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e Supphfmg ding Vare ¢ therefore opergting af leading PF:
: T _ . ,

r

motor—
cased) %
tohen Ercos§=V; € hormaly entited gen'“-ﬂ»en Qout=0

$ therefore Operating at UPF

) Caoe() it .
. hen E‘:FCOSS'?U; #e. Qout=-Ve Ce. {aking Leadihg VARS ¥ . operating
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tBhen EFC"‘” "‘”' e, ““de"f”f?!f*d motoy thep C?n fve e

Nomody exc\ted
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b grectoF c&ang_e. (9 excitaton qt CWéf“ﬂ‘l'Uﬂld o/p —>
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Under epcited 1 © rﬂm‘hd “therea@ng fud
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. 9= sya. mfc .L'_riwefﬁed L anvesrae:
¥ Comp ouading ourve of a.g en’ sh.ow's': 'H1_e vanaton OF __‘fh,e,__'z;l.e.l_d_cymévt

¥eq: o mainton -Ganﬂgﬂ"r ' 'lha.l'vfoi, whea q Cobst: pF [oad s varfed.
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Que 4 cylindrical 0tor Syn. gen® With Syn. reactance OF 1.6 pu 2
neglegible Qrm, ¢cactane IS Tonnected +o an e bw ot ated vol,
(@) Defermine the encitation emf "2 power angte when it delevess

foll |oad Cument at 0.8 PF (0g.

Hepce cal. VRN OF 4he gen',
cofly

Yg=1-6pU

E:F:; U+ :'II—;J('S
= 1/0'+ 11 [~¢d50-8) 16

| Ef=2.34tp

23152

e

' Rn" E?F(Pu)' t

23L¢|-

vRN= .tsq:.;pu —-1sq %

(by toith the encifation at pt@) +he 3cnf ie made—f-o Opcm'.l'e ab0.9sPE.
Lag, ColMﬁwcomspon&ng qimn. cuiment<f Powerqagle?

Bl

2301 fabs = L+ 14 Tq L3061

EF= L}-f*.n_;qx_’s
@3uL/[3845'= 1/0°t 184 (1-¢) TalrcaSer

Point (b)

= [1+261qCostigl] + LI B0 (118

Squanng ¥ equaltng mo.gnitudes

@3U1)*= 1% 2¢ 1% 1-6 [q CoSq1-81) + (L6 1g)>

Lo1¢ + 2x1-GIqCosH-8L +(1- 234 =

By solving egh

Iq=t-142pPU
fom @) s= ZELerexntqusasi]
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idh A4 -v:.iwt&ﬂon a pavt @), defermine -the max“‘powero/r g Hhe

fbsponding an, Current £ PF-

PMQﬂ'_;_Eﬂ: (gt §=90)) Pointcc)
; S

- j.‘ ox 2"3(41 PU

15
= 4:4¢€31 pu
.Iq: E-—UI
1Xs
) — 23w /0-1
= 1.“ i .——-—-—.
g 1q= 1.591 /23430
1 o | cat® check
PF= Cos(23430) teadtng : UlcosqS Praax
PE=o919¢] - A Lrte 4 o ES: [qr.sl_-... s

@) 17 the cteam tp of past @) emaing unchangc_d cal, the excitation eeng
9 Fowe-r angle at uphwh PF becomes 0.95 angmg =
offtp -, p= UIQCOQ}" |
-« IqCosp:
- Consfont |
'I%Cﬂsfﬁ:_- IQI C“Sbl

Tq,-(0-95) = g«o) x.0.8

) o Becawseof
Const- power

IQZ: 0.8421 PU
— , g
Efo = 1/0 +10-842/-C08 (0-95) X 1-6

[Ef2e= 1 9123 /9207 pu

2) 17 the steam W/p 0F pa¥t @) remaing unchanged cal, ‘f‘He"Cn;.'lfﬂHon emF 8
PF a+ which PF becdmes 0.4S Leadihg. S

;B______ln') Iq,_. COS(#_: E]‘Cog¢' E}-?_: :1L0'+j 0.9411\ L‘;Q-é' (o- SS":J"J'G

Iq,(0. 35‘,\ =1.0x0-8 Epe= 1.297] 80-822
1q2 o 941
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a-‘l" - v "

- _@_CQL fhe min™ excitchn em.}‘;‘ For the same s{-eqm ;/p qs fn Fqﬁ—@_) '
© ¢ defermine Comvsponding Qam. cument 2 pE? 1
. Sol%y P=vIcosg il
®Icosp '
: Atternativ-(1) = when Pin (S Given quem:rhmw—;- when pin (s
§ - Ty g . ven -
% pP=1x1x0-8 P" --; _ ‘}01_‘31 {
p=0-8 pu i . XS :.;Slns ¢
0.8= UxEpcrind _ e E;an.s =constant
Xs EpaSin 8,= &p‘ YN ‘
v 3 |
R Bramin) = .ﬁffig E:chmj 90 = 2-3UI% sm(aslﬂ
N e : " ‘
 [Eremig = 12sm i =] :
- < .
Iq,= 1-28[80-1[0" - 4.0152. (38" pu . 3
16§ .. : , 2
PF= cos3# (Leading) ‘
_ _ .rP-F; 0788 (Leading)
: Q) TF the steam p oF @) unchongod buk the excitation fs u,a-mged by ‘30,(
g Cal. the new Qam, Cunent 'L PF
;f.‘ol“—r alternative 1) -~ hen pCs gwe.n |

-
By

SR AEFREER iR R S TR B RE v ot

p= urms¢ 1X1%0.8
. p=0.8pU iy
Pamax = V-ET cing
X3

0-8 = 10" x(.3%x2:341 Sinsz
2.8

§2= 24.83°
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Altternative (2) =  when pls not-given

p= U " & ° "
£ slng Tq = 1-9%2.34 I}zu-b’r—ilb
o« E7SIn8§ g

= 1.360%[~53-99" PV
2.PE= <O s153-99) (1293 tng)
: = 0.5839 (l:nqqinq)

Constant
Ef,0ing2= ER,Sinéy

(13Ex) @ns,= Ep&in@315)
§2=24.83° “

(@) For a power angle of 20’ Cal. the 2 possible Valises OF excitation em7 i
the gen¥ delivers 207.-0F FL Clirent-

~ Defermine ComvSponding PFE 8 power ofp-

col N~ . @.—_9_0_‘_’).-'..,___ |

o 15 q+Ef|:'l )
E;(go?_lLo-rJU'gL‘P'“‘G @{gi-ve'{?r leadiag i
PE '

€3120= 1+0.u8[00+)
0.48 (c0+3) = Eplao-)

= Epcos 20°+] Epfinz0™

?-Q&l@oi-léj =4Ef Cos20- je;Ft‘tnm".__._._._dJ
fquanng g equating. '
(0.48f*= E:FD'-.?.F_'FCQSJ.&-[-.[‘. o
(3T 2EF €0820'+ (|~ 0-4g2) =0
€F=1238 ,0.¢029
| €p=0xcozg, J.ggpq

o P { "
Batl o W AT AL RO




Low excitaton =~ . - | High excitation —

go’t¢ = [[pe029/20-1] " 90re = [[12365/26-1)
= 1éq 26° = C544°
¢= cy.5¢° b = -24.5¢ Leadung
PF=0-4236(ieadsng) =24.5¢ lagging
P=4X0.30 X0.4296 | PF=cos2¢.56 lagging
P =01289PV] . =0.9095 (log)

P=1x%0-30%0-9095

~ [p=ozrgpu




(Indelermined PE
Becauve Ig=0)

e

* Normo-h[ efcited -

* Underexcited ~ qbsorbing lagging Ugﬂg e ) B

'-{qn compen sator (actual name)
% Sya. phase modigtes

_"E’.‘IK@J I big mjc is operating tDH-l')oLLk pnmemooe_r;z chaft-ésyn com,
- @) The dua. OF Shc-&t s I"-ePi' Stall. becaw‘eﬁ-p opemﬁﬂg o) NL

69 1t 1s. Wed 200 MUARs Cupto)
4 T gives clean Reactive powers ‘(Like oo harmonfcs)

9 e’ Qow = -EQEFCOS §-V)

If €5=o0, @rs=90'

-
out= ~V¢& .
Qouy

Qouk = ~V2xSCR

* fotrc}_ccihd
@ero pr Lead)

'_‘“"-I ’ - -

(8ine charging capacity)

% Underexcited

(Zcm Fﬂ

* Turboger’ Qe cituated at load center So r?;:l, lese xN Line 9 the Qci:i (s
low but hydwqen’ is situated at dqrteren{- qrea o teg, More XN Une

£ scris hgﬂ Tor those.

|
1
1
|
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* quo_u.el opergttoros gen' —
% The ele. qepects OF pavadiel opevation OF <yn. gu’J’ would behand!.ed
by Mitlmens theorem ~exactly €imilay qs In -pqigitel operationh OF .

1F with unequa) Voltnge Ratio -

el  Spesd/ Feeq | it |

g Governer droop=4y,

50

s e e i e e,

:
SR T N T

plmw) - i o s %, Eq
* G:oue.me_r RegN= 5242-50Hz ': e s Pu'/'qv .
QW‘ 50&{2_ ;
. Droop= 52Hz-504z _ .01 Hl/Mw

: : .. :200MW
Lohen once dvoop s dec;ded -H)en it s no-[- chdnged

¥ Contol gear also known Qs gpeeder geu'r/ fpeed chQnger IS q devy _’chc&
Qmply <hifts the Qoverncr cfe 4™ 4o itcelh on hdnq qiven q
© Taice 08 lower <ommand.(above did,)

In PU(‘E!TDOPJ = NOy—=|060 . =

o8 = /. L
Sq -+
. wic-z' 53
;’J‘ 52 \“\. mfc'_.t
i P H“'-.\L
H ” 51 P . -
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Mg idenﬁcdjl 200010 , 504z olternator operafe Tn parallel. The go%mOro:f. :
the 15! mjc is-such *thot the Feeq: sices uniTormaly From S04z on L to
52 47 on ML« The Compsponding unlFosm Treq: Bise OF ord mfe is 504, 1o
52-5 Hz-

@) IF each ‘me 1S “Fully loaded c«’r dated Preg; what Would be lood n
“eqch mfc when fotal |oad 1S ‘redutced 25600,

®.) Cat. the max™ foad at which obe oF #Hhe tfc would become unloaded?

Sot» (a)-*
mjc

PA _ 52-F

000 652-50 G) .

m(c e _

2560-P4 _ 525-T Iz

9000. . < -525+50 - ®
"S;'ola-t'h.'\j éqh@ F@®. s
-?Oooku) _Eoc-bm

Ps= 12000, Pg=2560~12.00

. =18¢okw hl'
-'»_F_:su.aaz]_ |

; @") _ PL _ 525-52
) 3000 515_50

: P(_ QODO]d.D . . _

_.

.Q__Q- Lden'hcoﬂ 2000k a&franors opesate m pqmﬂeL The gowmor of
- the 15t mc is such that +he Freqr drop.uniFormaly From s0Hz OHNL 10
4pHz o0 FL- The C‘orﬂ‘l':pundmg uni Fodm ﬁfq deop of 20 mje s coHz

'l‘D 41.54z-
@) Holo ol the 2-ijc share the load o 2860l -

&) what 15 +he max™ load that ca0 be. dely'vered W] owrloqdiﬂg

etther mlg.
So> : ' -




5 Dl py _ po-g
T
M<® 9880-p4 _ s50-F
2000 50-43-¢ S I
| =i} e :
L oo @ 3 3 <ty
v PA=l600 k0, - F = 58"4‘{2. =peaie) :‘iooom
Then , fa= 28801600 " _ m/ch
=1280 I'tlb e
= Fa_ . 50-48
2000 50-47.5
Pp=12000%2 =f,p0kw
qud (quj. = ?ODD-f-laoo
| =-3L00kW
TR 5
[' #oad(qujf..?;{.qok_m] s
'&* QﬂLnCHTbnlzﬂhoq-? i sl Fal+- :

t% @) Equal voltoge IO ‘

@J Sqme Polq'ﬂ‘f o 1.-96 gen" 2 8qme Phqse ceq, " 3—9‘, qent

. @) Zero phqce difperance at istant- oF Synchroni zqHion.

_@-J Sqme ‘waye Forms-

_L;hron-.rahcm by cynchoccope — j

1 Mqtch the freq. of thei Incoming e with that of the running mfe . Iis
z Ycommanded thaf the ranming freq- be lept <lpdHly hi iHyer.




rJE@J match +he Tacoming ol toith +he sunning vol, T4 1S agadn recommended
 dhat +he Tncoming vol. be lept Shiptly higae.

#(3) Switch ON the synchmscope # also the check Synchronization reloy I7
}

Such ¢eloy is quaslable- Switch OFf qnt motonng pivtection IF provided.
l ) (Reverse powes profechion)

lak(f-a) Fiqe corrhwl the | tncoming Freq: Such *that +he Synchtvscope pojnfer moves
very slowly 1 the Fast dirft. when Hhe polter reaches 110’ clock posHon.r

)
Glve a command 4o +he cB switch o close the brogker

II

. Ttis expected that sthe breaker Cootacts would actuaty close at-12 oclock

. Position, O position that reprents zero-phase dipy- e

¥(5) Switch-opF the sy'qchmgcope 9 QISD.C’}eck. Synchronization -rdmeqice ﬁ?fhm

. 'rt:cornmencled [oad on -H,g_ umf- .? Qd:,uﬂ- ex‘cifqﬁon '-For de?lhd PE OF

Opemhon

j‘(ﬁl After taking C%‘Hf‘-mﬂ' load o9 +he unri' S\mfchon Hwe Qnﬁ’“O{'ﬂhng
mew’non Suali-Ch L

| Qyncmscope |

% Dark:lamp Method > (kothari/ ﬁshP&nogL‘

R

Q-R — Ly
b-Y.— Lo
B _ C-8—» L3




R.,Q

& t,Le, La davi then eynchmaise.

e ¥sb

- —

- X(Rotating tamp Method = (Davk ¢ bright method) (Stemens 2 HALSKE method)

o R -
Phase seq; RYE Pﬂdﬂj"’ B e i
! 2 b-B =y
- C-y —Ls

e e W
Blc '_' L2 Y G i

equaly Brght

Sequence —
Y- Lg“;Q; Incoming mfc is Fast
L-la-Lgy; Incoming mfc is slow-

AT 4

QueZ A Sya. mje is -Syachronised with an = bu,ﬁ at rated Vol Now Hhe

Ckam i/pto paime movey)s ?hc!:cf:lf‘ed‘ {‘Lu Syn. Mfe Ofqrts Opergting
at Rated kVa- The ‘mfc hat Cyn. jmp- 7s= 0.02¢] 0.5 po .

Determine.the operqfing pf of altrhator g ats load angle-




e Ena hco..l appreach - _
4:..5,-—0 024 0. 8} FU " PF (? r')
= 000015557 congy g

E'{::\SL—FIQP& : eoee'é-ﬁtcu«q_
; a
Ep=1(8,V=10, fq=1L$
2
1£8= 1L0"+ {F(0-80025/885F)
1/£ = 1+ b.goo2s [@s57+p¢)
0-3009_5[8_8.5:,.‘.'.(# =4/8-1 —_ip
0-60025 [88-82°+p) =(Cocs-1) +1SI0S
fquaning § equate egh

'. .@;éaotf.’i’{)"? L-2cos8ty

E'—‘Qq-tf{"

Puttthg ) eqﬂ U

o sprg= [BLei] =nass
_ M@S’f" s

{ Ll = ¢ 25-05° _
' PF= C:ostzg._o-a_).'.fEQd-l'“:g
PF= olgeszl_ leading.

G,r_nphiml Approach - |

P= (90-88.5%) +23-58¢°
- = 25.02°

QetP =20+ $ .
¢ =(90-0s) + § (leading)
§n g = Jazs2 |
2TV

£ gip'|_Loxo0-Boo2s
<. Ve

= 29‘596‘
§=47.13 .




Sgﬁ chron ows motoy S'faﬂ'ing

ol et [

ON -LOAD SFART

No load Stast
' !
J/ i Aurillary (Pony) moto stgrt
mable Freq, DQMPET tedg \L , :
Stavt " Stawt | i
'\%:consmnij S dwc:gp:;ﬂ Tnductionmotor de motor
® i 1 &
® [ ]

| . P=NooT IF SM poles
X¥ Synducton Motor SM Poles Qee Lgrge 10 MD.

¥ Hundrag phengmenon . then P=sm-2

Speed controlauallable . .
(Syn Ch?pnise Qs gen®Llater
-¥TMove poNy moto¥

.- Speed cormtol Not quailgble |-
Po Qs win .- T

“Que— 4 - ¢Aconnec[-ed lqu +qi=es qu Qs Cludvenyt af 0-70F Laegmg PF wi#h

e —

qQ e rractance 9{1 2:;.51](',‘; s C‘ohnecl-fd tn pqrn,l}e_l, with Hhe load,
The power developed by motor iS 33k at q power qhgle 0F 80
_ Calautate the overald pf oF -the-tnotor ¢ the load.

Sol " ol . . gzIc'u:ml
Stoad = B x220x50[cos'@ 70 VA gla  [>—{foad]

2.10-058/ 4s°Kvg o i '
=
P= VREF qing Smotor

Xs : - __
830x10°= 220% * i

TH—E{Smao iloss

ES:F 3b190(t (4]




T F_’t-c'ﬁ = Q’\EJZ - yx

viy3
R SR P1_¢=£
-8 P3 ¢.. 8?(}’ ¢ Vl BR.
: i (e 1-¢ =3X
.. P. - y2
- s 3R 5 7
Pa-¢ = V*
¢ R
.ﬁ-q}: Uﬁf‘
Bg=V2
f PN : - =X
\ Ps-gb: 3XP1-¢ R ¥
R ‘ B Y Fog=8Y
e R-g =3V .
e (B Bgeiy d
3 L]
% ) '
Q r= }
“rO'I*o = (v-eFCus.f;) .
N i
12?(220 aatcosqo) 4

. = -19. "0YF VAR (qudmg VHQS_)
9mo+or (83~319.043)
an = Sloqd + Sﬂ'}m‘ol‘
qs 50@.!:6 84°kVA : |

;'Il

oucmu PF— cos (6.84) (Leqd'ﬂQJ (

= 0-3999 q eqdmg)
PF= 0.9929

A 230V,4pP sDHz A Cohnected C‘?ﬁ.mo-[-or'hac 'Rq-;-ﬁxsz(O-s-q-jB).P.[ﬂ‘ i ¢ X4

' Feeld cwrent is <9 adjutied that the motor draros 404 at UPF fom’ |
¥erked Vol Cou: ot with Field cuneat unchanged load on the mofox

Cncreae- 2 14~ drawe 4oA Trom supply. Find the torque dey- 2 New

pF-
SolL tUPF = 230,0° .
o e A = iﬁt_'?_flq—oox (0-6+3)).-

= 120-20/-1851° Voltz (L)
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e
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when load is increased —

SUEGERE LG e

130.29{._-32__": 230/0° _
=

130.99(-5; = 132.79 - 1224 [ 16-69°—éz i =

Gol-$s%3-06/78-89°

4 =[18279-122.4cos (78-69%¢,)] -5 [122:q.5tn (18.69" b,)]
Squanng £ equat ng Magnitudes ..

Cos(18-69-¢,) =0.4p1|
Po=17.95° lagging

New PF= Cos(17.¢5" tagging

‘.ri’eu: PF = 0.954 {agging

Pdetst:-Pi‘n*-TO'i-d.Lq‘tm,cuross st

“V3%280x40X0.954 - 3x4’Rq=0-¢) -

[detg.: --19321'8.6l.l0q+|-sj ‘. S ‘

Tdey.= Pdew
- Wgp,

= J12821.86
B e

;"-..'l QS ?.l . &-‘

Ol 21rsn |
(Tdes=78.4q n-m

Hy ji



MOTOR APPLICATION

§UIDE
synchronous [
HP Y .
f_ motor
800 + .
- K Syac. imotor “TodycHon
1. Tnd # Mmotos
aduction
o i
- 500 1000 156 2000
— speed (rpm)

* Below 500 ¥pmM iod "motor not is-use (12p) 2 qbouc moo-rFm sya.motor .
" (s not w0 wee. ' :

S  Below S0HP Use Ind” motor 9 qbove Hp 800 -only sya. mg‘cgr,

* (504p-800HR) ¢ Goo- .!ooo) Rem -both 18 qwlqble

¥ Squarral co.ge SM- |S popula*r becawse of | e

¥ gm Speed is no+ emchd by Uoli-age msm Qs 1¢1 hi gﬂ,u, a&-‘b-ec]‘t’d by vol.
e Gﬂncmof) :

.. SYNCHRONISING ) '
POWER - "
, (2 1denticol m[e on No-load)

e = };—)SK—S - : _ €n
g v z — ‘ | J1e2¥%s)
b €2 ‘Y

@8 63;
Gr=Crr & &
Berore disturbanca

Sin AS = TeXe
:

Ts= Ef eints
o 2



¥ Due to'hcoming dictutbance in +he Mlc thers wilt ke g excitatton occinrs |
£ then Ep, WU ‘be excited by 4§) Wit g, it |

¥ ([c-1-(Work a9 gen¥ g Cource) W14 deaciel exate this tncreqse 1o +he
€xcitation ¢ +he Mfe-2 (Work Qg ‘motor ¢ Sink) Wil qecelerqte -

* The amount oF -power which is 'going oty From ged £ Coming into
Mmotor is equals in amount fs -keownqs Cyachrohicing. power, tle.
the power wWed For Syncheonicing +he exctbation, v8 £

Synchronising power Po= Ap= Ca Coc A8
Sy qp ErIs ocfs

- — &e(As A%
S5 g =)
R i A T
e B = () Watks
Since; As is very emadl,
. o =—an(05) =as -elg;ﬂ;md
| SET R Ky watts

Synchmﬁ"g}n '..OLﬁlE_r_. ko 2 % /4 e Sk e
on e ¥ Tt @QJH-P. i CDFF P *&g-’?g lDGH&/ele_ml-a‘qd ‘

. - LHegness Cofp | ..Ck: _ﬁf‘

w

\(+} . :
—rtg 4\{‘;

eV

—>8

Restoving capqbi Lty Norestoning capability,



ysg ﬂChmmsmg Power—?‘ (large mjc connected to0 o buy)

cteain

Refore disturbanee ; p= \‘;(ESE S
f-}.'F}-ef dl'.S"‘Llquﬂc-@; P-‘I‘AP:: .‘;Es-c.ilnc;s.t.agJ
S '.""."S\fﬂChmﬂiS‘fﬂg'})Otﬁtfg PS: AP = UEES*IG(G+Q g)-h‘h‘;j quH-'S :
' UE? S‘.mSKCDQaS'i‘cosS sm@ss} 51n:, '
= °-_ ; . Xg i i ‘ '.
- hﬁf [coss- ei (4 SJ —E\‘ns(r;cc;msj]
Ks
4= _&f CDSS Emas 81:18)(281!7’(2‘]

eince ﬁs"’f Svery-s S cd.i:“““gtﬁ'aﬁ‘iré“ :

lP's"—“ AP = E-cnsg X @n(ag)| watts

sIoPe TE PW CGQS!S

£l
PG~ ===z =
. a
A P= PragaSing
. !
ep | ' Al where-Pm%: YET qt &-30
P ¢ 7 : |' K | xs -
.13 )
i R
i H 1 .
RiAs go° 180" power —>

Qngle




Since AS is 'smoall; sin(as) =(A§) elect-rad

Pe=ap= _'E-f‘coss x(48) Watts
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¥ It contains slots at the 1nae¥ penpheral méde Up of S|~ steel lamingtions -
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less expen si Ve it

‘* O'FFE"_h' ttlud“ance%o H leqk ; - L&
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- Tr«E2I3 Cos, | g e
L T [g] I;co8p, (€2 xq)
T o (1) x_SE2 Ra
JRte> (R
T (kady) SE2RD.
{R7+6Ex2)?
Te= KI—SE%EQ 5
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