Frequency) T W&l €1 A4 9f diees 92
+ fe i agFl B R S gra g dm el svgE < =
e ait STl W & I,, (Full load)

mmﬁﬁm{am;%@%{ﬁqﬁmqﬁwqﬁqﬁm} fir7 3.41 Load characteristics of 2
71 T3 T A Ve HEAl €, Te i e (Emergency) sﬁ?ﬁzﬁ;ﬁzﬁdﬁxfmﬂy
i ¥ YO & e % foTe O qeawet o A dee R E >
I W € ‘

3 3 &9 §R DI HHET (Concept of Infinite Busbar)

firs Wit (Grid System)—The interconnection system of various generating sub-station as
Transmission sub-station with the help of transmission line is called grid system or
interconnected grid system. |

¥{@ @8 91 (Infinite bus-bar)-F 78 F Voltage 3 Frequency load ¥ =1 % 31 fag
Tl § 3 sFi 7w 3 w0 3 ST 1 P el W 5 i O S SHT T
7 1 Rt ff sreeeier ¥ e 3 de A R faored e % T R B ST T e S

Vit fere o ety v R e See e SRR H i S &1 e faf v o fem
%nﬁ%@g@mmm%mqmwm@a@mﬂﬁmﬁ Operation (T19) fem =i #)
% ST 1 e ) | <) 91t # @ Low reactance (W WiTHR) S SR TIEA 50 o
- TR i 3 e o e €, W A o O SR 9 1 & S 6 O 9 e
- TR Wt 21 feree 0 e e ) & fon 910 TR 36 e W feR e O O § R W
| W HE G aft e % REM 3T Phase sequence &1 WHiiad Exuil
T O T iy e % ate STeER e & o T Y SR S s ol wge g d
mﬁfﬂ?[ﬂnntinuuua)a“fﬁ"?ﬁ?ﬁm mﬁiﬁ@m’ﬁw?ﬂ%l i B TS S Wi A
T TR AR O et A 81
“ S8 T IR (Infinite bus bar) o1 921 ¢ 6 30 Wi (Power) 3R ¥ (Frequency) Fim

3{ ;Ts%‘ﬁ % arfas o (Active and Reactive) Rifmanie wiv 558 55 9 Consume (G9)
) |

= T AR fa¥wan (Characteristics of an Infinite Busbar)
%ﬁm%mmﬁmm%ﬁﬁmaﬁmﬁm T ¥ A Voltage H agg a9
1
3 b ST fee & wifer oif g (Rotational inertia) firs it wf i ey 3 ferg a7 aveh it
TR 3 forg g 721 B .
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dn w11 : ~ : —

(o) flimre el (sreeR) & g g we ¥ o 9 UﬁﬁiwmﬂmeM
A W e v |

it W A W e aeit-feets wdlls ® v  (Performance infinite) EH#H?IH‘RI‘:H
miﬁmﬂmmmﬁmﬂiﬁﬂﬁlmﬁﬁﬁlﬂﬂxcitntmn)ﬁmmm-% |
(Operated excitation) W AR e ) S0 376 2fie dveest 3 uftat 1 o ) 81 iy,
TR 5 I S et o S0 W Foft v € i o e it i o =@ 6§
39 (Excitation) § At &1 W& e agm o 1

v R el (TeR) aFa a9 ar R 3% s & aa 36 wer B e (An
alternator connected to an infinite bus has the following operating characteristie)
y ofie Aty sl a3 srafh 3w faen R frifim g € fored a7 S Een B
» ST AR R g s aw an S frg sreeciet g smgf it awfa i @ iy
&t |
» A A Field excitation B 371 789 & Reactive Infinitc bus

pawer i mﬂﬁﬁﬁﬂmalﬁ 3 99 % W4
TR 1 0 @ St 1 uft Wes w{E # 99 I Iy I3 1,
@) ©@ 6

M A FEEHE H Reactive F1 I 98 70 ¢
¥FA T AW §R YA (Oblaining an infinite bus

bar)=FHR G,, Gy, Gy, ...C, Wi w16, & a8 d P
31 g0 S e 9 feg g s ¥ femmn R
AR B 9 T @R & W7 (Proof of Voltage Remaining Constant)
o V =99 91 T fiE Voltage
E = v&i® et 7 Uit foem o @
7 = famm wida
n = TR W A F EE
V=E-IZg,, |
By =22
n
w0 WAL 2, - 0T 25, -0
™ V=E
ofz FAEA H F w0 A Aotz & Ge Faw oFa § 9
Zg=0

(b) 3mgf = Forem T 1 GRETT (Proof of Frequency Remains Constant)-r1 ff J = W
AweT2t %1 g (Moment of inertia of each alternator) |

Wy el F1 e F Moment F & A fem i @@, + J, + Jg +...=nf
Acceleration of Alternator = ég_ce_lgrz_null_;,{ Jorq.ug
Moment of Inertin

Yj nj
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aft W T AG Y T p WA o o wlem @ (Acceleration) —» 0 3 7 forr §
Frequency ﬁ[ﬂﬁﬁqﬂ i
gt TR & e wreren € 7w Frie s i st wem i wwn a aee 5 i
ot E
SR B AR e (Parallel Operation of Alternator)
et gfeeRi 3t Fara S ¥ fom sl v faee = T gerer s 4 AC,
ot ferA ¥ TS ) O g6 % W i # wenfer %03 % T gt SRz H Sewrs
st REE Ry B R & s e w93 g e - e e v A g
21 iz & 2 foem T €1
§ gty 3l Zrafe v & WA A g 92 gy e ai fef & e T g e
a ah sl w3l sk ded gt % wa e e 50 {0 9 T sl
s e S sl ferganaeiraan & forg wmmifm fm s ey ft wete w93 [R A
i FE GFTEH ) T A A T e 8, FiE A Ers B A (6 S A
fi ¥ e o At v o w1 R A A 0 WG § s Wi AEeE § e ot 4 6
fran T 1 % TR B I Al W e w0 9 SRl oA
FUTAT STUTYH o HWOT (Reasons of Parallel Operation)-Seetietl 1 f=ferad s 4
A 1 e B -
(1) ¥ ST T THE AT T ol 3 72 7+ g =t 5%a €
(2) W SR Y (Light load) S1aftr 3 2R & o1 S defees ez 91 42 B o1 9 €1 )
T W9 STeetie sifue <a & Ty e o O W W S o 2
(3) Af% W (W) (Out of service) Fi feafa & i fararell 3 syt § #f v 7 ¥rm)
(4) T I T Wfere 1 T B G H TG S I T TEAg & W 5
¥ e 1 AT o1 Hehell €
(5) ST 1 TG UFaTeH o 3 Sl Seieq H1 o ) w9 w6 ¢ L
(6) TE MY 1 wAferer greem e @ A qrnh Al INRA 9 we = b
TS o WAL o {70 Hravas® v (Conditions Necessary for Paralleling Alternators)— T‘ 3
afirriv fenTre weit ar FsrT RYiT 3 e WA H H w07 T A g e & e W nid
S W A WO o T SigA i Wi ) et & w o a1 o 9 9 e mee :
T Wi o T 1 I € S areete fa faen 3 e 5 S e € 9 6 a5 & s
H S W ¢ :
Fari # T & fau frafafad v @@ e fie-
1. Bus bar voltage 3% 31 =Telt 7YiH deed & Phase sequence T W9 B wfew
2. T AN e 3T 31 7 9y Zfiee s w9 Phase | g6 =iew)
3. WAFIE 9 TG B el weil w1 2fiee S il stz W@ weEm i a9 € # 9w 1w
A 3 W st o e i A T E iy

mﬁé.mﬁmﬁﬁwﬂmﬂqﬁmﬁmﬂmﬁmmwﬂéﬁhﬁmmﬁ
aifiy
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*
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FOTa@)[ST3 & WA Waer & oY
(Advantages of Parallel Operation of Alternators)
: *s%mimmﬁqﬂ S Teael T ST S & 99 9N Y HEE O S S A
T -
(1) T Iqf & AT (Continuity of Electric Supply)-T 8 S Womts o= 333
F SR T T Hoaa T ¢ s W ek %) v (Reliability) F T #)
(2) SRR H G (Easiness in Maintenance of Units)-felt T 38 % S8 84
el g & o = e

(3) fage-w % fomeatam (Economy of Electric Generation)-3oif"a @8 & T
TEERRAEl F P TR T ¥ st (Economy) 1T TE! S W B

(4) fergge-3ufit @ GRAT (Basy to Fulfil Electrical Demand)-3Tavasal 783 T G § 3
ot T W e T g & g g el @ g e wwa gl |
qeaIieE S A1 FECAC BT FHHIAR e RIS SR _
(Circuit Diagram of Parallel Operation of Alternator or Synchronous Generator)

¥4 [ WU oliE UF 91 G § 3o 9 (Alternator) T 99 & =721 (Share) FA M
TG S T A € ¢, S O ST S e & g &1 o 9fF (Electrical power)
=1 5EA F TE ¢ 7% e i 1 Segre s € i 3 9 F W9 9ie (Share) FH R A 3
= T T STE = I S R €1 59 it 3 S 5 i s el W g 3
i o1 Sed ¢ % 5 A AT § i e A e v e S i vl e e ey
Fory i AR SHaTEIE WieR 1 S T 5 AR @

Alternator \ '8

or 4 Load

Unit-1
Generator }

Generator-1-Running machine
Generator-2-Incoming machine

| 51 £ o
Alternat

uu'ﬂ " \ ﬁ‘g e,
Generator 5(}
Switch

fer 3.43 WD & TR ST

ﬁ‘la'ﬁlﬁ':HSuurm allemamﬂ-‘@wwﬁéﬁ%mmfl@?ﬂiﬁm
HTEZTE A2 oI o SISTGE AEeS 5 M B &, Tt SavashIaI A8ee 0 ¥ 31t g
feart e 1 el 1 WA 0 4 yeiferd w1 % fer 55 s vl % organ @ v frn w
g ¢ o e w9 e e g

A Heer @ AW Winar-fe # weff wemEds & e e o wwd g
wffa-1 (Running macﬁinc)ﬂﬁﬁmﬁﬁiﬂ (Incoming machine) % w9 81 H) 2yid 8133
it e i W Fasrel 1 aimyft  fere, éghmest ave v €, Siten-2 ' fier, S, e B AmmiCE
i 1 #1390 Wil # GG 6 o vm feaw 91 9 i <2 16 e s e

Unit-2
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(1) A e W T T & o0 a8 & 9 31 950 A 9 99 % 2 G o)
A T fhaT o Hehal €, ST 59 aieeHizt F1 3T Stk 1 faee F e aees ® a0t 5
el

(2) T o U ST F S Hh o SATeT WU A

(3) T TR S F 9a W frey w1 el 9 9 w0t A S0 e T e e
T =R

(4) =4 Al ST SUET B €, 9 2 Siees (S 9 YerEas 79H) (Incoming and running
machine) 3 et 1 dit-+ift wree S ok fias i e w0 281 5 ot 359 F1 53 S (Phase angle)
T B =
7R faPMIEaIeF (Synchronizing of Alternator Procedure)

| O R e ) weE wuEn Y T S e ey i e EMF e W e e
OTEET W 6T B 1 FRresE v o 3R e S v e ¢ e @ S
o TS 3 TG W § S S R A G Heetie # 3 79 § g 9 ¢l

frefafa fafirdi g famrresem fifan s #-
(i) TeaeRTe oia g FshAEeNH (Synchronizing lamps)
(ii) fésprrER (Synchroscope)
A ] L L To load
1 t
By E l, F Bus bar
Cl N T !J'\ '
A1 By ©y .
Ag O/ BgT C;ll’/ ‘ ‘CL lb L) Sync}:::n;nng
M 1
T T

[ncoming
machine

I ! Excitation

fem 3.44 Synchronizing lamps method ,
(i) HegeTerT W9 gAT fAeTERvE (Synchronizing Lamps) =T Te0&RH 69 51 @ ez ¥4
WY o WY S A T 3 R e o e el ® Wi s 3 fe g e w wed

£1
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31 et 3 o S fo STy oY sheeiet 3 e o w e faftr Y e v 4 v ey
I 9 et w7 ¥ for R s 2
3T AT WA WS WA (Exciter) YE faan wn € ol gt @8 i & w0a o md)
el /e 1 &1 I6e1 (Field excitation) 38 & W awifer fifgn s € @I 9 99 a7 Voltage 3 |
T B S| FA w9 1 FFEERe (Feminine) U 2T (Step) T BH1 € S 31 ST W9 3T 99 5
Sfer & SiT % St & ¢1 M€ Phase 3% & 91 gan € 61 51 o9 T € 959 3§ On 3R 9% (0ff) &y
ﬂ%%@ﬂﬁ&ﬁlﬂmsemqumceHﬁ?ﬁ@l%‘iﬁ%r
T WEH 9 F1 9l Phase sequence B 12 3 fiq 211 areft WY 1 707 #1 31 WFR 93 7
AT S At 7 F SgH ) =} (Slow step) T A (Light) ferafemee 7% wumifm fmmam
2 fcfieTee 1 ot U St arafh vy S & = o6 wfen, o 1 o 9 S | guefeE g
e fimgeym T 309 it arafy & dhe 92 8 s 7
2rd orw fafty & ery—erd o fafe % frsfafea o &-
> T i TE E
> 79 a9 F Phase sequence 38! R freffts formn = 21
o7 o fafyy & Jeae-or o faif & frefafiaa T5am @9 €
> T T 12T dieSe S T ST T S B Wi @ gafere 9 e @ o A S o O Phase
3iat €1 W oft fewemfem fag 9 & 9@
\ > o & femiz 5 gEa gl
> o T e 98 3 78 S f@ 6e o § 99 aTgha 2l

'I'I:reeB:i'ight Lamp Method
v fafty 7 € Phase o 98 §U&1 919 A, 4, ¥ %1, B, B, ¥ 991 dlvC,C, I @RI afgwiitua
U T59 (Light) 3T 319 (Dark) 8 I & 81 7 Waerd € % Phase sequence Fét 21 fAAm

feas %) 92 50 %7 91 a9y IoEe oEY & 99 5 8

0, 0
L %s/4 /
A o Ay Ay e Ag

B o/o B . ‘/‘ — =

5 'r.'_‘_A'_‘ ? ;_' S

-
S
P

C ’ C Cy. C
| 4, 2 4. | 4, g
form 3,45 R 3.46

Two Bright one Park Lamp Method

7@ fafy % w79 Hefitd Phase & 99 9[g1 € 7af# & 374 Phase % die wid # 9g1 g1 ¢ 9w f#
3niad F arFA o femmn T ) (o 3.46)
. el A, A A,, B, BC, dRC, B B, A &1 31 =il 7Y 1 WY@ Exciter F1 3% fa mn § 3l
| o R v e A o P R A ) S 9 0 R R fren o € o o e
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gRARAEy , Bg,, Ec, 1 i Tt & S Bus Bar & Voltage /A MV, FTmdmis
s forr 3 e T 21

©

fmaa
 fa G WG G 21 g0 € A i g g o St § AR g A e e e
maa%l'qﬁPhasese%enceﬂﬁﬁ%?ﬁﬁmﬂwqﬁmaﬂtmﬂﬁqﬁmﬁﬁm
i 2 T TS FF AW Tl T 5 0eH F1 e 9ge § 9 @ 91 o0 F 3
(Dark) T TR S T 7 el g @1 o deeriiee v, 9 g g &) T A
Fr AR e e & S ) 0 R A e W9 T8 AR AU (Flot) T § e H 5
e o o dram 21 afe wrew vy = e e s # A g e s wae w0 & fo AR §
i i e S o e @ ) e R g o) i ) e = e g v
o g T Y ¥ e )
fimreRIa I TRITESIYI (Synchronizing by a Synchroscope)-Synchroscope (@R
R & W e At A i fewmn  for w3 fren i &) e vs | ad v
i SR AT WY T G AR = @
ffreia o 8 Phase stator 31 Rotor Wifte §1 ST fimran 1
ﬁPhﬁeﬁﬁrﬁWm%ﬂ?ﬁﬂiﬁﬁ%ﬂPhaseﬁﬂﬁgﬁm '
b AT & A1 AT Phase automatic (Tifer) w93 e e sme [ siow
| e s R 5 TR T 2 & o o R e e .
Haﬁr’lﬁﬂ?%l Hriﬁ%?ﬁa Phase 9554 Phase aﬁz@?@’tﬁmg‘& ‘Synchroscope 5
SROEUF At 1 ST 1 ¥ &) e o o At i
(ad #9 a dih Tf  Se) W i e ) " i e §
O T T W 2 O € o At weferm €7 om 1 o et st frm a.48 Synchrosoope
SR Tl T T & A T S e e T T A g i e method
|t s iR e s w sraf e W & 9 g w e eme i i s e
e T ST ST ofe ok A &1 R S g A G 3 v A i e s
T i & FW & W s s

ifires 3 faeie SeER e ey & & e v €| fimres & fee s H i i gt
FrE T &1 79 TR ZEEHT S Winding 3 8 T 91 39790 (Excited) 57 § 3 37 3 Winding 31
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T T B I (Excited) St §1 S gwwii ¥ d i @ 99 g 1 R ¥ A sy
Winding 2 % 9 ¥a w70 € 3ii ¥ i 1 Flux 68 2 37 Flux 51 9fom #1 Romd gy

TR & &2 Winding § EMF #t 3 e €1 e & 9wt mwm%ﬂ?@ﬁﬁﬁmaﬁ
el 7 R ¥ %5 Part % Winding EMF % 37ean G 38t % 919 Phase 3 ¢ 31 $ofim g

t . R Y B

| @

'I‘ransfurmer

1

\
\
| = —
I i .
-\ s _ r "
| Y B
Synchronizing type From incoming machine

férr 3.49 Electrodynamometer type synchroscope
?ﬁmmﬂiﬁﬁﬁvg}wge@{ﬂ?@%%%?hase ﬁ%ﬁm@ﬁﬁmﬁt#?ﬁmmm
Flux Y71 8 71 € 3 afere #4910 (Bright) 78 W aft 3 =ell 7 iR o 4 3 safd o
T E TR 80 ¢ i Faefirenee (Flicker) 77 o €1 feeifirenee %1 amlfes i 1t amafiedt 8
% WA ¢ 74 9% ANE g © Al frefienee w9 @ Wi ¢ o e fen o wwa )
TR U & 2yan ey § o et w5 i w i s & fe e o )

Fmprmgarer faft

eI 2 g Weada] 3 T e & for Wt w1 fer (3.49) H feaman mn &1 wei e
TN A, 90 @1 ¢ 7 99 90 A T3] £ 3 VG A, F) A ¢ WA A F TG 9w
e fe e Fe oy ot 4 T S ST TG 50 o | S el o A Sieeal 36 R e
VI 7 T o o femamdd 1) dieeiiet Ry S <1 el € 9 1 el STH YT e Tt wat
T TR 7w & B, 7 B, 2 30 an & fErgan 9 a9 m, 99 m., 2 5 e i
mﬁmmamﬁmﬁmwnmm%ﬁwmmﬁaﬂmﬁmﬁmﬂmw%ammlaﬁrm |
# &1 91 T % 26 W A9 4 59 @ € ) 3 YER 8 B, T AW A H B W qlm, ®
A § 1 a1 Yo & 96 e @t B A S

73 figna oot & WHas Oy effa S fF w0 g | S A YeEes safhs o 1
syt i <o ) Tt e o o Wi A, H e (e i) T8 an s gty (st ) @
S & 1 gt ¥l (Synchronoscope), S aTaTard fen B e g3 feard 2m qen s s
A, R a8 A F AEfa § F9 vl 78 qeasas v &1 Wb efborad e # o gen frr
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3| 4 qeawIer® <u (Synchronoscope) 1 Hehan weat feafs 1 fom semn & 20 77, 75w
FEAEH A, F ST ar agf % auae A & aa A wrE s | e i i f)
fiad S, T TR FH VewETH A, B HAR WA W )
R
| | _
4 . L

s

—\
R

(£}
(L(LLQ(J,‘ /o0 :
S1 Sq E
i ’
L RIEGED
0 0 ¢ MR 6oy
(R Yaé A (i R Y BY %)
ol Ay :
T L ':
| 1 O L_l
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o 0 0
\ﬁzﬂmaﬂm/

fir 3.49 Synchronization of paraliel operated altemator.

34 R B wu A Ripew wele & e
(Operation of Synchronous Machine as a Motor)

i =0 geaehtere WIet ((Three Phase Synchronous motor)-8 58 HrX W% fiwrm T

(Synchronous speed Ng =1—2£—f)ﬁaam%3éféﬁwﬁa%mﬁmm%\mﬁﬁnﬁas

fie s % P W iet Somgmiifed oe 3= S v faeg s @ g w3 vl 5 S
figr et &1 Iant faran i €1 R HE Doubly excited machine ¥ fi Tetd@ :1 D.C. &
W Excitation 731 9 & 1 Rt $vesh %1 Totito Wrer | wigd €1 T60 v § WraradH 1 qede {2t
FEUH = o ) 9 S el YoedE SRR H a9 ) 6w T we af fe
T & (Prime mover) Tl 721 fora S/ @l Wi St Hﬁ{ﬁ%mmﬁiﬁﬁd’nweﬂﬁﬁ@
R T T 5 R R i W S O ) e et = R e T | S i 3% e e e €
YA N el WIeT & A W S o R
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T Wt H Rrtheari e e st Pt frdarnt §-
(1) % R e v & € e e w0 G W i e v # v #) sy
TR GeaEEl BT W R a5 W R

Ng= 12;’)1"; f = Frequency

P = Number of pole
(i) TF S T ¥ e (Self starting) TE T §1 T Ve fF 3R WEH F WY T
tS}'mhmnisedHW@,ﬁﬁﬂﬁmmﬁ%wmﬁmmm‘mmil
(i) ¥ T (Lagging) 701 S (Leading) ¥R 9 (Power factor) % ot i 7 Rang,
¥ ﬁ?mt,%‘@ﬁln e W | Lagging 19T Leading, W™ 970 (Reactive current) Wy
T &l
(iv) R 7T (SET) 7 fimias 12X Double excited T €1
fimrw Wt & Fufor (Construction of Synchronus Motor) i e == HiX &1 Ty
TOE: T U ST S T A | S 3 (e Fmi e o < g AT ¥ R e ¢
& ST H S Winding F1 98 w91 €1 SR aRiET 764 Winding & fores S0 EMF Rt i iy
¥ 1 Rotor Wie Winding & 541 #1 767 &5 W (Main field flux) T2t #fta oo 81 a3
@I T -
(i) Salient pole rotor
(i1) Non-salient pole rotor
e e Sfede e Tt T Fe ) Salient T 1 19 € T2t % gl B SR Winding
S TR T T St F1 e Wiel & gHe & WY 441 91 81 Zhe-gs Winding H vm
fm o & el v o 91 5% 0 §1 Non salient 06 U2 51 3991 ST 54T T SR FH M
ol et =1 feams 50 & T a1 B 999 T W S0 % g Wi F Seeen U9 w5 3vEm fey
Eickd)
e e F1 Start T @1 fafi7 (Starting methods of Synchronous motor)-t fiHAg
Tzt A.C. F 2R ity i O e fa 3§ et st 21 fea Hiet Start, #1994 &9 (wd) 76 o
1 7o e ¢ T fim et Ao = 78 1 18 1 9 v fafa g Start fFm s -

{i) External prime mover

(ii) Damper winding

(i) External Prime Mover-%9 faft % & adl wrgw ot <if fesfr diet =1 gres s € A
fmra =i 4 e € s weih O e et & w9 8 99 98 5 oy e ad ¢
Prime mover # Wg#d "X @ 6l

(i) v fafe 3 el 911 370 A1 (Induction motor) 1 G640 1 & Y0 ol Sirer a1 Hie o @
AETETe H2X 1 A A €1 T W = (Prime mover) A 369 (Exciter) ® ¥ S ow f1

(ii) 21T Induction motor ¥ ¥4H W 4t fe= Om Foy3ve Azt 3uered & o geaael Hiel %1 e
o7 FEEIE F1 AR # gedal @ 3f9a (Coupled) F fear i €1 e ary dew @t wf; oft frdaw
(Rheostat) ¥ ez A Frdfm %1 1 v €1
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A gl BT B IS g0 faa T @ am v o e 3 gt
ﬁmthmmmd}ﬁm'mﬂr%lW%mwﬁﬁzxmmwmwﬁﬁmﬁm
atamfee S TS HIET F) GeaFE 92 A Disconnected 7 w1 #1 Teraes a5
ﬁmﬁmmﬁmmwmwmmﬁﬁm% TR R Ty

< {7 A T 1 T H | T A A s e S oy

< TGS & Teet e fipnrr iz 3 g1 i & e Starting 9 e o & fim
7 U W QR B e fore vl A e (Start) T v # e i i e A i
g B 1 37 o T e 3 Wi UG e e, W v 4 e 41 Eaeiter =
(@ Starting motor 3 &9 1 forar e #1 79 ey 3 &1 vW F Hier = v e v 2

(i) Induction motor (ii) Compound motor

(ii) ATk HUSHT gHT AT (Motor Starting with Damper windings)-Damper winding
@ eI Motor ! Start % fofu wad =aes =9 9 9990 %1 91 = fafaa §1 @ Damper
ﬁndmgﬁfﬂ“{# Pole face % Tz # S T 9 91 F AR o ¢ 99 H A e R (351 dfEm

Al
End connection to short
circuit dmnper bars

g

x’ 12"/ N
%/ /!rﬁfl'":i ’

Damper winding bars

\

Laminated pole shoe

Field winding
Solid pole
férr 3.51 Damper winding diagram

@ a4 = wenEr w i‘m%ﬁﬁﬁmlﬂnd rings mwﬁaﬁamamilmww#&
(Circulated sequirrel cage winding) W &1 99 917 Phase F1 Y[ BN ¥ 93 @ 2 @
‘i\mﬂmgﬁi'ﬂ’tﬂmﬁiﬁ '@I?ﬂwﬂl?ﬂ?ﬁh Phase induction motor % €45 FH w1 48 @
T geIfe T o w0 gga ‘R Fowlto Excitation M Field winding W wr T T
FOTEEY Je F W2 F VB TEH & WY TF-TF Step § &iF (Drages) 1 7€

T HIZX 1 SR HieT S T8 e gr & ol Wt a6 S we w8, Hunting effect
T &1 qee AT #1 5 fafe 1 fowar § S i fmm

(i) e qeaeTel W Main winding (31 Rotor) Winding % Short cireuit %1 3 § 3yfq
W W94 Main winding =1 Excited T8 ]

(ii) 37a Wirex 3 aeR (X)) 1 i THEER WO W Y Seen WoH S0 £ 9 W JE
T 95% e I W Y oid & ad et Winding 31 P84 Field winding #1 Short cireuit B T
Tl drgt D.C. Field & graehra vifdw Gr el i & wum Are el it ot it e o &1

Rotor forging
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3-¢ A.C. supply

#5 i for o 19 gty

= ftee § e ¥ g

Regulator

ferr 3.52 Starting circuit diagram of synchronous motor
(iii) 319 GeawIel AIeT % et ¥ Auto transformer I FIEHt Tof FE Arcedl WgF a1 ¢
(iv) GeaeTcil AT HI SHH! G0 TR Soor fafdd Sl sfead vfe U I Ferar ST Fa ¢

Jeaare Atex Bt Iwie fafty g aRenfera axa g e & amal @ e | @ At
(i) JeTTel Wi $I Start T Y T Sieedl W % 910 ¢ 09 T [T €1 R Winding 7
§9f7 (Rotating field) % Starting & g Aex siwy & aga aifre faga s a0 Uia wta ¢ Fa
SH9- Uet Ml 1 e o & forgga e 9o @ A e S g
(ii) 914: Field winding #1 110 volt (¥t H¥iii & fe1q 220 diee) o &4 a@1 e € il WS i
9 &V % fo T2t | faga e sieear (T9R diee #) 3R 814 & SR 12X 3797q Field winding #159

ferggarifera = < &1

R Hiex &1 S (Operation of Synchronous Motor)

Rt 3 I e et & 21 767 WM §1 R Winding Feart s € sk 3o weft= 1 o sl
et & Rt F1 9 a1 5 A.C, F 1Y € el € 7 W AR YT S STem-37en Excited THE I |
Excitation [5gd Wi #1 Wer § 117 & 90 W T4 8= 51 Wi 5 91 W61 ) S QA |
P T SMTYfel 7 STt & i T A LT 7Y o 4T Yo Jrard 4 faehiad el ¢ | St ol el Field ®
0T A 81 % T S 6 ¢ O T A 8 e Wl Yol H faentd el € | U gea

&7 % TN w0 W Il SN <fvl 4o fawin 2id
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Salient pole rotor

2
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a
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= excitation
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ferr 3.53 Two Pole Synchronous motor

At R E A TE @ A TR A v g SR €1 I i g g
{ﬁmﬁamt T A9 femm Ty st 9 veg & s A w1 v f)
O el 5 Tt ST 3 R 2 3 g o s e e S gt R e
g R e O T i 8 e  (Pulsating) ) 61 e & o fored e e v

g

féra 3.54 Rotation of pole

W A 1 YA W H AT & ey R s &1 v e e ool qeasers it 8 g #)
fiw e weitT & et ifs & o i amfia s oo & @ 9 e W it Fm #)

78 T2t A qeenifern T W HA WO i & a9 WEH g et i we fm wm # A e A
ﬁeﬁruwﬁmaﬁm%mmmaﬂtwﬂ@mﬁmmﬁﬁl

e T S et o SR U T A e R 1 W o e 4 A
w%mmiﬁ%ﬁtﬁammﬁmtlﬁuﬁmmmﬁmﬁmm
w8l
e e & = faghgam® (Main Features of Synchronous Motor)

fme wret =1 qer fadmand fFrefefed &-

> AT et ) M R T A € v e ) e s 3 e ) v 76w 81
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LUCE S | G —
> fimre e e W T 1 W T & S S e T W e B % iy
o s 1 |
> fimeg A= Lagging SﬁILending flﬁi?lﬁﬁﬂﬂiﬁ% Rangeﬁ‘aﬁmlmm%l
> Damper winding 91 728 ¥ fima Bt F1 W Start fifa s @1
» T 3T3 F99 (Running time) FE ek 3ifaq Torque ¥ 31 72 91 & 74 A HA TR
W fehe W asa ol
Ta Ser@T 127 (UMW WIeT & Wqed Wise 3 e g (Equivalent Circuit and
Phasor Diagrams of a Cylindrical Rotor Synchronous Motor)—T& gedeifci et & T9EE
W%Wﬁﬂﬁﬁ%?ﬁﬂﬂﬁﬁﬂﬂﬁﬁmmﬁmﬂhphase ﬂﬂﬂf?ﬂiﬁmﬂi
Tt e w1 fom 3.55 5 e man &1

5 Ra Xs
v
Zg !
v Ep (-)
6
form 3,55

9 B =09 dieed (Excitation voltage)
1p =%iee FiZ (Field current)
V = amEt W g+ i b A
I, = SHEC AT
R, = 3R 9ty whe
X ¢ = iy it & amder (Rex) 91 wioa W e
7 g = ST 1 g Wi
4 = Zf5e e 3 3fER Current % 99 $10
cos ¢ = Power factor
§ = 2fTe dreest SR Excitation voltage % 919 % Angle (Load angle,
Torque angle)
IR, =@ wiade ¥ Voltage drop T
I, X ¢ = Reactive voltage drop per phase to armature reactance and armature
reaction effects,
Zg=R, + jXg
femra HeT §
V=Ep+1,Z¢
V=Ep+I,(R, +jX¢)
Ep=V-1.R, -jI X; Wil
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o f g i

i1 (i) Tt T & famiw et & fafir= wfi 1o W e #itd (Phasor diagrams) #1 g
g gl

(i) Lagging power factor W Phasor diagrams-4f2 Synchronous motor supply £
[agging power factor W =T T&1 & T THEH

Ep =V -I_R, - jI,X s & Phasor diagram &f¥4 &

Supply voltage ! Reference W 04 Wil 781 0A = V 741 Supply voltage & cos ¢ Lagging g2
power factor W I, current lagging T 2TEOB = I, i s H Voltage drop I, R, %1 W2fim
0 & & Phasor F1 Opposite direction ¥ (- I, R, ) & wefi AC %9 s | Reactance
wltage drop I, X g 31 ¥7% Phasor ! fardia feam (- jI, X o) CD & wefifa fiF mn 1 7% awian A
oltage drop ¥ WA (90°) W &1 1 % Ep 7 7H, ¥R Sum, V, (- I, R,) AT (- jI,.X ) F
e £ |

C
~loXs N
& v

0 : *A 0
b (g ‘

fer 3.56 Phasor diagram al lagging P.F.

Load angle, Torque angle FAA sA TN TR Voltage (V) S Excitation voltage(E ,.)‘3?
#4971 VRIS iaT €1 7€ TF Hee g Power Transfer, Stability 3 f&@ 92T ¥ Operation # @&
T g 21 3@ Phasor di agram % Lagging power factor (cos ¢ W Wefiw fan i

(b) gFEt Power factor T Phasor diagram-

I _ - v -
0 — - :

fert 3.57 Phasor diagram at unity P.F.

el 9T theet T 3R Current (1, ) supply voltage V ¥ Phase ¥ 2rm) T T e i
Lagging power factor 1 Phasor diagram 1 Weflm &0 = wima wam 21 S fis svima fam (3570 0
Wi fe T €1 59 Power factor ¥ cos =18 & YT § = 0°,

Leading power factor W Phasor diagram-a9 fH#FR dey Leading power factor
e € 79 e Current I, supply voltage V ¥ §° Lead % 2 79 Power factor %1 5 cos &M
T Leading power factor 3 Lagging power factor % @9 Phasor %1 w2ffa w01 9 W wom 21
% Synchronous motor % Leading power factor T Phasor diagram F Weiim fFm T 4]

{
‘
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fart 3.58 Phasor diagram of leading P.F.

E @t MuTT (Calculation of Eg)-Excitation voltage (Ep) %1 =M o= ofig - |
3T ¥ T o < w2 Phagy,

Ep =1 W1 Lagging power factor 91—
AODM ¥

OD* =OM?* + MD* =OM* + NF*
=(ON - MN)* + (NA - FA)*
EE=(Vcosé-I,R,)* +(Vsing-1I,Xg)*
Ep =\f(V cos -1 R,)* + (Vsinp-I Xg)?
IR, sin$-I X5 cos¢
V-I.R, cos¢-1,Xgsiné
E p &1 919 Unity power factor 9

§=tan™!

AOLM #
OM? =0L* + LM*
EE =(V-I,R,)?* +U,Xs)*
Ep =V -I,R,)* + I ,Xs)*
=1 IaXS
6=-tan mj
Leading P.F. T E; &1 91
AONL #

OL? =ON? + NL?

=(OK - NK)* + (KB + BM)*
B2 =(V cos ¢-I,R,)? +(V sin ¢+ [, X5)?
Eg =V cos §—I,R,)* + (V sin ¢+ I, X 5)*
Ey =J(V cos ¢~I,R,)? + (V sin ¢+ I, Xg)*

o1 1,Xgcos¢+ IR, sing
o=-tan (V—IaRa cos 6+ 1,Xg sin ¢,

-~
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e : - e Wi (31)
19 qEADICS AEX W Is-9Rad= &1 §9E

(Effect of Change in Excitation of a Synchronous Motor)
‘o oo AT # S A I, ah(v;zEb )mmﬁmmtusﬁlmwﬁaﬁaﬁﬁa

grd

g ], A A o fere wftomdt e B, ﬁﬁrv Ly 3 gRY SR P < &1 T TR ) e :ﬁ-' .‘

ﬁaﬁﬁwm%%ﬁ@ﬁﬁmwﬁawﬂmmmmmmm

T& Wi qraITer BT 99 T e & SR € 9w 6 o e s W wd F §
£ o T I Tl & St it v i 3,59 (a) 3 W 31 o af v 1 v & e A
e Wit Sl By o 9 8 9 foor o an e V A B 1 Wi e By F T S w6
S TTaf 8 S &1 A S TR I (o) T AT S 3 S T € e A 5 e w9
v TR O TSR A B ST & A S o S & < e i@ w1 3,50 (b) H vem

TR 1 S-SR e et e ) R o I T A 9 e e
A e SR T i SR e g

(a) (b) (c) (d)
fir1 2.59 Effect of excitation phasor diagram.

71 7% A1 T H TEA ) SAervaehal ¢ i 3 qeaehiven Het S A 3 98 A ([nfinite bus bar)
W & Tl = A i ez, Vet 81 ) . i fea wiow iR 3 ae ) e ae T @
Tt & I T[T W A 8 W € St 1 e anta @) o 6 (0) weffa 21 3 s @ afts 1@
@ 9 T A . F TE T F TN E,, F AR T FE 5 ofiawdd F OromEey e S g A
&1 T € T SHR W 97 ST 2 SR e S00E F o 3,59 (d) F WeRm &1 e et 3 e # 3l
e aar < W A Ty o it o i aifi ST | S s e s an o s
T o gl S

Tz (Note)—Teohie T2t # Soer & UEdd F e 91 3f 79 70 vn 3 wwdi fe e oma R
Trfas wifled (Real power) P = VIcusq:'ﬂﬁW%eﬂhE (Yl E,) Fiem sea i@ dreed |

wfiad | VI sin ¢ Wfeemdl wifsd (Reactive power) ® ‘Iﬁﬂiﬁ‘iﬂ'ﬂ e & fornd i U (Power factor)
o e A g1 S W A -

» Change in Excitation — Change in power factor
» An over-excited synchronous motor takes leading power factor current.

R i A A L L
P——
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> Anunderexcited synchronous motor takes lagging power factor currents..

» Change in excitation current does not change the load or power output of synchrongy
motor.
To change the power output, the mechanical load should be changed.

gmmmaﬂmﬂaaﬁmqvf
(Torque Developed in Synchronous Motor)

ot F 7wl g e fewe v wen v ik R, W wen geawre s X an
S qeeeTel Wioa Z ®, v'ﬁﬂuﬁmmmﬂwmﬁrwm&ﬁmwumm |
W o & FogEE =W N ¥ T R R Phasor s #1 fam 3.60 wefi foran 1 € ma-

ae »
F 2

fern 3,60 JrEferes WeR & UK IRE
Tt  Fife v Sefed F d W Wi faga wf = Ufa ove fagm 9 =99 x S ams
TR & T F
=E l cos(a - ¢§)

=E,J cos[n (0 + y)]
2
bfbe

WV " g
IR cos a + X g sina] - & il
2 25

ot 7 g Wex 7 feaf & N r.p.m. 9 gl e T 8 o sfen go w
WTN-mmﬂwmmmmemw-%ﬂT

s e e mmmmmfﬂmﬁaﬁ"“

e Viawen Safea e A T = ek P N
2N

60

._P‘!."."l'xso”m

2Ny
T Tz 2 A A ST o & eI Yt e | S g TR o, 9 e g,
aAfvrera fam 2,61 1 weftm 1 av qeamte feafa v ae sl g7 g € Sl S-S5 i o Temi
el 0 7 o aga £ 41t o = 90° VA AV AR WA Aferwan T, 6 | e Hiet ST YA
i 3 v 75 a8 Aol e ) 1 9 v e A -

{1

mech
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(0] o ‘%II)‘ ]éﬂ' ’
feer 3,61
A 3 3= oF) et Rt e o

(Different Torques in a Synchronous Motor)
ferr wiret H fafi=1 W % Torque T 74 # 98-
(1) Locked rotor torque.

(2) Running torque
(3) Pull in torque
(4) Pull out torque

(1) Locked Rotor Torque—3% fa it Sivig {zx fiafa 7 =Fam 3% (Minimum torque) f33
et (0 g e v @R e Al & o ffm e € e aﬁ&lzﬁwmaﬁ‘lﬁli
7 Torque E=Txs Winding &R %o f&an s 2

(2) Running Torque—4% AR % Running & ﬁﬁﬂmﬁﬁﬁﬁﬁﬂlwﬁ*% I
it 1 it e 37 nfe & Freffm e @

(8) Pull in Torque—TEEHA" R0 % G Induction motor BRI R Ftd § 4 48 AFT S5 ¥ 2
5% 1 et & 4 D.C. excitation FF Applied fFm sm & aﬂrﬁammﬁméﬂ ¥
9 G- Step H @i (Drags) T §1 Sotito Wit 307 o a1 W s w0 & o ezt
TS S ) Wi FoTeeh Ted 138 Aeaw i saf F sftwan fiia 2 (Torque) 81 “Pull in torque
7 Maximum torque 2 W1 Synchronous motor ¥ Connected load F1 Drags $ % fa Maximum
constant torque 21"

(4) Pull out Torque-4% femprm Wit w1 Sfuway Torque W% Synchronous motor ¥ AT
Synchronism (FERIAIES) 31 1% 12T Voltage 3 Rated frequency T i 2 1

Teaentelt aret &t ' V' &8k (V Curves of Synchronous Motor)=V 55 fafy= e will % g 2=
Fiz(l, ) 3 Free F2 (/) # & wie W A W W RV S my a3
FAR H SER V F&R F T g ¢ e 37 e de §1y o w5 T

férre WieT 3 Wrat e 3 Wies Current T 3Fe01- S St ot fFm o wwm 21 o 5
T ¢ smher wie 1, %1 Field current 1, ® W 3 5 a2ema &1 99 @0 & 6 5 No 55 7 76
R Az 38 81 A 7 A Field T 3 W F agra € 8 st w12 1, 9 8 9w & 91TE S
i e <1 8 e & 6 2 faeg W WA (Unity) 915 YO W 10 @ 9 0w e
o i Ui a9 a9 WIET Lagging power factor W 1 ) 14

=
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@34) g w1 —
&.
Lagging P. F -&- Leading P.F. region
region - F)
40 wnsumed:" !;
& e

El

Full load (+ @ Supplied)

Sl s ._‘?'
e |. :'
5 g U Half load
g |= ) .
a2 No load
g | F
E | n
< o
=
= ;
(=]
13 /
Field current I
for 3.62 V-Curve graph

%, 31 Field current ¥ 37 g & &t smie ara 7, e s ¢ it 6t & Wi vfm F 5
TS E F 2 81 S HE #R Field current ¥ 9= @i 71 7 V 556 & €9 H S 9
e viw fafer 9 ¢ 3 o et it @ A =2 gan V 0 S Curve 1 (Family) W g d)

T T At F V Curve 3 a7 3,62 H fegmn w1 2

fore forg o W W $9T (Uniity power factor) 211 8 5 g w0 farg W ai € g s =iz
T = g ) e forege el & fw e v amt  =gam fagall 8 sig et a1 ghE Tt
1 SFETET e Fe e €1 0.8 Lagging power factor 781 0.8 Leading power factor ! fargai ia
&0 Wit foran T 21
" ;{W‘Tﬁﬁﬁa‘ (Unity power factor) % T 3t a1 for g Leading @it Lagging Wﬂmﬁﬂ

|

V-Curve field current ! FAIfa F1 # 3wdnft 7 ¥ Field current 3 1, w3 A7 Leading
mﬁmm@wﬁﬂmﬁmmm%lmmwaﬁwmm%% Field current 58
B 3 e et 1 T 1 @ | T S S Fehel @ i ol SO Uehen 9ifeR %1 (Unity power factar)
% e Field current faa1 @ W% Unity power factor field current & #ifaa 2

i e m aiene fafir R W e HaeT AR Field current % & 7F i w21

.......................

Full load

No load* yairioad
Lagging P.Fe— — Leading P.F.

Power factor

Field current I
ferm 3,63 Inverted 'V curve graph
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i SiFel O T € iR afe Tof W e St @ (Unity) power factor WA T 8, 3
ﬂmﬁfﬁ =i gfe ga1 forgn S @ Synchronous Motor Leading power factor T Eavkackucikd

concept of Synchronous Condenser

frpr FEE 1 T R 71 g Yt e F w9 # F 9 9w 4 1 g
s 1 O EhITeren AT O A el ¥ e <o aeh s oo Wt 4198 I (Field
sinding) % Excitation S 3TeTT ek Wialmal e TR (Reactive volt ampere) T 301 71 i
| gu@A & 8 A9 Field winding % Over (VAR) Excitation 7% Leading 10 % for a1 1
gt
e g iR o g & ) Eowilo SRe Y T it i &1 @i e 3 e (Over |
excitation) @ Main power factor W 9 FG 21 Excitation % 999 %% Lagging power factor il i_ 1
F %@ €1 31 3% Over excitation ¥ 4y At # farn fireh wirs & wifera form =0 A 7% & 90 '
Leading current ECIN A RE] Voltage ¥ 90° lead Eaoikd , oAl

70 YR T8 U S i 0 SHuE T ¢ S b ufterer fafird 3 wen e w1 e ‘
o e = 2 A '

it T qeaeifer S T =T (Variable) start %% a0 91 Variable capacitor 1 8 S79eR
=71 &1 T ST e T wenferd! # WAy W, ¥ dee ) fafaid (Regulate) T % T
far = @1
It AT gRT e Joie # FUR
(Improvement in Power Factor by Synchronous Motor)

T Aret ¥ fose o 4 (Field winding) H uftad 31 3w 363 s & it o o ofd
21 A 9 AT (Low Excitation) lagging W& 0/ 991 Over excitation W Leading power
factor T ST € 7 gedeniia HIEt ®i A 399 (Over excitation) T Leading Wi 0 W ¥aiicr
Hmmﬁ“ﬁﬁ'ﬁﬂﬂ' (Improvement in power facmr)ﬁ?mm%mmaﬁ'ﬂﬁiﬂiﬁmm
e o g ) Feafi e g 2

T XKW cos &, e 0T 1 S =Jaw Wit 100 0 F70a § @ YKW Vi &1 qeasifors At } 1
34y (Lead) ifee 177k W Welferal s SRgol WI(X + ) KW 3 YT 06 R o€ cos $HCT & 4 1

KVAR=AC =X tan '
gl W 1 AR KVAR =DE = (X + 4) tan §,
qoaeTe A2t KW = AD =CF = YEW
AEvg qedee "iet (KVAR) = BC = EF = AC - DE
=X tan & -(X + V) tan §,

=Z.KVAR
TEasTel HieT St vife U v AECF §
R -
dy =tan CF ta Y

;. JeasTelt Wet T YIfe TUTE cos s = cos tan™ %

y
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fors 3.84 Circuit and phasor diagram for power factor Improvement,

AOQAC ¥ Leading KVA, supplied
BC =AC -BA

- KVAR, - KVAR,
=0A-(tan ¢ —tan ¢,)

Leading KVAR supplied = KW (tan ¢ - tan )
et Toie gaRS A WA 53 T amet Geaiel WA & FE SRS

mw@ﬁﬁm%&ﬁmﬁw@m#mmm%ﬁ@f%mmmm
g & e ST o T E (Justified) BT @ T SH ST T I IR G w9 v
o & e a0 @ 4 F9 6 59 Y e FEa ot us HewqUl e ¢ 1 i T it # i e
S TR Sae KWH @ KW SR T S ST € a9 36 fod F9 Ve O B T8 § w6
v 75 gET T (Mains) F1 @ 991 9¢ W11 1 FH Al 0 g See F et F7H S iy
e £ i 54 wiyE a8 i, SEe ad] ZAE S T e ¢ e fored 3w e AR

s Hfazdl § %9 A 9% (Low Power factor) W 371 2fved il z
Ig

-
£
-

fer 3.65 Phasor diagram at leading P.F.

S
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FTET 1. 240 Kw, 0.9 Lagging power factor % T ta4t w1 % Wi e o g =73 i
50 Kw VITeRT TEUT &t ave qeamtedt iex =t fifm wifers Tors o Wenterd e 2 £ e
vf U 0.8 (Lagging) B 57

T-Lagging ¥R 0% F0 ¢, = cos™' 0.9 = 25.84°

SETIS WY Wil O I ¢, = cos ! 08=23687°

%H] & Lagging K 9 KVAR = 240 tan 2584° = 11623 KVAR

ATl W1t 1 9 Al = 60 Kw
-, f T H O % e W9 KVAR = (240 + 60) tan™ 36.87°
=225 KVAR.
FEvaH qeaerel Aiet KVAR = 225 - 11623 = 10877 KVAR.

. eI AR Ul R, ¢ = tan™ % =61.12°

. qeaIeil H1eL 2 TR U cos g = cos™ 61.12°

-, qeawIEl HeT ¥ AR U cos éy = cos™! 61.12°

=0483 (Leading)

TG 2. U AT ®iE (Industrial plant) 9T 1500 KVA 51713 0.6 Tyt wife
T T &1 T 750 KVA 1 qedatell W2t S 72 Leading T 0TS W iaien § 38 @i
& qyErTHt Viferd GET & fo v st et €1 afg gt S e we A e Sy wiE st
a1 KVA & Hga ¥ifert 70T (Over all power factor)-

-0 F @ OB =1500 KVA

@ie ¥ wiIe F1 Y 0 F1TM cos ¢ =06

: sin ¢ =08

Ig

-V
450 KVAR

3
150 KVAR

B

(Active component) OA = KVA x cos §
=1500 x 06 =900 Kw

(o
13?
I
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agﬁ qaﬂa-u _\_\\
: Reactive component = AB = KVA x sin ¢
=1500 x 08
= 1200 KVAR.

750 I{\’A?ﬁquwmw?{mﬁﬂﬂﬂﬂﬁﬁ%l

cos¢=0,sn¢=1

geamifaE Hiet T Active component = KVA cos ¢
=750x0=0 .

F7 gegEiies Hiet & Reactive component BC
=750 x 1 =750 KVAR

Hgwa KVAR, AC =AB-CB =1200 - 750
=450 KVAR
(37) iz T FAMKVA =0C =(0A)" + (AC)?
= (900)7 + (450)® =1006.23 KVA.
; 04 900
wﬁﬁ 4! C = e— =0.834—4
Sk T s & = 50 ~1006.2

arevor 3. e adt At ST 400 Volt T & 0.7 Lagging W T0ieh T 100 ¥ftmer gy
et &1 ww st geaetaE W2 @ g0 gt ¥ ewar W ¢ i 50 Kw wie s g
mmﬁmmwwmwmﬁqﬁsmmwa% YT 8w
7T T ateedr = 400 Volt '
i U cos ¢ = 0.7 Lagging
cos $ 0.7 = 456°
tan @ =1.0212
IL =100 Amp,
e g ot 7 Wi P = /3 VI cos ¢
Z\EIK 400 = 100:'( 0.7
= 48496 T
| = 48496 Kw
| e KVA = 4%?” =69.28 KVA
qogHIct ﬁammﬁwﬁﬁhﬁwﬁﬁhswm
HETE 74 W Ff Load = OC
=48.496 + 50
=98.496 Kw
qEHIEH HI2 ST R RO G T, cos ¢, = 0,95
¢ =cos™ 0.95=18.2°
tan ¢, =03288

= KVA sin ¢
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AH;ABﬂOAtEn@

o _ 48496 x 10212 = 49,524 KVAR.
: AR =CD =0C tan ¢,
ﬁﬂﬁw - 98496 x 03288
=32.385 KVAR
W@ﬁammﬂ f&3 T KVAR = BF
= AB - (AF9ICD)
= 49524 - 32385
= 17139 KVAR
o tan ¢E% ;-1’:;1%=0.3427
p=tan"’ 0,3427 =18.9°
cos &= 0.9491

7: 7 VPR eehTeit TeX 0.9491 Wfé T (Leading) W FE wl

110 ﬁﬁﬁﬂ Aqex e} Hunting (Hunting of Synchronous Motor) " "
A s 71 et oREfia @18 (Varying load) i e 3 e s favan S € 4 0@
ﬁnf:;qqz‘rci’f%ﬁﬁ gamf—ﬁﬁzﬁméﬁ#(ﬂun;ugmﬁlmﬁmu 2o # feafit RAA
Pulsati st 21 el €1 ' :
m%ﬁmﬁzﬂmmmﬁﬂm%W§sﬁmth
@ fet drex & fea feafi mmwmﬁmwﬁ%fmmuﬁmi’ﬂ;ﬂg
rRfeE 2 % faoda 21 mmmm@hﬁwﬁﬁm%wﬂiﬁoﬁ%ﬁ;ﬂ
A AR 1 9T T 21 ﬂﬁEﬁETovqueﬁWﬁWW%awﬂ ‘

H'Iﬁwnﬁmrquemm%ﬁﬁaﬂnﬁﬁm%mﬁﬁmwwﬁmmﬁmw :n

.d
T:r “Tlmld =J?w-tt

where ' j = moment of inertia

W. = Angular velocity of the rotor in mechanical umts.
m -
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e i s w0 R b S i § 3R Torque o7 § wafw 9 ) g 9 1 98 Torque Him

3 e T R T ¥ e R S @ 9 88 Torque H s 9fe Bt ) i
forere T v 9 e e wsfercen g fen v @ K
= 2EE Gins W |

WeX

% § 1 TR T S § A R TR Torque W 93 W 81 wRomreEes fmmR AR A wfm |
(Accelerated) fiFa a1 §1 9 € Vet geaafers 1y W 9gsw € 99 Torque 1 0H AEWE TR AT | ¢
o &1 T T S i e T E e e w T

S 8 e gt 7 @ S g € Torque 10 5 %W 8 ol 81 i wel Wred Torque, Load
torque ¥ TR & W § 7 Hge 1 T a0 W ¢ e o U A e geoos o § k|
el % 99 F1 SR FET w0 i wEm ¢ S IROTEEy Torque F1 WA WA Il W £ [,

T4 Load angle 1 913 A% 9 & 9 8 71 € 3 413 oK ffon mfed iR A A |
A TRIE AT S B E § 9 § S Load torque 1 U iR & 987 ol €1 59 Wi e fiEin l’
T T A eI M & S-TH e F T 8

et i § STt 9% S Torque angle § %1 FH1 9 924 w18 21 i Hqer S €1 59 TR I ;
Swinging (gF) T € 3T geafer 7 & < oi oo 1 76 v e A U F WA |
e T Y 1 G W ) Wl 1 €7 (Hunting) & &9 9 o1 1 € s dedem Hdw |
T Ep ﬁﬂﬁi’%aﬁﬁmélﬂﬁunﬁng’ﬁ Phase swingingaﬁﬁqﬁmmgl

Hunting & %A (Causes of Hunting)-Hunting % f=fafas srw 3§ g -

(1) W 1 STaFE Ta :

(2) 58 firzd H Fault 30 8 T & 9 St YR e €1 [

(3) Field current ¥ Sama Vi@

(4) Load torque 1 Cyclic variations (=4 ftad) | .

Hunting & W9& (Effect of Hunting) i
(1) % Teaer (Synchronism) 1 1M (Loss) 8 TFa1 &1
(2) 7% a1 (Undesirable) lamp & fiftremee (Flicket) %21 55 ae Smft e 3 fafran
1+ €
(3) T12% F1 vz H 7% Gl (Mechanical) T (Tension) T & g €1
(4) &% (Resonance) %1 feafd #1 H¥aw (Possibility) 7€ 9t € 3 Torque (Component) 92
7 amafet geefer: TYi % W (Transient) T (Oscillations) % AT &1 w1l & @ whveafs &
w&al gl
(5) e e &1 14 %1 A T ¢ ford amae & g o it 21
Hunting & W &1 &% %11 (Reduction of Hunting)~=t= 2l 7 aeiit 1 39 %% Hunting
FI T F T T F oI o e -
(1) Damper winding 7 3U4NT &ch—S™T aRfEn F YA 1 B0 e 1 F7 F0 ¢ oo
e o e 71 fvwan  ada werer faferd 8 w9 €)
(2) I qeaFIAa Wiad Ui (Synchronizing power coefficients) & 9 Feamifers ARl 9
feurz =)

—
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(3) Fly wheels @ 3wz m%:-mtpmma%a%zmﬂywheelmmmmw

g,ﬁmwaﬁmaﬁm%aﬂtﬂaﬁnﬁmmmﬂmméwﬁnﬂmﬂa
(e <76 ) BT T FT

7 B TSI FIRT B S (Reduction of Hunting by Flywheels)

7% R YA TR G (Wheely device) 51 5 e 34 & #em wer o sl vt () =0
dﬁﬂ?"ﬂ‘lﬁmnifnm] T & TRrITeTe = 1 e o 7 TR e &1 9% et 3 v
AR e

(i) =l W& (Disc type)  (ii) B Y& (Rim type)

(i) SRt YT NfaTereR @ @i 6T (Construction of disc type Fly Wheel)-7% 2031 o
(Cast iron) | =T T fort 3 3w 1 579 =ier 9 & 570 (Diameter) 1 U 39 WiE (Solid
sheel) B & Forrsd o S 1 st 2w Wi W AR (Weight) 3 @ ¢ fod 79 92
(Inertia) =% T & | Heid: 39 R 391 (Kinetic energy) 518 53 31 & 315 98 141 1 78 WM
(System) % X (Shaft) T T (Set/Fixed) fiFa = g1 .

(i) TTT Wt TfeaTeTeR @e @t WS (Construction of Rim Type Flywheel)— i wa: #i
i G ST 9w (Wheel) Brar 2 it &% (Centre) 31 %1 271 (Rim) W TR (Weight) = T 2)
@ Rim (1) TN 21 YHRRI G (Arms) 30 5% T (Hub) § 391 w0 1 7990 95
(Inertia) *ft 3ifer Bran €1

@ fagT= (Working Principle)-Terers e &1 55w i 84 % S0 98 352 Tid T 3014
i Sl T S0 (Store) FTE WO 1 7 Pl agH 4 T & S 1 T I8 WWied (Stored) T
=4 &1 qFd (Free) S WOl H1 7 @ 920 ¥ U ¢ 37 W1 98 Wi &1 7 #1 643 WA
(Uniform) & 31

TfeaTeTeh ek =T SFTERT (Application of Flywheel)-Tiies @ &1 w4 W4: WEa-14 14
et forege Fve 3 ey v O il 7l W ol St W &1 W w9 TN F e S
£ 70 R 1 Of B v g Fored WeT R ST S e S # ) 35 o Wer SO W0 WA T
U FE % Foe et ) IR W e S S S 96 ¢ 9 16 S @ §9E (Uniform) TER 81
mmmﬁ%ﬂm@ﬁm@qﬁﬂm%mm{Rmpmcalengmet'&imﬁ
T 21 30 YT iTOTETE SR 1 WA 3% W G WA (Heavy mechanical processes) S78iq F41
(Works) ¥ & & ot mifes witardt aifires €ren 21

TfauTere: @ o S9l 9% (Energy Stored in Flywheel)-5m1 &

m = Ferairmrm nres § e =% T (Mass of Flywheel)
= T aES § nfaaes 9% S 5990 (Radius of Flywheel)
I = T =t i # e =% 95w am{:ri

(Moment of inertia of Flywheel) = Kmr* Kg - m* (Unit)
W = ¥z ufd Hve e § TR % w1 S0 3

‘). ! r
(Angular velocity of Flywheel) = 2m = %: Radians/Second.
V = Tzt Wi Y W W i w6 S w6y an

(Linear velocity of Flywheel)
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@42) e w1 — f : . —

r“, . x;_:‘rN Meter/Second

RIS TS Mq s F31 (Linear Kinetic Energy)
= MV* TE/AR + WEHvE

=§ M (ﬂ.ﬂ)’
K= % Mriw® §&
K =% Iw? =R TR S (Rotational Kinetic Energy)
3.1 g Heil o fae fawor Frefzor

(Specification, Rating of 3-¢ Synchronous Machine)

T qeamTe Wi o 6 O YR 1 Rfe wefie § ik ford farmer (Specification) dan fefy
(Rating) ¥ firsra 2 s st weit+ wgen swal 3 wirdt wieh €, for@d @ Cylindrical rotor type i g
Salient pole type Bt ¥, T W Fe9 M wF firer 7 % forg s # ot ¥ T Frde-fam
(Specification) % fere 3= werrs: gfedl =t S & srER B € S et v A -

> Excitation system for field current with AVR (Automatic Voltage Regulators)

Prime movers (Turbine or Engine)
Cooling system.

Lubricating system.

Protection system.

Complex Instrumentation and control.

JEaaHTE AYiET W e (Rating of Synchronous Machine)~geaeiet s et el 71 S
e % AN Bl &~

» Turbo-generators (Steam turbo)

> Gas-turbo generators,

> Hydro-generators.

> Industrial generators.

m wei &1 e (Cooling of Synchronous Machine)

féenra avitT ( SteT ) @i Hiem (Cooling of Synchronous Machines) i sAtet @ 38
€ 95d AETEE €1 Aeetied § aga ag e i (Heat) i e & {53 3 e wiforer witaed @
T8 %1 Zafe Ferga ATy viaen Wl H ga ) Speetied 8 wew fo Wi & ford v W st | s
o F g #1 U = wE Sl a@ wen § i ) frere 9 W) 9 wfhe e faen w1 awn
fimpima wetet & dgat diae & fag faan s 1 =5 wonel 3 defers 3 1 T & e 3 e die e
BRI g1 foFa T € AR Wi G ATeTet % WeAN | Ao R s )

feraTd 72T 1 U2 AT H e F1 Tl € ST HAE & 60 i Ay & forg ortet o et o A g i
+fi gieft & Wi vitarer wa & e o € T  YaTe 1 fawn o e e e e @ anefta 4 wewd ¢

¥ ¥ ¥ v v
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ol Hfeerer = (Radial Flow Ventilation System)=tfeqm w0 Az faey |
ﬂ_ﬁamﬁ@ﬂ%wﬂﬂﬁmﬁﬁmmﬂaﬁéﬁ%mﬂmﬁmﬁmt
| zf’; ﬁwﬁmﬂm‘&l |

WW % TIAe (Advantage of Radial Ventilation)~
W%mwﬁ wf = &)

! el o i A Wi R e e a1
;fgﬁﬁ o i M (Limitations of Radial Ventilation)

R g A P TR IR S & i A e st e 5 amm 20 v e

4y |
fmmﬂwﬁm(Heatmmmﬂmﬁlwmﬁﬂﬁn%mﬂﬂ%m
" e 7 6 e sifet @) o 21
Wmﬁfzﬁmm{mm Flow Ventilating System)~%9 fafet # arg sttt 2z i frt &
iﬁmmqﬁa:mm'& areft fem & weregy foman e €1
o W & i ety T (Large) el wil 91 gt arei Hediv 3 TH9H Non

o T AT &1 T 36 R S e o i o e & i e e A e
E’;ﬂ-ﬂﬂﬁ@ﬁﬂwgﬁl%l |
) qﬁméﬁﬁm (Circumi’erentialVenﬁlaﬁnnkﬁﬂf&ﬁé‘:{ﬁﬂﬁgﬁwﬁﬁmﬂﬁm@ﬁ
e gl T 0 SR 1 e & ol 8- 5 v v ez 5 fergfeeral 3w
;@ﬁwmm%wﬂﬁfqﬂm%ﬂﬁmmm | 3 I & 38 95 29 T
;ﬂ;ma’lg_rmm‘éémwﬁﬂ B oo Tty & = i) 3 e AR daad
mmwma’aﬁwﬂ% -

‘ mﬂﬂ-ﬁm'qaﬁ ImayaEand (Requirements of Cooling Air)—%a1 &% 3 g § 79 A1 i)
| i 0 3 e e e i o oo v g ] g 2 e
| <o b1 T 0 AT T ST 81 vl e s e e g ) e e
! ﬁmwmwmm%@ﬁ(ﬁﬂﬂwﬂﬂfmaﬁ%

mgﬂ'ﬁ"r &t GmTU (Limitations of Air Cooling)~=%} &1 aTel Hei=1 & forg, T FEAE S

e e W) 6 neRn # i it I vl S e 6 f1 T TR TS I
| s A & <
o oy F T 352 (Ultimate) 3 & forgds st e dorect & arowm = wpefeva s 3 = can
L wEm
|
|

gt fer (Hydrogen cooling)~RIFEI FfEM W AW F¥ TH ¢ 5 THEEA 17 7 T4

i A i HTeA o 3 foe S & s T A viae o ) wgren st any § fm

ST faepea o1 faehe 6wt e i 94 v e = dm ¥ w71 v aggrEa ot

o S Y B AT R, 9 71 Wi R i g e o s gt 16 g 1 = A

b1 S S ag 4E 2 aveetie i A 1wt i wsre o v ¥ v e

| e o o g gfd e A 1 UE o (A S F O g i g i

| T | RS 381 B WU 1, 2, 3 S arqueeia zam § i W e F W A 15, 30 H40

| T 9 W & RIS e % oI il e W a1 g vt wone & ey a6 ¢ e

B 7 il &1 ITEM VIO SIS & Wi fF W R < O e 9 a9 e A E
| o 3 v St € SR S - WOy R o
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244) da w11
TR AT 1 T2 ST T i W A wnar it weieR] g wiranfera fam wmar # i o v s
i st wfem #ize 0 v fa = 1 e wfider wegtas A mif frarer W fan e @ fam )
FrEEa viaer A w1 wepel gl s e O e | wfow @ 9f O € ofE T Tmm g
Tur faw S % T amm 25 sfeem afg g

a1 & T3 01 W TR & B
e (Cooling | -FTEEI 1 H 351 a7di rerehan T 81 ¥ 1 qern 3 24 1.5 791 7 (Heat)
1 T WA B € TRIET TESTeA T A 25 N, v H Fa w0 F g ° o )
férg=, & 3fm ¥ (Windage, Efficiency and Noise}-mﬂﬂmﬁqiﬁﬁ A9 Az
T F T N 1/14 7w ¢ 5 v 6 S v i e & e € it frenfem vda e
‘zﬁ!ﬁfﬁwoh’ing Parts Rotate in Low density) m;‘m{mﬂ Tﬁl"fl T U T zﬁrzam'rxag‘arreﬁil
T (Corona =34 FH2 1 ¥61 %) 381 19 F Woqn % =9 § 3941 fm S ¢ o Fne fewad,
S, TR e W T anfe T e % A 8w ¢ 0 # A T
tlﬁmmmmmmﬁﬂmm#ﬁﬁm%mmvﬁﬁmmﬁmﬁ
ECkd
FIK,%E? @ﬁl"‘l @) ¥ (Limitations of Hydrogen Cooling)
> forwsre o faaio o i dn vifee Hie 9erH T ) AETTeR & A EEEe S8 Aeeiiet @
¥ e gem g 8l
u= faresie Yo for famn aeeiet @it wgie 1 wien & afa aavas ¢
CO, F T 741 7 T T AN T eegrem 1 e FE
90 79 g0 T F1 15 AgEE AT TR H T F4 & el
ST o5 =2 A 1A A ATl e ige QIegIr 1 T foTe o feTy, wa fey Wi €1
e 75 Feeret (500 Fmarz) # il Gen e | T & fom wregiom wfem vata 7@ 2
fémram FeT | grataz aret G (Direct Water Cooling) -1 f #15gem Fferm 500 MW
i T TE s aren T2 Td Seeret T e ) e # fo v e 2 U aet veie
fom v wegie 19 F) 9 v 921 7 TEA ¢ 1 THe ITE SEAH B 9 €
T8 A § weg, I e & I9Er o W €1 Fgh 98 26 S 1 0 W, TRgee, Fes
i ﬁagﬁﬁé’WWindiingﬁﬁﬁfﬂﬂmﬁﬁm%‘égﬁ%%lq’FﬁaﬁTT{ﬂiA.C, molor & FETTERE 9
i (Centrifugal Pump) g0 Sftanfer faam S 21 9t &1 fofeet S o feTq ahife of eet 1 I9an feran st
fiis &1 7 femet 31 Winding e 1 7am 503 ¥ Winding @I aigfin o 3rq=1 1 & Heieeh i i 54 &
T fom fesma fem T 4
i — TEEToA e UT U1 481 519 & WIAE (Advantages of Using Water Cooling over Hydrogen
Cooling)-Freifafas = 58 v §-
> AT fn e A i e ¢ A T ) A e SR H g § s gl
» TR U dEail & fau #fvs e & wEta 21 % fag g @ e i e

Y ¥ v v

_ﬁ” g m@ﬁl &)’jﬂ'ﬂ'ﬂﬁ (Disadvantages of Water Cooling)
i il >, ford e % 3 v el fea T & 91 Ao i fepen w1 W) i < A
i Mz 3 @
i > EEET it F qe # o e s wem )
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‘. L femrra AieX & Judm (Applications of Synchronous Motor)

I WU 3P 7 7 (Constant speed) % fom wpm fm 7 8 7ondt o mrmsivndy
{yclo converters) i AETEF T Avgfa wi o fasfia vf ﬂ’[ﬂ“‘i‘hﬁ#ﬁ I T
| ﬂlﬁﬂ 3 (Induced and forced draft fans) WA HA B, T grA A 8 e T e
Al
3% & Geamica® izt 997 U Variable inductor or variable capacitor 31 7% Zrmm
watl
7 S9A fergga Herom yorred 1 Wi Aieda w1 fafafed (Regulate) 70 & o frm war i wm
& WIET I SIS |z o W fof o € A A A Leading (70) T A 5
7 a9 (Over excited) % 4w fmm =m0 211 @iz F 790 958 20% (Power factor) B
s a A & o ST YT g wi Laggingcunentﬁﬂﬁ’{ﬁ%ﬁlil

1, fira WA 19 FeTtiet & s fagm & o FfE
| o, o7 EEIE YA o T A 9e & it @ e i)

3, feghTe T (AT2TIET) o S UK el 1 oi avid S 7 o qor 5 e

4, feGRra WY (31e2T327) H WOH 214 90t Excitation system ¥ S/ g0

5, feFra YA | e fuavA Armature reaction % 791 W@ 87 355 fafi= 750 7% (Power
factor) T ZAT@T FHifa|

6. FEra WY ( FEETT) mmmﬁmmgmﬁmmﬁz{mﬂ&mm
o AT TP FfA)
mmmﬂmwmﬁ :ﬁmmﬁmi e FHEw

g, AFATEHEN T2 Ue T~d ¥d Yo (Salient pole alternator) ﬁﬁﬁ‘lﬁﬁ a9 i w faE
Fferd, 37 WA 1 ST e T (Salient) 7 WEEEH, mmmﬂ e FF
—quaam 2 991 Salient pole alternator % Rotor %1 == fam 7581 '

o, dwzan F@ (Voltage regulation) 3 =&M F0 §U qeasios Woarm 24 | Voltage
regulatmn =1 7 F=4 =1 fafe w1 af S

 q0, mur B e maamaﬂmm fsyuchmmmmmmmmmm

(Synchronism) %1 W€ FT F1 Tl F1 Tt Fifew)

11, e WEWHW!Smmmmse}ﬁﬁmﬁmi

19, freffafan = farga =remn wifau- i - (BYEUP 2009, 11)
(i) e 7 (Form factor) : ' sty i :
i) fa= @t Coil ¥H % (Piteh factor)
(iti) fae@w O (Distribution factor)

13, Infinite Bus bar %1 9fTam Fa1 mﬁmmmmﬁnmﬁmﬁnﬁﬁmm
FUiA HIA0)

14, e T O v e f ww) (BTEUP 2017)

|

ety i e i it e o i 0 i

o
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dga wef=I - -

15. T v s g O wen i wd =i seh ¥

16. TeF=E! W9 ¥ Damper winding 1T w1 7 = 3R

17. T To0EE Wek & V-5 ¥ Y 59 99 67 SareE G W §Eha | WA g V5w Fi i
= 5 F Fvi wifEd (BTEUP 2013)

18, TF e Hiet 1 HIw HitE Wi, FalH TE (i) e (i) 6 (i) S iR 1w wf
AT L, 7w SR o et s wfte ore wowfE o @ e o el # M fage aes
e areCa W SE v 8

19. T Groe BIE 9 TF gedaiel S & 9§ fRe YR WA § @ o o el

20, F=fefes 9 =arem Fifan- (BTEUP 2012, 17)
(i) V-curve
(i1) Inverted V-curve
(i) TEawra! SYe

21. T Fet § Hunting 91 011 87 $8 3691 2 87 38 9 =gam firn <1 5 €2

, (BTEUP 201¢)

20, FeaEE BYHE § e e W A fFar S €2 wgie Hient @i s S|

0ifdd 999 (Numerical Problems)

1. = 51 A.C. TN 16 A 44 Bie a6 €1 FUEE 1 foeww 07 (K ;) 916 Hifad|
TAT-K,; =0.96

2. U6 Ti= Wi ga ol G el J9iA o e o (K, ) I Sifed) o (i) 2 e wf ga W
T (i) 99 3 T W g9 w6 fw Sm
F=T—(1) 0.9660 (ii) 0.8366.

3. rﬁmsﬁmmﬁs%wﬁmﬁnm% T vt 1 e Foeem 9t T & fe
=we=A faman 10 219 F 79 € 9 38 Toead 1 g T et quiss it 3w Sl
i) K =0.966. (i) K, =0.9579.

4. U= e = ddifen Werads go 99y 9500 r.p.m. F =6 T 500 Hz 3600 ST 1 @5 diee
== SAE €1 e i 3 @i i g v e € a1 10 et Wi wiEn 81 e i | (6) 1E w6 e
(ii) ST T Wid g8 W e & G gieteh Svites 74 W adr fusterdl gui fa= (Full pitch)
= w14
FH—(i) P =12, (ii) $=0.0541 901

5. TF 5% veads & g frefaraa s ma -
B4 =96, 9 = 4, r.p.m. = 1500, turn per coil = 16, T T = 0.0258 Fax, Foaeh fomm =@
1 9 20, FoEea Wel f50@ (Double layer) fthsi| Senfea faee ames @ wiihst 1 7o SRl
IA-E,;, = 2669 FTee wid Fl

6. W60 KVA, 220 Volt 50 Hz ¥ Wearaedd: o1 WAra Wfde 0.016 £ T STt & wf = 0,069 R1
W TEA g vl T el e frla ar wem w8 @ S v v w5 e fagn s
e T Fifed|
IW-E = 225 Volt
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@ 1500 KVA 2300 Volt 50 Hz 1 g7z, fpefn #meeizt (Alternator) W T A
e 3 00 R e <t o i et 3 oo e -
fi) quﬂw
aﬁﬂm e e
(“]agqﬁqﬂqﬁm
. = 18 Amp.
| gadieea =900 Volt
gt ferl T T R S e st T 0,160 @133 v o oo e e T
#al
gi-Voltage regulation =11.5% ‘
@ 1000 KVA, 11 KVA 50 Hz faeia, mmmmaﬁmmumm
WiTeT 48.4.2 B1 0.8 T Wfé 1o T g TR i W A e IR
m.wiﬁzm%ﬁwngaz%u
o W S T & SR 1.5 KV e 9ftvw sz e 250 A & 79 50 2§ 9 s
{ i 20 | WA 6.6 KVA T 250 A &1er 0,8 T e T 1 W 99 T @ 1 R
| et e e Y A e s A st fer e = A
. T-7093 Volt
| 0.5 el Star connected WOIER F1 71 13500 V W 1600 KVA #, 37 7 sfl 7
| e Wi 1.5 Q 79 30 Q Wi § 79 0.8 3 9 T w0

L5
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(Special Pur!_)ose Machme)

%fig=s ITOT WIeT (Linear Induction Motor) [LIM]-U% ifax $eaua ™2t U7 H2T Fit e W
wirzt B & i el e 3 e aes @ giaeteme i @ Zar € wifE wrosfiE Induction motor O §
e it 9 928 Inductin motor ) @ T #1 9157 ob ¥ 9 36 vER a1 e € R R
FF TF WAT GHATIT a1em @ fe@mar T €, 9% WEs Induction m-omraim'ﬁiﬂi'lmeﬁﬁém
w1 e o HeT T2 S Vet ) it e € it ifEs Induction motor ¥ e wrafis
# AR Core & WY UF Yete UegHifay deaet e ¢l

Stator

3-phase winding

Aluminium sheet 3-phase winding

(econductor) / I;l;ima;'v
/ e s

OO0 O(‘)e) olelele Aluminium conductor

O T T T T TR T TR R R R AR

N
Secondary

Rbtary induction motor Linear induction motor
(i) (1)

Secondary

000000000

Primary

QO0O0O0LLOLLO

(iii) Double sided linear induction motor

form 4.1 ¥as o1 AR (LIM)

Ife T Wt F SMYfT v g9 Tedl Induction mntnr%@ﬁ@ﬂ@gm%ﬁi%%mm
B ¥ I8 WA g e u wee i @ A €1 $6 WE PR Sia Induction HieX | (Air gap)
T A T 3 T Y U SafenT vorEy A € S WIEE I OETE & Wi $ae ! € | Jate voe
99 3t uegfifiey a4 fdfes 9w 1 a9  gfafan Sea=t # Current # Hfiw fHa wm
&1 3t gm0 wanfea wereg & o1y U w99 (Thrust) F &1 30EA S €1 AT s fived (Fixed)
Sﬂrmﬁmmﬁmﬂﬁ%ﬁﬁmﬁ 3K Travelling wave =i fewn & wamifa
M| 47 (ii) 1 Single linear induction motor Fe1 WA € WafsH 97 (iii) 1 Double side linear
induction motor FE1 WA €1 9% ST F S T WEH €
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FeE - -

B P = e S

_— e e T
(M @ e G (Performance of LIM)~#F i Travelling flux wave % Linear §emfis
A
Vi = 2F (Pole Pitch) m/s or Vg = 2¢f meters/second
where f = supply frequency in Hz, f = Pole pitch in meters.
wa: Rotary induction motor &t 7f 1 WA Synchronous speed A %9 7 1€ Rotary induction
aotor #1 Speed V, @41 Synchronous speed Vy T 7 st fir fomn ‘W% fém

Vr :‘{‘i‘ (1-8)
S:E‘J‘_‘_Y_".xmo
Vs

where S =Slip of LIM and tractive effort or thrust or linear force is given by

= SUPUR P — where, F = tractive effort or thrust.
Linear synchronous velocity, Vg

a7: Linear induction motor %1 7 7R74 Rotary induction motor 31 e Wt & wer i ¢ [

' @ Thrust - velocity linear induction motor %I curve 991 Rotary induction motor %! Torque

geed curve T THH Gk ] .
Wy fo For 4.2) ¥ Fermn v @ o e o Y o) 9 R et
iaid FATA FA A AE WA TN A ¢ F Linear induction
motor # Rotary induction motor & 218 Large air gap i
s Bl € RV 0 Magmetizing current 1 WH s it p
power factor wE Efficiency @ A %9 B ¢
offEEAE WA F G T 6 Y eRE W F
#zfA Version F &9 ¥ o e oo viver ) o o & sl Rer

i ¥ 8 1 A0 @ 3T drern s 4w Rotor Vs
ipduction motor $ s fawm & g WTII T §| TF Rotary Synchronous speed V
aduction motor H T aATEEE Haw T ey us 6§ aar w2 form 4.2

sht iz 1 Pt Field 801 (W) arg st 3 o 3 o ft 3 2 T8 Sl R g &
s ¥ O 1 Tl 1 AT i ) e f e feaf 320 ol e @1 s et W Part T
Part %1 5191 21 TN W%mﬁmwM| Linear induction moter # @ fiet 7 W7
s feafe & g T €T € S 81 Part % waw 3 s fe w0 g @)

@M (Applications)

{1) Linear induction motor 1 g@ FA%M Transportation (Wae) # § ot setfo 4o
Tl A T F S § S 3 A e wen s #) g6 am fafe e e
\Actuator) % T2l Fefem 1 3 for 3 1 for s 81 o1z o feafedi 3 et o % el & weea
(Performance) 8 W& & fag @ | Iodm faa s €1

(2) Actuators T8 Automatic ZTaTE i 9= 14 4 fFa 5w %T{ﬂ Conveyers, Traveling, Creans,
W Haulers ® 392 feran s 21

Advantages and Disadvantages of LIM
Advantages of LIM—Linear induction motor % afefad = §-

=1

P
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@ i : o
() WS @ w9 g 2
(i) Rotating part ¥ 8 % HX0 Maintenance cost TG FH T %I
(iii) Centrifugal force 3% e, sftrs s F Wt faran = Tawan 21
{iv) Rotor ¥ el vt WoR F S (Overheating) T8 &l #1
(v) ifET, 9T (Power and weight) 57 379 (Ratio) ¥5 (High) B
Disadvantages of LIM—Linear induction motor % Frfafiaa Disadvantages ¥~
(i) LIM ¥ Air gap =121 3 ¥ HR1 Power factor 9 ¥ 21
(ii) LIM ¥ Rotor resistance ¥ €1 % Hr0 39w Thrust T 316 Slip 791 %9 gar T
Tl ¢l
(iii) Capital cost 31 8% % FW Track F Center line # Fixed f&ar s 2

W Hiex (Stepper of Stepping Motor)

Stepper motor or stepping motor Y& AT 1 U&H-Ts Step H 31 Phase ﬁﬁ?@m%m
L 34T Stepper motor ® 58 Pole W 59 9@ & ¥ 9% Uel Energized 89T 2 I 347 Angle 7
T A & 5l 9% Pole F1 Magnetic strength 851 %1 218: Fvig {2y frim wffe ﬁﬁqmqmﬂ
e & Praffen St §1 veiE TIqE T gRE ) SR S § 9 i T F Phase %1 307 #r 8
wafo feara =i T st 3 fefiee waet & w9 # W W 2 Waﬁzﬁsﬂﬁﬁaﬁamg
fomd 3 seTsl g0 SVgE Winding 3 Sfa e s @ ol S ot ST a4
De-energized solid state switches 5 el 9 €l €1 &7: Stepper motor H 19 WHR § Rotor 7
=rEE w g

(1) Variable reluctance (VR) type

(2) Permanent magnet (PM) type

(3) Hybrid type a (combination of VR and PM)

T2 T (Step Angle) -6 FIv1 5 Th Ted (FYE) R T AR e 11 € 1 ex dex 4
=1 J 961 Rotor 50 SI91 €1 9020 % g & o1 s e € 38 R U %=1 Sl €1 98 2w fevs)
fefawifeqd amf‘armm% & Step TV LW HEL Resolution ﬂﬁf@lﬁﬁﬁ(mﬂmél e
Stepper motor 1 Resolution %1 feafii % %R0 Step angle 359 81 &1 AIeX i Phase 91 Ten
Resolution rotor 3 U% Revolution 3 % 1 dem 1
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| - Four phase 4/2.pole
I Stepper motor variable reluctance
| e e

1

a7 @ Reluctance motor ¥ WU HaRT F1 ARG F W69 ¥ Wowm 71 5541 21
| 7T& 4 Phase, 2 pole (R 4 pole 3t Rotor 1 2 pole) fme #% T Reluctance RAHE R
FAWA, B, C s D T D.C. Bl ¥ 8 g0E W aveleers fem A e WS, S, S A0S, &
¥ Phasewinding ® A, B, C, D A (& Cyc]el“”indingﬁ@Wﬁmmwglﬂ
Winding A Fl Excited foan W & 7 Rotor, Stator Axis phase A % 8% Aligns o ) ey e
! ifem# 3t Phase A ¥ de-energised B T TN TE R e 21 31et %9 99 B #1 Excited
e & 3l A 1 feramrae foran o & @A Clockwise foan 1 90° ot 3 s & smh agan # i
it 3 stae 8 3 WY TR w0 @1 S 3@ Phase C g0 % T fam 1 70 T Phase,
ABC,DA ﬁmm%lT-ETSU"%ﬁ"@ﬁthsrﬁm%ﬁmﬁﬁﬂﬁmi’hnnsitiommﬂa
T Phase & WTEq™ | TF Cycle ah*;nm%n Rotation S i 2 79 Winding fafim & sggm #1
% (Reverse) &% (a1 a1 €1 S A, D, C, B, A &1 9% 3w 11 ¥ 5 D29 %1 fawn Phase F1F20
%%ﬂﬂ@i WWWW%WW\&S&*Wﬁ Current 31 fagn & = da #1

Scanned with CamScanher



Permanent magnet {PMN) or Variable Reluctance (VR) Stepper motor 1 Step angle aﬂﬂﬁqm
- 360°
mg - N r

Al

a = Step angle
m, = Number of stator phases or stacks,
N, = Number of rotor teeth or rotor poles.
Ns - N, x 360°
g 4V,
Ng = Stator poles (or stator teeth)

W9 A, A+ B.B,B+C,C,C +D,D,D + A, A, 9 execiting phase &1 Phase angle F g¢°
F 45° 7 9 601 5§ 1 961 (A + B) 17004 ¢ % Phase A 3iR B F 919 Excited % 31 Exciteg
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15°
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S w==n E
A.:Emtm-a of Hybrid Stepper Motor
m BERINSYV arishle Refoctance 3009 e S i o -

&/ Winding & TM@W =T Detent torque = WE B w9 B
fowt .1--- :e,p_m:’ar;

FIEETEESTT=ET n*%‘%’a‘x!‘?"a-ﬁ ==

Disadvantages of Hybrid Stepper Motor

3. Refuctance motor = 4= s2m #1

Torque Pulse Rate Characteristics
Mzximam torque

Torgue Ty 4570

Maxmum pull
out pulse rate

S I S Stepping rate (PPS|

Maximum pull
in pulse rate

e Torque pule rate charactenstics of a stepper motor
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WEﬁHﬁ:‘tﬂWilﬁSaﬁTurqueﬁﬁﬁlﬁmﬁfa’iﬁﬁgmwfpﬁ,rslepyﬂﬁ’mﬂm%ﬁmw
It Het @12 ¢ Torque & fafes §73 % forw =g o fiad &1 fiwgs 531 v= 57 9% €1 9% S, Torque
ferramn=it =1 aret Fraerar 21 9 Af=an Pull out torque %1 fzam # fom w it #1E Torque F &
T & A e T €1 A7 Ve § € fEes € A 98 36 o0 v wnie %1 iFA 91 TEE F0 Start T
wmgimmammmmmwﬁm?mﬂn TL, aaazgtzmﬁwm
%1 17% WA €1 3% OF Pulse Rate S, # 9 1 T a7 I Start 1 71 € 5 U Step 7 ol @F @E

Torque % féT Stepping 20 3@ F1 1 Fadl €1 618 &1 Start F11 F forv 3 fEmmE=wA % 92 T, Fi
S T F1 S, T T 1 HEHA € 199 T Step @IC A1 fEFifoq @ fa #@ifF 3R Stepping F12
S, & e 7 S & A A R @ 3| $6% e e S g % 919 51 &7 = Torque
& feru wfaffae TXan €1 WA {2 %7 9 91 9 TEa € 9 e 4 U w20 @ g e € 99 19 98
A GONET R Y fAFIATES 39 89 1 Slew 151 =81 51 € 30T 512 1 Slewmg%?ﬁi‘qﬂﬂﬁﬂ
Sl 21 WiE F26 & A Slew range 394 § 3 4g feafa figaw & fog 3w 78 1 A TR ©

¥ oAl $it Curve & &9 % 9 #1 Range start F81 11 €1

~EETOET

Scanned with CamScanner



AR T T T RmMEwW s {aﬁ*’*fa&mwmmﬁﬁ#:wm
pe % §% Pulse T W damping F1 5 F R0 01 5 510109 § 36 WOR 00 WO
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SH AT ® Njﬂ?fm (Application of Stepping Motors)-=W F=A = ﬁﬂﬁ"‘f G fw
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mg=3, N =16
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=) Dn
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@60) g wh=-IT
= 3E0“ = 360° = 15°
mN, 3x8
a =15°
Permanent Magnet DC (PMDC) Motors ;
Radially magnetized

Tt D.C. motor &% D.C. HreR ¢ firwe g wurd . :
s & 7 v 2 o uw 2 v PMDCE:}a 1 Permanent magne
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&l AEx (Servo Motor)
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T o v ) 22 Shofie oo $ one A e s eee S ou seEm oF R I i S des
= o fazr= fage e Ued ¥ 599 € OeiE 39 (eund e it g9 &  0F s =
wies 5 50 92 8 59 T 92 % 9 €1 396 UE 99 1127 950 ¢ AN Eie o 08 SR s
T3 T €| ST ol G T S 912 59 ¥ WY FAr 2 & U2 €1 9% AEA Wana s
i S T T S S T EE e e i e e B A A £ T e
& HAl 9zt =1 =9% 3997 U2R (Radar), F999ET, U412 994, T69 29 SN 97e%4 (Guidance), s
S F2et § Ta e 9 8 TEE Sied YeR & o

(i) D.C. ¥ataeT (D.C. Servomotor)

L

tal

o e T

R S e

r # ¥ m 1 P
‘al>‘a2}"53 ‘!:f;ﬁ

F
al

Field MMF

Torque

| A Armature MMF
Speed N and Field MMF

Torque speed characteristics
(b}
fer 4.13 Ste e JT¥HIER (D.C. Servomotor)

Fowito FaIHIETFI 3107 & (Separately excited) D.C. 12 91 ¥4l §== &1d €1 D.C. servo HTH
F T 37 | Separately excited D.C. ®1 fa% 4.13 (a) 3 vl far ma 1
' EloTile WalHIET i TIid THA4 €Y § SIS aleew Tl (a130 F( 91 Slele FATHRA & AHR T
T2 VRIS T SR ST 1 0 9 2w 69 = 6l

27 TiE Characteristics Wit & T3 €1 T 921 Negative slope (T0H) @@ A His 99w
WAt 1 5 5 o 4.13 (a) F @ m@n f

=
>

:
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%3 Slope servo TRF 8T ¥ AT Damping 7 Viscous (Fufam) mr#m &1

o= 5 ST MMF 3t 3999 (Escited) %% MMF D.C. Wi 8§ sq=m 4 8 § A B T o
,ﬁﬁ‘?ﬁﬂﬁ T i o T T fZ=eE (Decoupled) 7w %r%ﬂﬁﬁ'ﬂ?ﬂllageiﬂ
ent T RN B et W it A e A § e da @
- oo TR R e FE AR | AT 100 W T T 7 TG 1 F 0 T e
2 -e?isf:ﬁ?{%l

AC. FRRTE—aawm & e A.C. servomotor T Ta Ufter F fom 2 % Squirrel cage

Joction FIET ¥ SR T Fe e Al fepee of T U A At 3 Phase squirrel cage motor &
SmfEmTme

% ¥-Towto WafTZT (Two Phase A.C. Servomotor)-3 Phase A.C. Servomotor B %
oding B TITAT Winding 3 fearm T ¥ R e gt A 00° faht ¥ fon d et A &
Larence T FIF Phase winding 1 G e Voltage source V, £ 0° ¥ Supply @ i ¢

Control phase

High resistance

Cage Rotor '
=)
Preference phase 8

fem 4.14 Two phase A.C. Servo motor
Control &% #13 A1 5121 Winding F control winding %% 913 f Reference phase ¥ ¥
=% UF Phase voltage % 514 A (Supply) #1 i & T 90° Eﬁﬁmmmﬁmmﬁ
{amtrol pl‘-ka,s'l- m T U ﬂﬁi Wﬁ ﬂqﬁﬁm%l iﬂuﬁ ‘Tﬁ! Sﬁtmﬁm’lﬁdﬂwmg\?
# Reference Phase Voltage % 919 Phase 3imt g frdfm fen 21 Rotor F Rotation #i &3
Phaze sequence BN Te2! A1 = WA 21 791 7% Rotation #1 Direction Lagging 791 mdingtﬁq
centrol A1 1 WA & 71 50 FAER B (Leading to lagging) 3 i 71 81

2\

e

e

Torgu

N NN
Speed —N
for 4.15 wiE-276 o eosio FEhRR

‘.“‘
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T e T e A S S S i 5 i b

R L — S

T Ten o R w R Tonque speed firdem % g Slope (TarT) aft TS wen g
SR Ranee ¥ 8 2 10 D9 Positive damping 791 Good stability B weidm s ) fafiry
faiyn BT T R Turgue speed Fdwasdt ) s (Linear) ¥ w9 % weffm fem ¢

‘&’-‘1 &4 W (Drag Cap Fi‘nmmmu‘r-‘t—%fl FY WA Wy W& ) s wret! g ey
=T (Non magnetic conducting material) €96 vord & wa 7 ® U & w9 1 309 fg
setdu i os i kem

ses e ¥ O 3 for R W SR pEaln S R s € =i Rotor e B )
= R =N O £ T Starting torque high B 1

L —Stator
STTTT i |
Shaft E
N -
é z = Stationary
= EERTIVERR VAR
Drag cup rotor [ — L Stator

firx 4.16 Drag cup servo motor

Three Phase A.C. Servomotors—3 %% Squirrel cage induction motor T&% W™ &Y §
S7U% Nonlinear TF0 Tee fEares €1 v # 1 &2 o 71 wies siiftids 2k e s
T w IO S O 18 [TE9eE (Decoupled) THIA & ¥ H IwF v wn 31 wvie H v S
e & frin fom o € foed TR e 8 % 21 € iR T 3R | feis § o 81 58 Ry
== 7% ¥Ew 3 799 % (Torque) W1 B €1 Seet frdsw & @iy v e S wiex & 3vam

ﬂiﬂé‘f‘-‘ﬁ?ﬁﬁﬂﬁ?ﬁﬁ'ﬂﬁﬁﬁ?ﬁTﬁque T IEE el €

(21 WatHIZT 71 591 | Accelerate (fi) 741 Decelerate (37@fa) fofan o1 g 1

(3) FEEET ¥ TE 9 12T 95 €A1 € TAE S WevA %1 fewm aga deit | frad € w1

(4) UF TR 7 71 WA G M0 T IS4 @199 & WY WET (Stand) B e € i 98 T 8
F ¥ Dissipate (FTaET) T wwa ¢
wenieae A1ZT (Submersible Motor)

o BYA FuE WeA-UY & W g2 wdl € 3N 3 egifers wei ot ween € fa o € e W
wFer & fom feare fava 7 1 57 91 01 9 & WA | SO 00 @ S €, A 9 i ae @ wE A
%@ ¥ &, mewtiam vo # o g4 et 6 Henfida 5t SR €1 98 U S S it e o 19
Heufiem 9 & =g 9 § 24 84

:ﬂﬁiﬁ. Ty g 7y A T, afreamm wors, v, sdri, e tsfem fawew anfg #§ 3wam e
4 £l
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e | )
I
'H’ e Elnctrical eable
T_ | Oil ar water
pumped ta surface 3
L
— Pump '
] +— Intake
000001 Water or oil enters 0
1 Fquilizer
— Submersible motor i
fr 4.17 e wffmm A o
& fAGT (Working Principle) - wamias 19 @ s S5 19 (Centrifugal
pump)m%@ﬁfﬂ? (Vertical) T i wafem g 1 9o s mmﬁfﬁmtfmvﬂsim } )
a3 B ¢ S YEER g T S A 0 e S S sy i ema i A s s e v W 0
IH TE e Bl

“Electric submersible pump are multistage centrifugal pump operating in & vertical
msition, liquid, accelerated by the impeller, lose their kinetic energy in the diffuser where a
conversion of kinetic to pressure energy takes place.” b
wanfas Wit 99 @t &wae (Construction of Electrical Submersible Pumpi-
wited 1, w e seffee e i s e Rt S gt TR mamd o 5
W ool e Tt Wew v g8 8 F FA0 g 6 (Hermetically sealed) T ) A .
et v 1 e ol e vt A o W A 8 e R 1 1w O A W we T
“Asubmersible pump, also called an electric, Submersible pump, is a pump that can be fully
submerged in water. The motor is hermetically sealed and closecoupled to the body of the
pump.”
wamfiaer T &7 e FY U @ S AR 7 W & fe el st @ e st
(Kinetic Energy) ¥ 3it nftrer sl ® 2@ St o ufimds g @ g 4
WEWTEE U & #9 (Advantages of Submersible Pumyp)~Faufias F TR AN e -
1. 76 W& & WIZT ¥ i WM (Priming) 76 F6 w3 ¢ = wdwm oA dgmwa b
2. 8 U R 1 Y TIEN S A1 W 0 &1 4% W I wE WA v R s
3. T T WP o sl el 01 e 9 €, WA R SR T (W aew) we § N
T ) S sl g - ‘
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dga 7efs-10

4. nﬁawmﬁﬁﬁﬁ%m TETS (Voice) 581 €1l 991 S99y (Cavitation) 5
T T W
Hanigan 99 B! @41 (Disadvantages of Submersible Pump)

1. Tanfias T H TOET € aTe Gie $8 FH9 415 w1 (Corrosion) 3 FIOT &0 E0E &1 A 31

2 TS T T T o s YT e S Sga S 61 6 37a: S 1 (a0 S Hied #1 2

3. 7% 59 T 79 % 1o 9 60 61, T o 1o 3, e F T & Sver 9 o €, e w2, A
DRI 594 T ¢ (999 w1 w6 v g €

& TEe A U U S vailen e € 9 1% Hie 99 F S w1 w5 w0 ¢ 9 O A= S am
&7a1 # & =T (Overheating) 1 fogfa @di €1

1. Linear induction motor 51 T7=1 oen frar-fafg =i T Fitew)
9. TEEET 791 § T9 U (504 VO 09 & oIeq Siay '
3. o= weT 591 ¢/ Sv=91 Sied Tmai-fata = 5u= S
4. Submersible motor & Fi9a 907 ST
5. A.C. Faret faa Wi & o € o Two-phase A.C. Servomotor i ST FHiraul
-_ 6. =T T 397 &) ST SRl
| 7. PMDC WX = == 599 a9 Speed F1 9 Control a1 5w 2
[ g FeffEs w o Fitme
y (i) =9 =9
3 (ii) Detent torgque
9. Hybrid stepper motor 1 Fa3 GuF FIQl
10, Multi stack variable reluctance stepper &1 Gfaa aviF Hifeg)
11. TFagfEas e |4 #9199 €7 Gauidac U9 i Hd SHar 1 99l
12. FER{EaE T2t Y9 T F4-FOT % GHEIEd U6 e SR gl S eHe g4 Sqdiian @ qaedl
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/MWW (Practi Cal} O,M

AT T 1
Experiment Number 1

gar (Experiment)—Determination of efficiency at No Load test and Blocked rotor test on
indﬂfﬁon motor.

i SO0 e 1 Y[ TS 1 e W v aw 9 T2 e 50 6% 5 AU H 26 T
fﬁ' ) )
27 (Object)—FFRi F1 Hie & sifvreram 7 w1 % fog 7 Sev =1 woew s € fol
) et g1 ek o wiet #t fafer e (Different losses) 71 57 5 1 551
(i) 1 T % (No load) Frvem 3reot =i 2efal (Efficiency) %1 Wiwer 501

| HETAS TGS

Bl IO T 19 ot Taaror wigm T femraft
| L fiem wredt 3o Higg (Squirrel cage induction motor) | 1 e ¥4 (F
| SH.P. 400 Volt 50 Hz 8 Amp. (¥w15a10) 1430 RPM. =) TR
{ g | aiRT (@ wiE WEd) (0-5) P Wy
| 3 | sfieT (9@ e ) (0-10) G 1
|y | B e (v e W) 2507500 Volt 1 | Liwge Risige

5. | 8-0FRHIZ 10/20 A, 400 Volt SHARMIRT W& 1 | FTETERIT

%9 8z g

1 M = T

6. |3-4 STl TFEBIFT (continuous variable) 15 amat 0460 | 1

Volt
1. | F=0 (Key) 15 gt 1
8. |¥deH 7R 3/20 PVC @™ LS.

faegr (Principle)—fthsit Sror wivet =1 = fagr o et i it fagn T o e
T €1 3T Shaet ge © o eI =t fdaes gvae fom Ted @ wafs o e 3 s serem
() et 1 gfere Sreor vt it e o Zhawidt #t Wi @ wfvd < o 0 T TR i
s e el &

(1) B wfrEl (2) Tt wifE

(1) Bex gifrai—2e § 1 aw sie ol o €1

(i) et arw wfrai-ge W A F = F v i o w Pt sa )

(ii) B i wifrai-wee die il sia o aw frefifim iy o § o wfl st st
T A8 F T T W AR e & A v e dd

(2) () Trex AT wtrai—ae wfE s i T au w ik &
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e weft11
(i) Trex wirg wfral-Ue ¥ st it e g vt & wifs wamr tfinia s 3 e

argfn aga w9 ol ¢
fi =Sf

(iii) &g wav wfr gifrat (Windage and Friction Losses)-4% wifral gifs wifval wwemi § ag
HEX ¥ e T AT IR 3 IOy o Aaf ey 3 vy gl €1 4w wia e fe i o et g
Y EfEl T w9 e R

(i) @Tmﬂﬁmmpon Circuit Test)—33 T4 F No load test W Fza ¥ TH Tem 1 diey
% frifta 1f W vfadavia dvea @ wergm | Foift deea wose de faft woser sm g ag
ity @ e el aon FifE W (S a9 e afE) & ae e g gl

3-%4 Auto Transformer

R } ' “Ammeter low range
N
: A
¥\ _ % 054
—)
0.300 Volt

meter full range N
B
EANFT =
fem-Circuil diagram of opent circuil test
(ii) F< 72T qAeoT (Blocked rotor test)—50 W& %] TEE (Locked rotor) A1 T IRYY Tlemy
FEd &1 98 e & o7 vted vhem & w6 81 7% e w9 dreear aar Feift o @ w i
91 39 fiafir & Hiet & et @ w9 | w98 (Locked) T 5 9 81 9 v § 2ot a9 20 § 7y
wifal o gt €1

0 YR TR ST GO Z W W F Fe s e w1 g

e (Efficiency) -l vt =1 farfa wfea qur fafee wiw & g gam s € o s i

% e o I 21

9

Qutput Power
Coogal n = x 100
E Input Power

gy Output Power < 100
Output Power +Losses

warT faftr—gen 9ftad 1 No Load test

() fert & argam sy =) sxafeaq o o €

(ii) 9 TF F aitet & g § @il it @ (Closed) F¥eh HETE 377 F

&9 el AT %) Ferdal A dleeal H1 €G- Fyif deea 7% 9 gy AR Fi it o w
A 34 ST F1 Feil qu Sriet dieeHied & YEdiE W Al 9 ol

@ GA (Blocked Rotor Test)—(i) 7= W99 & 3t@ Fi fad & 30N TaH & &

(i) HIZT %1 el F 922 g wae (Locked) Fh WG 371 U 314 3- el ZIAG i Heram
dicedl Y A A dit-oit 91 94 e R adiet dex @t gl die aw weffia T w1 T W s

Fleetie] 791 AeHiEt % i 91 Ygdis o ol
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d @t Blocked rotor Yem # g ff a2 L
F“:ﬂg No lo2 mmmﬁ%mmﬂi&miawtmm?ﬁqﬁ

1A
™ o e R T T i 59 Input TR A ey 4
%Tﬂﬁm“ﬁmﬁ' Wmmmt'mmﬁmmm

=

Wattmeter ¥ s
Auto Transformer /\/ oM i
= . 2

] - "
R forr g
— i T |
(0-5) A :;
@- : D
r \‘.::]____fom‘)% Voltmeter
Lo 1Y 0-3000v L ROl
Wattmeter o i

(o
N\

B \_E—.JUUU‘W Ty W
= FH TH F1 Voltmeter
Ra-a= U= Wem & HasE 30w
RS )
,.;_.: No Load Test Block Rotor Test -
Ll - -
Vv I, Input in Vs I Input in
Watts (W) . watts WE
® gt . T gt
o
L
3
3.
4,
5.
6
] -
7‘

" Scanned with CamScanner

e




dga weL oo
O
ST H Output = ......... HP
ﬁﬂ?ﬂéﬂﬁﬂfﬂ}: ..... O | -
B T AR AW = aE
derE e Wy = We + We = o e
R F Input W, =W, + Wy
= reren, WIE
DUt 100 = B
Input
Sre—a7ifees S1El (Fractional load) W 3R Wizt %! gamar 5 & & fow suet frfa wfew o am
wfydl = ¥ | valfea el el
aiifers we W e wfEl = gl wiie oA wifE « (s a@s) 2
giomg
0 e F P SIS S W =, %
;ﬁmmmﬁ}@mmwﬂa@mm*aﬁfﬁﬁmaﬁwﬁwﬁm
wal

(ii) T drezal W ¥ B4l (Stray losses) &9 Bl & Tafed &7 dieeal W Y[ @€ a1 F7 201l
(iif) Sreeal 984 YT R W &1 WH G801 ST ¢
St
(i) Y9 =ire wher § diex st Freifts Seea agn feifa 7 s i)
(ii) T ST THE0 & F09 e & UNd F T Foit i 95 (Closed) T& A& aifeh andtex =1
AtTE 910 § 9949 B a1
(iif) &= TeT Tiwor Gt & frefta g dig o/ w 3= 9iEg)
(iv) Blocked rotor Y& § WewE Sieeal %1 31 1 9ei1 =ifet i Hiet § 30t f19ifia 570 Rated
current I WaETE &1 SEUl .
(v) ¥4 % ¥99 Induction motor & W% H Belt and pulley T T99-999 W U STeieht Iafera
F{d 761 Y 491 Belt Fetet T2 € Gehall €1 ,
(vi) @1 Igdi® (All Reading) 1 SraarHgs® §el (Correct) fog s =ifew
fvii)W(OIisewations)ﬁmﬂWﬁlﬂﬂtﬁ T ! §2T o e alfeh STAayds &9 9 Belt
g Pulleys hot T #11

_ — - -
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J—— _ it (7)
oRiel T2 (a)
Experiment Number-2 (a)

4w (Object)

9 (o) S0 TR H AT WY & W g FeA-3ep 7 0 (Curve) 1 Frafon o 2 (b) s
gfén % (M. without capacitor) % srfae =1 friam

Object : 2. (a) Determination of effect of motor resistance on torque speed curve of an
induction moor. 2 (b) Observe the performance of a ceiling fan (1-¢) induction motor (without
capacitor).

FETS IGGF T JIERY
(Required machines, instruments and apparatus)
oo SUHII T AH Hem fafymzamd (Specifications)
T oA AR (LM.) 1 [3-65HP. 415V 50 Hz 8A 1440 r.pm.
9. | T UeEd (SRs) 3 | Starter connected variable resistance
3. |uwdle Wi  (AC.| 1 |MovingIron Type (0-20) A

Ammeter)

4, | A.C. Voltmeter 1 | Moving Iron Type (0~500) V

5. | D.C.wieT(D.C. Ammeter) | 2 | Moving Coil Type (0-7.5) A (0-15' A 5

6. | ddniyEiEniet 1 | Moving Coil Type (0-3000/6000) r-p.m.

7. | Switch 1 | Double Pole [ron Clad, Switch

8. |=H 1 | Insulated Type 20 cm Length

9. | YueY EEgRAt 1 | Insulated Type 15 em Length. |

10, | FAfRET wgE LS. | P.V.insulated 3/22 Cu 460/2650 V 1
| 11. | @mEs s 1 | Insulated Type 15 cm Length.

12. | AT TEE 1 | Simple Knife 5 cm Length.

13, | wifts ficn sy 9 1 | Wood board with 15 W 240 V Lamp

14, | Tifas IR =gas 1 | Mechanical Load Arrangement B

oG (Theory) = Weid T4 (3-Phase slip ring) YO SR 990 w0 a0 79 7 Q& 70
Yl el e e gt Az oftaw 5 ST W T A g1 e gy & e e e E
WU~ T4 TS 1 AP el S0l agal i & S 39 e 3 e ST et e & we 1 9EE
et oftwy & ferelt {rex wfdta w@ R, WA 39 w96 S e S aa o §
et et axfirerern & wner firg e fiafis o vl 1 sy e W A 819 S e 8 ofte 1w
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@) dga w1 ——— —
Fam o e Sfverw wRafis & o ¥ weres fg ¥ vited wodter ) aw o ofEfi @ e g,
ﬁﬁqwﬁwn}aﬁﬁﬁammﬁaﬁhﬂaqﬁwﬂm#mﬂwﬁwﬁmmmw
i w7 e W ¢S R SR W s e e 1 far e wRive vt Wi amn i @ g
m = B 9 8
; wart Rf (Procedure)
1. vhve fas & sigaw fagm d9ifa fam
2. et wRew § sfrwan Wiy S T g4 Aet o e Siesd 9 WHEife o a6 Sy 3t
R T W IRA W SEEF gqw
g 3. ¥eT ity ¥ v wm: Yo gy sTeves vaEiE
b 4. T WO T SR Y2 Wi W aen g o g W avar e of A oft stava e

| - Ry i (Circuit diagram)
R
}P
- : “
i
|
) Rotor resistance starter
) |ON
& 0
o
. —=
; A 4/~
| | Coupling
1 :
: Slipring
3¢ LM,
ﬁﬂ"s'jp fing induction molor with rotor resistance starter
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3 ({)bscwations]

(i) w7 3t §
— | &

A N v , | | TR A |

1. i )

2, HEgH

3 |1

|

(i) Tl sl ot =re Py
—_
Fowo qr ﬂ]ﬁ‘ﬂz'f‘yfaﬂq ez e pfi | 3 e WP

1. sl N, = N, = N, -

2- | ad NI = Nz = N3 .
I‘___S‘ m Nl = Nar - NJ _
o1 (Caleulation) '

2aNT = VI
60V
_ iﬁé'-l'l‘i[ﬂfT..—-gW
RO (Result)
0 Speed N Ns
fRrx 2.2 Torque speed curve
1.ﬂauﬁﬂﬂmmi@%mwmmmil
5. VR AEH ¥ WY =T FH O Bl
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T W2 (b)
Experiment 2 (h)

ST (Ohject)
== ¥= T 9 (Withowt capacitor! ¥ 32 9 w7d o w1 ¥EW

Object 2 (b : Observe the performance of a coeling fan (1 - ¢ Induction motor (withey
cspacitorl.

FTETTS T8 (Apparatus required or Necessary Items)

| oo | =3 = 7% (Items) j ﬁﬁ?m{Smiﬁcaﬁ-on) ﬁi‘i
| L | 14 inducthon motor resistance start type : 1-4split phase type 01 |
| 2 | | Moving iron type (0-20) A 0 |

S jdedn Moving iron type (0-5000V | 01

i === | Single Phase 01

5. | wesdEEN A C. resistance

8 =E=m Moving coil type 01
¥=0 905 (General Properties)

L. &% (Capacity —1/20 H.P.%-ém.ﬁmaﬁaﬁa

2. Fiws o= Sgv- =57 (T: =087)
3. ¥FAEE WmeT-S00s §Y2eT 00 Sua) 14e gl

4 7= W FGEEn-T7E F9Y (Shunt characteristics)

5. 7= frdwo-t= =3 o e zm

6. T =r S e e GR T AT ) F i F gma asen A fwi g
7. Wi TorE - (Medium power factor)!
B. S¥TTEY F10A-F4 (Less maintenance cost)
{a) Tfow s

P':? —

-/
yams (uinjuiguan

Starting winding
fer
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AWk emb Bk mk

el el oal W



_ - ’ ] sl (@73)

(b TfEer sy

frE= (Theory)-F i i s e sassrenwissm i livmos
§72v1 (Main winding) = v F=7 W ¥ 7=w 7% T5F £ 9 FS T (Starting
winding) 9 SEH W (Starting resistor) 75 57757 BT (Centrifugal switch) SFm= v

V& W G5 $925H T 3§ gy A 55 o § o = SR A W O
- - V

Trem e,

ot
-
aw .-:u-----n:‘I

R
& Farer (Phase spliting) f w7 il s 29 & 0 A SR TR B T
TS = (4, - )T ST e s e f e T T 0 e ) T
& & S v & ot vt T A S (T = KT, 1, sin @ T v § S PR waA b
TR 3 G W A o, T W 7 70% to 80% of full speed TR 45 s few

Main + Auxiliary winding
Torque :
0 "o RS Speed

fr-mmsm=es

T B SR VR §16d SRS §98eA = 39 (Cut o) M I s S Fa R I 7w

Tl el €1 3 VR W Running conditions & T4 (Stator) T FETE T9H ( =SS T

W s R STt =T Disconnected) G T4, (Isclate) T3 ¥ 3 o=t F99 51 T

0 =@ @l €
[ Vi

Vi>VasV,y

Fan load

Operating point

Speed —» T
forx » & 3eel-1f @5 (Fan load & S
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e el I ——
feaoft (Note)
(i) T e ¥ Frafor ¥ v AR T IO F0H € SRS FIETH H WA R gy
(i) BT ) fadis fm & gt & foe et @ Winding =t & a<et I §) MMQ
mmwm%wﬁfﬁmmﬁa&mmil W

qRom (Result)
e W Ao WET (Without capac:tor)ﬂ?m‘@lﬁ}ﬁﬁ qfiem & qe-uy 5 Sy %m
77w g & 5 9 A F o aiew wRad W i W Feeg T () e B (ﬁmg
wef¥a)

§Eenfdl (Precautions)
1. ofeqy 3w T, SYS, WIYdH ST IIHY 31fs gRRTE1 Fl Proper place R o ey
i T T Y EEE o g 1 Sy
2.%ﬁmwﬁ,.aﬁ,mﬁ,mmm&gﬁaﬁﬁwwm
specifications) F1 &A1 FMEC per
3. R9y § wgaa |vl SYF 394 &Hal (Suitable capacity) = Bt =
4. T @il (Connecting wire) ¥ W& SIS (Joints) FH (Tight) T =ik WRI ght i
Tight &3 el

—h___h—
|

e ———— I
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VRIGT TE-03
Experiment Number-03

Experiment—To study the effect of capacitor on the starting and running of single phase
induction motor and the method of reversing the direction of rotation.

R4 (Object)

& A W HE ¥ Hers anfer uike § 9 $1 AEvEEa B Ad B & g A e
it E (Start) T 7 2yw 51 e 91 Feed 51 fafa = Fei FT0

fagr= (Theory)-¥4 Single phase Tt 1 U Tah et Wil = e | g fEmame @
% W Winding ¥ womad! womg (31 8%) 309 2 8 S5 T5he a1 Wi qeanies ma W
et T B @1 Forerd wg foae Qe o e S S T I a9 FEEEY Wit S
(Self start) =T 81 €I

el afe frd wem a (e & 2 o T X)) | 70 W E T S e @ e e # e
ot foen o ferr ) i e o e & e avee g o e S ¢

f&e %91 izt 1 Starting torque B WG S 3 670 (e A T TS Wiﬂdinsﬁwmtm
Auxiliary winding &1 5 &1 Auxiliary winding 7 Main winding i@ ¥a S i 2t €
741 & foifir= wfivamen 3 213 ¥ zafim 39 (Main auxiliary) winding 3 Current 71 Flow f=-f= 2, 7
Main winding 991 Auxiliary winding % 9= Phase difference f#=-fo= g

Auxiliary winding

PO

Single phase supply I}&ai_n
winding

fim-Single phase induclion motor winding carrying current which have a time phase difference of a dagree.
(a) Need of a Capacitor in the Auxiliary Winding Circuit-Single phase pieaie R

Winding B ¥ sifes T gt & 90° faegira o s €1 361 gueer w woe Fe ) i ad S d

5 |
(B}
—
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#a wei=-1 —

Tl ¢1 % fefafan (Phase splitting) % & v TveeA & soft % s e ﬁlzﬁm'ﬁm%um
ERCGE] # M = Auxiliary winding HET S 4 el FveeH %I Main 91 Running winding
F0 B

Auxiliary winding

1-f supply Main
voltage winding

o,

ferr Capacitor start 1-4 LM.

= YA 1 T 3 e e T T | e T o e e e 21 2 Fveer @ s i
A FAFT 0 STGHT O el HETE TV (Across) ¥ wirg feeam < 21 Henfe aedt Frees 9 awge
FEE F1 90 F 90° ST (Lead) it 2 forad HTw et 3 W T IHA A1 &9 I B ¢ 991 3w
o AT 0 6 T R SR wiet & firer e g e €1 59 Het d €A Winding o9 79 U5
w9 4 %1 &l €

(b) Method of Reversal of Direction of Rotation— %19 Split phase induction motor F
Direction of rotation 314 Rotor & §HA 1 e i faviia &t & 7@ 59 Motor % & Winding (Main
+ Auxiliary) winding ¥ @ fel ws Winding 9 fewn @1 221 (Reverse) %@ Current %1 fem =1 aza
o & faed Motor % 993 91 feun 9ger it #1 Main winding 31T Auxiliary winding #1 Lead
fir=r-fr= ) et & T S WTERrE o e foRa e 81 Auxiliary winding 1 ¥EE Main winding
& wfrde @ @ o

fera-Phasor diagram of 1-§ .M. (Capacitor
start)

FaeaS WHA! (Apparatus Required)

Single phase induction motor. Split phase type capacitor in Auxiliary winding. Single
phase wattmeter (one), voltmeter and Ammeter (MI) Type.
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— A @79)

w Auxiliary winding

Main __
winding

1-¢ supply

N

o—0
N

it faf¥r (Procedure)~(1) for % S8R Circuit (V94) F 2749 Tewgs T %1 ¥38 F15%
Are7 & Rotation 31 Note T o1 &1 36F 918 Supply % T2 Auxiliary winding 31 /67 %% o £
7@ T Supply T W Fe §1 579 A2t F Fae Single winding &, 758 W2t F1 e i fom & g
A & TETH B 2 3 Note = feram e 21

2. 4 T Auxiliary winding %t foem Capacitor % TET Motor %1 Supply %1 On fFm s  am
et % A e B e (Observe) foFrm s #1 5@ T2X 93 @ € fHA Starting torque
<feerT T i Shaft F19g a1 2 2T 127 F T2y 1 1290 & Wh Voltmeter, FH2T T Frewiet § arey
2 frte = foran <man &

3, Auxiliary winding #1 Capacitor & #9 " Motor 1 Start 5@ 970 & 7 Motor #1
Starting torque 1 9 Holding torque % 9ftam & Tg ol ¢1 7@ 38 feaf § Motor % Rotor &1
74 d T&gat 3% Reading F Note & foran s 21

4, ¥ 2 Voltage % Connections F1 WHR 7@ fad1 91 & 991 74 T: Supply F1 WJ# F1%
Motor % Rotation %! Note & fern wmm 21

Observations "
S. No. Input Input Input Power factor circuit condition
Power (W) | Voltage (V) | Current (I) cos &
1. Without capacitor in the auxiliary

winding with capacitor in the
auxiliary winding.

| oAk R
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6. '

7.

Panel for running Reversal of Single phase induction motor

- Is @
e's @ »

OPMCE

10A L Ng
@ @
Starter input line
Ly Lz
e o ® )
Starter output to motor
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HeTaT T (4)
Experiment No. 4

Experiment—To plot relationship between no load terminal voltage and excitation
current in a synchronous generator at constant speed.
TRV (Object)-Weard Fi fuifta nfr w7 357 =99 97 (Exciting current) % fwui fau
Voltage (No load terminal voltage) o = HiThT, FI F
firgr 791 ygaa G (Theory and Used Formulae)—¥emad= 1 fd o fom fa w2 o5 @
HT (1) o i fora deear () 3 el v o, Jemi 7 Feen §1 9% 57 99 No load W3 w
& @ s & s s 79 W9 (Experiment) 3 7= 31 7% 7z o 9fm o = 5 = =
(Identical) T # sty weft wee & wifen = € arafe 3 Wam & wra e v 21
T e g A goih W T farge e 89 6 f WA 5 v (Stator) T
et S e gry e ST €1 56 A T e 9 Wi (39) dr e # ol frefafen
B0 =g T e -
E=444 KpK; & [-T Volt.
444 Ky -K, -T = K (Constant)

E:K-b.f
E = of
Nexf
EKIFN

WeaTEde @ et fer nfa W I, 791 E or V H Eis W W WA (S 5yta | ) & 519
Y@ A #1 o1 H (Fraia dgfia % 9) StE Graph ¥ 9@ € 3w e fm S w= d

HETAD 9BV (Apparatus required)

moHo SIUHLOT =Rl AH . HEAT fafyrezand (Specifications) ;
1. | It | 1|34 l
2. | wmEH yEr (HeR) 1 D.C. Shunt motor ;
3, | otfte vadw 1 Three point starter ’
4, | ey (eraemd) 1 M.C. Type ,
5. | avdtet (SR 1 | ML Type
6. | ArcedR (dee ") 1 | ML Type
7. | 34 1% feamy 1 D.P.LC. Switch
8. | Twpiter (vfemmd) 1 Multirange speedometer

| 9. | e LS. |PV.C.322Cu250V.
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@ w1 - .

v faftr—() s it ¥ snte ¥ rgew faftraa W (Connection) T 1

(ii) ¥% Hiez R f@w S, 7§ fimw S, W ge T g EdE # Prime mover )
weraw # s o W s

(i) S & & often o sifrmaw vy @ guvies waeE e S, # o w6 8 O g
1 feafirdt 3 &% 910 1. 70 No Load voltage E, % wiagiel # v 3fiex § Seesfiet | A dam
wro o sifsr S

L

g »> o

(iv) 3 ST & 8 99d 3 e i Step by step e ¢ &% 91, 71 No load voltage E,
% YIS i W difcral | Sifea S|
(v) i fiaa S, %1 el 1@ gU st & 87 1wy ¥ shky #) a5 g Aftwan Fifu st v
e figa 8, 91 3 Sl
(vi) 3 Prime mover 39 owlo Wﬁﬂ#mﬁﬂrﬁﬁﬁﬂﬁwmﬂﬁﬂfﬁﬁﬂﬁﬁ
T AT FHa
(vii) 39 Prime mover Em‘fﬂkﬁﬂﬂn V= T F et Wi | ufRiy FY FE Wi s $ kG
fawift of W #ifem |
(viii) 3 I ST 91 Fert T U 9 WIS (i) A (iv) 1 i o1 i QF: SIRAIgU it [ 71 V & g
&1 e AR 1 Sifen Hife)
(ix) A;mm%wm(mm Y-8 W S aieedl B, or V & WZdish! HI o0 g TS 99 7

H&vI-No load a1 FrefRa 1ft W grasa o
oo I ey A Vo, = Ve
: 3
1.
2,
3
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MW (Graph) - &1 fafir=1 sreremsii ¥ srmia 75 9 W0 [, 99 5% aeedl (B or V) &
1 T % g T

qRuA (Result)
o= 1 weff T ARG (Graph) F weadT 31 A=y sEes % i == T (Desired

Magnetic curve) i

Eenfal (Precautions)
(i) 12X 9t U2 %! No load W Start S0 =1feQl
(i) X it W= (M~ - Set) 1 WA @ WA S0 (Exciter) ¥ & 9wa & sifrwas

it T@ fe :

No load wa fwifta
fq T g

e st @A (B = V)

TaHG &7 9 ()
for

(iii) W O g SAfaeso ara S % fog fer v & we-ag 9w s f @ = afin
(iv) TaTEEe 9 9T S e H 980 (Observations) & €9g e 38 feog fifta ofs w =amn
=ifew) Feava e ¥ faa F 3 3 38 WRA Loaded &1 Iifew) 7 &3 T894 (1) 31 F9 F0 €L

TEdi® Tl =ifeu)
R 1

h__ -
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Experiment No. (5)
FRPE (Myoen TR o 1 9 o vd g v wrrds & fom sheem aen o o o e
(Metorminntion ol the relatronship botween tormins! voltage and load rortent of g
alternniny keoping excitation and nwd ennetant )

 Fedte mwmwmm 1 m:r fremeft ;
1 P sl § KVA, 400 Velt 50 Hyz, 1500 | 1 cmm;hm?
,‘f,pmﬂﬂm = Wt # gy gy
f IRTT (Exciter) 1R
b wm oy #E Moving iron Ammetor (0-10) | 1 Portable
:’Alﬂp..‘
2wy Weedizy (05000 Valt 1 Portable
4 | wngeeeh ok 0-2.5) Amp. 1| it vitew & firg
5 | mn gl T (Wire wound Rheostat) 15| 1 | i fevw ¥ fimg
e 500
& | friph eifEtr REEZ (Three phaso loading 1 winm e & faw
 Rhenstat 5 Kw 460 V)
7 fuww s gl (Choke coil 0-10 Amp. 430 | 1 | ireforw e & fig
| Voit)
¢ oy 39 (Capocitor Bank) 440 Volt, 7.5 Amp. ] duafrs &z & few
L ftme'rmmm 1 Multi range
Wi MW«PW 8740 Cal [ LS | WA F fero

fﬂzl"f'mm.mmwm € & T i T 9F ST F 6 A e
§: wwT Aluernator) W WE @gE B 2R dveea A e s | frvae and #-

\; FERE & uiene o W ¥ T 58 @ WA e T

(i4) i yiiEE (Armature Reaction) & YITd & TIT01-34 UriEAe; UT @1 923 5 W
W 7w s s o wElre 6 § W S0 UE RAEH &) 260 S0 § A T T )
TR W PSS ST ¢ Reaction 0O #1 vemAw 0 zrter ufafma (Armoture Reaction) fafe=
wien e w e e i

14y wad wifem i & AL Unity Power Pactor=Unity power factor T Armature reaction
W v e faga @ e aroting 76§ faas enm 2ffee Deen @ froae a8 )

b
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(1) 9773 Il wefer w07 At Zers Lagging P F -7t Toeendl wfer e v it
AN Armanture penetion T WY mﬁmﬂ’ﬂ-'mnertﬂmngj gm & Prre weeer TN poeE
st & won § mw weurwts 3w Prga e aw ey den # ey ey eon @ gl ofer pem o
e #fs frrer andt )

. (ifiy 5= srgrrreft ST VT 0T (At Zaro Leading P F =01 S5mR (Zero L oading Perewe
wri¥ar sREM (Armature reaction) i et i # e wen s weemy of oyttt oy ol § ey
wrris § wfrx frgr wos o Ay oo } wwby e aw o sl vy e b
Ry s

warn fafie

(i) FPE rerpds frer W W2 T % 0 90O Coupled) # 7190 Trepmie i xffeny @ P wine
thenfien £

(i) 1% %7 ey opr ity ) OWTOM & wEmwrw w0 Py ofy wowewd o 2R (Baciter)

AT N TRt 7Y 2 e W Sty ore e eifiey e O el Sy wermbe R e e
wrt Foatont fraiedz wy yrfpre sert e ) v vt =) gy & e ey i

‘ i) BT S Y ap7 21 offt- i et o ming gyt e wing el e e 6

WA W) W B ey & v @ Ater R perd dms

(i) TR W2 % S ( Lagyging power factor) T ¥ el 9 %) Sl

5T

B e S —

fors
NAEAE T AT WY 1 A1E 3% 0 Wi 3% s s vl s s e w e d
v AR el e wvETE) e G s i s A v WA fea e

— =
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ﬁmmﬁm

(wette | yhwniive efirs e LEL ST
3 | (Resistive Lonad) (Inductive Load) (Capacitor load)
| fjéﬁwﬁi'i fm | weem | W | AR | iy )
. | dm i e e
s 0 A
S T
f |
S
| o 1'

¢ i

5. :
e |
|

m~mmﬁﬁm%mmcmd vi|
current) Wﬁmmm'l‘vmmalwltage)ﬁmﬂm'& g _
e we & for a3 feama T # 3 Leading power factor

-

ofRoms (Results) “g‘ Unity power factor

iy el e W T Sftew W T g \
(sfEind ¥ = Lnggmg power f&clor

gt v (e wE) 9w STl WiEE O
(s Fe) o fear T o S wv S uh & s @y

fef s & v b § fis v 9 T 7 e .
vew o W efiee areea A froee s € wE v e o w2 deea | froee @ vie
T 7 s sfes ¢ sy v e Wl area § O 9fE e
WU (Precautions)

TETEE ST ST 9 VAT | e Rl e e €

(1) VEW & 07 vEEdE & i 997 29 e g e

(2) wrrEE, w7 v e (o arn ) itfa w6 afm we a i SeeE F e s
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weAiaT T (6)
Experiment No. (6)
TR (Object) -0 FemadF H w5 nftmy aor = wfren wimm o o Bt (Regulstion) 73
A1 W FE
(Determination of the regulation and efficiency of alternator from the open cireuit and short
circuit test)

HTava® JTHT
(Apparatus Required)
! : ]
HoHo uaToT H R qui fafe wfe i N
1. | Pl st (Alternator) 5 KVA 400 3162, 50 Hz 1500 | 1 | fr W 7= dew |
r.p.m. TR Fafaa (#aR =E7F) | |
e 7 T
b I
2. | 9 W% 39T (Moving Iron Ammeters) (0-10) Ui 1 |
3. | ¥ FUEEH T (00,25 Amp) 1 | =i e
4. | = AE A (0-500 Volt) 1 i
5. | = TUSE SIeHIET (Moving coil Voltmeter) (0-30) Valt 1
6. | U Wil wET feiedT % Kw 250 Volt 1
7. | Had SREfia 3w g 9 3-4 16 Amp. 415 Volt 1| 1
g, | @ Fvee 2T (Wire wound rheostat/1.5 Amp.) 750 1 T ity ¥ fag
i
9. | Z=mmitet 1 | Multi range
10, | smgfd wieX 40-60 Hz 1
11. | 4= a1t P.V.C. 3/20 Ch L.S.
12. | gl l 2

W'L'I‘heon'}—ﬂm (Alternator) T Fras | Regulationim?ﬂi £ r'mmaﬁmﬁn: iNo
load) @41 qU #i18 ( Full load) direct load f&fe 37w = werdl & vy 31 a7an & W =1 w8 yie
%ol wirg Ayl Eifes S e TE €1 | A w W T i sifes g an s § e
fire et Wi fafe W T g QAT §) o WeEas #1 F (Regulation) T w0 K
for et Wt & o €
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@ g = I —
warm B (Experiment Method)

(i e ofvww SRET (Open circuit test) T8 e g=1 a7 Faffta 1f w fem s g
Show S (FFTHE) w9 IS W10 (Exciting current) % W3 i T % WeATEd® F W iy
shemee 3 7 o sfwer Feer €1 gen e i s # welim fwm mn #)

- 0

=R @ Voltmeter
-0
L -F é . t:) Frequency meter

e
; @ —f+
\ Rh o= gma g
| Field -

frs

Gii) B VO SeE & T § YeEds 91 3 e a9 Freif 1w = §) TemEds i feifa
o 5 TEeE (Techometer) T 99a 3 37gfa Wet emat FHfad (Adjust) T o &1 38 i =1 wam &
o= o T

(5ii) I AT Winding T2z =1 To@a 4 89 3097 %1 Y4 | 91-51 Tegm g2 fafu= & e (4
% 7% sz o) Fu wAuE o Y9y el w1 dieeHiet | A1 F1d Wid| 9g viedis it g
e @ 9 A 9% 6l

(2) ¥ wfraw THE (Short Circuit Test)~¥8 Tigv § sifat (#afq #e) F fime! § 32w
¥ 77 e v e & fea = €1 ¢ frafa & yerads @ fwift oft w e agufaa smfm
- fem v T wedien SEeT O 991 T09E 9 % 9wk T a9 Yoade & oy aiked st
L wEm
4 8 837999 (Field excitation) 91 37 W TG 799 =6 F1 G0 4 Wed@d s 1 faif i
w g £

(ii) 378 677 29 G171 (Field) @1 9= & -4t 3a1 7gm & aife snfay § yif w1 gm0 3 g sfvs
AT yatea £ e fafe= dr ame (éa o s gter) w Rt gftey an @ e A el §  @n
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20 G T TR S 80 o [, (0 3 = sz 3 Pafrsy vt ) 7 st e ( b o
o woiizR) ¥ wifen v = et w1 o o s s f

= ** £
[ F A —19%
| v %
| a
% Short circuited
Ry '
+ Zy
e
D.C. Supply -
Y
_ Zo
faw a1 = Tt WO S
— SRh PR TES
I —)
LE ]
fem
TR wfeRy
P (0-10) A
7 )
y "
b A \ 5Kw,250v (080V (Y
O—0
Oo—0
D.C. Supply _ ;

R : gz andiex Rt grn weoreds @ Frfw oo o o & oftoy st

(i) TS WY O e fesind wiwe ) yitafia w0k areediey o JE E fafv= vaes 9 =
3, 7w vl smife Wiy R - % Q @ wER €
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r— T ey

Age wel=-11

() gen aRu Fon oy aRw
(Open Circuit and Short Circuit)
[ wowo | o _-"Ig'ﬁl' aitaer afteror e aft
(Open circuit test) (Short ci
| e Steear T Ateear | SHOH AW I, | SR 8T U p)
Vy =V /N3 | 3
'1‘ I
2, |
3.
4. |
;
6. |
= T'..
(if) smrfax wierier
(Armature Resistance)
oo | IyHIET =T e dier @t | ewifey wiadty | sirge wiwder
wrgatE (0,) argais V R, = Ill (R,)
a
L
2.
3.
4.
5.
6.
. IR c
E ) . f
o | e
E DE Eg .'zs-__:' 2
£ % D
2 i v
I 9 Veos & . A IR, B
Field current 11 AT
fom
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wow L
g e 299

——————— ﬂﬁmﬁl wieramen (Synchronous Impedance)~Sen vitwa v  ffftr dreem W 7@ Y

i 3 el vl S L g, 7 STl vl Wferaren v & e f wa 3 (Excitation)

o ifs L T m._,ﬁqrin

e e m vy - WWWﬁmmquﬂ -0
circuit test) e QT T e e g R Igp

| T SR g 50 5 R, S e fez o st R, e s iy e 49
U0 | e o0 0 o v e s ez o A 2 7 fom 8, 9
R =1<2qu Qi

’ R, = FHEH i Wl i &, 919: Gl Wi (Synchronous Reactance)
| Xg=y(Zg)* - (R,)* O Wit
Fraw (Regulation) -Vt %) 8 wirs et 1y ) oo T U 98 U 2 i 0 2 T
e 1 g af % et e ez R am 23 w0 v R =) Areea A e €
%Wzﬂuv—v
Equahzmzﬁqﬁmm
v = s e 2fée e v
vty | B, T P e e -
o=l BRECD Ey ={(V cos ¢+ IR,)* +(V sin g IX5)° Valt
~ W cs)=TRHIRTH
1 = g s e
X g = Tt wiwem
T A -
1 W Lagging ¥ T + (ive) 3t
Leading 3 o - (ive) Freffta = &1
O e e o & e e e v "_J% Volt Fereh afern i fora e 2,

v 7 1O WA A, T S e e |
IXg . T Y Z - T wfvey wie o freffia deem wfia
’ Y vftwe v § 7 deaw am

D R, =12x R, Q
Vin Xy =g’ -(R,
V = full load voltage
I = Load current
cos § = i TR
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e wEmm e e A ———

e weln

T O W s E, = \rﬁ?c'i:.; «:u:j'fi{,)z +(Vsingt IXg)?

= beshsssnas \rﬂlt
) -V
ﬁ'ﬂ'ﬂ'-r = EOTV_L % 100

TR (Result)

(1) 5% e 9t et Wi L Ot
(2) 5% v s R = %

(b) WeITED B Taw

T (Theory) Ve 3 T8I 3951 Output U 741 Input W 1 37w e 2 5
w1 % fore e Freifts 7t e a1 S S o €1 Sl e F1 Prime mover ¥ <o e
¥ £ iR Prime mover ¥ Output § W %1 Input 213/ Prime mover &1 Input T % figg
1 S IEF! <A T 6 W Wegaas # Input 9 e veR @ 9w enil- ,

yaTad® &1 37 = Prime mover & Qutput = Prime mover ( S8 x f5ayr)

Tl Prime mover &% a1 ¥z e & et Input ¥ %1 9, 0 T 9T 39 See o
S T T T 9 Y S fere e gry 8 e 1 a1 At verad s 9wt
< 21 31 e Za 7 B Wi FE Prime mover F1 <& e v @ frfa ufim m #1 o ay
ﬁﬁﬁﬁﬂwmmmﬁﬁﬁPﬂfﬂe mover & Oumutmﬂm?ﬁﬁ%mmﬁamﬁh
e feaf o 5 No load Tl (e €1 + e S1f) 36 0 &1 et ] a1 R ool 1 Tnput
i R T @ aue el

mmmqﬂa’rﬁ + i el = gelt 9RYY TS W Prime mover % Output

=Prime mover input (OCT W) x e&mr
: ﬁmzﬁﬂfﬁ‘iwm T Prime mover & Qutput
- Prime mover ¥ Input (SCT W) x T&
_ e @1 Output IR 100
W 1 N =~ Tnput W

wearEda 1 Qutput vifE
- e B W = e Gutput + e B (ron Loss) + i w1fy + amg gy - 100

L] | ;
Prime mover S&M #q-No load Cl ?‘lfl )
Prime mover %1 No load Current, ;; Y -

V V = sonvsies VO
Prime mover &1 Supply voltage o o
I S8ES; X F—— i
Prime mover % No Joad lo ) =
L '——-"V_—*

Prime mover @1 Load current
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Prime mover %l 24y - M‘l‘ﬁr - el
Input power

14 '
= *uig_tiyiﬁq + Wl] x 100
7 P

%
er % Yt

» 100

wfEt, We = VI x Prime my
i | . over ! Z&EAT
mmh:fﬁ T wifE, We =VI x Prime mover 5 TET
VT 2 gamr n = — (9 €08 §x 1000)
Q cos §x 1000 + W, - Wo 0%

gRUIM (Result)
'T“E‘Tﬂ,cas@:m
(i) VeATeds 25, = e %
(ii) W @t fraA (Regulation) =,
HERT (Precautions)
(i) Wl % SR FeERE M e v ity
(if) &7 H AT e ST I R et stz ot g e '
cos . m - s }
funwwmwﬁ%ﬁwmyzmaﬁmﬁgﬁ'ﬁwmﬁw
(iv}ﬁgqﬁwmﬂﬁﬁiﬁﬁwﬁl.%ﬂﬁn%mﬁmﬁmw R "
aifem] IO 36 ST T Wi Ui o o
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T 3 RE (7)
- Experiment No. (7)

WA (Experiment)=g#1g &5 I0eH % IRad 4 qeaaiel ST i SRIETH S 984 are W9 &

Feags ®l (Determination of the effect of variation of excitation on performance of a

synchronous motor).

X9 (Object)—F8 WA F1 3474 TeqoIel A2 F V o WIS 1 91 &5 I & 9 & W

SO A R

SyTEyE SUHTUT-3 Aftrt H ferardl st e & STEr SR & WE T W
woHe FYH0T T 0 IR AT | HET femuit

W
(Range of
Apparatus)

1. | qogwE qe 1|

2. | =@ e sfie 1

3. |we e e 1} Tt S T S HETs

. A
4. | = FuEEl ST 1 | fe= oo 3w ufteg
5. | 3-¢ 9t sEAEEET wredt ' 1) | =9% =M 9 2 T Hel A
: e ot S T ¢

6. | nfa A9 (Techometer) 1

7. | &= o f95F (Field Rheostat) 1 | o= g swe & fen

8, |fem am W= ART IgF W 1 | geusmet dRT I WY F

Hfra & feg
9. | 9%z e v 1 | geaee et 3 gitis a@e
| FEH
10. wg[aawﬁmaﬁ - LS.

a1t (Theory)-afe fatrsh qeasret Hex 1 fAfawe afdw (P) Fi fer van 514 aa1 &5 St =1

(Field excitation) I, %1 wfzafte ferar < @ wiet 1 ufew 1o ofafia o s
fareit HreT  wfem, W = /3 VI cos ¢

TV 2féae drezan, V @R 910 a9 cos & HIZC @ Al o €1 5w Woaa V el fea € gefa af
I T cos ¢ FIE FH T # A A0 1R T TA R AR AR O A T S 6w
T F9 T 78 WER T w1z W 6 O F eitads | @ @ s am ] o sfEtia ad € gease
HIET ®] &7 G A9 AT F 7= F1 9 ae Afgaan foad fad woned § wfawm 1o @ gea o
THA ¢, V a5 Foam 21 V-ag g fafes fear ffaei w a4 qan smfer g 8 deees =1ea o g

-
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3-¢ supply

. 3BmEE T
‘ fim
(i) 29 gegeTel Tret Tl e aw v Tt % gewa 4 it oo o w=Sed a9 @ 36
el WA 1 3-¢ T8 AR H (oA € of o qeadias Ht 3-6 e Wi | qeasios o 5 ol e
S, FI @ (Open) & € i X SR Wi %1 9T F12 &) 78 T07 qeasies Hied 14 o8 I (3-59)
FETE BT S Wil -
G-I REFUlT H Feie =R SER AR s =10 (3mR) o o v fifae afm & we
=% Gifad| 9T = (1), (ii) T (jii) % AFET M)

- Full load
: Unity P.F. Full load .
] _ Hall load -

No load

Line current

Power inpul

Power factor

" Lagging Leading
Exciting current Exciting current Exciting current |

(i) (ii) (i) |

ferx I

o o3t 9 3 T # o6 SieE a0 T e S A e whe % 9% V e |
F¥, A9 T O 3 9 R T A e A T ) 3 A R e # o e e e i
o1 < & A e o S 1 7 9 qeaee Wt V a Fwe 61 3 9 8 v § o }

@Wmmmﬁmm%ﬁmmmﬁm%mmmaﬂmﬁmémmm
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aﬁﬁﬁ H¥ (Objective Questions)

w e WROT HIeX (Three Phase Induction Motor)
1. U6 gaWUT It &I U 10 g 3mafas o ST st ot & =1 600 ot wie fime =t wier ot =
W ¥ afe Tiex 370 guis ufw fe @ we W@ § @ whvw few = 7w -

(a) 5% (b) 1% + (c) 2% (d) 3%
2. AR W $or nied R W denee B 82
(a) Zero power factor (b) Leading power factor
(c) Unity power factor (d) Lagging power factor
3. e ST T i ST e & e Uit e dor 3 freie Fo & vt st g &1 e
W fiew & foe-
(a)§ >1 (b)S =1 (€)S =0 (d)S <1

4, TE A T 4-TTe SROT HIET 500 V 50 Hz A1 3T 9% 1440 r.p.m. 710 & St §1 Hey
o ferenfie v wiferd 20.3 HP ¥ goff 92 9rer g1 2.23 HP §| 9g Wea g0 5 A gra 7ei ¢
HieT @t ggaT feat 87 (1 HP = 7355 W)

(a) 85.5% (b) 90.1% (c) 86.5% (d) 88.7%

5. U aga It 90 TTEH (Watts) TiT>ren viiem HTet it 3 10 100 9y Ry wifsm s @am &

&, dizT =1 <gar &= §7

(a) 60% (b) 85% (c) 90% (d) 80%
6. U TRUT Wit W GO €I Tk " 3mgui frer § § frw uv sl 1l =@ 17

(a) T BRI Seifee werard (b) W =1 T Torem &

(¢) T2 wra et (d) &% Theel F9 & a1 fit ey fin 25w
7. 3-S5 IO Wit @t e o & o Faifae fafa =5 o §7

(a) fres Oe fdaw (b) fafae fgsm

(o) fr T iR faf Feswr s g (d) Sene o
8. U4 GaTHaeT ST ATt qeaehiieTer aet 25 T U Herves § | BT ST Hes ot A g-

(a) 50 Hz (b) 100 Hz (e) 25 Hz (d) None of these
9. Frifta dteear w feredt feen fawmn Swoft diet &t v Wit awn gt &-

(a) 30% to 50% of the rated current (b) Freffa e

(c) Froffes e =7 5 | 10% (d) Freifts srar = 5 ] 7 A

10. U= foramen Sl diet i 4 dier § 21 o Fifera w s fera 50 Hz smgfa afgmo. 04%Shpéim
yenfea @l §1 et & Wue ¥ guie grEeia @5 @t i §-

(a) 1440 r.p.m. (b) 605 r.p.m. {c) 1500 r.p.m. (d) 0 r.p.m
11. foraen RoT T § yOwR W srfasan Ge ameel we g € afg-

(a) T wfate = e wfmm - (b) TT Wl < e wiaEa

(c) T Wit > T2 e (d) TeX wiede = W wfiem
12, 0T Hiey F wiEfen fRw ®RUT ¥ Erew £7

(a) 2T AT =1 ofam g (b) o=t dreear g

(c) T=a e (d) "z § Ta=faa emife

w
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13.

14.

T T & U St Pt @ oT Sergvor & ferg 2fiere F 4 S aft w2 d B A

(a) A.C. il SElas FEI T L (b) AT Tt e €

(c) BT e a1 < ¢ (d) et 7o A0 WS el W €

fagm w7 & Wt guil 19 (Rotational loss) ¥ =41 Frew &7

(a) S Fo 91 T BT (b) T 1% THO ST &g =7 §7 (loss)

(c) of e wfor i &g W B (Loss)  (d) WIEH %2 =fuy & &g w7

15. et wifem Tquiies & fere wrafirs &ron & w0 # gan g-
(a) GeaaIieTs HIEt (b) Fretfio Tzt
(c) 3w Hiex (@) FH F FE
16. T W e Yror HreX fEae WO A 87
(a) T fisdmaes g w9y (b) R fdias gen vty
(c) WRFE D.C. T (d) Wi D.C. Hret
17. fog wrex F yada 1 @ w S 2
(a) T FE (b) e Zrert
(c) 355 WIS IRY N A (d) Tt forhes Tt
18. $ur wivet = ferg 0.04 § it HiEX F AFHE 60 Hz ¥ 3 ﬁztumawﬁrt—
(a) 24 KHz (b) 24 Hz (c) 2.4 Hz (d) 60 Hz
19. Rex geamitos arer 3t 42T 91 & WA & A S o1 HEl A g7
(a) Leading speed  (b) Lagging speed  (c) Slip speed (d) Slow speed
20. W7 U oy Hirex W arfireman wer Ul fREE SerAl giar 82
(a) Stator voltage (b) Speed of rotor
(c) Rotor reactance (d) Decreasing slip speed
21. Frafafer A fmahmi s T e & TR ERTR No load 22 ST HHToH (AT ATaT & 7
(a) Stator core loss (b) Rotational loss
~ (c) Stator copper loss (d) All options are correct
22, R WRUT WX W A AU HH o & A
(a) 2T %1 7y g <Al & (b) Vet 3 iy B A
(c) T2X 3 O HH & el (d) BT = Sl FE R IE
23, FULE AT UG AT TET Wadaw W oW YEN & HGE TAr &7
(a) Henfis Sifea (b) UF FUETH =iera
(c) wiatas =nfea (d) W g e
24, 7 3T TR # foFw W @ WK femn s @7
(a) Foer: Oftel WK (b) SFHATH ARIEER WO
(c) FEHAYM Tl W (d) IRl ST e
25. 3-%S arelt WROT Wi W i frasr fafimt 8 1 ., = §
(a) VIT control (b) Stator current control
(c) Core loss control {d) Eddy current control
e —
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26.

27

e 0 R e g w w e & fiv sreithe et when & e fe a4,
ta) Constant losses () Variable losses

ic) Constant losses and variable losses both (d) Rotational loss

T ¥ I N F 4w F yRiNE Ao (Inrush) SO GAT 8-

(a) Large line voltage drop {b) Large phase voltage drop

(¢} Damage the rotor winding (d) High starting torque

40 HP 3-phase S701 9127 ¥ w 3gf siedwr 3 St o7 f { &1 81 300 dedw g
fe s femm =1 wer §7

(a) Synchronous (b) Additional tap changing transformer

(¢! Series capacitor (d) Shunt capacitor

o et & Yuie wiee fRER T R 82

(a) High speed steel (b) Soft steel

(¢) Carbon steel {d) Iron

30. T E TR TH WO WX & S @ G amuw F gew faw wm?

{a) The motor will run in reverse direction
{b) The motor will burn

(c) The motor will not run

(d) The motor will run at reduced speed

31. U@ 3-U AT S Y01 AIeT RN $e2 BT ¥ VI T A9 WISt S @i wie faw
(a) 3 time the current with DOL (b) % time the current with DOL
(e é time the current with DOL (d) None of these above
32. A double squirrel cage induction motor has two :
{a) Rotor moving in oppesite direction (b) Parallel winding on rotor
(¢} Parallel winding of stator (d) Series winding in stator
33. Exhaust fan ¥ yam & fou waifus go= & 99 9wt dew 2-
(a) D.C. series motor (b) Squirrel cage induction motor
{¢) Synchronous motor (d) Universal motor
34. 10 H.P. fraem 415 dree areft fwm Wwor wrer & wgw e = 82
(2) 15 A (b)35 A
(e)25 A (d) None of these
35, T ufrad gr1 v wate faadl 9Tor Wet & o W Py o 8-

(i) Changing the pole

(b) Changing frequency of stator supply

(c) Changing stator voltage

(d) Changing frequency and voltage of stator supply
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96, Noload currentofathree phasesquirrel cage induction motor at rated voltage:

() 30 to 50 of the rated current (h) the rated current
(e) 5% to 10% of the rated current (d) 5 to 7 times of the rated current

97, TE A HET 4 G 50 Hz Worvires 10 pfvr Slip & ara s w2 w1 & ) guif arg = s &
fadter fogm o sl ey and T A e = 87
(a) 2850 r.p.m. (h) 1350 r.p.m. () 1500 r.p.m. {d) None of these
98. 3-% Slip ring WTUTHET R T 44 4t SJ0le Ui 2gaTs Al wan 1 e 3o~
(a) Increases
(b) Decreases

(c) Inereases upto certain voltage of resistance then remains constant
(d) Increases upto certain voltage of resistance then decreases

39, T Gl ERET U1 e FeTa S Wi ST €| A% o FHa! geasmmeti it ¢ ol Rt MMF
af Tex MMF & e amiey of &= §2

(a) Swg (b)(1-8) wg (c) g {d) Zero
40. T 3-6 WO WX &F Wz AfTYE W AR 38H T B qern d F4 aen?
(a) Less (b) Twice (c) More (d) Same
41, IRoT WE B AT AT §-
(a) A.C. series motor {b) Repulsion motor
(¢) Commutator motor (d) Asynchronous moter
42, 0T WrET F @ gyl Wl faeEor § EaEe @ WA WS e O aS A
(a) Inversely proportional to the slip (b) Directly proportional to the slip
(e) Maximum (d) Not dependent on the slip

43. e afn ¥ e.m.f, Tt AR & U0 Tt & e Frasor = fafa § oft smifie aea i |
e.m.f. & IFET wew W & A- |

(a) The rotor resistance decreases {b) The rotor resistance increases

(e) The rotor reactance increases (d) The rotor reactance decreases
44. T TR e o Hiex @ wifew 0TS W B §- ;|

(a) Rated load only (b) Both light and heavy load

(c) Heavy load only (d) Light load only
45. aga it Afram awr | 3w e ¥ wiey uiteg w5 foe e & e, . T W R

TS

(a) Low voltage release (b) Interlocks

(¢) Distance relay ’ (d) Overload release

46, e TEITE S ST T R 3NTae 2ieh 30 fem w afem i & st iy e urs aman
e 3-

(a) 1l (b) 0.566 ) 0.5 (d)0.707
41. T O W ..o, LA YOOT WX W S g W w0 W WEg w8
(a) Alter gap (b) Yoke (e) Air gap (d) Insulator
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48, FfET Wi ¥ W gu W W = few g {-
(a) Zero (b) 0-1
(¢) More than one (d) Negative
49. Low HP W7 Wiex ¥ T gier §7
(a) HRC fuse (b) Thermal overload relays
(c) HRC fuse and thermal overload relay  (d) Bimetallic relays
© 50. Wﬁmmmﬁmmln%mwmm%ﬁmmamﬁ
T vvenen T T TRERT IA AT £
(a) 15‘5 (b) 21% () 10% (d) 5%
51. e 0T HieX &Y AW YUl e UARS & SIEHETUET BT §7
{a) Current and power factor of he motor
(b) Current and impedance of the motor
(c) Flux and current
(d) Current and power factor of the motor and flux
B Answers

1) 2.(d) 3.(a) 4.(b) 5.(c) 6.(d 7.(d) 8.(a) 9.(a 10.(a)
11.(a) 12.(d) 13.(a) 14.(d) 15.(c) 16.(a) 17.(c) 18.(c) 19.(c) 20.(c)
21.(d) 22.(a) 23.(b) 24.(d) 25.(a) 26.(c) 27.(a) 28.(z) 29.(c) 30.(a)
31.(b) 32.(b) 33.(b) 34.(c) 35(c) 36.(a) 37.(a) 38.(d) 39.(d) 40.(a)
41.(d) 42.(b) 43.(b) 44.(a) 45.(d) 46.(d) 47.(c) 48.(c) 49.(c) 50.(c)
51. (d)

B UE B HIeY (Single Phase)

1

Us TETe W WX & YUIA i {9 st &7 agen @ geha €2

(a) X arEfEn & wmg W & U vy & Sga

(b) ST F=H Fl TeE T

(¢) T artEn a‘i?ﬂ@ EICGGET

(d) B 3R T anfEn & wiey H aeast

FrefefEa et @ fd S @ izt ar et Aret & wu o o oot ferar wmang?
(a) AftEae feraee =W Wl (b) TS R HXX

(c) FFTaIE 9 Ao R HieX (d) FHR= Az R HeX

A (Ceiling fan) &1 4@r yanm ¥ fear wmr §-

(a) Split phase motor (b) Capacitor start capacitor run motor
(c) Capacitor start motor (d) Universal motor

e i § i ¥ for wed s e @ @ ah we i
(a) D.C. series motor

(b) Squirrel cage induction motor

(c) Reductance motor

(d) Universal motor
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& WEX T Uhel el arell yid=t art-an 2y gt &, saet o1 wmnor 37

(a) Improper phase sequence

(b) Low supply voltage

(c) Abnormal fluctuation in the voltage

(d) Relay of signal phase preventin is not energized.

When the load on a reluctance motor is increased. So that it can not maintain
synchronous speed, the motor will—

(a) Become unstable

(b) Draw excessive armature current and may burn out

(c) Fallout of synchronism and come to stand still

(d) Run as induction motor

Inatwo valve capacitor motor the capacitorused for running purpose is—
(a) Air capacitor (b) Paper spaced oil filled type

(c) Ceramic type (d) A.C. electrolytic type/AC
wrdfE AT w5 e S Frfe @ 82

8,
(a) Varying field flux with tapped field winding
(b) Connecting rheostat in series
(c) Applying variable voltage
(d) All of these methods
9. T the feRfifaw wer-

(a) Can run at synchronous speed only
(b) Can run at sub synchronous speed only
(c) Can run at synchronous and super synchronous speed
(d} Can run at synchronous and sub synchronous speed

10. For which of the application a reluctance motor is presented—
(a) Electric shavers (b) Refrigerators
(c) Signaling and timing devices (d) Lifts and Hoists.

11. If the capacitor of a single phase motor is short circuited—

{a) The motor will not start ; (b) The motor will run
(c) The motor will run in reverse direction
(d) The motor will run in the same direction at reduced r.p.m.

12, Which of the following single phase induction motor is generally used in time
phonographs :
(a) Resistance start (b) Capacitor start and capacitor run
(c) Shaded pole (d) Universal

18, The direction of rotation of Hysteresis motor is reversed by—
(a) Shift shaded pole with respect to main pole
(b) Reversing supply lead
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(c) Current drawn by the motor will be excessively high
(d) Electrolytic capacitor will in all probability suffer breakdown
14, Faofis vy wwe %W dier § duafiy w wiide g i fe amt awe
(@) Torque will be increased
(b} The motor will consume less power
() Motor will run in reverse direction
(d} Motor will continue to run in same direction
15. &% [ vg= St ofw oo & R gfvade Wex @t i f-
(a) High in D.C. excitation than in A.C. excitation
(h) High in A.C. excitation than in D.C. excitation
i) Same in both D.C. and A.C. excitations
{d) Dangerously high in D.C. excitation
16. ¥I¥T g@ uie it HWEg (Locked rotor) Yuiw &mI-
ta) Equal to full load current (b) Less than full load current
{c) Slightly more than full load current (d) None of the above
17. Theory involved in analysis of the performance of single phase induction motor

is—
(a) Double field revolving theory - (b) Cross field theory
(¢) Double field theory (d) None of these

18. What is the meaning of sweep in case of ceiling?

R AL B . L

{a) Current rating (b) Voltage rating
1 {c) Blade size (d) Power rating
{ 19. A hysteresis motor works on the principle of :
(a) Hysteresis loss (b) Magnetisation of rotor
{c) Eddy current loss (d) Electromagnetic induction
20, Speed of me ceiling fan is about—
(a) Upto 10 r.p.m. (b) Upto 200 r.p.m.
(¢} Upto 950 r.p.m. (d) Upto 10000 r.p.m.
21, $r¥z Uier Orer & fem gum @ dEr £
(a) 95% & 99% (b) 80% & 90%
(d) 5% & 356%

(c) 50% A 15%
22. The direction of rotation of universal motor can be reversed by reversing, The

flow of current through—

(a) Armature winding

(b) Field winding

(¢) Either armature winding or field winding
(d) None of these
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(a) Worn bearing (b) Short circuit in the winding
(c) Open circuit in the winding (d) None of these
24. A centrifugal switch is provided for disconnecting the auxiliary winding—
(a) Capacitor start motor (b) Capacitor run motor
() Reluctance motor (d) Hysteresis motor

26. In a split phase motor the running winding should have—
{a) High resistance and low inductance
(b) Low resistance and high inductance
(¢) High resistance as well as high inductance
(d) Low resistance as well as low inductance
26. The rotor of a Hysteresis motor is made of—

(a) Aluminium (b) Cast iron - (c) Chrome steel (d) Copper
27. The capacitor used in single phase capacitor motor have No—
(a) Voltage rating (b) Dielectric medium
(c) Polarity (d) Definite value
28. The shaded pole motor is used for—
(a) High starting torque (b) Low starting torque
(¢) Medium starting torque (d) Very high starting torque
28. No ceiling fan should be installed at height of less than—
(a) 2.5 M from the floor (b) 5.5 M from the floor
(c) 4.5 M from the floor (d) 3.5 M from the floor
80. In repulsion motor direction of rotation of motor—
(a) Is opposite to that of brush shift (b) Is the same as that of brush shift
(c} Is independent of brush shift (d) None of these i
31, T YR & U@ & it g @ g we W 82 |
(a) Pedestal fan (b} Ceiling fan (¢) Table fan (d) Exhaust fan |
32. O U W YW s gro giew fwan e &2 |
{a) mm (b) em (©)m (d) km |
33, UE WA ©IF HeX @ - |
(a) Low power factor (b) High power factor {
(e) Low efficiency (d) High starting torque ‘ |
34, TV WY WINGE: IUE @ W ATt wet {-
(a) Single phase series (b) Shaded pole !
(c) Resistance split phase (d) Hysteresis

35. 220 V 3 Sreeat O wefere £r areh frge Wizt 8 A ST ST ST § | WSt A S8 80% ¥ Ay
Wt W Output =T Brar?
(a) 1500 W (b) 1408 W {c) 1200 W (d) 150 W

__—__
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36. A universal motor is the one that—
(a) Can be operated on DLC, or AC, supply
(bi I= avminble universally
i) Can be marketed internationally

1d) Run 8t dangerously high speed on no load
87. Single phase induction motor is also known as—

ia} Mult: horse power motor (b) Single horsc motor
(c! Fractien horse power motor (d) Double horse power motor
: 38. Speed control of single phase series motor (A.C.) can be done by—
b {a) Pole changing (b) Frequency variation
i¢) Voltage variation (d) Shifting of Brushes
39. The torque in a single phase motor is given by :
B (a} Backward torque (b) Forward torque
5 ic) Forward torque (d) Forward + backward torque
: 40. A umiversal motor may be operated by—
: (a) Only D.C. supply (b) Only A.C. supplies
g {c} Neither D.C. nor A.C. supply (d) Both D.C. supplies
:; 41. The universal motor speed can be controlled by :
",f_ () Centrifugal mechanism only (b) Resistance method only
(¢! Any one of the given three methods (d) Tapped field method only
42. The value of the capacitor in a capacitor start motor controls the—
(z) Starting torgue (b) Speed of the motor
(¢} Efficiency (d) None of these
43. Which of the following motorsismost suitable for signalingdevicesand timer?

ta) D C. seriee motor (b) D.C. shunt motor

(e} Two phase induction motor (d) Reluctance motor
44. As compared to a split phase motor a capacitor start motor has—
(a) Higher starting torque (b} Lower starting torque
(d) None of these

fc) Higher running torgue
45. The motor having a smooth chrome steel cylinder as its rotor with no rotor

winding with no rotor winding—

5} {a) Universal motor (b) Hysteresis motor

il' {¢) Repulsion motor (d) Reluetance motor

| 46. In FHP induction motors splitting the phase is done using—
(b) Only resistance

(a) Only capacitor
(d) Resistancefinduciance

fc) Resistance/capacitor
47. The waitage rating for a ceiling fan motor will be the range off—
(a) 200 to 250 W (b) 250 to 500 W {e) 50 to 160 W (d) 10 to 20 W
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48. The direction of rotation of an ordinary shaded pole single phase induction

motor—

(n) Can be reversed by reversing the supply terminal connection to the stator winding
(b) Can not be reversed

(c) Can be reversed by open circuiting the shading ring

(d) Can be reversed by short circuiting the shading ring

49. form e amifdm =t vhvew gz = F o -
(n) e e (b) A.C. Froft 5zt
(¢) gfade drey (d) T w5zt
B Answers

1.0)  2.) 3.0) 4@ 5() 6() 7b 8@ 9() 10.()
.(a) 12.(c) 13.(a) 14.(d) 15.(a) 16.(c) 17.(c) 18.(c) 19.(b) 20.(c)
21.(d) 22.(c) 23.(a) 24.(a) 25.(b) 26.(c) 27.(c) 28.(b) 29.(a) 30.(b)

31.(d) 32.(a) 33.(d) 34.(c) 35.(b) 36.(a) 37.(2) 38.(c) 39.(d)

40. (d)

M.(c) 42.(a) 43.(d) 44.(a) 45.(b) 46.(c) 47.(c) 48.(b) 49.(a)

B Jrasiee weie (Synchronous Machine)

1.

5.

T 3¢ TR HATHA 100 V Welradas U 500 K St S Haiia §7or 6ize i wrat 9@ ¢
A Hiex &1 vifer 10T 0.8 Ty=rIT 3iv THEt 2T 0.9 3 9 YT YeadE A N GA |
TN qWT wmEIT: £

(a) 321 A and 231.5 A ' (b) 401 A and 231.5 A

(c) 321 A and 185.4 A (d) 401 and 185.4 Amp.

3-¢ W & MR § 90 @i ¥ wewad® ¥ 6 pole AT TovEm = WA

(a) 3.541 (b) 2.457 (¢) 1.987 (d) 0.957
Ex? mngmtht-o F 60 x F

(a) Ng = (b) Ng = () Ng = A3 (d) Ng = 5

AC. =X feeg ay B &2

(a) Fiftaa wiiies 3l @& D.C. vt B

(b) TF IHIF I G F Frwra A H P H G G

(c) TF T 3R = F AT & § R F O ey

(d) FrerEfees JE & R

amgfe AFee & Ty SCR &t fafire wr == gom?

{mg (b) 1 @1 (m%

afg V. =0.75 3T R, *asnmmmmmaﬁ-

(a)5 A (b) 10A ()15 A (d)20 A

T sty geaens R e §-

() Vi 10 L as (b) Vigiry 10 figas (€) Viux 1010 (d) Vipax 10 Isin
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8. Voltagedropinanalternatorcan bedetermined by which of the following factor?

{a) Power factor x Load current (b) Power factor x (Load current)®
(¢) Load current (d) Voltage drop of the load
9. Apowersupplyshould possessanideal voltage regulation which isequal to........,

And practical voltage regulation measuring ...
(@) Small value zero (b) Zero small value
(c) Zero . zero (d) Large value, zero

10. Iffield current of a three phase alternator is reversed what happens to its phase
sequence?
{a) Remain same (b) Reverse
(¢) Two phases are exchanged (d) It becomes as motor

11. TEEEeT fEmm U9 WifEern few =0 § o s §2
(a) ¥z fiERT (b) ¥z FfieT
(c) Fr= FAER (d) i frgget

12. Lap winding is most suitable for :
(a) Low voltage low current (b) High voltage high current
(c) Low voltage high current (d) High voltage low current

13. e wam e & w0 ¥ faga wvii § sT@ goar ag & fag fwmar s 2
(a) SF, (b) CO, (c)H, (d)N,

14, @ STeeAET 400 Kw o1 TS 8 S ST yifere T[UTeh o |1 STfe 5t TeT & | aif vrier T[ores aht
sars & fear W A SE KVA W0 swetiet femt @te &t amgfd sste?
(a) 500 Kw (b) 200 Kw (¢) 100 Kw (d) 400 Kw

15. mm@wmmwwaﬁwmm#
(a) S frgfes =T (b) =& fiufaes g
(c) Tafza Tt (d) ofRa =

16. HTHEUFUEET A ST ATHVE! o & 1el Sl gl el SHUSE o (411 ohl W gell §, ST et G-
(a) Sftomd fo= (b) = f=r
(c) F g g (d) 9v= fo=

17. Forunity powerfactorload the effect of an armaturereactionin an alternator—
(a) De magnetising (b) Cross magnetising
(¢} Distortion (d) Magnetising

18. U= fafvers wearade o 20 A & B I | 400 A €T w7 ufew # 79T 2000 V e g
ufwe % fierar §1 2000 V & w1g oW W Wit & s @ giw w82

(a) 1000V (b)1V (e) 100V (d)1oV
19. Smooth eylindrical typerotor issuitable for operation in synchronous motor—
(a) Low speed (b) High speed (c) Very low speed  (d) Medium speed
20. Protection is suitable for alternator—
(a) HRC (b) Distance (c) Merz-price (d) MCB
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g1, Awavewinding must go atleast around the armature before it class back where it
started—

(a) Four time (b) Twice (¢) Thrice (d) Once
99, At leading power factor, the armature flux in an alternator—
(a) Has no influence on the rotor flux (b) Aids the rotor flux
(¢) Distorts the rotor flux (d) Oppose the rotor flux
23, Alternators are usually designed to generate power at—
(a) Particular power factor (b) Particular frequency
(c) Variable voltage (d) Variable frequency

94, o URITEdE TOTRR o wenfea &) afe fedt um venads @ swen aiatad o o g | 79
W g

(a) Reduced speed (b) Change load demand
(¢) Change power factor (d) Change frequency

25. TFY e 50 A 8 ST AT See Hearanan H o7 aiae 0 200 A Ft qui maﬁwmmw
aftwg w1730 V @ ITET FAT § T JHR! JEAH WA .o Q §
(a) 3.46 (b) 5 (c) 4 (d) 8.86

26. Ty ity e 60° g Tt grrvire e fema war o gwe frer e TEAT-
(a) 1 (b) 0.28 (c) 0.75 (d) 0.866 :

27. e TET SR Vi @ e 8-
(a) Neither generates nor absorbs {b) Absorbs
(¢) Generates and absorbs (d) Generates

28. @ﬁhmmwmmﬁwiﬁﬂmm9
(a) R Hrex (b) 0T ST
() 3w ey (d) None of the other options

29. .........excitation will......... The terminal voltage of the machine when connected.
(a) Vanable not change to infinite bus (b) Fixed change independently
(c) Variable change to infinite bus (d) Variable not change independently

30, The terminal voltage of an alternator depends on—
(a) itk R gftmm WR
(b) SR GFCATOT A1 R YR R 3 W I A &
(c) IR e X W
(d) s wftmmer 3t S e SRy

31, WA ATATSE TS T ot V1T Wik T Fefalr ST & e yreammelt i forer avgeem sft wofi it
T grn wifim faRam s 2-
(a) fimrm Zifwde s oy (b) = =i giftniz famee froew
(c) giferiz wa gifsiz fipere Rewds (d) giferiz = ez sfdswre fosa

3. FraaTeE TYi w1 PR (Rating) WOTRR: 36 ..., W P @@ E)

(a) Speed (b) Temperature rise (¢) Weight (d) None of these
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33, weamads ¥ amder whifwar Feulte ..., % WOged W A §)

34.

ar7.

39.

40,

41.

43.

I

(a) wiemma (b) Wl () witramen (d) wergam
A.C. wyfts ¥ Pt fmfim amife 7o @y wifé @ uftoms grm-

{a) Reduction in both e.m.f. and harmoniecs

{b) Reduction in e.m.{. and inerense in harmonics

(¢) Increase in both e.m.f. and harmonics

(d) Increase in e.m.f. and Reduction in harmonics

T frmen = HaRad 60 Hz et ?gT § 6 23900 Fiee WHie & §) wﬂimw’m‘m
= TOAT T~

{a) 13800 V (b) 33800V (c) 42300 V 1d) 23900 V
In load flow generator bus indicates—
(a) P =@ bus {(b) V - §bus (c) P =V bus (d)@ -V bus

Awinding havingnumber of slotsis equal to number of poles. Then this winding is
called—

(a) Coneentrated winding (b) Short pitch winding

{c) Full pith winding (d) Distributed winding

For fixed voltage synchronous impedance and variable excitation, the maximum
power P, is given by :

(@ P, = V: b) P, = —‘iﬂ (©P, = %; @P, = Vn
TieE TEEEYA "gr & foe fdee =i ... T SE ST R

(a) HEEEL & W19 (b) ¥iE T F Hieg

(c) 3=t & uftag (d) B < qftug

TT UEEdE o iAo & e frefarad o § T wanT fear smr §7

(a) San (b) TR FHET

(c) TR (d) =g =fefral (Ta Tw=m)

B2 Insulation failure & TeaTawE: sl e o e ferer gray s uinT femar T g ?
(a) Over current (b) Reverse power

(c) Alarm protection (d) Differential protection

WA T WeTa e s aree (Voltage) Regulation Frerers wwa Frer ol & o s aava®
(2]

(a) Both field current and speed must change

(b) Field current and speed remain the same

(c) Only field current should be varied

{d) Only speed should be changed during the experiment
Large Turbo generators are usually driven by—

(a) Coal turbine © (b) Steam turbine
(c) Diesel turbine (d) Water turbine
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44, Synchronous generators is a source of—

(a) Real power (h) Reactive power

(c) Apparent power (d) Both real and reactive power

45. Alternators are usually designed to generate which type of A.C. voltage?

(a) With fixed frequency (b) With variable frequency

(c) Fixed current

(d) Fixed power factor
46. The field winding of an alternator requires—
(a) D.C. supply (b) A.C. supply
(¢) Pulsating D.C. (d) Any of the above
47, Thereactive power generated by a synchronousalternator can be controlled by—
(a) Changing the alternator speed (b) Changing the prime mover input
(¢) Changing the terminal voltage (d) Changing the field excitation
48, AR A.C. TRECH Uit e s urera st vee few ans e e s Iwam s waa
fea w1 WA €7
(a) 2/3 (b) 4/5 (c) 5/6 (d) 677
49. Thereactive power generated by asynchronousalternator canbe controlled by—
{a) Changing the alternator (b) Changing the prime mover
(c) Changing the terminal voltage (d) Changing the field excitation
50. 3EETI Imgf & firrae fret grr dyifem &t e -
(a) Damper winding

(b) Automatic voltage regulator
(¢) Increased prime mover output (d) None of these '
51. fowrTm wyftr # efven mivat -

(a) Fault oceurs in the supply system

(b) Cause sudden change in inertia

(c) Causes large mechanical stress and fatigue in the rotor shaft
(d) Cause harmonics

52. Themechanical powerdeveloped by synchronousmotorisindependent of—
(a) Speed (b) Field excitation
(c) Applied stator voltage (d) Torque angle

53. Temrre dret ® €fém & dmt Wt 12
(a) By using accelerators (b) By using dampers

(c) By using exciters (d) By using oscillators

64. The speed regulation of a synchronous motor is always—
(a) 0.005 (b) Zero {c) 0.01 (d) Positive

In synchronous motor the armature current has higher values for—
(a) High excitation

5.

(b) Low excitation
(c) Both high excitation only and low excitation
(d) None of these
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56. In a synchronous motor if the both e.m.f. is approximately equal to the applied
voltage then—
{a) The torque generated is maximum
{b) The excitation is said to be hundred percent
} (c) The excitation is said to be zero percent
(d) The motor is said to be fully loaded
57. In a synchronous motor the torque angle is the angle between :
{(a) Magnetizing current and back e.m.f.
(b) The rotating stator {lux and rotor poles
(c) The supply voltage and the back e.m.f,

{d) None of these
t 58. A synchronous motor can be operated at—
: (a) Leading power factor only (b) Lagging power factor only
!u’ (c) Unity power factor only (d) Lagging, leading and unity power factor
q 59. A constant speed motor is :
“: (a) D.C. shunt motor (b) Induction motor
‘ (c) Synchronous motor (d) D.C. compound motor
60. geamierE wiet viiee faad &t gt §?
? (a) Alnico (b) Chrome steel
% (c) Mild steel (d) Stainless steel
i 61. Tolimitthe operatingtemperature of synchronous motoritshould have proper—
4 (a) Current rating . (b) Voltage rating
' (c) Power factor (d) Speed

62. The back e.m.f. of a synchronous motor depends on—
(a) Speed (b) Load
(¢) Load angle (d) All options are correct

63. Synchronous motor can be made self starting by providing—
(a) Damper winding on rotor poses
(b) Damper winding on stator
(c) Damper winding on stator as well as rotor poses

(d) None of these

64. The size of a synchronous motor decreases with the increase in—
(a) Speed ~ (b) All of these
(c) Flux density (d) Horse power rating

65. A synchronous motor is running at unity power factor at full load. If load on its
shaft is reduced to half value its new power factor will be—
| () Unity (k) Leading
1 (c) Lagging (d) Uncertain
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6. For a synchronous machine—
(a) Rotor speed = stator field speed
(b) Rotor speed > Stator field speed
(¢) Rotor speed < Stator field speed
{d) Rotor speed = Stator speed

67. A synchronous motor the load Angle and internal angle are denoted by ¢ and 0
respectively, The maximum torque or pullout torque of a synchronous motor
occurs when—
(a) a +0=0° (b) & — 0 =90° |
(c) o +0=90° (d)a-0=0°

68. The unexcited single phase synchronous motor are of—
(a) Neither reluctance nor hysteresis torque (b) Reluctance type
(c) Both reluctance and hysteresis type (d) Hysteresis type

69. W& T SIS WIET WIGW it § & Wies Fusen WHEH H-

(a) Short cireuited (b) Open circuited

(¢) Excited by a D.C, source (d) None of these
70. Thestator core ofasynchronousmachineisbuiltupof......... laminations—

(a) Stainless steel (b) Cast iron !

(¢) Silicon steel (d) Cast steel E
71. Theslipringsemployed in a3 phase synchronous machine areinsulated for—

(a) Output rated voltage (b) Low voltage

(c) Very low voltage (d) Very high voltage

72, Fet & & forwran uftad @5t ¥ U qeaaifors Wi avar § an vl Ui T WeE
e ?

(a) Field excitation ‘ (b) Load

(c) Speed (d) Voltage
73. The ratio of starting torque to running torque in a synchronous motor is : -

(a) 0 ()1 ()2 (dr4
74. A large size synchronous generator is protected against overloads by—

(a) Over current relay (b) Mho relay

(¢) Temperature sensitive relay (d) Buchholdz relay
75_ﬁqmm§mwm?@aaﬂnﬁqﬁaﬁ?ﬁmmt? .

T
(a) (b) © | (d)
N N N N
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76. When the excitation of normally operating unloaded salient pole synchronous
motor suddenly gets disconnected it continues to run as a—

{a) Schrage motor (b) Spherical motor
{c) Vaniable reluctance motor (d) Switched reluctance motor
B Answers

1.0) 2.(d) 3.(d) 4() 5.() 6.(c) 7.(a 8.() 9.(b) 10.(a)
11.{z) 12.(c) 13.(c) 14.(c) 15.(b) 16.(c) 17.(b) 18.(a) 19.(b) 20.(c)
21.(b) 22.(0) 23.(b) 24.(b) 25.(b) 26.(d) 27.(c) 28.(c) 29.(a) 30.(d)
31.(b) 32.(b) 33.(8) 34.(a) 35.(a) 36.(c) 37.(c) 38.(a) 39.(b) 40.(d)
41.(d) 42.(d) 43.(b) 44.(d) 45.(a) 46.(a) 47.(d) 48.(c) 49.(d) 50.(c)
51.(c) 52.(s) 53.(b) 54.(b) 55.(c) 56.(b) 57.(b) 58.(d) 59.(c) 60.(c)
61.(a) 62.(c) 63.(a) 64.(c) 65.(b) 66.(a) 67.(c) 68.(c) 69.(c) 70.(h)
74.() 72.(2) 73.(a) T4.(a) 75.() 76.(a) |

n 39 walsei® 990 (Special Purpose Machine)

1. Reluctance motor—

(a) Is self starting (b) Is constant speed motor
{c) Need no D.C. excitation (d) All options are correct
2. FrefafEat e aETaiaiees AT i S e URue & 91 & 9 8 yan fRarsmrg?
(a) Schrage motor (b) Universal motor
(c) Servo motor (d) A.C. Series motor
3. What is a stepper motor?
(a) A multi phase motor (b) A D.C. motor
(c) Smoath running motor (d) A single phase A.C. motor

4. The permanent magnet stepper motor gives :
(z) High torque and low angular resolution (b) Low torque and low angular resolution
(¢} Low torgue and high angular resolution (d) High torque and high angular resolution
5. Reciprocating pumps and compressors are characterised as—

(a) Continuous load (b) Continuous loads
ic) Short time load (d) Pulsating load

6. Reluctance torque in rotating machines is present when—
(a) Air gap is not uniform (b) Reluctance seen by

(¢) Reluctance seen by rotor MMF varies  (d) None of these
7. The stepper motor has six phase winding on its stator and has 12 teeth on rotor.
The stepping angle—

—

B fa) 5 degrees (b} 10 degrees
e (c) 2-5 degrees (d) 30 degrees
8. A 2 phase 4 pole permanent magnet stepper motor has a step of—
(a) 90° (b) 45° (c) 30° (d) 22¢

_
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10.
(a) geamiias AE (b)) AC, AT 8T (c) gt 7 (d) formrtm Frex
11. wieemdor W2t F guT w1 fewn fem w § ufefim = =@ 941 87
(a) AT T (b) FF 77 %1 feafa Fzems
(c) T HeTedl i T (d) zirfr =i eefea =15
12. One among the following type of torque has the highest numerical value in a
stepper motor. Identify the rotor—
(a) Detent torque (b) Holding torque  (c) Dynamic torque  (d) Ripple torque
13. T BT T F e F T ww g-
(a) Winding (b) Commutator (c) Brushes (d) All of above
14. The step angle of the stepper motor is 2.50. If the stepping frequency is 3600
pulses, per second then shaft speed will be :
(a) 144 r.p.s. (b) 3600 r.p.s. (c)25r.ps. (d) 25 r.ps.
15. fedt @@ wEl A ..., BET ST
(a) High rotor resistance (b) High rotor reactance
(c) Large air gap (d) Low rotor resistance
16. mﬁﬁm&ﬁqﬁwﬁwﬁmmmmmsm:msmtﬁm
-
(a) 30° (b) 45° (c) 15° {(d)10°
B Answers

1.(d) 2.(c) 3. A4 {a). 5(d) 6.(c) 7.(a) B8.(b) 9.(b) 10.(a)
1.(c) 12.(b) 13.(d) 14.(c) 15.(a) 16.(c)

e e 3-22 4 Yire R nre i v e A eer 2w E 20 qF § | BT ST S
5

(a) 3° (b) 6° ()9 (d) 18°

far Iwe anfen &t wfoewy gz = = w29 57
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Vth FIEX, 2017
T 2 .lg-uv%] [yt : 5o
Tre-ud TE ¥ SeCaea) |
1. =S o s Twafa- (2x 5=10)
() 3%1“:0#&%:33mamtmmﬁﬁﬁwﬂm:mmmwﬁﬁmg
ToE O W e Sited)

(F) I fom, T ¥ = voum fe wdntt 3 109 3-9 300 Sl & S i faEe il
() momaai{o%:aamtuﬁmﬁlzﬁvﬁ:&aﬁaﬁqmﬁ#mmamﬁﬁwaﬂml
2. RS i F sacdfaa- (2% 5=10)
(%) 3-6 307 Hiex i1 Saa 1 i (e eI FoRa e o7 o U ) HieX #, U ) faf @ fafigsy
Fiw g e e R ot fafir= oRom wa @ 5 §7 A9 I Y T S S
AN
(@) 3-6309 Hiedl 9 W W W Rr-sw faf % fedn wifaw 7 ffa # e v e
27 = d Feifea T W e Ao TR
() m-mmﬁam%mﬁamawﬁwmﬂﬁ“ﬁmm'
3. FEAS O s swEtaa- (2x 5=10)
() 3-6 3w wiret 3 qoif &t foret warm e B &7 fiera- i o fisre e Sieor s 36 ward aremel
T =1 St g €2
(@) gea=El Ut F vadw = a5l 5 395 Sy o1 S Fie) 7 T TS $ e E
wga faan =1 g €7 o o @ e v .
() TF 3-4 8-, =N waifor wearade 750 HoWofHo 7ifey § ¥H o1 §1 wore wie & WA = 55
o S, sAmta & o @il o1 96 = 72, W @i e w5 e = 10, fw 1o =096,
FUgeE O o= 91 81 30 WoIEdE F1 Y9 N O e S & 0 56 S
4. FEAE i s aa- (2% 4 =8)
(F) g el 3 WG HIEd & Ve i faea St A wh e @ fae | sarem sk
(@) o HRT H e T B 87 U 33.3 e 31 3-, 440 V, 50 Hz v w3 qof g1 w =
950wt 9 e &1 a9l 1§ 6 g €1 feta =1 9 @ *ife)
(1) Ty oo viret % aerell # fra wen ifvafs 9 o wewd €2 e deea § wieda o
T W 1 W9 Ve €7
5. T 43 = gil g dé § fafan- (4x3=12)
() TRIFR
(@) "l = Tfa-gem
(M) HreX F gEar
() =g faedi & wga Hiex
(%) gifae afF wmAEE
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dga wefie-fidia

m:ﬁ%'ﬂ@] (quties : 50

Arz-asi wel & I e
1. i 2 o dife | swifon—
(31) == fanfeam Wies @il (Double Revolving Field Theory)
(7) TH-TEoto (F.H.P.) HeUl _
(7) 9 e e et % =am 1 [ (36 synchronous motor starting methods)
o, fwi Q=M fagr=1 (Working principle) fafEu—

(2x 5=10)

(2x 5=10)
(#1) S T & HeF 2T (Capacitor run 1dmotor)
(7) s & Fe 92 (Universal 19 motor)
(|) T HE FaEl 5T (16 servo motor)
g, Tl a1 it ot Se e~ (2x 5=10)

(=7) Tafa= W & wif= 9= 1 s (characteristics)
(7) ToEE T (electric drives) ™ WAMT B 319 HI=X (motor) F WHRI
(®) =ih-fm sifase (Torque-slip characteristics) I GOEA

4, T © wwl & s fafay faf= SR@m (Industry) 3 HET 51 W6 & S5 (Application)
fefi- '

(2x 5=10)
(31) =T (paper) FREA
(&) 8@l (Printing press)
(%) fee (Lift)
5. ol 2w o sa fafau— (2x 5=10)

(=) fafo= vem & Fafen STt =t fad=m Sifed

(@) @ %o fd@mE H9ET (3¢ synchronous motor) 1 Auwaw TFEF WET H FEH
(Conditions) fefEm) S

(W) FeaH AT (1M) 3 fiseg 8et-91 %14 (synchronous motor 3¢ i w/@l #1 gom
ifs)
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Vth 98X, 2019

T 1 2 %mi’] [quites : 50
Fre-T W & S el
1. f&<13 Wit Hamfafay (2% 5=10)

(%) 34 L.M. it e = wrd-fafa =t = Fifa
(@) = Squirrel cage LM. S 5= = 7vf7 i 7ur 395 o139 Fagw)
(71) 3-¢ IO TEX T Gy WIS FI SATE M T WgE T8 @l gfe fatau)
2. o< ool & sarfafaw (2x 5=10)
(F) 3-¢ W ¥irex 51 v Foramr =01 fafirel = o Tl =it =3re =ifsa)
(®) Circle diagram TH2Ew e 3-¢ LM, 3 FH-9mEa 1 Circle diagram ¥ Rl SU3EU)
(1) SR qE S0 F I 36 LM, & vdem i fadem ity _
3. dEQT TR (D) (2x5=10) |
(F) 3-¢1.M. T T ave fafer= il
(F) To=g wedt LM. § Todio it gt % g fafey fafaw) |
(7) qoFwIEl Het & e e T THFEY _ }
4. FEUH T A dea, w-faf s e it - (2x5=10) |
(%) Capacitor start 1-$ Motor.
(@) Shaded pole 1-4IM ,
(71) 1-6 &t AT !
5. T v = s fefau) (Zx5=10)
(%) famd Drives % @i =1 S9@3Tl
(|) =i i & w1 fafi= faftal aome T e v & & far s aum st
(1) =Y 7= wrarEe = g &7 fire o =i aitafim S wemees & fHoaodo I THE WY Hl
TEERY

]
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g
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