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gawnEe (Electrician) - DC swvew

s 3.1.120 7 3.1.123 & awifaa R

DC sex %t sifwemeafos fasiwamd (Characteristics of DC generator)

IqA : 3 A F A A o et wRF F A e
o DC #{w FeT & rfvremaivew fRwarst &1 aofq & o
o DC 3T SeY & fastuaret &1 auiq &ww &

« DC FHTST TALET & ATHATEI0F  Joraameit & qui F39 |

o DC 3T STt ATeIE & TR T HT 0 FIA A

» DC I Rus & a9 Ut 9% fAamwor &1 quiq &34 7

« DC S¥ e % I&TaT a7 S=AT HT I w3 |
* DC TREY & HiWH AL FA H |

A T # Arfvrerreriorer fagieand (Characeteristics of
series generator)

T THY & SLEY § Bieg aTE(eT, S9N arEfet q9T arex &7
A Ae Fig 1 # 3oy srgar e a # 92 8 2|
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SERIES WOUND GENERATOR

TeT ATHEY AT, wieeg arEfEm qom i &1 JT o+ Fa
yaTfed gl | el || = 9H=x #3e | = #0 fies Fie
qaT || @S Fie & HOT T § A d Ao
oAy it & | f wiee F¥e a7 TR die & fafv
AT FT G I qleasT, (AT FledsT qAT AlS FIE & A

fREmm w2
DC @ SMRey & TE&HE a1 gar wRay fweand

(Magentic or open circuit characteristic of series
wound DC generator)

€ aF AT AT ATE qleeT 31X Fiee UFTEET Fie & He qae
FATAT & | FEHA AT GaAT TR faviear w4 FEemar 2|

T ate i ferfa & 59 e & =fime g g © at diee | e
FT TATE AL BiaT & AfS FHA Fiee AN ofre HOwr § gt
& 9 &g gy F1 At gtar 8 | 39 T Ft TR €9 F 9
A % for Hiee arsfET &7 sternt & us aredt e & gy It
T strar &1

= o7 U s DC #0w ST &1 g faowdr 4
F feamar €| Tiat % @A 8id a% ak A< qrEr aear ¢ |

TEF T FleS FLE Hl TG T HIAA dteesT & AW H g
afade TE AT, AUt gHEHE & FRO AHAL H HH ATAT

# ateest I ST € | foras #1200 a% O § I+ 7 811 38 I
fig A& ww & 2|

DC H&ie AeT it stiafee fasiwant (Internal characteristic
of series wound DC generator)

DC H1EIsT SRex Y iidfe fAoaay &d JH=s § I dicest
A AE FIE & A Y INAT S | IS T A1 AT AfeesT | ATHAL
Rue & SHIACERTT 9T % FOT U alees 19 Ht TEHT
ST f26eT ST & | Seael areaters aeest (E ) 71 & ateet (E,)
& FH B0 | TS FROT © (% 78 % ot Afhe @eraar 9% & aieT
g etar e | 7=t OC &% D.C. S¥e< & Afafa faeradr ar Fo
fordroaT &t R <& £ (Fig 2)
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DC H s A¥eT #1 a1ga fasiward (External characteristic

of series wound DC generator)

ag faerear &% fafere effaa ates (V)R @s #e () &
ey qRad #t fRETAT 8, 30 IH & FFYaT FT THAT FieasT
A I Ateest (E ) & HES Bies A ATHAR Fes G
g ATHF 19 (R ) T T ST {1 ST @ | eoffer ateest
V=E - (R,+R_ ) et fasiaar @ i fasver a6 & f=
fera & aifas effaret aieest &1 419 Iae diees & FH ST | &t
Fig2# ODa% D.C. #1Is SR &1 aTg farotuar &1 gortdr & |

DC #Hfiwt e # fasiwar ook (Characteristic curves of

series wound DC generators)

T IFN & AT &1 fAvivar 7e @ & e g & ary afia
F AT dteest 98 AT & TG Alees Tefiwad Wi d% Tgaq
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% q18 AT RUFH &V WA TG & H dleest & A
e TET € | 39 "geAT # Fig # S1ee argq & fawmar maw |
farotwaT &t sreT ¥ard aredt gfaty & stowrfad v e
T 34T & | TET g6fory @ F#if% af3 A agaT &, ar %iee Fie
oY g STaT € FifF wiee ARl dre F S § o Ear |
Tt ave afe die gedr &, at =T Fe sy gears, Fif srHE
Y ot it IS 7 T i1 € | _g T fRafoat § gemadt atest
& ST hiee & ST ITTFh T ST AL T, ATt et A=
FLC % FHIUT ATHAT T (AT % TG | T g gt © | Foresh
FHTYUT TS dleast | THTET FRTae Tt & | d9 Ale dieest AT
g, ar e e ¥ oY stgrfas frae st € w=ifE oieg &
fTgaR e, Tt & AHTGATIT B1aT & | 3TA: TS alees aei
AT e Fe oY T TF oAt dieest (R at e F#e w4
ENIT | & 31T ST & 10T {0 arse DC Sex & faowar
F FTEdl ST AR (NS FXe [ @15A) H FI3 ASwIW a&eATd
TR B | T HET FARe? & R #¥e Sa¥ex Fel 9T 2|
TF TR WY F arg/desivesivw (The external
characteristics of ashunt generator): arzr/aiestfsamarfig
fareft ST &t U fary seete & ford Sugehat st # & ford
HEAUf & Td DC 917 YT F AS & AIST AT € At F1d ST
2 f& dts e # gfe & A fifme ateear &+ (frmee) @ gfa
EIfT & | T 97 S¥eX # Hiee Five R wdid gl & i safed
V &t fRR @Y e & @a= AT TR | dfdT I8 JFee &
T2 giaT efiTe aieear § &t F o &t ger Fr B 2|

o =Y wfawty FH (TrE)
o =Y wiAfwEaT FHT (TE)
I 33 T 37 FROT & A AteedT FH & AT € IHE B

F¥e At woTfa ereft 2| weT g Wit Fie wiee wad F HW
FIAT & S IeTo emf F FH FT a7 & |

=R wfeRte #HY (Armature resistance drop): g fiwe
Fieedr = IR emf - ATHAT AieedT 7 F JATAR

V=E-IR

st | ;TgﬂTWSﬁTR s ok gfa<ty 2
Ws;l?waﬁadzﬁqi%a%aﬁ%aﬁaiwﬁwﬁﬁ%

FicedT g elaT e | gaferd e aRfeafa & efifwe ateear V =maw
gdr 2|

FH=e afafEar i (Armature reaction drop): =T
SfAfHaT & ST I & FIRO oF g9 T FAAL Bial
g @Y 9Ra emf (E) aR\Tor & &7 & St 21

aTer stferererfors & efiAe dteedT 31X Alewie & S qww ST
giaT €| Fig 3 & 19T 30 A eatfors &t F1d Fed & | Tey
TEd AT (giRa ateear Afda F¥ar & s o=t 9 T8t
H I0f IS aF ArSS (AT 1T 8 | T 98 & ford effiea ateedn
AR & A GRE AT & AT 2 |

Fig 3
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T TINT § Hieg FS 1 T T@AT giar & | gt #or @ &
S fEAe diees FEAIY SHAT & at JHEY & Y & g diee
H U FHASA B EldT & | 30 T #t (S e 391 5 at diee
ForRT HASE 2iaT @ a9k aieedr &9 2idt | a8 g9
gt &7 § AiX tftrw effer aicear Wi #7 w2 2| i
qeedTV AR A #e | FIaqamr & V. & Y a% ¢ %
ILWXHT&TWWFigL4%WW;ﬁH&1ﬁFF3T&THﬁ
AR T STt & | 39 75 & 9 1 2tar @ 3 ofte ¥R ateear
OAﬁﬁwaﬁ%laﬁaﬁsﬁﬁwuﬁwsﬁmosﬁaﬁr
& e 3f gtar 2 f& qof ofte #¥e A OK € st f svex
Fr 7 gfee®mr & R mw 2|
Fig 4
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At Tfed & qUf At aF ateedT #1 9aq At = gfafwr &
FTLU EAT & A ATHIAY FieedT T 9T ALl 97 I 2 |
W:WWWWWILWW%WW
g Y aleear fimae atefea aieedr & oW 5 & 8 wfasd
BT fSrEht FI79 /T 7 FahaT © | Afe ot afaee & #7 #3h
Ae e ¥ AR gl & S at Fig 5 F AR a% 0 fag C
TR 7g9 1A ¢ | 59 fag 9% =i ateedr OC &f Sfret & 5t A
Tfea efimer ateedr #t gomT # a9 gt €| 39 fag C waafy
Ae Fe Afeaan (OK) stdt & dfsha aAte Ifed ateedr &t ot
# % 9gd &W st 2|

e sta dte gfaty & s w4t & 91t € at ofte #e FA &
FX OM & STt & X V. &W g1 OD &t S1av & | g6 o
e BT & Fr e ae § OK s & 3 78 et ekt & o
fag C v farg F=amar 8 | 9% AfFad a7 Fe ardl & At
TF TAYeY AT #X a1 & | fag C & W i Fde & &1 &

ELN3112014
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T q% dtadr & fear &, St 7% qutar € & #3e 7 gfe e
& I 9% FH( 81 @l ¢ | fag E 9% S¥ex aur oy afdd &t
ST € A T IR ateear |, R g9 ¥ sa=w wfaswar &
BT GHTST G 2 S & | & 7% #% aad & OF wve? &
FAfre dicedT €| FAER | @ J¥eT 9% & Faq AB W
TR THT(OA Bl © S J<eY & &A1 ArHad srr ¢ |

Fig 5
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N
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EXTERNAL CHARACTERISTIC CURVE (FULL CURVE)

JR® AfN@A® (Internal Characteristic): s<R#
rfirereriirs SRa ateedr i ATHEY Fe & S A ISi¥a
FIAT & TF I T H,

I =1 +1 E=V +IR
A L SH T a a

ELN3112015

I =V /R

SH T SH

gHfor ared sTforereafits & Fig 4 % STgA /1 a3 &1 ST fohart
mm%llwaﬁﬁﬁﬁrﬁmﬁv%ﬁﬁaﬁaaﬁ%ﬁmaﬁ
RSHWW@ﬁ%ﬁﬂaﬁﬁm?ﬁ%é%rW%%ﬁ
SfRre & FRT Fig 6 & STAT 38T (i ST &7 & | STH=T
gfadtr R &t Y Ts @1 & 9 A ATHAL FIE HI ateedl
F g ¥ FRve § R #¢ ST 6 Fig 4 F wefeta B
| arer sifserefors (Fig 4) = el ig M & & sit M @
i &9, at {33 1 efifet aicear & fo Aea<e O = OP
%ﬁ?ﬁ%lMBaﬁ%ﬁﬁﬁmﬁaﬁF@ﬁaﬁﬁBFﬂ; e
X =1 & PN = BF e #ifor |
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wfRfd FON=0P+PN=( +1_)=1..

N & It Yar g S o= gfady 3@ R &t R 9¢ fier
zq ferfa 9 Iatae @ RN Wﬁw%%‘a%w@ﬁ

afe PM @t #t fag Q a% demm 9 =i MQ = RN &¥ fa=r
ST AT Fof s PQ effeet ateear siiY Fof =T 19 % a0
F FET € ot Ja EMF & a@¥ €| 39 I%R ARG
FaaftE o uE fag Q 9T BT © qR T (STAH)
sifsrererfors &t fag A ok Q Ft fremae di=r o1 &%t 2 |

afe @te gfa<ry Ft &9 fFar s @t 9% Fig 7 & Sgar w&a
A SATAT & AfT AT agd FH & A TALCT g T TRIT
& AT e gai & W g & 0 ARa emf S T€
gt 2|

et afaeier (Load critical resistance): s&at afsaT
e IFAXTe & IT AT T & F¥ AT & Foad e, aieadr
AT FeaT & A 37 |1 & 31 = efte afay I o= sMex
# ateear AfHa # § STHEA BT &, ANS & a1 L& (AT 1T
2 |5/ DC 91 FA¥eT H Aed J[& Fd & al efiae areedr 10V
T srfers T Ferlt S awdt it are gfay gaeT &9 gtar
& A f SeY @y oo 7| & | Fig 7 § st stfereretfors
#Y @t Y@T OZ # APB @it STt €| $8eT @1 i hifeie
STrte &7 W9 9@ 41, 9k DC e sieex emf e 72t
F G 30 6 T & AT & FF AT I TG ST | FHH
e wTfs gfaery Fed 2|

Fig 7
o K CURRENT 3
INTERNAL & EXTERNAL CHARACTERISTIC CURVE %
AT Sfaete ofiw & =
P! fag O¥ ateear _ o©or
P! fag TR Ate e (amp) OK
T T T I ¥ & fordl af wifeis afaeie gid € O s
Fe & fordl AT quer svearer aRkay & ford |

e = SmRew & sgwE (Applications of DC shunt
generator) : faw 97 ST ASATHAATF & AT T AT
TR & TOF ASBM T aleedl $1T ATSHLC & HRT AW aF
Tt LT EiaT | gaferdr 38 fRR Fieedr e FE dad § A
0 @l | 99

ATHGT TH

EEUESIEIE
o dEl Jedt Fave Y faw duw § fERer S A 2
o St =TT A gt |

TafRwa : TaTEA (NSQF @7 - 5) = st 3.1.120 3w 3.1.123 & awifa Rraia 23



HUTSUT Fve¥ (Compound generator): o= ¥ faRksr
FIeE & UF T # UAT @A fored 3t ITei & 9T &id
T F HISS STAYeY Fed g |

T 7R FUTSE J9e (Long shunt compound genera-
tor): 99 MR WX RS diee & aaiew & ATT < diee
AT § EdT & df ST & T T T HITSwE TLe &l
srifa gfie #ea @ @ Fig 8 & weffia frar mm 21
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Y T FATS+S WAReX (Short shunt compound genera-
tor): 579 I Fiee T | el STTHE & FIST ST & At FTvex
TF Y 9T HUTIE STAYE &I Hifdh Taferd F&T 1T & Jar o
Fig 9 & wefdar far war 21

Fig 9
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SHORT SHUNT COMPOUND GENERATOR

FrIAfeT FUTST W=ReY (Cumulative compount
generator): I Wice IS FoIad T fRIR TedT @ ST
e ateear # aRafdd g = F© Tifad eiar ¢ | ks wies
T T A8k TRAdT &iaT & Fi 1% TaHT URET & 1S e
TR 49T Fear € | 99 AfS FLE LA el ©, T§ FF Foad (T
9T ) AT I FAFT (TG ) IJoTo FLAT & T AT AS e
I BT & T 1T el Seqel e & | FoheeiT ohetery 38 SereT
FEAT ATRA, T 560 a1 9% 49X grar & & fFeft aieear go &
ot formr &fmr o & et Fear J1ed | uF Furswe A
T Hiee & 3% S ke dice Sfa ey =fix dgave &
qrer AT e gtar 2|

RS diee TR e wies # d8@AT aF & ford Fig 10 &
FIAR T B qoh © | qF T WA 1 FFgA (e (FAN
TN G glad) FATSwe e Fed ¢ | e fiee &1 ufemr
= FETeve % qfmr # Afvad wear 21

Reifimer F7ST SMReX (Differentially compounded
generator): 7fe s wiee geT Sorw e Fig 11 % S
gTve Wiee &7 Aty war & ar 56 e & afFr (bucking) F=d
g T wefT Ft A9 (FEd werae #9 weAT) e
FTHTIE T FaT ATl & |

Fig 10
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Fig 11
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e Fare e #1 arer sfie@ew (External character

istics of DC compount generator):

TRt FuTSe WMee? (Cumulative compound genera-
tor): Fig 12 ¥ % T ¢ FFIAA(Cd FHSE A<l & ford
HAe R feamar o @ | 31 ' 7 RS fiee e wiee
# AT AT © AT Tt FAad IAT FAad & AN & a<a< s

Fig 12 1
FUSE , o _
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Ay \
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A V) VT WATER N
£ | LOAD %
2 * o, |
|
D |
2
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LONG SHUNT CUMULATIVE COMPOUND GENERATOR CONNECTION DIAGRAM 2
w

2 | fafere ArsamreTt IL%%&ﬁmﬁmwwﬁmsﬂ%w
EﬁﬂaﬁmvTaﬁﬁmsﬁstﬁ?IL%aﬁa’Wwaﬁ
& fordt uw uTw ©iw g & | 9% &t arer st eererfirs e 2|

afg Fig 13 % a% C # wef¥ia a% &t ogfa & a1 7% a&r enfr
st {3 9ve e # BiaT 8| $fiY 36 A<y H JuANT T
qtcedT AiS & ford et <1 @%ar 2| afe &% & sfa Fig 13
F ATHT A F Al & A7 T899 A1 erar & & Are e 7
& TieedT | gf& Sl STl & | 78 37 HLIT (AT € (o (AT TR
aﬁaﬁaTsrﬁﬁmaﬁTIaRasTwaﬁﬁﬁﬁﬁmﬁ%%@rW
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TR & ATF T IeT FIAT 8 | T TR A WA H UF
afer AT FTAYeT Fod & A g0 T H JTANT Aferd g4
faaeor @ & for et @te &t &= & ford s # @ o
AT & T AT § qleedT T FT & aleedl | g Fea
X ST TEAT

7% Fig 13 #T a% b # w&fia o stpfar &7 wifar & s& 71 gtar
2 fr w0 oie o= fafRsr oty = sfvs o S #ea © s
fF IR g &t Mot & & o saws gtar 2 | dfsa qof
dite T Rt dies W | R 31T oY iR sl
Frifi F2 & R ST a1t 81 2 T A w9 A whe
(Level) FMTITE FYeX F&d & X T/ TS HT ITAMT fafire
e Fieear & forr sawes R Wt & ot Aqe & ford
o stmar 21 afs aw & s a% D & wify € at s99 s
giar ¢ f& e tffme e | R 317 & #or efiwe ateear &
A ST ST Bt P Fe & ot guges w9 § af
e off & o diee F AEEAT 39 & 3@ TFW &1 A F TH
T FATIVE TAYEY &' & | A I8 AA¥eY [z oo s7orar
TEife & ford =i & o S aar 21

FAGAEH FHEUE FeeY H I &1 @@ (Degree of

compound-ings in a cumulative compound genera-
tion) : TF ST § FTHSUS &Y &l (TR dies w¥e & TRATT
& gfRafda fEar s awar & saferr R wiee e & qumsm
% fordr Fig 14 % s1ee u& ad# (Diverter) ST ST @bt & |

Refime Fweve wwRev (Differential compound
generation): a3 Fig 15 & s/gar AR diee & effiaa e
aftafda frar st & &t 9T a% Fig 16 % STe & a1 & 36
TR & T | AR fiee 9w wiee &7 Ty H¥aT i ey
% R FTATQUE. FAYeX &1 ST & IoTd ol T I

Hiee Fore § ST wice worar &7 Te™ & WTd ST € 9% |
we ¢ f& @le e # gfe & a1 A aleedr § @ as HH1
AT 2| Fw 37 Fwr g @ & s uftrer o wre s
FXA & T IT B FoAFT FT AL 34T FfehT F2d | 39
ATeTeT{Or T ST AfeST ek & T ST Aot & STet 3k a
& TEC TAFEIS Y ST B (AHAT=TE owrs T 100V 3 F< &7 2T
& T T AT FAT & At 3HHT 71T 40-50V e fre srar & e
FE JATE a7 & T |

T HUTSE ALY & JIUaT (Application ofacompound
generator): XU 1 # AT TR F FUET e #X
SR I AT e @ F

Fig 14

— DIVERTER
SERIES FIELD DIVERTER IN COMPOUND GENERATOR

ELN311201E

Fig 15
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Fig 16
vt
T = SHUNT

DIFFERENTIAL

COMPOUND

I

ELN311201G

EXTERNAL CHARACTERISTIC OF DIFFERENTIAL COMPOUND DC GENERATOR

e 1

F. 9. HFATIT AT F THT

I

1 FTIVE ALY
a AT TS

SET TYeY AR AleH a1 g3l ATF & 6 {9 A6, %  TH G0
3T W S Bt 2 |

b ST IT T FHETSE

THFHT TANT U8 =T § ST & Sef are a9 21 99 q&fe 9w
BT At & F Al J¥aT o Saw o R qieedr s dr 21

Cc IAST-HHSS

faega oo wdiftq senfe & s & qrr s 2|

2 e FE=STE sMveY

ZTHFHT ITANT AT afeadT Svedt & ford foam srar 21

TafFwa : TaTET (NSQF @7 - 5) = s 3.1.120 3w 3.1.123 & awifa Rraia 25



DC Se¥ & gwaf=e it s (Numerical problems
pertaining to DC generator): 57& S<eX # dAle AT JTar
& ar sreEe gfawty s Ak wiee gfa<ty § ateedr gra g |
T SRSt & SR emf Tt TorT F3 & fordt fe o=t &7 sromman
=M |

Eg=V+ R+l R

TF oY I HISE FeY & o 1 R —I SﬁTI —I+I
S v Fig 17 & s ferr mom &1

Fig 17

ELN311201H

SHORT SHUNT COMPOUND GENERATOR

Fig18%wwaﬁwmaﬂiﬁ%%&1$=l #
[ =1+1 =1

a L sh se

Fig 18
Ish Iy
la
Aq
Eq Ag
% la
Eg P1
D2
Ise 1 §
LONG SHUNT COMPOUND GENERATOR %
Ser [ = uleEy ¥ ey sie
a
I = UffER A o= e 9rRT
sh
I = ufeee ¥ fffls o g
se
I = uffEe d aeur

L
IeTe¥r (Example): U& AT e FOEE AT 400V 9%
100A #T dAeFHie TS HAT & A g ArH= AR diee
A 9T dieet & wfa=ter wwer: 0.1 ohm, 0.030hm ¥ 200
ohm 2 | AT #¥a A TR dleadr & T0HT F¥ | q9F T
& o 1V wferser a9 o |

& (Solution):

Fig 19 & Sex oo el e o 21
Ish= 400/200 = 2A

s AT R aEfen & #ie awm 2|
Ao =1
%%Wﬁmmzlew:102)(0'03:3'06\/

=100+2 = 102A
E

ATHEY Feear g IR =102 x 0.1 =10.2V
HET 2 F99T & .

TWITWITT =2x 1=2V

i9 Eg = V+I R + R gm0 + 3191 g
=400+‘10.2a +a3.06+2=415.26V

Fig 19

ZOOQE

Igh=2 A 1=100 A

Eq

400V LOAD |

Ey 01Q

ELN311201J

IeTEeT (Example): 220V #t =fiae ateedr & u& 10kW Aifis
STAYEY U Ate X F1 Fear & srHav fAfer i e arEfem
T gfa<ier waer: 0.05 ohm, 0.0250hm, 440 ohm & | SFReY
FT F1 emf ATHAY | 1A F J9 7 TF M€ 912 & qeafra
gl

gt Fig 20 & Siex ooy wefdia fawer mar 2|

Fig 20

L+

10 kW
LOAD

220V

[r——

440 Q

ELN311201K

e | WY 10000

e Fe = = = 45.45A

e ateear 220
fafsr aEfe § ateedar g0 =45.45 x 0.025 = 1.14V
I TEfET & A 9% Siear =220+ 1.14=221.14V
I = 221.14/440=0.503A
sh
1 = 4545+ 0.503 =45.953A
IR = 45953 x0.05=2.297V

T emf = i aicedr + JTHEY ¥ Jieedr g9 + fAfRksr
Hieg T FieedT g = 220+2.297+1.14 = 223.44V

IgTeer (Example): TF o] o€ FTHIUE T | Fig 217%
FIAT T T 150A TS FIAT & fiaer dteedr 440V 2|
ST Y (i) SR emf (if) Fer sTfe wifes S (iif) 3 e 7 frewor
ST e Fiee fafesT e Y s=e afa<iy ®aer: 110 ohm,
0.0150hm, 0.030hm, 0.0550hm #1

26 TRt : TawEa (NSQF & - 5) = s 3.1.120 W 3.1.123 & awifa R



Fig 21
Ign=4A 1= 150A

110 Q

ELN311201L

BB
I =440/110=4A

I:h= 150+4=154A

g e diee wfaty e sade afaty (Fig 14) @w=x
e

I &6 Sfa<rg = 0.03 x 0.015/0.045 = 0.010hm

ol srH=R gfRayr gfagy = 0.055 + 0.01 = 0.065 ohm

fafsr dice e s & T 9 dieear g™
=154 x 0.065 =10.01V

i FrERET AT aleaT E =440+ 10.01=450.01V |1
G
450V

ii WWWE‘@HW Eg IA=450x154=69300W
i TTHEY ol g = Ia2 Ra = 1542 x 0.055 = 1304.4W
fafRsr dice ¥ stadas # wifa g = 1542x 0.01 =237.2W
Waﬁﬁﬁﬁﬂﬁﬁm=wm=440x4= 1760W

e # 4t T it = 440 x 150 = 66000W

D.C. SMET &7 4¥eet e (Parallel operation of DC

generators)

DC qTaX W1 | ATHATE I¥ ITaY FE BIa-BIe AT Ff G¥elel
T ST FY foram omar € 7 &% us s S} &, fwmfafaa s
T oET T Sar € |

A JTRT T JEEFAaT (The necessity of parallel
operation)

1 afdw & fAe=awar (Continuity of service) : a3 T s=1
SAYET qTEY 3T & Ad 5% SIS & (el § IR7T <1E &g &f S |
RAT e H TAT8 & THT R TF (A (3HT) G 8 AT
g @@ &% (working) ATt e (3F15) & a<Tg (Her Soa |

F&7a (Efficiency) : SHReY 3R IFaT S fagahel TTa¥ 79T &
FH FOEN G ITH ATF AT SR AR Ff e kwh T AR
oY % EIft 3% 1T IR ST TOT FHH & ST q9 T AT &F
THIEAT Ht a7 FAT ST qFaAT T |

3 W H¥ A¥=E (Maintenance and repair) : SFeX
F AR T@ATA 3 AXLA B(l & T8 qHT G99 & 919 TF &
AT TAYER A T FHI AT AT FA THT AT
et 3HTE (IMe) & ST A AT q@HFAT E |

4 AT ear &t T2 (Increasing plant capacity) : S
&Y ATATY &THAT & 9g1d & at 75 %1% () aremeoraan
g g (Ffe) F AT e § ©TE SwaT # Ferdr ¥ |

D.C. ¥M¥e¥ F TATWY *¥ #t 7d (Conditions for

paralleling of D.C. Generators)
1 ST aleest HI ST AT
2 gadr gA ST ARy

3iE TARE F WA (AR ) WAt (Connecting Shunt
Generators in Parallel) : ST # FH-TRX & TATAL
(9TeT) B ST ST 1 T I AFUF TS (W) FY TS HEAT
AT & 7T oG UF TAYex ¥ e (Wie) diwr & siferes et s
A9 I TSN % TeTel (FHHTE) U AT STA¥e T SATar
€ | FE-aTT WY qAT A dfar (ATH) I F &1 & | F g A
FOTeH AT A AYE FH FA § | ALY F g T a9
AR F gATH T (Tt efifae) & Jev T1fey JiY s
(frtfe) @& e & o & A eEneT ST © | Fig. 22 sie
TAYEY (1) T AT & a8 q & AR TATE A § ST 8 | I
I @ie 9¥ AlE (W) J@TT ST & df JALeY & 8wdr &
FFAT & FAT &, FA e AAe (2) A (W) fenie ag &
T A § TIW &F AT JST AT © |

DC SHReY & AHT=R A9 (Operation of paralleling
of D.C. Generator)

1 SYEX 2 H qedl EAd g SHE! Y& &iE dF AT 1T
2 99 Tics Afhe TveT &1 S, o g @7 #% fa sar
g |

2 gEU AT I CB, 38 #¥a SA¥ex 2T Iniford HiTsh forear
SAYE i BIdT © IaF JYaY qH-aX qeesl &l F< f&ar
ST & | This is indicated by voltmeter V,.

3 1 F¥eY 2 WYY 1 % 6T WA aAT< 81 AT & | q&r
fer S, @3 Fesh, TAYET 2 1 A¥eT 1% qA FT o,
TS 2 TR FilE ATSHTS el & T&T F1 (% TE TH-T Fleas
& JXTEaY emfieT FT T & | TAST a9 1Y X F1E Are-Tal
aaTs #¥ wr 2 | (Fig 22).

4 g FALET 2FE e Feftay FT @1 & 79 e galr aleest
FH-ATY & Ateesl § SATIT 8T AT | I forfay § e aers
| = (E-V)/Ra H=x #fhe &7 I & | Hieg FXe & a8
I & (¥aT & a1et emf E), SFeex 2 WX & feame & faax
qATE 3 qohT & |

TafRwa : TaRET (NSQF @ - 5) = s 3.1.120 3w 3.1.123 & awifa Rraia 27



Fig 22
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5 TiSH Al 9e TALEY & Hies UaaTEeqd (Imiford) & fedam
& adjust fFaT ST @Far 2, afe TET 1 & 97 F &, a9 [ 7
A 2 I Tl ST, I97d 300 S7¥e¥ 1 & zero &l AfHhe
s CB, @tdl, aa Jex fera S, o ga S|

wite &1 faw== (Load Sharing) : 99 %iee TaTEew e &
TSTHE ¥k ASH! U ALY & T T | TeaT Tt & |
3T TTAYET T ATS AW § STEA A1S aleeo giar s | AT E,,
E, = 3t ST & a1 @l aleee 9% Wored R, R, = =%
gfager € |

SAYEY % 3 SIS FC F AW E, T E, % A 02 f4siz Fzar
| 37 AT 1 Hiee Retee grer aRafdd faam s @t & | Swai
T A diees (T - A atee)- (i) Teex & fafsa EMF
A (i) T @S Fe A T R Far €| AAR 9% T8
I X tee &l R v & forg aifed € | a8 aweme § &1
FY T SAYEX & Hiee THATSEIH &I GHIAST F¢h I fobert
ST @A 2 |

=R wfafwar (Armature reaction)

ST SATHAX ATAHT | B AT P TATRT Sl & SATHAT ATAHT
FRT I mmf & Hies FAad & 819 T80 THI T(AhAT FHam
& f g1 wiee wore 7 wiee fawfia (Distored) &t ST & 1Y
3 SfagrEs I9TE Fed & | AT 37 IWIE & SAFLe A gor
ferfa &t qoiw & R # =ie Fior & fawntia s e
ST FFAT 2|

S e & AT AfE e F¥d & ar g7 R @9« & 9
T AR geT Tl T H i Fed & forad 9Ra emf &0
BT & | 37 THTT & STHET TWIT Fed & A g0 AW oIt e
foram T 2

Fig 23 # g&T Hiee e & Foad faawer weffia faar mam 21
Ff AR AT § FE ALl & T qHeT & | GNA (et
ST #1e7) T MNA (T I 787) TF g a2 |

Fig 23

ELN311201N

MAIN MAGNETIC FIELD OF A TWO - POLE DC MACHINE

Fig 24 & %ael sH=< Frereht g fAaifoa v wefia fFar
T &1 N g F oiid we o &t + o & e afarft 4o
% st faeg foee (1) & ST wefda foram o | 59 sy
Tree & ftaar (mmf) =R #¥e ¥ AR F3di 8, it e e
= fiT =T 2

28 TRt : TawEa (NSQF & - 5) = s 3.1.120 ¥ 3.1.123 & awifa R



Fig 24

FLUX CREATED BY THE ARMATURE CURRENT
e TWTE (Cross - magnetising effect): J&r fiee Y
SATHAY mmf & Hg THTE & ST FAad faaqeor Fig 25 § e fea
fopa a2 | e g (trailing pile) T TR wiee agT gam
ST BTt & | 3T g fxt % faa &t <1 @ 39 Sfagwaasy gwme
& T Frhi Jare i et MNA samfifar ST otet GNA#
ot & fewm & wtor Q g fwfia &t st €1 Fig 25 # afewt
TR Y=t werad (FF) S str=e oad (F ) &1 T91a Y8 i9a
Pt T 2 | e SEREA e (MNA) TRV et (F)
T BT A1(ed |

Fig 25

ELN3112010

90°
Q Fum

E F RESULTANT FLUX
A

CROSS - MAGNETISING EFFECT

ELN311201P

e (Remedy): d3ter® (Rocker arm) S[ST &1 H&TIdT & 79T
& GNA & MNA % faeafud #ea sfagmasa g9 &t Fwd
T3t ST |t & | aTEad § AT &7 A9 STHER FYe & TR
T iR Far & g A | fRafa ) 9fka emf st s
AT T & At o FAaw R g |

w99 (Demagnetising effect): s1fa =< #ie
T FHEH FATH HT AGA (AL TR THET R TROmHA
gar & it frser (Tip) ga Ry o dgar fR & aga e
% Bt € | Tt & &g &t S & qwara s R # g a2
AT qFAT | FH TFR wE et g7 e o e
SR THTT ST & A gafer st ate forfa 7 9Ra emf
FH E 1T 2|

e (Remedy): I w1ma & 0T $Rd emf & %+ & g9
F X FIA & (o7 SIET WA & T qR(ET | Hiee AseT §
UfEER o ga7 fear stat © | Aff o<t wefiat # g wHe

# feT &3 & g Fig 26 & i@ AT g g & ara
& AN 9 FAFATET AERT TS Al & AGEHT T9E H
FATGTT ATEET | TRAAT H¥a (AT SATAT 8 AT T8 FRAA(CT
arEfET & SR & Fig 27 & srgam kst w0 # site o sar
g st uw fufya aefiw & ford &t )

Fig 26

ELN311201Q

Fig 27

SHUNT
FIELD
WINDING

COMPENSATING
WINDING

Dy

SERIES FIELD
WINDING

O

O
N
ELN311201R

FA-AET @ae (Compensating winding): st @sfi=i #
o ot &1 afkad gtar & sma=e wfafar & & g
JHTT &1 50 FEET & &7 Far ST ahdr 21

20 AR | aTfd SMardt F¥e AT FTea |’ JaTed e
& e 7 A Qo & yanfea gid & | o s7es g fafoa
TR ATHAY T % qT IR i fFoda o § iar
2 gaferd & TR & & T @ % et oft ofie et a% aRafda
et 9+t srgEET w9 A 8t o €|

&= afads (Commutation)

S U DC S &t AlSs 6T ST & =R aife, F3des
qfad® 3T FereT & ared TR F Fie JaTe etar & | 59 gftr
# o ff UF g I FREE@IST F & FAT & AR qeF
I FRIEET GULT § TR eihY oY afda gtar €| Fe feww
% qfade St &g Tfd B % T9ETd A TEo e HeF § ard
€ 3% FREIA FBT AT 2 |

afe F¥e e # aRad" X X giar & at FREI a3ear &
BHAT & AT AU T § HYE UHIUF TRAA S T T FREIT
FEATAT & ST F91 o6 Y I 9y ey ey #ear & afs %
FRCIN BN AT T a1 J7 A FREIA FFRRT §RT IA=
Afq ST F FT Ad: T & AT &

F¥T ¥ qfadr &t T & Rt g o B T @ F=Ee B
¥ yarfed F¥e #1 f3om arrad e 1 st o | e aEfer
¥ T ST & A A & AR AR A F AR A | A
wrafe 2 21 (Fig 28) ’
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Fig 28
A B c
colL
A a .\ SEGMENT
1 1 12 %
| 1 | 2 3 4 |
— [~—— BRUSH
DIRECTION OF ROTATION o
S
CURRENT COLLECTION - SEGMENT 3 IN CONTACT WITH THE BRUSH 2
w

Fig 29 & wefitar faer o & o sror woet &t e i &1 org afie
FXAT forad Fame B g afya giar & | argfEar F awit siw #ie
I1WAﬁzmwﬁaFﬁ%a%m%ﬁaﬁa%¢r§%w
FE FIA C & S AT & | Fa1aT B & #ig F¥e A8l gidr
3T 7% &g TRIY & @ 2|

Fig 29 SHORT CIRCUITED COIL

DIRECTION OF ROTATION

CURRENT COLLECTION-SEGMENTS 2 & 3 ARE IN CONTACT WITH THE BRUSH

ELN311201T

Fig 30 & %ael @ve ¥ & 79T a9 e 7 @ | ¥ arft Y
TR H FHE 4 FAA A F SR T | AT & | AL TR 3R
AT A Fe | ZWWBﬁmﬁﬁWwﬁwﬁl

Fig 30

A B c

VS
TN FRACTION \/ &~ >
1 OF 1, 12
| 1 2 3 | 4 |

- S INTHE FORMOFARG o
DIRECTION OF ROTAION g
CURRENT COLLECTION - SEGMENT 2 IN CONTACT WITH THE BRUSH 2
i)

T & FAE B § #e & Qo arwadt & gfarom adt &r S
Trfed | dfa afe o afkafda off et & av g 7 @y ooy
Bl ST % T9aT W ST qOF AT 1 ST 7e T H | gHford Fe
Izwwwmﬁ%ﬁ’raﬁ?ﬁwaﬁ?ﬁwwmw
FT TG | IHFT FLW A€ ST & & Fare B # #¢e feon &
THUF TR g & UF Sifas 9Ra emf (wfaemd) e et
g ST o/t 3TET i/t ERir| SteT ufEER # e | & SR 3w
A () & ST AY TRIT FT FHvS H GG t & AH AT & AT
& IRa emf # AT FHREAA & SAd LUFEH & FT AT A
ST Tl & ST FTI F @O Y THIT FAA % TR
ST 9 AR et € | IareRw & fordr A2 g, 3 a9 fae stevex
TF AreHt o 98 1440 rpm IX S=Tferd & <&t & 100 ufEE
FIE AT & A 37% fon aRad® # 24 @ue g | at g 7o g

& g 918 AT uew ¥ wfaw IR emf &t s F41 & o
AR 919 918 & ST areil #¥e 50 amp 1Y gt 31 & 997 1
S FTel e 50 amps 2 | g@ferd Fve | aRady aramEdr &
50 amps & I A FEF TEA Freonadr § 50 amps %
gidT & St 100 amps & ST &1 U =3k grer foram @ aw
= £=0.041663ec
1440
g Ry & ford form e @w

_0.04166 seconds
24 segments

ST U @Ues el ST & fordr 3frasars a9 & |

=0.001736 sec

T
Tafer #faw Sfedemf S = 5001730

7% Sifem emf AT & FIe &7 ITere T ST Fde afkad & fawry
FT gAfed Fig 30 & AR 3T 8T &¥ =N & e Famad
B & I # 1A% 1T | 311¥ 7% UF fSrelt & = & o197 9 Fawf
T TF FHLIA Fed 2 |

TF FREIH & ford ™ (Remedies for rough commu-
tation by providing interpoles)

g ferfa & femmiRat &t @7 & o e fafemd ser & aweft
STAr & S T FRSUF F LA FRCUA H TWEHE ST &
afRafda #wwr 1

*  Fig31 % sgame faen afkad® & Famat & B & §i= wfaay
AT o 33 ST € | I 9t g Afaery F¥e fun &t aRkafda
XA | TETIF BT & A qHT # i Fear & Foraw wifas
ARa emf F7 gt 2|

= 57,603V

Fig 31

RESISTANCE
WIRE

RN BT B

COMMUTATION WITH RESISTANCE WIRES

ELN311201V

o I AT T AT H A q9 & @t gerh wfawry
qfRadd F¥e & o #t grwar & TRafdq g 3d & sfix
eitfas 9Ra emf w7 & ATt 21

* Fig 32 & AR T gai & 19 A B ga o gexqid
(interpole) Fea & & fFd ST & 57 SeXqNaAl &Y gadr &t
faom STeet & guiv e & o gAY ga & gaar & |t
BT & | Jrr € 3% A oHay § R # e o &
A g8 AHEY | TaTRed #e & au & F¥e dd 2|

30 TR : TawREa (NSQF & - 5) = s 3.1.120 ¥ 3.1.123 & awifa fRreaia



Fig 32

MAIN POLE

S
ROTATION
TN
N

INTERPOLE

ELN311201W

COMMUTATION WITH INTERPOLES

Ig gavdiar ®fas 3Ra emf Rem & fFodia ud emf Iaw #a
& Y 7Rt TfRumor e a¥ ffR gtar @ | 5 v efas 9fka
emf T T A= &1 STAT & §7 SeTaTeH Ht TFhel 1 B T&T
& rge 3R strar & 5t A5 a1 #ter gar €1 Fig 33 # uw
fawe fufya wofim & dexaier aEfe &1 avewr wefva o
=

Fig 33
oL+
A,
ARMATURE
B
SHUNT A
FIELD v
WINDING INTERPOLE WINDING /
B COMMUTATING WINDING
2
E2 D1
SERIES FIELD WINDING
D. x
2 s
OL- &
CONNECTION OF INTERPOLE WINDING IN A DC MACHINE %
w

DC w9 %Y 3e1a ¥ ef=at Losses and efficiency of DC
machines

T &7 FZ AT & T&aT ST HT qhd & |

_ output

B output + losses

_ input - losses (
input

(For generators )

For motors)

THA ATl AT | FoAT SAALT & THT FLE | FAdd AT o
& FIYOT, Aol TEET 98T A AiF &1 & €7 F giar 2|
DC 59t & &+ areir arfaat #F Fig 34 & femmar mar &1

Tt BTAT 1 TF 3F T | ater 7 2, (Total losses can
be broadly divided into two types)

1 e erfat
2 afkadt erfa=at

g gTfaar &t IS¢ arer [@T &1 (These losses can be
further divided as)

1 fer afe=t - i) s af ar smes afa

a Rt

b Ut &E a™

ii Tt sifeat (Mechanical loss)

a g =du st

b = &1 - Fr =or &l v e adr vl

2 qfadt Zifeat (Variable losses) - i) #19¥ 1f+ (copper
loss (’R))

a e qig s
DC #afi=it & &1 aTeil ETAT &t ITeT Y I &TdT &l T {631 b e g wih
ST @FAT & | 3HEG AATIT AL AT T2 ATHR & AT % forw .
) . . Cc o9 §Us e
qTEATI® TSI THTEAT HEAT GHT 71 & | 31 rfaal & aar
Fig 34
LOSSES OF A D.C MACHINE
CONSTANT LOSSES VARIABLE LOSSES
CORE LOSS (or) IRON LOSS MECHANICAL LOSS COPPER LOSS STRAY LOAD LOSS
| I I I
HYSTERESIS EDIDY WINjDAGE FRICTION ARMJTURE FIElLD COPIPER CORElSTRA‘/
LOSS CURRENT LOSS LOSS COPPER LOSS COPPER LOSS STRAY LOAD LOAD LOSS
LOSS LOSS >

TafFwa : TaTET (NSQF @ - 5) = v 3.1.120 3w 3.1.123 & awifa Rraia 31



ii & =T =ity (Stray load loss)

a FUT & Al ey

b #¥ & AT &+

HHER FY § FR T a0 A e o e fee g

ST DT FAFE H IAAT &, AT &1 THE F A STOAAT SHedt

gl (a) R=RRw e (b) & #e afa

a) R=Rfm =it (Hysteresis loss): s/ =T &7 T
TF T & gAY T O [OAT €, A9 fagEsT ao & Fw
frefRfa aft et 21 7' a1ff @iF & I oY s W™
iy AT € i) were a9 (BM) & i s @1 aum
Agfr (f) ™ o ffe awar 2| ReweRftm ate W, & fog
e g7 2

W, =K B 1.6 fvjoule/sec. or watt

st K, = fext®, it & &% & a1g ™ iR #=ar 21

B, = Aferhe® Ferehd ST wh/m?

F=smgfrHz ¥

V = AT HIT &7 AFaT meH

b) udt #¥e zfw (Eddy Current loss): S/§ =X &IT
TEAT FAFH H FEAT &, A FIX A IT9 Y emf F FROT
FE T Al € | 8 vt e FET AT 2 | uET I
T & & U FEe B Sl & | T S F FH FA &
fore e & afimes aifoe & FifeT # It €1 affees
HIY & HATET Bleshel H FHT B & HILT FC & [T 7
Tt forer T €| g ot #¥e #1941 #9981 & Ut
Fe =i o F gt &1

Ut #e ' W F T g & qura S @-

W_=K B? ft?v Watt

et K, = s Rri®

B,, = wfareaw wer e Whb/m?2 &

f=smgfTecst Hz &

t = fiRo & Wi m#

V = ATHEY T T AFaT 79 741 (m?)

ii) aif® er/=fa (Mechanical loss): 8 &ifa # arg =ur
ity st & =y, faafar & & arelr = arfa ey
afaer 21

2) uRRaxit erfa/afa (Variable losses): (i) awr etf afkadwsier
grar 21

sT=E AT &fa (Armature copper loss (I,%r,) loss): 7€

g1 s aEfe & gfaty & sror gtar €| o9 afler &

FLC YA Bl & q9 ary &t et &1 | 2r, 7 &fq @ &
TRadT a¥ fsiw F2ar 2|

b) wiee afa (Field contact drop): 39 X FREeT &
dush g & gfay s § a8 «Afq gedr €1 7% a1 des
a1 fer giar 2|

c) W "u &t (Brush contact drop): I =¥ FR[EeX &
#ud & gz afa s €1 92 ¥ of e & A R g
gl

ii) ¥ &tT =iy (Stray load loss): 77 t% sfaf=m =+ €
St At 9 AT At €1 & e F g e €1

i) o & @its v (Copper stray load loss) : TSt #ic
MY FTFIT F FULT AT I TeA ATeAT FLE % FL0T ATH &
e e &rdr |

i) ¥ & o€ 7 (Core stray load loss): S THIR FIX
H Al F¥e YaTfed Eidl & a9 Felad g9 FIT T Jial §
faFa 8t STl € | o 79 UF Y 9% 98T © Al gAY
o o #7 gtar €| 99 fF FY a1 woew wwa F a T &
FISTT § BT & | Fd q9A H gfeg & aole § FE &
TaTE ® FHT B AT &1 gl Y FIY H q@fUw qge
fafaat & aea 7= o FiX & A a1 ar g1 aw &1
AfeF €T TUET FIAT iR &% F8 DC #ET & I
sSeqe F 1% forar smar 21

DC stixex @1 gerar (Efficiency of a DC generator)
Fig35 ® DC Sex &I q&rdr f=mr = 2-

_ output B Vi
output +losses V| +|§ r, + W,

set w, fer e 2
I=aqw T & f@rfad (Condition for maximum efficiency)
e Aege = VI
e TTIE = oTeHe e +eTar
=VI+PaR +W,
=VI+(I+ PR AW o] =(1+1 )
gt Afe |, @i F¥e & goar § qog & at | =| (eFren)

.,,_output _ \ _ \

input  Vi+12aR, + W, VI+I°R, + W,

T eTar a¥ rferRaw gt S afadt erfaat = fr srfRat
|

iAW T e FXE F AGAT 1T & AT AIE FLE & qHET
gt 2|
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Fig 35

MECHANICAL POWER
INPUT= OUTPUT OF

ELECTRICAL POWER
DEVELOPED IN
ARMATURE =E ¢ l. WATTS]

ELECTRICAL POWER
OUTPUT = VIWATTS

PRIME MOVER
IRON AND FRICTION COPPER LOSSES
LOSSES

TYE - '
IR, = We DC #tex &Y ggfal = ————
A i

Ra VI, —w,
N Vi
. \%

DC wtex %t g&ran (Efficiency of DC motor) stferspaw ot Sarer Fe 2g W Ey, = 5= A
Fig 36 & DC #iex & power flow =T f3aT T 2- s U

st FeAar e fafa - aRadt atfar = R et

Pr=w
a e

Fig 36

MOTOR INPUT = VI

POWER DEVELOPD IN
WATTS ARMATURE = Eq l« WATTS BHP

OUTPUT IN WATTS or

COPPER LOSSES

IRON AND FRICTION
LOSSES

ELN31120AA

DC A< HiY #ieX & er=at (Losses in a DC generator
and DC motor)

DC SRe it i it fawga onifee & Swiafka #2ar & s
DC #tex famqa snft &1 Fifs mfte & wwiafka #xar €1 5@
TH DC M¥ex % forw 3age it mfts st Y eeye
farga nfee et 2| Wi & fog 7= wear famge e et
gl

i wefie 7T MU For g9Ye Wit & ¥ A & ASeye |
FATANT TE1 HY THAT FATTY AN % G&TAT HH & AT © | A
FY FTAT I HATIeYe AT ITIE &7 SATFTT ST € | T8 TH Fg
oY S ATl woftat 1 festree g sehTe 1 SIrelt & o et qeren

STfFaH Bt | Ferar ferer ag fafsr arfaat &t ot sterem s
ATawIF ¢ |

U A qTet AT U A< | &I aTel ST [ (78 THR
g T fawar @ 2-

TR« arelt DC A= | anfwat (Losses in a rotating DC

machine)

« @ erfaat (Copper losses)
ATHEY AT 81
Ties @ &t
F9T @y gfawy & a1

TafFwa : TaTET (NSQF @7 - 5) = s 3.1.120 3w 3.1.123 & awifa Rraia 33



+ iz @faat (Iron losses)
et aifa
Tt w¥e B
 Fitsew stfadt (Mechanical losses)
o T gl
*  aqTg TG BT
DC Sex a1 #iex # ST i T & eTwat gidl & | Ta®
#1 faawor = o mam &-
T aAfaat (Copper Losses)

ATHEY UF Hieg AT | HTIL ST AT Sl & | HILT T,
ATHEY YT BT, BIeS FTIL ST TAT I T HTIL T THTY
& gd 2|

A=Y 9T 11 (Armature copper loss) = IR, (where,
|.2R_ (/T | = smi=e F19¥ &1, R = = sfaie)

7€ BT quf TS BT FT 30% & 40% BTl & | STHER HIT BT
gREd gt &, s & wefie o smafie ate o AR wt
gl

s FI¥ arferat = 1 2R, (Field copper loss =17R)) (=1 |,
= i Fe |, R = %I gty 8) ave i &t fafa & #rw
g1 srifis &9 & R giar €| 78 3o a1 &1 20% & 30%
gtar 2|

T GOk qfaAe F FHUX ST HT FOT &, B = F1%
g % ary wnfier #¥ o= Star 21

TR axfeat (#% &1fw) (Iron losses (Core losses))

AT ATHET AT § a1 2 AT T8 FahT Hies & gaaT 8,
At g% FIX | H7 AT § FLe T4 AT I &f JAar1 &1 g9
FLE % HIYOT ATHET AL HIX | TST e ari aar e Rftm
T IcTa &HaT & | ST 21 & FIX erfy ar awfes arfy of
& ST 2|

ATHER I § Fahed 1 918 7@ o | e fafm et Fearmar
| a0 FIT & T gat & 19 AT & | T R SHHTAar

% UF qUf =% & Torear © | fagwasite Serweaar &1 g @
T € f = P.N/120 (Sfet P = 9tett &1 &=, N = &)

T BT AT F A MY I 9 A% F3ar &, o a1
Y AT AT fagraa aet & g ¢ oft ffv aean @ IRw R
gift W,=nB__"*fV (watts), 5Tet n = fewfRfm faat®, n =
FHIT HT ATIAT I m3H

TSt #3e wifaat (Eddy Current Losses): 5190 w19 e
# TR FIX GAAT €, Al &I # emf IR &t T (W F
faga g IR0 & 9gAR) 39 IRa emf & T 1 Jfaag
e g8 & Frwr Sl | s #¥e yared gar €, e
Eddy current #&d €| 38 e & HTIU & aTell ST & TT
FLC T FeT v 2 |

gitse erfeat (Mechanical Losses)

foarfRar et FRpEex & wfwr F Freor ifE arfa sar g €|
SATHER & qAF & aTg q90T & FHTEO7 A T ST il & | T8 1
qut @S BT &1 10% & 20% &tar 2|

& eafeat (Stray Losses)

ST & SFATET AX BT B(cl S, T8 T FH AAT § Bl §,
STt 7 BT FEATdT & | §67 &7 ¥ T0ET H3 & | T8 qemor:
WA % FET FATIE LN 6 HILOT Ieqo Elil & | I I€ IO Al
BT &1 1% Bhar 2 |

qtae vt TEAW (Power flow diagram)

T At TR DC SA¥ex T AieY & STHal &t GHa &1
qaId A=ST a2 | Fig37&38ﬁDC\‘rF|iET3ﬁ?DCﬁT{
1 fafire = s A= REr e @) Res s fAfsw
it & Tl &t fe@mar T € i 39 9} # R =
&, S §9YE & <eye # aRafdd garm &1

Fig 37
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Fig 38

ELECTRICAL
INPUT
POWER

CORE
LOSSES
COPPER
LOSSES

STRAY
LOSSES

MECHANICAL
LOSSES

MECHANICAL
OUTPUT
POWER
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DC w=Rex %% garat Efficiency of DC generator

DC M¥e # ATIeYE TaY X 3L e & g &1 DC
SAYEY & IAT Fod & | TRt R = A= 9wy 71 For wfawry
(371 Fieae wiawre farfRsr arsfRar wioty $exaia arsfr wioawry
AR Fra e arsfe afaety afed) DC Sa¥e 3t FaT &1 qui

Fig 39 # fam o 21

| TSI FE

|, ¥E Hies & aed arel e
| T AR =+

Fig 39 COPPER LOSS +
%R, + BRUSH
CONTACT LOSS
GENERATOR
ARMATURE TERMINAL
POWER
OUTPUT
:':I POWER
INPUT FROM
ELECTROMAGNETIC
PRIME MOVER POWER
SERIES FIELD LOSS + SHUNT
FIELD LOSS 2

2

w
V eHie ates AT AT

Mg =
o .
|aRa—Wﬂ'ﬁ?WjﬂfﬂﬁTglﬁ SYEY ATISYE + BT
oI Afhe # Wit e =V, (TeT T 3ie [T ety st et Vi
= Ne=

g %) © M+LR, +V, I. +PR
it et = fafRar &t = a + FREeT & A A + fAEe =1+l

AT
T A = J(HE A + F A

3T Hiee HTIX ATH AT & AT FT T0T TF AT 6 (IR a9
2, foraat oie #3e ¥ o 7= # Srv |

3 TaR AR atfaat (sie ot Fee Shve #) = & 81 +
I Hiee W qiF 81

SFYET #Y geraT & e aeemer | T = 2|

TafErwd : TawiEa (NSQF @ - 5) - s 3.1.120 3 3.1.123 & it Raia
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zafersa (Electrical)
gawitee (Electrician) - DC #\wew

s 3.2.119 & 3.2.124 & 3.2.127 & ww=fa R=ia

DC #iez- R e www (DC Motor - principle and types)

IR : IA 9IS & A § A Al F FA A B
* T% DC HITX % FA=A (HET I WL FIA |
e i @R & DCHAIT F T@A # |

weaTaT (Introduction): DC Atex ua Ut #9fi9 € it DC 3=d
ST H ATAE ST H aRATAT Fedt & 3@ferd DC #7efie &t U
SAYEX AT UF AIeX & Wifd Tgh f&ar of gaar & | DC #rex
Tt St era rfer o el afte i wte srfSrererforeg % Fo
S FTE WAL Ste AT AT I o g § 90% SIE
BT & | DC wefia %t F I a0 faRqaaia g stferes a@ve
A ST & ATETIFAT el 2 |

w% DC witex %1 R (Principles of a DC motor): 7= 30
g a¥ w1 Felt & fF St oft uw aRrErE e @ aue
TEEHT Hles § T AT & df qTeish 9T T af A Siar
T S T8 TEE Fiee & A=A ATferd HAT & TR {7+ THT
& & T S Ewar € | Fig 19 UF 99 817 SeTe JHey graa
Fiee afaerd faam wm & | Saf% Fig 1b & e amet 9rer® & 9t
AN I T Wiee fa@mar o €1 Fig 1a & 1b % wwrat
& uw o § @aio F%F Fig 1c AHe 1T SoId Folad 3iiY
TTETET AT &TXT Iede Ferael &7 TR fa@mar @ &1 571
TAT HieeT A ATITHAT & HILU ATAT & FIL FAad | gl gnir
AT AT & A1 FHT WO 4T Fig 1¢ § fRamar mam | =
% FIT Ifad T UF a% TF qATET & AT Aol I A A A

T & ford U oo I HLAT & |
Fig 1

N S

@)
23

v O s

(b)
—)j::::—

N Ei/@\\j s
¢ —=—— DIRECTION OF °f’
© MOVEMENT &
C, zZ

afe Fig 1 7 =Tel® &7 Ua aT< & 9197 & Fig 2 % @ faerfad
F faar s at aRonfaa diee T A UF ST A FAT MY
FAY & A= A SATAT & AS FATAH 6 FIL TF USH AT T Har
g A T g F AR & ¢ AT goia & fordr wmaer &1 dfw
FFRTRE HieY § 37 THY % 34T ATeish/Fad &id & Fig 3 &
HIeX T TF AT fF@mar 77 & | 9 =T AT Hies & UF Fie
F mgfda e StTaT € at sHER Fig 3 & ST UF adf gwa
FIAT € AT 37 FTECAT QO H goiF FRA FT T FLam &
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Fig 2

ROTATION

FORCE
REACTION OVER A CURRENT CARRYING LOOP BY THE MAGNETIC FIELD

ELN3211912

Fig 3

REACTION OVER THE ARMATURE CURRENT CARRYING
CONDUCTORS BY THE MAGNETIC FIELD

U a7 Tf A e T T & e & e gy S A
ST AT & | 3/ THE ATHAT & qoia & feom = | F¥e &
faem staam wiee ® gaar &t fewm aRafda #ed aRkafda & s
FqFAT 2 |

AR & 9 g1y *1 W (Fleming’s Left Hand rule):
FEFT Fiee § T UF FIC ae® Ted ¢ I g &/ faum
7 foo aT e &Y S "adAr & | S % Fig 4 R mr g
ST AT AT AL ST T TR 6 THE AFaaqd T B Aot
AR QAT § A SN AT H Fe WaTe & v H & av
S FIRT ATAH [ A & QT HT Fobel Hear 2|

IR & fordt Fig 4b % STATE UF STETe! Fa1ad &7 9 ST
AT feroft gat & &= T ST € at 78 arArEdr e 7 it
gt 2|

DC #iteX % w#1¥ (Types of DC motors): JfF DC #ted T=A1
# DC SR & A0ET eld & I oY i st ore o
AFE Aex & Aife fF s &, S smEr e syl & ar
Piee AT F Ty ¥ AR gar 2|

Sa dTHER AT B Fig 5 & e s # awafae e €
7 fafksr Atex #& ST 2|
S ATHAY AT e g % fT a¥ Fig 6 % Aga awt=
# 2id & T8 I HieY Fed 2|

ELN3211913




Fig 4
T MOTION
——
FLUX
iCURRENT
(a) LEFT HAND RULE FOR MOTOR FUNCTION
cTio
0\"\E N 0.
QOTATIoN FORCE
N T S
FORCE +
(b) 2
5
FLEMING'S LEFT HAND RULE 2
w
Fig 5
9 Ls
A,
Ay
DC SUPPLY

Dy
D, e
L- 5
SERIES MOTOR 2
w

Fig 6

L

DC SUPPLY

E, Ay i
! -

SHUNT MOTOR
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T T | Tieg A &id & UF A= & a7y ks # siw
FET AT | o % Fig 7 ® wef¥a fahar @ € 38 oF At

AT Fed 2|
N TLJr

Fig 7
DC SUPPLY
Dy

SERIES FIELD
Dy
L

COMPOUND MOTOR

ELN3211917

AR qieedr S0 emf AT qieedr T &T AT
DC A1EY & T & (i g% 7 oo afad= #r
fafr

DC smrifia ateear a% emf =R aieear g, or@ @i DC #iex & v & S v guiv it 3o
uRadw &t ffr (The relation between applied voltage, back emf, armature
voltage drop, speed and flux of DC motor - method of changing direction of

rotation)

IR : IH 9IS & I § A ffrfad 6 FA A g nr

o JTANT TtedT, % emf, ATHAT Treedl IJU-TIS-FAF & ST TH & AL FIA |
* T% DC AieX A guiv 1 e afafda w3 =t fafer &1 aviw #73 # |

& emf (Back emf): DC Aiex & S(THET U ST 811 X
ATHAR AT Hiee gat BT I TR A &( Hledl & | 39
T & 1T 57 TTerst § emf I eRiT | SRa emf Y 3o
H gt 5o Fig.1 ® Saf3ia JH= ares § #ie Ja1e &1 a2y
&t | g% 7% ST ateedr F1 Ay Fedt & 37 FH emf Fed 2|
AT E, & = F1 AT & | SHHT AT ST # I AT 6 THT

R | 39 A & sitfa forg &= =)
_ QZNP

* " 60A
IR (@ emf & fIem) T & arfew g % 9w & 9gAR
A FT T 2 |

FRe ateear (Applied voltage): @t =fiaar & fa<d o2
T ateedr V & =16 &1 St 2|

volts

Fig 1

DIRECTION OF BACK EMF
INDUCED IN THE MOTOR

ELN3211921

DIRECTION OF CURRENT FLOW IN THE MOTOR

FHEY Fieear 3@ (Armature voltage drop): f& =Y
T T F© e ElaT € gaferd al ofa W F Fe Ted
&I T AT ST et e | 30 R $T9 Fed € | Fifh 7 =<
FLT | AT =R Ifae R % 0w HT AT St < |

Tafarwa : TaTEA (NSQF @ - 5) = 39 3.2.129 & 3.2.124 & 3.2.127 & awifa Rraia 37



TEHT AT dieedT Y o6 emf & T fAfFad awry gar 2,

swarfEgr Vo =E +[ R,
s IR =V-E,

AT & 9 et afd emf Ebsrf%rgHWQ)aﬁTaﬁgNW
iR #ear @ gaferd T aieedr a% emf ATHER ST Ty
v wfie uw gax & faw & Wity awfRe e 2|

E =V-IR

b a a
NP e
60A

(V-1,R,) X60A
OZP

T &7 TS Ae¥ & forr ZPA e 60 ferdis & v o e

K & = &8 o1 g @

pm

S K:%
oZP

o N = KE /o

3A9 A eiar ¢ f& UF DC Atex #f #fi€ E & dATggrt diX
TAF ¢ FT FAGATIATAT BT 2 |

DC #te¥ % guiw f3wm #1 SekAvT (Reversing the direction
of rotation of DC motors): & DC #te¥ #t quiv faom #
qfRads srH=e e faem aRade st diee Fe aRad s
1 AT FAT & | DC WTex #t gui fwm #t smyfed avawt 1 s
# gge & (Interchanging) &T=T &1 & ST AT & FiTH T2
qfRade, wice X ATHEE Fe gl & TRAfdd Har & | g7
w§Ta Fig 2 & 3 & wifq &far 2|

oL+
E
A SUPPLY
¢ TERMINALS
A
2
=)

O L—-

Fig 2

DIRECTION of
-

ROTATION FORCE
“\ =
NN
N WEANN S

T

—— T

e
o
S
I
FORCE 2
5

E

AT T Fa e Fe faow € wRafda & st € &t Fig 4
F AR oA e o aRafda il 8| 99 Faa SHET e
faom aftafda aF st € at gofa aRad= it e Fig 5 % srgam
gRafda edr 2|

Fig 3

o L-
E
Ay SUPPLY
ﬁ TERMINALS
\ CHANGED
Ey 2

O L+

TAT I
0T top | FORCE
Tz S
- :EQ ~~— | —
~
S @ STt N
~ v

FORCE
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Fig 4

FIELD CONNECTIONS
ARE CHANGED

O L—

OIRECTION of

— e
ROTATION CLOCKWISE
N

EFFECT OF CHANGING THE FIELD CURRENT DIRECTION

ELN3211924

Fig5
oL+

ARMATURE
CONNECTIONS
ARE CHANGED

oL-—

DIRECTION op
a0

SOTATIOn CLOCKWISE
B ———— R l/,/‘/’/f,‘)‘\
e
N ¥E\£//\\/<JF\ S

=
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EFFECT OF CHANGING THE ARMATURE CURRENT DIRECTION

TF FAQIE Aiew F quiA e & fomr g afversnfoe &
afRafda fFa sofia (Reverse) &%+ & ford sir= #de fom
Ft TRAfdd Fear qaraw [@afy &1 7T diee =fime & aRafda
gy Ui faem w=fafda F3ar smavas gt € at a8 sravas ©
f o e fafisr i Al § #e R oRafda # s= |
AT WA ST FR[ATET HATITE H Hifey F1F FT T ofF AT
srfrererfors aftafda ety e firer Farsve srerar 3o faadia
#r wify gam|
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DC wizz =ied (DC motor starters)

IqA : 3 U & A A oA faforfaa wRF w A e

* U% DC HiEX & fod @R #1 ATas=shdl aa= |

o faftre TR ¥ =l S T s gt fag die g ot T i wie® srimae Rera & gae # )

=Tl & smawawar (Necessity of starters): gf% wrfén
(Starting) % qd sTH=R IR T@aT € a6 emf 3= gt € FifE
7% affe T FHTGT Star & | g FAHET gfqry Faaw g
&, gaferd futRa aieear & afe s a2 e far s
7T qUT ATS e HT &3 AT A e ot | oo srferes werfér
FHE % LT STHAY & A & ST T SHIT TFAEAT &l & | gaferr
T e UF I A ak SI(Hd T@AT A1ied | gaford g8t
5-10 sec T =TT & a0 A=Y & a1 fRs & us wfa<ry
afrfera #¥ G smar &1 wtex # i o & I & 918 a6
emf fRffa & STaT & v ga% ST w=rfdT gfa<rer #t wwe
e 35T ST @war 21 Fig 1 ® 39 T &7 =rae e 78
& wféT % gHa 9ot 9 (Moving arm) #t ferfa S & v &%
gfoete R & UieT & s=e aRay § afwfoa fFar smar
| g6k ST ST WY 7 wie =T FT off & gl Rrfa N #
ATEH AT X 3 & AT 56 THTL 3 AT T0F &7 § T A1fered
BT & Y g (AR 3Eve JEws aiar & | eTeww & foar
73 Wex 9 &Y & IfAg R ST &7 AT & AT Fe =T 3
ferfa N eivft | afe smyfed &% STt & wiex =% snft A =e
e o ot fafa N & @5ft | 59 eamgfd g s el @ ar
FTHEY Ry # R g w5 gfaiy afwfoa 7@ g | s
AT FE of THhAT & T A< & THaAT & T TeAT Hf AdA &
fort Atex aftwat # uw gftr o wiex =d @ &1 g famn
ST 21

Fig 1

S N
- ==
T SHUNT A1
v FIELD
)

ary & wrfdT qug Iy & S o7 & I & wfeY Aex
T ATATATS & AT T Tl & AT AT # Foir (Switch)
MY T T a7 T 9N | T8 WlET FAFA SHAA &l d@AT
F AT Fe AT & S 39S a8 qdq™ A |

@it % v (Types of starters): DC #itex &t yafdd (Start)
FT & o wiex (Starter) 19 &R & gd &1

o 3t fag wfex

o i fag wiex

o I fag wiex

gt fasg ®=feX (Two - point starters): 8% 47 =e% gid
o HAiex wWIfdT & ford smaws ke wfawy

ELN3211931

o gud (fide we) T dU% oI St Sre=e afae § wfoady
F AR A STIAT AT XA & [ STTawa® il |

o 2fvew ox uF R &t sy 7 & 9w Sfvew #t aw fearfy
F ATt 1

o UF A TEF A efveer H AT Rafa # waw & ford gtar 21

u# DC &R wiex & arer edwn &t fag & ie ST § A sar

| 't wfaty 3ga g smaav i fRker $iee @+ Fig

2 & srgaTe iRt & st gta & | st & Fig 2 # feamar
2l

Fig 2
TWO - POINT STARTER

*******************

HOLDING COIL

SOFT IRON KEEPER
STARTING H/‘ANDLE
SPIRAL SPRING

\

,,,,,,,,,,,,,,,,

SERIES
FIELD

MAIN SWITCH
xf —
— 7T

.

- Q\Kc ——

ARMATURE

ELN3211932

ST S[ST H TIH G35 favg § AT © TRTT T BT & AT ATHAT
I ST T FT a1 & | =y &t | gfa g a2 g @
¥ & aga grs & qIfedr o & I & g wefex sfawty
FH &1 AT & | T T I T & [ siel © At Fof w@iex
gfeety aRe & ST & Srar 2|

Are Y iR =R Fe &1 & 9 & ford 33 g9 &7 7
T & AR & 9198 F¥d ¢ | 37 5 qle¥ &1 FdT 8, gfvgar
witg ferfer & wear & | ¥fvee qo: o fRafa & & frar & wreor
AT AT & IS I FHaF AT Tt I¥ Tgrafed &7 ATt &
7% wieX "W aale & fod geiea a2t snm|

&iw farg wfé (Three - point starter): Fig 3 % t& &=
(efimet fag) Tefex &1 srmaR® s fammar @ 8 | ot s foe
T Wiex § i ¢ faw five AYfd Ff ©iex & JeT 911 8
X Arex aRwwr #t u& f&ga (Double pole) Fft X ITTH

Tafarwa : TaTREA (NSQF @ - 5) = 39 3.2.129 & 3.2.124 & 3.2.127 & awifa Rraia 39



RIS & qTY FEad FAT ST € | "o # UF $geiel it
AT TS TATCAT & ITANT o fordt EleiT & | TWiex® Sl Fl ATH
ferfa & veer fiaer & Fdae a5 AW X ATHER e I
H ST ATZT § FAfoT et 2| & @ ff s ot &t
sfa<ter & aryr fRsr & 21 9% (Holding) =Fama & ary ks
# g iee ot amea & A a¥ Stier ST € 59 yewe Ry
# gfater g sH=R # TR #le &Y Tfewar #t @ifa ¢
faa strar & arr € diee Fie = wIfd et #v a F o

Fig 3
THREE - POINT STARTER

STARTING ‘-{ANDLE

SPIRALSPRING
OVER LOAD

} RELAY CONTACTS
|

|
OVERLOAD COIL

DOUBLE POLE
MAIN SWITCH

SHUNT
MOTOR

TO DC CIRCUIT

\
\
\
SOURCE }
\

N ——
| S
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ferepay AT 9¥ g 2|

S efvee ST H qTfeAT SN & AT & w@rfen qfay &7 gtar
& T WieT FHIA: TIAAT STt & ST Toreh 9g= T I A=
Hrem syt R & awafRa & Jmar € Wi Atew @ wfie o
g ST 2

TF T F g FRS tF e Wi & 919 gtar & g
Tiee 7= (Release) 7 &7 | A wiee TRy geredt asr g Srar
& A AfT =R e % Al 9% ST I@ ST € "ie} @t &
Ffa g ATy 2| 39 wfie § g #t Uaa # o OF Fmme
F T % ary frfRer & svafem #3 3 €| e # uF gt afkay
% B U UF T | g FLC Ael SR g I8 Tgwafed
g A BT R o & aw fafa § & e

TF TS FTIA Al & MaxalteT & &fd & T & fordr
EaT € e & araT= ferfa & st O/ L Famaret 1T Seae Fore
ATHAT T T ATH e & AT & 77 N | 971 e Fie
uw fafead fRutRa @@ & o & St @ at O/L Famaet &7 wofae
saeare Rt Fieae Fit Hfid 3 | Rt Fiede F qwd fog
TF FAEA F G TAT F AT F | 3097 2fveer afder
f&rT aama & Frw s fRrfa 7 & s & @ g 2|

T YA & TleT H ITANT I A AF FA1 TH1e & 7l
F wieT FLA & o T F qT 1 gar & | afe §iF fag
wfer #iex wfie # e s g Rafem @ = g et
SEATT | gaeRT &1 i & wifa &re s asar 2|

ST I AT FATSVE Alex &t ofie &t fFuilRa afie & sfvs
FLAT BT € At Biee fAeaely § afaiy, diee #3e #t 9 F3
& fordr g ST 2| Srew diee wore ot Jear @1 g #
TR U A AT e & ary s & € srfey g e wr Fwar
g, fraa e FaEga 2ftee o 9 O%F oo I F¥ar 2|

& a1 aftfer B8 % q91a & a1 AT @ 99 Fe F 99 TF
fasty AT & W & Sar @ 2fvew g ferfa  aree o g
ferfer o= 9g= &mar €| 7® uF sEifed gWE elar & | 3EH g
A % ot i fag wefex oy & wenew fram st € i
T FAF TRIT Fiee TRIT & @A TET JE@T 8| 37 TR
F wferat 9 fag =wiex #F=d 2|

= farg wieX (Four - point starter): Iy T § &t #ieY
&1 futRa wfre & siftrs #2 wfiet a% semT giar & us 9 i
Qg qedt wieT HieX F AT S {har et & | 7 (efimer) fasg
wie¥ Fig.4 % sgar & fag wefex & @l g ears &
T I I Hiee & Aty AR & gwafe 7 fBer star @
3 UF gfag & A emyfd & Bt o fAfike § ster s 2
Tg IfATe Tk FE | Fe &t qifSd 79 aF dIHd FC adT
2 | T TS Ueh e TR Tt 3 T IR FreedT e Tl
T HTH FAT & | AT AT Aeedr T U aTfsd T & F7 & AT
&, At T FATI T FEIHT ATHIV FH & AT & % aq By
wfex efvea &t a< farfa & = ot 21

Fig 4
FOUR-POINT STARTER

HOLDING COIL

SOFT IRON ﬂ‘(EEPER

STARTING HANDLE

SPIRAL}SPRING

PROTECTIVE
RESISTOR

SHUNT
/ MOTOR

DOUBLE POLE
MAIN SWITCH

L+f

L—
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u® DC wtex # et v e =R w3 &1 @ww (Relation between torque, flux and

armature current in a DC motor)

SEEW 3 UG F A § o fwAfertad w6 # A en

o ATV FART HIY AHAX FLE & S T H L FIA A

o ffew wadt, wite g, FuiRa atear, st siv e 7w @ wfie & aafRe g\ ® gq w9 F7 |
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