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(E)—isn JS& & 3a (o 0S8 Qlll dny 38 ) Aida JS o)) 3] (24-3 ) @) JSE b daa g LS
gy o il o3 35 gl Ay 0 S iy Loimny o Lgmpan e ¢ (1) Cia US4 AV
el oSl i g J ey

LAWIINATED CORE

-(E - £ ‘11; e = ———
. )
= AaND OO L AWVIINATIONS

DY) 3 A gaal) gl JS prida gy (24-3) JSd)
ganall Gl s ) 3 geal) Jsn &gl e aia s Y gaall e g il 138 b
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Operation Principledssll iax (3-12)
55ill dad O o (a3 lalina 5 Sl Eanll (gla 58 () 58 e 200 5eSI A aal) Jae Tase dainy

S sl o a3 lata Ul Ludaline Ylaa (3la aiuall Ll Y aiteall [l dadail 8 Jasd Y 4 gl
23 el gl G A a1 an 138 5 Canll 48yl Liun 0 jeS 2¢a BIA (S D ¢ jiuall
L5 G dgall Aad el 0lal g dilae 43y Hla s ad 22 0 Y A GBI 8 el e
23 Sy, Pyp (orubline & Ay cophll cilile & (1] ) SLeS LS (s dun (Sl S
s S GHELM\ Gl alad) )yl alea¥W) ol clalal) oladl ) el ) 3ac 8 G b e 4alyd)
|, colalall o288 5L by s Tan (5 93 Caall clilal andl) Juay et g 0 pdall (G Ldaliza 3 53l
umﬂ\ouyuﬁ\f\}('j\el.y\ﬁ\o&\dwcﬂ\o.muﬁbk\'&)}i.\d\&%\#\.ﬁ%hﬂ\mﬁdﬁu&”
CHlalall Ll s olad) V5 yatie alia¥) ()5S Lain s By (oruialinal

Primary Secondary
winding winding
s ™
I N i !
— ! | I U —
A ! - | 1 & 1 b
d TP Dol Do 2 d || T1TE
d P Y * 9 D
g : S Leakage pm : D
9 P : flux : T -
| |
. J \_ )
Q = S
== D 27
2 L

Ay g A gaall Jas faza

( Ideal TransformerFormulas of)adtial 4l saall dalall clédall (3-13)

Y ) A0 A gaall & (o iy g ¢ Agiiiall A gaal) agil aadiing g a5 ylai ol ) e AUl A padl)
L8 gl 0o o Gl 3 s ) (A Calall B yils e AUl i Cua A8l 8 388 g aa
il (8 ot g Y A ¢ Ll 5 el A glia Ll G clilall o Al A saall (8 (g iy La
Legd cpile e S 555 Al A gaall 5, Adlidall Clidlall i) o aclud (a5 il 038 5 ¢ oudalinall
Calall Ulia 5 13 ¢ (25-3) a8 JSG (8 i 9o LS oal) (e al8 Jgn (508 sila 5 18 4 dmilan
dall dad o o jlate daing 5 cglile ounlalize (G ) B85 iy 48 23 yie g Hlaa Sl
Taga 40 1l ga (5 3l Calal) ra Ly o sbitall 380l 138 5 S1am ) Calall clad e GlIXS 5 aa il
oaill 5 (V1) 5o Sai¥) agall o) Ly gly | o sl Calall el e e 4t aaias sl
Adlaally taad 2] Calal) 8 (E) duSe 300 568 dadla 348 al 555 aild o( ©) sp (oilil) wlaliall
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Vs =" Ny

Al g A gaall Jas Jasa gl gy (25-3) Jsl)

ool il o gy YT Calall b Abinall Al oS dxdlall 3 58 Jiai ;E
Adl Clas g Syl aldll ol sae N
(Line ) Lall clas s sl ¢y ol) Clas 5y bl Gl laia; @)
AUl Glas g e 3l
ol il d@
SN2 (58 Cany Alline 4l 8 2 63 oy (5 9 (alal) (& e (L S LS )5 e O
g sbud

(oW

ool ) Clas g Ay calall 8 Aiaal) 2L <) Aadlal) 5 8 Jiad: E2
Lol calal) ke e dfa) 4l pdl) Jia (V2

s Gl Call) ldl aae Jiad N2

s I A e Bas) g A8 A Ciiaall  nhaliaal) il @

o s Sy g ¢ DA L 5eS S ey s Jeall (5 5 Lile Jua 53 Alls 8 Aal) Al sadll
A3l JS b (adliall Jlaaly ) A0 ANSD oy (5 g 53 U SN0Y1 5 (ha Al eSI) 5yl
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58] (S5 ) oS g s sl B3 )y msdalisnall Jlaadl 1) S 5503 (e s o g AR
AN Al 8 (e LS s LAl 5580 & gl A3

Sl == SZ ........................... (26'1)
s Sl 5 Al adldd A gaall 5 jalall 5 a8 Jia S2 5 S1
..................................................... (27-1)
—————————————————————————————————————————————————— (28-1)

16 s i) A gaal) Aalrse () (6

Vl — NZ _ 12
V2 ]V1 I]_ .....................................

(29-1)
AV Aaleally (g s Calall 8yl e 3l gall AV AV calall 8k e 3l ) Cles (S 44l

Iz :N_ZXIZ ............................... (31'1)
-adas Sl

(s Calal) 4l 8} (VQ) 51 (VS) 5 ¢ SHai¥) caldl 431 il (V1) ) (VP) 322 e

(65 Calall il 2381 (N2') o) (NS) 5 i) CGalall cldd a3ad (N1 ) o) (NP) s

- Gl Sl (12) 5 (I1S) 5 ¢ ) cald) Jlal (11) s (IP) e

Vs _Ns __Ip _
Ve Np g

|
S
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(sonti g Lt iy (1S < P ) d&y g Ll Gl (VSSVP) 05S5 2gall dad) ) A sadl) il 13l

P, = Scos@

E1 = 4.440FN1

E, = 4.440FN,

(@) o0 W e ((Jasadll da) Al o2a
AV ARl (e Jandl B )8 dlay) oSy
338l Jule cosO Jia Cua

A Aaleally Al Calall 4300 <) Axdlall 5 58l) Cauai

Al A @ iy 201l Bl Flus

Ll ,eSl Y sadll e A glas ALl (3-14)
(9-1) Jba

Sl (120) e laie jaume 2 gy Lehdas die (il (24) die l e (500) (ot Al s ) lin

Sy Galall cldl aae of Lle $ il 8 & sllaal) all) aae S

£ Y ) sk oy « 48(3000)

ilidax )
V1= 120 volt , V2= 24 volt , 12=500m N2=
3000
Jall
N, V,
Ny W
N, = 2 _ = 600TN,
V, xN; 120 x 3000
N, I
Ny L
I N = 100 mA

~ N, x1I, 3000 x 500
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(8 -1) Jh«

dea Al nae (pa 8 ad (500) (o sbost dallad) Al gall dga Gl dae IS 1A cagall Aadls 4 gaa
el (12) daall Sl ()5S cagall Aadls A gaaS Jay 5 Ladie 441 (100) ALl 4l 5al)

:k._u»;\
(o) Jasail) A1
Sy Gl s

N1=500, N2=100T , 12=A12 <l

&l
g =M
N,
500
*=700
a=>5
N, I
N, L
I, =100/, x12
Il = 2.4‘A
(9 -1) Jbe

ahaiall e JSG e gaaad) QA IS 13 Gl Al (50) s20 5 e Ao Jany ) ghall gala) J g
(10000) saadl lall & 5 yall Ly &= sansall calanll cundalinall () 48ES 5 s (20) 4nlia J sk
deall o gat dand oSl (g il 5 Al calddl e JS) Lgaia 5 o slhaall lalal) dae Cual ¢ anid dad

3000/220
s _ 2 1 _ 10000Line E, A o
F=50Hz ,A=20x20m?, B = == /g, = /V2 _ 3000/, Llaal

@ =AxXB=20x20x10"8x 10000 = 0.04 wh
E1 =4.440FN1

%X 0.04 x 50 = 338T

v = E, OFN 3000
174447 7Y 444
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E, = 444QFN,

E,

= (Z)FN—220><004><50—25T
T 4.44 2 ' -

N, 4.44
(10)78% i yuy dagail) La(10)8 = Lusl Adadk

(10-1)dk%«

dm} ‘)..}.m‘ (2)0‘)\.}“)@‘#‘&Y\&@ﬂ‘k.’_\d}ﬂ(zoo)‘)wéﬁMh‘})}k@&dw
Jasll 5538 aa 5l ¢(0.8) 538 Jalay 5 53 adle e Jas

Jal
P, = Scos@

§=85=25,

S1=1LV; =2x%x200=400VA

P, =400x0.8=320W

Transformer Operationa saall Jads (3-15)
No Load OperationJead) ais 4 gaal) Jads( 3-15-1)

as G Jsaall Joa g Ladind iz 5 g SH Giall e daiad 4 gaall Jaan 4 10 O B Lah Uy
ol il 1 5 5e oo Wi (lg ) Jeadd) Dl sy (S Calall (8 LS e 40ld o glite LS
b s eco s Gl 5 Sy Gl (IS il 13 ity g o Cannnall L) iy ysiia  pmsalaliee
L U S5 LS e 3l Ay il a3 Jana s Al dae pa ol Ao 300 joS Aadla 558 Lagia JS

:-LAA uﬁ)\:\ﬂum dA;M\ Jtﬂj}

Jsaall gaaall Clall (8 pasl) afléall e Jspeall JLill 58 5 Jladl) JLilly a5 403 sl 48 5al) 1
(|e))e)ﬂ_14d)o).ajc (MM\J&mgmM\Jﬂ\gmu\aJ\)ﬁ\sﬁj(

o () paaliad) Jladll e U pendll Ll a5 Fsainall ) Al L a5 Y1 Sl
(IM) el A 305 suaall al)

. (26-3) pd JSE (& aia ga LS
AL i S5 APp, Guaal) adlidl o Jeadl Alla b 4y jeadl 5l ol

AP, =V X 13 COSO i e (36 -1)

APpy =V X1, N ¢ VA )
Fganaall adliall Cuy 3 Jladll Ll
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L= APro/V e, (38 -1)

E,
BEER SN

o S R I'o

le g
B O}
i
" Uil
A0S ya 9 Jaadlll Ll labidia (26-3) Jeddl
I02=L24IM2 e, (38-

1)

IM =102 =12 e, (39-1)

(11-1) Jia

Jxal (0.5) Sy calall 8l Ll olSs < 68 (200) 2 svae Al deas das (50 dary Jsae
Aashial U caual Lol 5 (60) dsuas A8ELS 48 5 paall 308l

Jall

Io == 05 v0lt
APy, = 60 w

I = 60 = 0.34
€200

I, = |12 —1%=/(0.5)2 - (0.3)2 =0.25-0.09 =v0.16 = 0.4 A

87



Load Operationdeall 2 sa g 2ic A saall Jaxis 3-15-2

u__s:m...aggﬂ\ (|2) L;y\ﬂ\ alall J@MJ@@ﬂﬁugﬁm\ alall @)‘LLA‘; Jaall ‘J:‘M}S(-;S\S\
Calal) 3 Abinall AL 5 SU Andlall 5 g1l (Slai (-E2) Aine Al jgS Axdly 5585 puualing (iasd 5 s
D18l g sl (51 (1) B Ll Jabas (1) (Sid) calall & AT s Ly el (E1). Sy
Jaall 35a 5 die i) Calall o el Sl 6 @l ¢ (1) Jaadl U e b coladYl 4nSlay 5
Py ISl (b mnpa LS (1) 55 (1) 4 ol S5 (lg) JanDUD i Loa ¢ i Al 43Y 158

Jaall s ks (27-3)

I, E,

Jaal) s Jabia (27-3) JSl)
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Cateqgories of Electricalasb »S) &Y saall (01a33-16
i (e Al HeSl Y saall Ciial (Say
e o i s Y saall by 43,k (1)

B ppa il )2 I3 Y paa Baladl & A s ol o amadall o) sedl Wy a1 Adls Y e -1
Adls A jae a5y (28-3) a8, JSA) | Ao gia g

CERPENUP A EN U RER RGP JE PROXJENG\ IEPRVRT. JRIPE R FE RIEDRCH PR
b2 Caliy (29-3) a8, JSall & daia sall ¢ dalisall 40 e S)) cllasall b deriiiudll
dadia pSa% il g0 253 2gl s i) jUadly Y sadll

SV (85 a4 V) 8 Lgalasind gLi 285 (SFB) o Sl 5l b Loy 5 25 Y sae -3
Akl

Cu b 3l 4 gas (29-3) Jedd
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Lol e LeaYlaatinl ¥l Guny S gaall sl (S5 (<)

:( Power Transformers ) sall &Y e -1
b (s Al Sl 3 a8l J8 (A Jeaisi's AN () (5 s (g0 Al 811 550800 3 sea ysady o 8
Al il el a2l i (30-3) pi) JSEN 8 daia e ¢ gl CiYla

= o

>y

Al e gaa (31-3) ady JSi Al Al gi ddana B a4 3 408 41 gaa (30-3)ad, Joil)

Adlide ad e Jpanll Joivi s Reguiation Transformers ) swsill s adaiill &Y gas -2
RIS A 7 A e g5 Al i) e e L V) aSaTl)y Gl S ja g il Rl b sgal
230/400 —slite L dady dand dlia g 3y 6l 5 ¢(Calia ) Wl dlia go 40l cilalall )l gl

(ool ISy A Al 58l apdait il dasiaa s «gnaal <l IS 30 5 15 338 5 i gh
padati AlSal yd gl Aalal) die @l yiidal) (A Jasiid adal Y saa a5 (31-3) A JSa
Adle da )y Ales o bl b

Alulall il @Y s Jie 1 ((Measureement Transformers )ostall &Y sas -3
¢l 5 a5l il gl (85 ¢ Al el LAl b andliug g ¢ dpe il agad) Y saa
(132-3)ad, I b i) Y saallS

i A gaa g (32-3) b Jell
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anl) JS5 5 (F) 225 csbitall Ll pass o (M) SloeSI il ) shal e jusil & e -4
8 (2 W 5 ¢ AV aSatl 5 AL VLAV 5 A g ySIVI B jeal) b oasbd (S axais
C_:\):u.a\ dﬁ e QY}MM 3 Jia

rde sl ghal dae Cus e Y gadll Al g - (7))

(Monophase Transformers )_shll dualal &Y sae -1
(Three - phase Transformers)_shll 4335 &Y saa -2
| ( Polyphase Transformers) ) skY) sasic &Y san -3
VsV AEE @Y gaas shall A0 Y gaas ) shall Dalal @Y gas gy (33-3) L S

Do) A5 ) ghal) Al g ) ghal) Apala) Y g gl g (33-3) B JSA)

e Ll at G G (e i (3)

sagall dadld Y sae -1
a5 (34-3) L A V1 >V2 )V2 Saddia ga AV adi jall Sli¥) calal) aga J ga
eall dadls 1Y gaa

el dxdl ) QY e -2
U gan a5y (35-3) ad, JS8ll V2 (VI<V2) Ul aii po 2ga ) VI Ay Calall aga J g
gl 4zl

gl dad) ) 4 gaa pua gy (35-3) Al Jdl) agall Abla Y saa il g3 (34-3) )y J8id)
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Auto Transformerasidll 4 :a.li20-1

a5 (36-3) pd) AN Aol V) Al gaally 45 )l el ALY § Adagaa) 3 jea¥] (e 451NN A sl
A A gna

3 <Y g2 g (36-3) pby Jo

Al A gaall ()5S UiSay 5 ¢ A Calall 431d Calall 138 (pe Ja ¢ 3 Jiags oo 538 1 Alaiy1 Calal)
e b ading § (38-3) A JSAN A daiia e gl Aadl ) A e g (37-3) A JSAN 3 LS agall

a5l 45y 5
1
A .
—' c
3 l -
v g S : ! v
= H M
-
—N VI v I T la 1 .
| o
Bo Tt D B D
dbla 4003 A paa gy (38-3) oy Jsl el 4003 U gaa gy (37-3) oy Jol
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V1/Vo=Ni /N,

Uiasa o bl L s 6 AY) Y gl ) A AL LgieliS () 5S5 Y saall (e g 5l 120
Al g (13) Sl 4 e calliall ¢ pds (& Caall 98 5 o5 Ul 5 (AN Ll

I3 =1;-1;

Clal ane s Say @l g C Adaiill aum ge ks | i Taga Jaxd Ll 450300 A1 mall ) Jaan (e
Aad) N A0 A paall 8 LS e ST 5l AIRY) dea Sin s e e 7l s e e sanl] 5 53
293 A4 glhaall o gatll A (o 505 Ladie A4S jall eay 3 jeal g Gl piidall 8 A gaall 02 24003 9 2gall

(g 380 sl jraay daliie V) e A gaall 038 aaliy (il A1V 5 o B agad) 51 2411 e

Daal) G SloeSl Il o Jsaall 138 i 81 ccililall 8 Janiuaall Galaill b il I3

) Iy ez ally Jaall g aal s Cile Jleaid s il sia e Jaall s

Ml gl e (pay s Cagin Bl 5 65 shad a3 5 S a3 sty Lgalaid Lyl Jumiy Y
Aaliie W1 Y gl b adle g Lo e e 13 5 e cundl @l 5 mitiall

(12-1)J%a
JS b el 3 (0.6) 555 dele elal 55l (3) 5,8 Jan o ¢ (6/5 ) Lgh sl s 23 il sme
(28lid) Jlaa) ga ) Asadl) e 3al (e e 3a

Jal

P, = Scos@
3000=5 X 0.6
S=3000/0.6 = 5000 VA
I, = S/V,;=5000/600 = 8.3 A
12=S/V2 =5000/500 =10A
I3 =11-12=8.3 -10 =-1.7 A
Transformer Requlationd ysall alaiil) Jalas (271-1)

U aga (8 il Al o ymy s dgall et Jalae 58 are Bkl Jsme DU i dagall Jal g2l (1
-@‘X\%Mbmyw\@s&\‘;ijw\ﬁaﬂum

V2(no load)-V2(rated)

V2(rated) 100

Voltage%=

Requlation
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& Jaail

(Direct Current Machines) siwall Jiil ¢yilsa

aial) Ll 411 -4

& LY Al 5 )35 Y aitesall Sl Sl 8 gl ) ciliSle aladiial LIS e a2 )l e
Dkl Al gy et 400 S ) Al A8l a8 Jeriad ) el Ll ASLe o)

i USLa 5 ¢ yaiunall L) & jmay anst LSS0 ) Al 5 A8l Jsad Sl 4Sall 5 paiasal
L@-‘AQ ;\.a:ula e Bale

@Loiy)‘@mu&\JQSMMMM\ Dkl il e () e a1 e

o oabee i Sk Jiag (1-4) JSEN 5 "S e ol Mal g ALl Jae 20a asanall

Motor Caonstructian

Alwa L AiSLa (1-4) a8 Jeil)

aisdl il S 6] 3a0(2-4)

(2-4)ad; JSE b Aoz gall 5 ¢ A8V Ll 6l oY) (e aiosall Ll (S () o35

ki g Timesf 3

akeal) L) AiSLa ¢ jal(2-4) Jed)
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(Stator) :-¢Stalig4-2-1

) o g gimns AN LY G 0585 (euhlina) Jiaadl w55 ge Jssmall o8
3)3‘.).“J@YJMMM\GE&MQLWC)AMOSM‘UMQJC J\Jﬁh}\&}\kﬂ\
(3-4)JSa (& Gae LS agle CUBY) i oy SISy | dpulalinal)

lele S5 il JUY1 8 Ll a5 caliall miliia (e (Main poles) e ) sy aiai
(suhaliaal) aladl) clala by Leiaila (pole chose bl ¢las awsd (adadll dgal

sl bl gaall Gl g ) sl (s Al sl 3 gandl) Julis

L&l (4-4) Ji & O WS (mterpoles)d.m.ul\ «_aLL-.s\ Bac Liee Ul du Hl UaEY) s
e b iy il dﬂl‘ 3 ol (e JEE 5 ¢ Jaaal) 5 A s U AN G il Sl
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(Rotor) :- ) s314-2-2

A ) 4SS sal) A8l Jsati yainall LN A5 8 (Armature). il ol pUiuY) soany ey
gl S0 5 (5-4)dSE (emf) 4ok jeSll dxdlall 3 all 48 A 535 g (A0l 4eS

¢ il S e a5 A (slots) G laall e s sing s3I (core) i) (e

duasis . paine i ) slial Jlall das e Jamy 53 (commutator) dall e Ll (s siag g
Lol 5 Lt Lo A e ddaal jia dpuidas adad (e e gana 0 5oke 585 - Jaual) ) clilall ol phal e
Dl s Sl Gy Juady Ll Y 5" iiall a5 Ol )9l ) s3e (5 Lgin Al g jma

ause b ALl 4SSia o) 32l (g (5-4) JSi 5 (@ir cap) Al sedl b sadll

akesa i ASSLal i gall(5-4) Jed)

(Commutator) :-Jall4-2-3

el Ao gana (3 S ¢ bl clule Aol g il O\J}fjwés%&\}ku\dﬁéco‘}s:\
LS Ol sl ) sma e M ™Y e Joms ccabiall ulall o WLl 6 A1 (e san 5l Ay e dulas
(6-4)Js3

ol (6-4)Jss

100



(Armature Coils):-ziill ciléla(3-4)

ASSLal e g3 Gy Adlide Ul g ¢ asrial) Glaal 1 Glaill @l (e Rl e 230 e il (5 siny
Ja g3 Al g Al Ll adl JS4 ¢ (Armature)@.ld\ B \EW Jata clall) saa agiy @M‘fﬁ\
Oyl Lelua 65 (a5 ¢ Jasall Lgie 0585 (A dpulaill adadl) ) Lgdl

(Lap winding), Ayl alli3-4-1

s Asbie (501l 93 aae & oS g ¢ Jpasill adad (e (4 slatie (fiadal ) Calall Al s Ayl Jea s
b O LS ¢ Ml Ll g Ll ol agadly Jax ) Sl 8 Calll e g sill 138 Jastiony 5 ¢ aldaY] aae
Y] 2 ) glse 4 ()5l g0 dae 0585 S (7-4) A JSS

L;J'\Jﬂ\ Alsrae Jiad 23

LaY) aae Jid :2p

Bk Cilll(7-4) Jsdd)

(wave winding) s sl <alli(3-4-2)

& Laast i Janall dpudail) adadll (e cpae plaiay (iine e (piiadad ) Calall Auled s ol Jaa 68 o
oo B G peay 5l g bt (O sl 53 230 () 5Sis ¢ (8-4) JSAl (A (e LS Aatiall Al ()
bl sl Ll s el agally Jaad 3l (il & Calll (e g sl 130 Jamion s ¢ AUBY) dac

VV ave windinmng

(o> sadll Cill) (8-4) Js
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(D.C Generator) siwal il Al sa( 4 -4)

e dala cale gl 550 wie Al gall Jamy g Al joS A ) 4SSl A8Ual) Joa Al ASLall 8
szl Jaall b sha dadadl dagis Calall 8 400 1S dxdla 5 68 L (Amlalinall &._Mn'él“)“) snhaline
e LSy, A Aa e JSG e cald) Aalgall @l 50 Jh Aa e 0SS5 ¢ (1a)8) Akl sy

(9-4) Jsab 8

& § g die ALlS A ga (9-4) Joid)

(E.M.F) oall 8 0] giall dadlal) 3 gall lus(4-4-1)

E

N

60

z
X Py xQx2p

— ) sl 3 5l gial Al eIl Aadlall 5 sEl) Caia

.................................... (4-1)

Y| SETEN

(<l 58) 8l giall Al 5gS) Axdlall 5580 Jisi ; E
L4883 /o0 (3/3) Nsall de s Jiai N
(U152 iiall (5 laa g8 i a sall 220 Jisi 37
(weber)_us 5 ba whlinal () Jidh: @
CladY) ae Jiai; 2P

@l g 2e: 2a
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-l WS Aapal) 065 Bkl Gl s & ()

il LS ol () &5 sl Gl s 3 ()
2a=2

) (1-4) Jbe

:iaﬁ\.l.“'&}s.“ m\cb&yﬁ@d&s\é"@h&\"wuﬁcuﬁ\ (8)4.\\.1:5\ J&MJ\&SJ}A
Gasll J)¥ia s, Sla s (240) giiall o jlae 5 Dl gl 2o 43l Cadde 13 ¢ Alla IS b 5l sial)
2/13(1200) 4o s D325 w5 (0.04) b JSI clalinall

o
Bl qm:uu(__;(i)

E = NOZ — 1200X240X0.04 — 192 VOLT
60 60

E= Al siall 43l jeSl) dadlall 3 gall Al gial)
@}Aﬂ\ﬂ\ﬁu@(g)

il S il 5 Gl — NZ02P _ 1200X240X0.04x8 _
SRPHN s AllE 0xXa 70 768 VOLT

(Methods of Excitation) yeiwall il (ilSa 3 L) (33, (5-4)

airal dplalinall dadlal) 3 58l o gl @lld 5 ¢ Jlaall cilile 5 ,5Y Ay () atosall il il o zlins
Gaob oo Wl a0 Ll Jlaal) cilale ading Gl sall die 430 e SI dadlall 3 g8l e J pasdl y cililall
L3l (33 s e aosall Ll ol s andii g ¢ Lgald DSLall (e Al siall agall e 5l ¢ a)a jaae
L (e i e
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(Separatly excited generator)iladiall 3 )EY) cld Gl gall(5-4-1)_
Go e 5 e Bl Lo e o aaiad ) giall 4l oS Aadlal) 5 8l e g il 138 Gal 5 e ¢ (10-4)
(2 bs (A&a) Jin dgall aalaii ) #las Al cYlaall 838 Hhall o3 Jeatiodi o5 paatia daglie JDIA

Q-

Ro

-

2
Separately excited generator under load.

Uaile 4,35 A ga (10-4) b, Js

(Self excited generator)asidll 3 ,EY) <l Gilal wall)5-4-2
il By ok (e geitall 3 iy i) Joa g5 G ¢ iiall ity dpnslalinal) CUAY) il 4335 Sy
il xe Jlaall cilile Joa 55 Aiiial) dpapbaliaall e 4030 5 Y1 i3 el pall agdad daiat 5 4 59 \S1)

g Jlanall ililal s €20 Jra 53 sl 5 ¢ Sl 8 Al dpulalinall aeluy Jlaal) [l o) sy
o2 oo 5l (331 yha CO aa gig cal phl e g 25 VAl oliyg ¢ ddiid) dphlinall o) sy
-t s el Ll A e dpan o Lgull e 5 minall e cililal

(Series generator) ! sl Al g 1 Y

¢ (11-2) S8 4 LSy ¢ iiall e N5l (series field) (RF) dnblinad) i) clile Jua 58
el 055 daall b s ¢ L Jlall el L Jaati ((STALE Cldl sae 5 ¢ Sl ild o oS5
038 (8 () 5S3 panlalinall Jlaall 3000 ¥ ¢ Jaa dga g ate Ala 81 jhea (5 sbay A sall o5k e il
138 Jaxiany s . JelSl Jaall die cadiad) dadll ) Joays ¢ Jandl 3304 5 Lt dgad) 313 3 ¢a gida Aal)
g ¢ paiunall Hlill A0 el A8 5 IS0 GG 8 3 gitall agall o sraS Clal gl (e & il
SIS 4 5l giall Al e Al 5 gal)

sl sl Al e (11-4)a8, JS&)
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SERIES

FIELD
T0
GENERATOR
LOAD ~e— ouUTP
CIRCUIT ~ ‘
ARMATURE

A 83 A ga (11-4) Joi

=1 =Ilf
Ea=ViHa(RaHR) oo (4-6)
la: .zl L (A gall daiy A LAl (A)

IL: . Jel LS(A)
If.: el LLS(A)

Jaall sea ((daall e aeall 358) (v): VL
il a5l giall Al Sl Aadlall 3 580(V) (Ea
(psl) @l e484(Q ): Ra
Alalinall Y il 4 glaa (a51): R
Jesll daglia (asl) 1 Load (Ry)

(3 -4)-J%

A5 5gSI) Axdlall 3 g8l) sl < 8 (220) ¢ Dl (20) Db Ses (533 )55 i b A s
asl (0.01) Lmshlinall ksl clile da glia g a 51 (0.02) zitall deslia of ale 13) ¢ giiall b 3] giall

Gladazall

L= 20 A E=V,+l, (R, +R)
V|_ =220 Ia: IL:If: 20 A

Ea:?

E, = 220 + 20 (0.02 + 0.01)

R.=0.02Q E. =220 + 20 x 0.03
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Ri=0.01 Q E. =220 + 0.6 = 220.6 voil
il g 5] giall 4y S dadlall 3 53l
(4.-4)-J%

¢ omal (20) Asall aniyy (3 Ll () ale 13} ¢ dpmpla daglie 13 Slea (o3 M55 patuse LS Al 5
3l giall 4l oSl dadlall 3 8 5 a5l (0.1) iiall daslin 5050 (0.2) Apmbalina) ladY) Cilile G glia
(Jeall da slae anal 5 (230)

Jall
VL=220V R, = Q2.0 « Rf=0.2Q «l,=1.=l -=20A «Jsil, =204 = IL
Ea?  claae22c Liy(100) glaas JS 58
Ea: VL +|a (Ra + Rf)
230=V_+ (20 ( 0.2+0.1)
230=V_ +20x0.3

230=V_+6
Jdeall e 2eall 3 8V, = 230 -6 =224 Volt
V|_ = ||_ R|_
224 =20 X R,

R =224/20=11.2Q

(5- 4)-Jbs
220 225 ¢« b5 (100) zloae IS 3,38 laluas (22) (e LisSie Slea (s3iy (M55 aise L A 5a
o glia Jlad) ga asl (0.2) zitall da glia o)) ale 13) ¢ 5l giall 4L Sl dndlal) 3 5al) laie Cansal ¢ il 8
(s A slie) dpslalinal) CUAY) il
22 zluas ¢ bl 5 (100) zlaas JS3,%8 V=220 V , R,=0.2 Q
Ea="7?

Ea = V|_ + Ia( Ra + RF)

Re = ta dege
PL=ILVL..cooiiiiiin (6-4)
Ea=VL+1LR,
Jeall 5 )08 22x 100 = 2200 Ll

L =P./V. =2200/220 =10 A
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Ia = ||_ = IF:].O A
E.=220+10x 0.2
5l gial) Al oSl Andlall 5 81 il

E=220+2=222

(shunt generator)es 3 sill o ge ; Lils

s ld (sSi s (4-12) S b LS el Clile pa g )51l e (R) dpshibina) ildadY) cilile Jua s
@ Asall ok o agall 065 ¢ buws QBB LB L) JLall G e el ld g el (e S
b e agall Vel ¢ dilia onlalinall Jlaall 35000 Y ¢ adaad) 4iles 8 Jaall aae s

haga Lo caldaty Al VAl & il sall (e g sl 138 Jariog s coasm g aae ol Jas dga s a3 a5l

sbiiall Ll lal ge 0320 5 ¢ Al eI o SUall 5 3 ) 4L S 8 LS UG

. 2
55—
GENERATOR SHUNT
OUTPUT FIELD
o— /
ARMATURE :
S

sl L3l Al ga (4-12) pd ), JSid)

Y

r b Lo Ao Bl giall 4l 5eSI dxdlall 5 gl Cavai g

E.=V, HaRgoo (7-4)
Ve=V, = R (8-4)
Ia= IL + IF """"""""""""""" (9'4)
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(6 -4)J%
il da glae culS 138 ¢ cal 68 (240) o laia 3 die ¢l (300) 4 iy Slas (5332 5) 55 A 5
3l giall 4l yeSll dadlall 3 58l) Caval ¢ sl (B0) a8y Cilile daslia g ¢as) (0.02) il

=300AEa v , 1,240=R=0.02Q ,V_ R{=60Q ,

ViV _ 240 _

P7R: " Ry 60

Ia: ||_ + ||: =300+4 =304

Ea = VL + Ia I:\)a

E. =240 + 304 x 0.02

E.=6.08 + 240

3 il A6l Sl Aa1 5 EE, = 246.08 volt

(Compound generator)=S sl a sall - GG

¢ sl Cal phal aa 3 pile Lal g )53l clile a5 ¢ e o) i) Clila g ¢ (I gill lile e (g sing
8yilall ol ylaY) e )il clile Juasi 5) ¢ (4-13) JSa 8 LS juadl) O sally 43y Hhall 028 cansi s
(4-14) sl 3 LS Jyshall o gally sy ()5l ldle po xiiall) A jlad)

e 58 e S5l pall ()5S

mad (S e A g -]

=

SERIES
FIELD
D
GENERATOR
OUTPUT SHUNT
o R FIELD
ARMATURE

Compound wound short shunt

mad S ja A ga (13-4) a8 Jid)
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. -(?Ji) il Aasliar R g

(omel) oVl s -

-(,):‘T\Ai)gsj‘)ﬂ\,)g_lse

Ea=vL+laRa+ILRse ... (10-4)
la=1L+Ish (11-4)
s =l s (12-4)
| sh= % ............................................. (13-4)

SERIES
FIELD

o
GENERATOR ‘; SHUNT
OUTPUT  § FIELD

oS—
ARMATURE
L 2
J Compound wound long shunt

Jish oS Aga (14-4) b, Jed
Ea = VL+Ia (Ra + Rse). . ( 4-11 )
Ia :IL +|Sh ................................. (4'12)
lse = laeeeeeeeeereeeeeeeeeeeeeee e, (4-13)
lsn = V/Reh «veeeeneeeeeeeeereeiennen, (4-14)
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(7-4) e

Al el a8l 3 8l) il ¢ 8 (230) e e (A 100)0k8 Shes (530 ash S e A e
29 (115)

Rse =0.01021. =100A, V., =230v , R;=0.0402«Rsz, =115

Ea=VL+ 2 (Ra+ Ree)

E.=230 + 1,(0.04 + 0.01)
la = 1o + lsp
| sh = &

Rsh

1sh=2%=2A

115
la= 100 +2 = 102
Ea =230+ 102 x 0.05
Ea =230 + 501 = 235.1 Volt 5l siall 404 Sl dxdlall 5 gal)
(8-4) I
s (0.2) 48 el da glia ¢ il 5 (220) s ¢« bly LS (22) 45,08 Slea (533 jaal (S e Al e
3l el Al 5 58 ol ¢ ag) (120) (535 lile agliag ¢ ag) (0.1) 5 a slias
33 il
Rse =0.102 <P, =22Kw ,V, =220V , R=0.201¢? Ruy=1200N Ea=
Ea=VL+1aRa+ I Ree
P.=22 x 1000 = 22000 W

lL =P,/ V, =22000/220 = 100 A
| on= (VL + I Rse) / Ren = (220+ 100 0.1) / 120 = 109

| a=IL + Ish =100 + 2 = 1019.A
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Ea=Vi+ 1Ry + | R
E,=220+ 1019 x 0.2 + 100 x 0.1
R TR

E,=220+20.38 + 10 = 250.38 ¢

(Losses in D.C. Generator) siwall il culal gl 28liall(4-6)

Jsaii s Bl 038y o G iy 48l hl e 4l 568 A8 ) A gall ala)al) ASplSeall 28U ) gas dic
oy 38 Lae ASL) paiad e Jand 30 giall 5 ) jall g cda glaall (84, ) s d8lda ) 3ale 30 5804l 48Ul
ol Ciny A L SLal) a5 1) 138 (53535 cclilal) G pumd il g0 G gan g ol 3lall o) gall Cali e
i) 5 dlle 0oliS) oasa Jalaa o Juani in SL) 3 Gl (e 2l 5 5 jall iy joat e
Aol g0 AL HeS A8la ) AKilSaal) A8 o gat ol 85 RSl o CadlSS (zadl ey 526K
daleall i e ym QIS g ¢ Al 5eSU 3 A 8 o e s daclaliaall 3 y3lal) 8 48Uy o e ik el gl

) (Y il e il ai (Sars, Slsall e all s tie (SaY) ASESA

ublizall Calaill 8 Glaial) Jady 5( [ron Losses) @ uaall plas dyblina) 3 300 o) - |
g1l (B U s el dagi Lin( Cupper Losses) oslaill plasd (Al je< 8 5lall 8 lasall- o
Alaall (e g 5 s gill U g Apundalinall RS il g ) sall ¢ jall culale 8 Al 5eSI 5 50l
- g 3 il

Poy =1a?Ra v, (4-15) Apulal) 28l

Mechanical Losses(dliayl) Sl olasll-
AV (e Snb Lgle ity A Jalgalls Ol ysall Hsme g sl ol o)y 50 daii Ly sa

(D) sl ¢ adl) miall Gl s de pu o adiayg ¢ Jaadl) guac 940 g I 5 AN 3 ga sdll(Friction)
Al gall ".553).33\ Dbae abada pu (14-4) JE 5 ¢ I Jalaa g cg;J\';“ GL:.HJ\ daliag



da JAd) 5 a8l

i/p 5_yaal)
dlaliia g ¢1) o/p
4l al) 5 a81) :
2
a4l 2 ISe RSe
| \; I'sh"Rgp
AVI,
—_ IaZRa
Pmech * l:,i
Pmech : 5 pi
(Usal) A 5N Jluia bhada) (14-4) JS& a8 o)
Pg=Eala (4-16)
Po—(Pmech+Pi)+Pcu ........oooviiiiiiiiien, (4-17)

A gl 3 sadll 830 siall 2l 3 )08 = PQ
((Ailbas 308 ) (4SS 3 )38 ) Adalall 3 yasll= Pin

:2\;‘)&\ aJ.ﬁj\
Po = V|_ ||_

Efficiency (32 sall Jalae 36 liSl) Cilusa

e L e A0S Bl b (ay panal) Ll al g Jas (855080 e ) £ 52l

_ O/P _
N=gl= i (4-18)
np=te= _—fo (4-19)

P; (Po+Losses)
(Pin —losses)
p= PP = (

Pin

losses
Pin

) e, (4-20)
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(9-4) Jie
3ea i Ll s LS (22) 45,8 Sas 3335 /2 (1000) A s 5% ¢ i oS ja jasa i Al 5
Ll 5 (2500) ASailSuall 5 dpuaall 2dlaall culS 13) ol gall 318 Canal ¢l (110)

Jadl

V=220 ,Poy =22KW , N=1000r.p.m , Rg=110Q0 , R
0.01Q, R,=0.02
Pi + Ppec = 2500 L5

_22x 1000

| sh = Vsh /Rsh = VL/Rsh =220/110= 2A

la =IL +I sh =100+2=102 A

P cu — |2 a Ra :|a Rse+ |2 sh Rsh

P .. = (102)* x 0.02+(102)* x 0.01+(2)* x110
P .= 752.12 watt

Losses = Pcy +(Pi+P mech)

Losses = 752.1 +2500 = 3251.1 watt

PREN]

Py 22000
~ P, +losses  25252.1

M =87%

/ (10-4)Jbse
Ao 13) gl 3eliS Can) ¢ g (200) dens ¢ el (20) it Stea (g3 aioad) Ll (530 55 ol e
Ll (201) Guasdl s 2SSl 28l 5 ca sl (100) )53l daslia g cas) (0.2) iiall daslia o)

:Jal)
Pi+ Phechn =201 watt R, =0.02 R=1001_.=20A , V;=200v n =7

VeV, 200

If=2=—=_—"—=
R R; 100

la =I. +l; =20+2=22A

P = 172 Ra + (I)% R = (22)% 0.02+(2)*x100

Pcu = 9.68 + 400 = 409.68 watt

Losses =P¢, + (P + Pecn) = 409.86+201

Losses = 610.68 watt

Pout = IL VL = 20X200 =4000 watt
P,.s 4000

P,.: + losses 4000 + 610.68

2A

= 86.7%

T]:
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Direct Current Motors saiuell il S 1aa(7-4)

el SLall ol se Lta 0 5Si (A Lnii o) 32 Y) o atuaall L) e 55
;‘;Lgus e Jidy) 4, Hlas ]

a5 clll) Glld 8 i K00 5 58 b pasadaling Jlae J31 3L jeS) Lall Sels el g die
(z cm o) ( 16-4) JSal 3 LS Ll sadiy Glludl Jshy punlalizall (mdl) AU e L laie

()

(Uisd) ASiSaall sl 2 F
(o/ ons)pmillddlis B
(sael) bl Ba: |
(p) Al sk s L

(<)

Conducting
oo

Fl)‘:d carbhon

(@)

Jaall aghad (g 8 15U ( 16-4)Jsal

ublize Jlae Jals oz Hsae Joa sl ¢ Ll jeS" 1 LS ey ile JS5 e Jiago @l pua g 2ic
Y (pe il da ghadl) olady LSl ()5S Gl J sa Apcadaliaall Ja ghadll ola) (8 ¢ty

$55 ASlSe B 8 i Al a5 Al Agadl (e Lgre 385 5 alall iyl g (saa) (e Apanphalizall
(17-4) JSA (8 LS (5 el 2l) Bac 8 L 5 ind Ol Sy oty i) &y o5
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of Current

Figure 9

s l) ) 3asd (17-4) JSa)

BRUSHES.

SPLIT RING COMMUTATOR.
SUPPLY.

THE DIRECT CURRENT MOTOR.
DRAVA" BY. Aiciaer Figers

Lagia JS (8 lil) olad) Jaay ¢l jaall g Al gall ¢y 45 e (18-4) JSA

aisal) Jill S e o) 53 (8-4)
Series Motor J! sill & e = Yl

aaie 53 Al e B aae i3 (5S35 ciiall Cilile ae sl e dpupalizall ClasY) clile Jaa 53
ol asll el yad eS¢ dle il gl s a e L callaty 3l el el jaall Jasin 5 cdlians
Y clale ol phal s ) sall sladil s (Sas ¢ 3 bdl & jaa (ool Jundii g () 1 5 Al 5 <Ul
Alalizal)
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piadl g de yuall g geilall LS (g ABDal) Jlay (Al Aade (19-4) JS4

Joady ¥ i = T) s (Jaa DU e Tan 50 Hlaiag 2l 35 A puall () Gl sl Jinia (e Jaa 3l
k)ﬂ‘ﬁd\g}u&:\,ﬁy@&m:};}@w@y‘;\;LJA;JP)?JQm‘g\jﬂ\cﬂﬂebﬁu\
2okl (19-4 ) Jsil) i LS

:ob LS (aall g ) seall duSbeal) 4l 5eSH dadlal) 3 580 alay ¥

Eb=V-I(Ra+Rs€e) .ocoiriiiiiiiii (25 -4)
la=lin=1sa (26 -4)

(A). < aall Jid (e gaddl Ll : fin
(A). Abliaal Qs clile & ) Ll Jaal s Ise
(A).z Jli:la
Q) 48 Al s i glia * Rt
Qs 4 Rse
Q il e slie; Ra
(V) FuSlaall 2l o< 2adlall 31 ; Eby
V sxadl 1 Vin
S st el T

wdl'&)}d:\s}ﬂ\: N
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(11-4)Je

Al eS)) dadlall 5 8l Caal ¢ a1 (0.1) isal A slia s ¢ asl (0.2) sl il daglaa )55 &l jma
5 (220) sraddl a5 ¢ al (50) 4 A Ll A ) ale 13) dpnsal)

Vin=220v,lin=50A,Eb=?,Ra=0.1Q , Rse=0.2Q
‘Jadl

Eb =V in =I(RatRse)
la=1lin=1se=50A

Eb =220 -50 (0.1+ 0.2)

Eb =220-50 x 0.3

Eb=220-15

Eb =205 volt  4uSall 450 5 Sl Axdlal) 3 gl

Shunt motor D.C il sill & aa ¢ Ll

ALY il ¢ 6855 ¢ A g SN i (Bash e el g (555l dpdalinall QUaEY) e Jaa i
Ol iy L agdle daslia o Jpanll jiia adaie dalie s Clilll (e S 230 13 dplalizal
Al de yu calkati ) VA Jantiny 568 o) 138 e g ¢ daadl puaiy 5 Y & el de
sl delica ilSa g deldall (ilSh 5 acliall 5 Al jeSI ol Hhlall Jie Jaaldl i dic

) il Sy (21-4) JSaN 5 ¢ (o35l @l jadd LIS Al 5o 5 Jiay (21-4) JS
el iy a el s de pudl (s A8kl

Torque ——

INPUT

VOLTAGE

Speed ——=

ARMATU

AblSal) Aty gl 30l pida g9 (20-4) JS& O Al by ada s g (21-4) JS&)
S35 & aadl ajall g de pudl)
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Lo = L= g e e e e (28-4)
a1 = Vin / Rvvveresssssssssissssnns s (29-4)
n = G (30-4)

b — B0 X 2q | (31'4)

| (12-4) J
s )5l il 4 slie CilS I ¢ el (22) U s D8 (220) 26 o e 50155
Fanal) Al oS Aadlll 5 58 ol ¢ a5l (0.2) giiall deslia ¢ a5/(110)

Eb=?, Vin=220 ,lin=22 ,Rsh=110Q , Ra=0.2Q
En =Vin - la Ra

Lﬁ)‘}ﬂ\ OW=220/110=2 A Ish = Vin / Rsh

G:\-.‘AM W Ja= lin =lgh =22-2=20 A

anSall 3l 5eS Aadlall 5 gal)

E, =220 -20 x 0.2 = 220 -4 = 216volt

(13-2) Jbs

(1000) gisal & Bl sall 230 5 ¢ 3 (220) Jreme o Jeny il dxy ) 53 (55155 & jae

525 (0.02) ki IS bl (il s el (52) <yaall dsn (g3 il 5 ¢ a3 gai i asila
ol de gl asl (110) @) sl daslias ¢ a5l (0.2) gisall daslaa g

Z=1000 , 2P =4 , Vin=220v , Rsh=110Q ,N=7? s 1in=52
@ =0.002wb ,Ra=0.2Q
Eb:Vin'IaRa
lsh = Vin/ Rsn = 220/110 = 2A
Iazlin_lsh:52'2=50A
Eb=220-50x0.2=210V

nZzZQ@2p
E, = —
1120(())0 0.02 x4
nx X0. X
0= 21012?20
n = ;:315 c/s Wﬂ\gﬁJ}ﬂ\Q\hﬁéMkﬂ\

1000x 0.02 x 4
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Compound D.c MotoresS jall & yaall ;GG

M\JM\ ).J.\a.d\)b@)mé\yu\shd\um\dj\ydywu\ﬁuSJA\dM\
Dl 25 Gy Cme olai) 3 (4-23) JS3 3 LS Jyshall o jadll b i) L ) (4-22) JSE)
A aall i€y Ay (5 35 il aspllitall Jlavall 3 iLall 038 4hand (531 asgllizall Jlad)
SR Olse e e dsandl S el & adl aladinl (Say g a jall 5 de jull il 4dme (ailiad
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