(Xd1g~) (1SO9001:2015) (ISO/IEC 27001:2013)

Sffygifzat 3irfor d313= uefa®T

fRrafor giereT

(Learning Material)

faega 3wt AR, etz snfor faawor

Electrical Power Generation, Transmission
and Distribution

(GTD)

(313333)

fagga sifigifAet e




fRraror gieenT

(Learning Material)

fagga 3wt AfHdt , eafi=r snfor faaror

Electrical Power Generation, Transmission and
Distribution

(GTD)

(313333)

fagga sifiifaet e

TG - Gl (G T A
it 3 e fr w3 Tefoa)

(¥d1g=) (1SO 9001:2015) (ISO/IEC 27001:2013)



UURT f[AURTIEE, f[aggd faur sfE™iFet

IRAT, faggd f[AURT STHTiFD!

A HRA IRBT

-

IO ARar veH
IRATdT, faggd faunT ez

sft. ey et

RATT, fTaggd faunT vt

/




(ETET) (1SO: RooR:302%) (ISO/IES: R900R-30%3)
YITIeh A T SHIRG, 9T He1eT, ¥R, BRaTEl, gt (), Has - ¥oo o4,

TIAAT.: 0RR-EIU Y20 /382
Email : director@msbte.com Web : www.msbte.org.in

IESIEED

HERTS AT USTeehT TRIERIST GISIeTONe Gt Seie FamT soaEel qerrs
T AT HEe To-as ST [qemeai=ar GaiioT [ iar deides! Taeisiel 78, do=T,
I, FAS AT AR Il Fead a7 JUN-a7 SEeArel ST itk fTeroTren
AITSdleT ehe AYA TRTRT TRIGRICT TSR, TRIeT Yl o SeifoTs A eivy e
SEe1 0T HENTS W53 TAVIEIV] Heed ST0E 31E. foramel &7 foreror efmean shawa =1 31y =it
e 9 TR FoRAvIeUl BTdTedTd YRA S9T “FH FeTaml S-vaTe e Yol Sect are
T fervaTd .

IR ST U] GHTIA IeIvTeh QRGamee S 3% 9l [KgT I 3G ArHion
TTTTeeT formeaie St AISHiel S o YaTs HIeTeaTSae! €1 S Rad! Yehui- SuTed. shees sl
AT TS SHITTCATTHIET AMHIOT AFT o darememonygT stad T8 79, &l et
TR XS4 ARG HESBM I a9 0%%-33 UNH  WoH IN USTIehT STITshATh Rl i
TTerT TRISL-ENT fEuive AreHa T fomneAiar Uty e o1 AR, 9 3 S
FHIVTATR! TR PTERiPl TESIE hell S 9 & TR YT [auaiasien et qri

T TTEI0T GROT 030 AL RV ANHE T R0 e Hievaiq Al 2.
T SIS TG-S I HreameET v G 9 qag auih AR Sy e SUArd
STTCTT 378, TS AThRAT STeifuTeh IRT forell & STeaTashi- SUctey she SUaTd I 378,

RIS ST 3THET STeATIahichall €1 S1eifuTeh T TR HIvaTd STTeil ST A1
TRTST TSI, TSI TN qiteh STeSTeeran ST 70T T TEdeh TelTd Hs a1 Wit et
SFRUGTA STCTEA! 3T, | T GAITIvT TehTo] WHdTHTR 0T STeiell 3Taea™ &1 Sieifurs
TR 3T WS SeTell TR, S Tormedi=T it T9eror Qas =ot 1 Yhe giged. aeld
FEEIRE TSI AN WA forn=air fovare geret 3o &iee J S JISdiel it
YRFAAT AR foemeatar 3ai SaTdiet Ik G 8iEe. e FeRTg 59 Al

(o o N 0 0 o

HATIA AT T el FHdld SR IRIe o ST I FHERIT Feaad gia9R antea
T T fevaT 37T |
SRR 3TeATI F HIV] AH e TS § BIHIT U ST 1T el SR8 .

NN
ERlEED
H. 1. & 918701 Heos, Hos.




SIFATOTHT

(INDEX)
31.5P. gfed a9 qr= b.

1 | y¥d UTaR Wiie 31T 8Tt UlaR Wiie
(Thermal Power Plant and Hydro Power Plant) 01

2 | gfar SR 3101 SahpAaes urar RieH =
(Economics of Power Generation and Interconnected 22
Power System)

3 | TR o184 SIrH—ed, URTHIeH 31T Rp -
(Transmission Line Components, Parameters and 37
Performance)

4
TRET 81 Flee ol S-AMMRM (HVAC 3TfoT HVDC) -
(Extra High Voltage Transmission (HVAC and HVDC)

5 | feResge arga SwredA—<w , urHier 3for

85

(Distribution Line Components, Parameters and
Performance)




Electrical Power Generation, Transmission ﬁ@gﬁ ot fafed, TR for faaRoT
and Distribution (GTD) 313333 3233%3

gfie 1
YIS UlaR Wi ATO1 gs! UlaR Wi

(Thermal Power Plant and Hydro Power Plant)

fawg fAreo=h (Course Outcomes(COs):
T OTeR Wic AT §TaS! UlaR Wiied SDHSS halel BIaGS AT

(Maintain the optimised working of the thermal power plant and hydro power plant)

faug fAwRl RieR GJ,B'UTIﬁ frarft affr fAroush (Theory Learning Outcomes (TLOs)

aligned to Course Outcomes(COs):

1.1 Ry diaR wican dad dHaedl sdid MPpdNg [dedd Joil MiHdl Uihadea deiided quiF
PRI
(Describe the layout of the electric power generating process with a labelled block diagram
of the specified power plant.)
1.2 Ty Ui Wican fiae TeR= WE qeradidl o1 i
(State the functions of a given type of major auxiliaries of specified power plant.)
1.3 Y¥id UieR wie 3NflT grae! UiaR WicHe T .
(Distinguish between Thermal Power Plant and Hydro Power Plant)
1.4 FfEy tiaR wWicwrdt uresen S Ay [Riga vsdi™ aufa &

(Describe the specified safe practices to be followed for a specified power plant)

ui=g (Introduction):

UiqR WX, STl UlaR Wie 0T Pretdes] SRS RxH fhar SR wic 3t daiyd ord, 8t
Zafaes Uiar AHdTST Sienfiies gfar oe. ufak RIH AMHId: Safaedhd sl siedd SR,

1.1 fafay Swit waia arffewon ﬁ@FﬁG’_{UﬂH 3ffor tIRTIﬁ'EF) (Classification of various

energy sources (Renewable and Non-Renewable)
Sl did (Energy sources)
i Tidid qiffepRuT el SIS Rehal:

1. 'TcFﬂWﬂ'q@ﬁ (Renewable Sources)
2. URUR® Iid (Non-Renewable Sources)

Jold a-IpRUNT Wi Fid e THIUMd SUasy 3fed ST d Chrs, 3Hed. & SHoll e
T Tt HRel S, XdhdTd AT gafarumardt qRiéa siea.

Wﬂﬂ Sl WdrEl 38R0l 3Ted: IR (Solar) o, H—Sﬁm (Geothermal) o, gdd(Wind)
Soll, SN, SAfdegd Tl TS (Tidal) Sl

Maharashtra State Board of Technical Education, Mumbai 1



Electrical Power Generation, Transmission ﬁgga ot fafed, TAfRT TfoT faaRoT
and Distribution (GTD) 313333 323333

URURS SHoif gt U "9 Holl 3ATg off Qe el HTgewd. AT YR Soll Jare= sa1 =
JIORE STATd AT AT GgT HRd ATe1d. o e BIeUARITS! dral 98 ANTdTd. TRURS SreidT g
ICTERU! U Hicd, adt 30T "4 arg,

Renewable Energy Non-renewable Energy

Sotar a
b Energy “;, Fossil Fuel Ol - ‘
* / < { °

Coal
Hydropower “, v Biomass ;
Energy Energy -
. | Encrgy E nergy -
-

‘ ) = 3
\ - < v
Ry s v 3
- -
. 4 J o - a &
| Gas

- — Nuclear
— Natural Gas

Wind
Geothermal Energy

Energy
TPt 1.1 Taeeoig SHul, IRURS et
1.2 drse fAgs, demse anfur fefuwa yHa ular wWie @ ®R. (Site selection, Layout and
working of a typical Thermal Power Plant)
YIfd YR wiie- (& UTaR Wie) (Thermal power plant or Steam power plant)

DHIBUTAT (Coal) STATAT IWT Hord (heat energy) ﬁ?ﬂﬂ 3oL (Electrical Energy) ®UIR
(converts) PRUMR SRS TR W IH UIdR T KU 3esdd Sl

ol S qiaRor iehan (Energy Conversion Process)

Thermal Energy is
converted into

is converted
into thermal mechanical
energy by energy in turbine

combustion in
boiler

Chemical Energy

Mechanical
Energy is
converted into
Electrical energy
in generator

TPl 1.2. Holt EUIaR0T ufspar
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and Distribution (GTD) 313333 3233%3

1.2.1 W iR WicHrd! Arge fAas Aoy

(Site Selection criteria for Steam Power Plant)
ToheR SRITHaRIT TTe HRUANIIS!, Wi Giar WK RHHT! SN HasdHT areid Jedia faar b grgor:

1. SYATT YXdal (Supply of fuel): WH UfdY W[ D] JIUieas (Coal mines) 3T
gTfgol SOl SYHTET a8 W (transpotation cost) HHI HH! 8I5d. A, BB U
T fEHT 3T Wi SHARET 3d, TR HISRITAT AIedD 1131 GRRI YfAeT JucTs SRcicl
T} FTeson Sael TIfg.

2. UTUgR SUARIAT (Availability of water): He~Rud] HIGT (huge) UHIONG UToTTe
TGSl S, YT Fdd GRS AT (ensure) OIS WIE (plant) AT
HTEIAR fhal HIAATSIAB (near the canal) 3174,

3. dlgq® ﬁﬁ%ﬁ (Transportation facilities): &ﬂg{ﬁﬁl’? W UiaR WA 3dbal g SHor
AR (machinery) I8P SHTARAS 3. UM, RN A6 JlaeT ST 3ol

4. ﬁﬂlﬂ&ﬂﬁmwmostandtypeofland):ﬁqqﬁ@mwwmm%@[
ST ST W 3HTe 30T STIAH S, JaId fawdR e 31Tg. RIar, Sfe SUHRUl s¥ad
gIdid TU SEFTET g8 &FdI( bearing capacity) IER'Qﬂ At

5. @S a'E'I?IIT uldad (Nearness to load centres): @R‘l’&l"{ﬁ Td HH EI?TUCIN'IBO[, Wi dree
HEgH f@lﬁ(located) 371, g foRiva: Agd™ 38 SR D.C. grdal DUTIFﬁ(transmission)
WIbR! 5. dUMY, R T, QRAST YulTcll WihRell @R g1 U¢h a4 HH Hgwdral o+,
HROT T, RO HH FciedT TRV TIg 3 Glecold diel THIRd el SiTs, e,

6. IPEBT AT &q—:lTCI'IﬁH 3[d? (Distance from populated area): E UiaR LA
UiE THTUITd Blcsl SISl SiTd e, 9Tt HT0T §R(steam and fumes) SRIGRT=AT URERTAT
TS (polluted) BT, B MARID 318 B Wic Alde=dl SATURH &g SRR fRud
3T,

1.2.2 AP YHd UiaR Wied A3ATST SATIOT HRf.

(Layout and working of a typical Steam Power Plant.)

W UiaR WM GBTd YB1E (Rankine) TG AR HTH B, HIG A SAA-TAT W TR B
SIIRAY AP (Steam) TIR Bt olTd. R aThdT MISH &R (steam turbine) AL AR (Expansion)
AT AT ST G581 SIaeRAY HRUIRITS! dhro~RAE Hhe~d Pl Siidl. W H caig feei-ex aradd
S caige ifAd 3o faggd SuiHel FuidRd ®Rd. [T Siesar sfir urvft gade JHna Suds
3R STIOT HYGAT THTON fagyd Soil (AT St 38 dY S1=1 YR Uiar W a7 3%,

Maharashtra State Board of Technical Education, Mumbai 3



Electrical Power Generation, Transmission ﬁgﬂﬁ ot fafed, TR for faaRoT
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NYFI® W UTaR W TS Hisvlt et 1.3 Wed gRifa< 33

The schematic arrangement of a modern steam power station is shown in Fig.1.3

Chirminey 5 o
us-bars
H
Induced T b
-::IrauEht Tﬁnr_;:I + B
e
T . + &4 Isolators
Hot air Air F ogo CB
- pre- -+ | Ik\. _.I LR Y
heater e 4 4 4 lsolators
i Forcead
Flue draught fan
| _gases
- Econo- .
miser Transformer m
Flue +
gases Turkrine
o | I 1 ! Exciter
Coal Coal L =0 — p—|
N - per | { Nk
" siorage || handing [-> (ot ———| SEer |t O F=OF—1
plant Ly Vakhe T Altarnator
F
L -
Ash - -‘:'-Fvlr:l Flue gases -
4+ storage [* andling (4 Exhaust
= plant | Stearm

Feed water |
heater
& Condensate

Faod water ¢~ &y extraction
UM P! QU

. e e
- @-"—( Condenser }——

FY
Circulating — il
walEr puUmp T
Coaling
Water : “ fower 4
treatrment
chambwar &

Y A R W SR S——

1.3 yvid Uik WicHed arRedT ST Wieiid WS WeTadit! S HISRaR aravy
TIeR: BTAR g 3HTfUT dier g 3T gl R Rived (R gier, SHIAH™SR 30T TSR
W-81e3) (Functions of the following major auxiliaries used in Thermal Power Plant: Coal fired
boilers: fire tube and water tube and Heat recovery system (Super heater, Economiser and
Air pre-heater)

d A B 3 HRIGHATTS! 3% TR WIHRA. Ao Tag ATYFAH LH UfaR Wl SgaRIT
3Tl 1.3 Aed SR 38, WYl STawIT WIeid cwTd AU T8,
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1. HlesdT HTMOT IR BTATBUN HGRIT (Coal and ash handling arrangement)
2. 1% U0 RO} wiie (Steam generating plant)

3. Eﬁﬂﬁlﬁ:{ (Steam turbine)

4, e (Alternator)

5. TS ruft (Feed water)

6. WW@H (Cooling arrangement)

1. ®radl GI'IﬁTTIEE'I?I'IE'Uﬂ IdHYT (Coal and ash handling arrangement):

TR Wﬁfﬂﬂﬁ, AN BVCCTT%'IT[ wWicHe ﬁ?‘lﬁ_d(transport) BT STl AR YYHIT (surface) Qﬁﬂtﬁ\_ﬂ
qTGauTTARdl d UegRISdl (pulverizing) el STd (WU A8 dobs d Sild), A HIGAT THIUM
3fad gaT 1 aTIRdT SdG SaaH aTa-T fHad. Teeriess Hiodl S hedigR dIgardl gl
WicHe Big T olid ST HaR IR TddUl(ash storage) hedTd fdegdic drauarra! faelt Sird.
HI5] TG YHR SISV SRl HEId G Pig CIh Ul TS 3G

2. 1% fHfor HRUM Wiie (Steam generating plant):

T SR Wicae ath=al SATGARITS! digeR Tl e AT TR SR g IR0
SHIdId.

(i) TTIER: TR g 8¢ HIS 3Td SUTHE HISRIAT STA-TH] ST gTUR e UTogT arbHS
IR ol offd. Wi S[geRd fa¥qauul e g YhRIAe aiidhRur dhd oifd:

(a) qrer gd IR (Water tube boiler)

(b) BTRIR egd S19eR (Fire tube boiler)

dic} Jd SiIgeRA, Ay aroft argd HTfOT Saard TRY a1 a7 FeiaRe+ argdld. gaRidb s, BRR
I JIGeRAY, ST TRH IATe GT0dH deaied] Tadiged STdTd. HIR & S1geRadl Jo-d diex
4 AR 3P G 3HTed 3T, HHI ST SaRId 3HTg, TId U SHAT A8 MHR, T8 SHID
DHTHET SR GaTd, TWhI IV HHt SeaeGR STl Aes dic’ o Sigardl a1k HIGdT &Hd=l
¥ UlaR WIHAL dTed 317G

SIaeR YT SR B U deR 3118 A SWTdT 3911 Jad HRUTMS] S8 SIesa iTd. aTard, o
Sac JUBRU U S-RATST T i1 Yerd UM &xd. Siaer Wgra [t s fasomnd,
e, Fr3fifer sard Mhaes! IR SHfde Srarq. a1 IrRigel 3= audHEd AR, a6
fohrar 1ifde Toret Seauary UfdeR HRUGR &HdT 3.

yg e A sivvar §F yer see:

Maharashtra State Board of Technical Education, Mumbai 5



Electrical Power Generation, Transmission ﬁ@gﬁ ot fafed, TR for faaRoT

and Distribution (GTD) 313333 323333
(a) AT Wha i
(b) BT U HIUTT ITRT TcIeT Ulhad thaest
(c) TTogT=AT

rea haest Rt T8 WicHd Ay 3Miegd oY YE d9HH SIRd 3R XIdhd ATgl. au1fl, Haa
Whac! fid Tiebes SdedT SITard SO Ye e fidie arod HH Sauaridt Tidhe SRIGH gal RTiRd
qTacTedT HTeAT e SRIAId. Sd SR avedT 0T JieredT NN eaiRl shedd 3Med. a1 TedigeT
gIara.

gic Rl Riew (IR dier, IHHAER T geR W-giey)

a) JURBIEX (Superheater); SIATRIY TR BIUMRI ATh Tl 3R SOT < bl URG ICAYH SITd
1Y T dresdd ST IO TRE dal ST (TGOS, dTthd dTaH U0l 3l fagUel SR dTed)
T TgR Foulid Sid. guRiefeT aF T B UaH $Rd. UUH, THUT UhRIU=d area 31Te.
R WU, TEigTedT Rge sl CoTd GU SR Haq Ul (GITHes IS TeTdld) TTede ST, JuRe[exdYd
TR FTeidl! A% T Rl gR Wi caiga fad! Sird.

b) FHIFTHIIZR (Economizer): IHIIHRISR & d: 1S dicR slex 3d T T IS 13T T,
BIg dicyd dudM dleduadl g difal IWTadl Ueh YT Hledl.

¢) T3R WX (Air preheater): T3R Uiglc} Feg dRURH IUN ST Hisdl STBUIRTS
RIA 899 dTHM dTéad. dIdTaRUNdT 8d1 BIie STUE WgR HIea Sild 30T SiaeR YTl
RATATYET TSR YieTexHYT S, TR Wigiex T AT SV dhlad 30T Bl Tl Saa-aTe]
qTUReT SIU=AT 89 dYAH dledd. gdl WifefeT Hruar oy Brig-- areadl yHd ThRie=
3{TFOT STaereaT gEHTT=AT Ufd TR HieR arthet &,

3. WY @algT (Steam Turbine): JORBICAYT HRS! AU IV a1 T BleggR KA
JUAT STl fGedMHR, A He-aeAed SId Sff U Uroaret SfHRUMGR(By circulation) ATtk
YUY (condensed) .

4. 3T (Alternator): TH THEZT ThT eIl Slsdd 3Mg. e caig-TT Jifdd
AR 99 IRAY faaia &a o

5. s UM (Feed Water): Hhe-iRd dhre—ic digeRdl Bis dleR TUM dToRd SiTd. §Tel g
JrART TR Haedl ThId HIg! GTol A SIS, Udhd. SIAaRES SUIR IS die] dieR giey
ATOT SHIATHIIZRGR TR Pl SITd. IS Wicd! THUl T RIT areUar #ad 8id.

Maharashtra State Board of Technical Education, Mumbai 6
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6. WT AWl (Cooling Arrangnment): wiea! Q’fﬁ;ﬁTQ:\‘ﬂ QW@, ?‘faf'{:lﬂiﬁ EIT%T
JSAcd aithd dhe~aRaA] YeIAM IY (condensed) Pl SId. -Id], Sieral fdhdl daTd ARIREAT
fifer RaaT WA uTolt Hled S ST HSuRgR TRTRE el S, fhRomR roft TRgRe s
Il SWTAT U 3101 Td: TRH B, e~aHY STeX USUIR § TRH Urult Fdi=a1 @it Ay feebroft
e Sd. RAST WIAURE YT IUaidl TR WET e, $HicHT elavdr aruR bal S,
TSI TToaTAT HHRGH BB He-aRAY TRY U HicHT Slauded I1d oY o 48 Pl .

o IR Tgd 3O dlex ogd SraeRAatid BRd

(Difference between Fire tube and Water tube boiler)

Sr No. TR ¢gd J19eR (Fire Tube Boiler) e e |:>oi|:f:)Fr (Water tube
BRR A SIOeRAY TRE aig @AY | dicR e SIgeRA e UTuil e 3MTd
1. STATd SATTOT Uruft a1 AStHIadl fthed 3 3101 TRH 91g &<l deX
ST
5 Sl e 301 Bl AUEHIT I AR | I=d 1d 3101 I QUM aih
' Bid TR gld
5 Ufcr g Tt it % HHT 3R T%amm&mrﬁﬁ—cﬁmmm
4. STIeRY 3M3CYE SR TRl STIeRY 3M3TYE SR 318
5. $H1 TR (Efficiency) I TR (Efficiency)
. TG &< YHd UlaR WiedTdt aid | AsYT &fadT YHd iR Wicarat
' Bl g
7 T Fol SR 31T A ol HHT 3 A

Steam Outlet Hot Gas
\ Outiet

Fire Tube | Boil?r
- | —
Hot Gas -
a
e~
Furnace Fire Tube Boiler
J
TP 1.4 BRIR ST TR
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Hot Gasses Out

FURNACE

TPl 1.5 dlex ed T

o 'FIB'RTE'I?ﬁ?[ Yo UTaR wicl 'CITa(List of Thermal Power Plant in Maharashtra)

Sr. No Name Of the Thermal Power Plant Plant Capacity
1 Koradi 1100MW
2 Nashik 910MW
3 Chandrapur 2340MW
4 Parali 1130 MW
5 Bhusawal 920 MW
6 Paras 500 MW
7 Khaparkheda 1340 MW
8 TATA(Trombay) 1400 MW
9 Dahanu (Thane) 500 MW
10 Wardha 135 MW
11 Amravati 2700 MW
12 Jindal (Ratnagiri) 1200 MW

Maharashtra State Board of Technical Education, Mumbai 8
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Yifd UfaR Wicd wrae 3Mfor die (Advantages and Disadvantages of thermal power
plant)

o WI'CI% (Advantages)
1) yHd UleR Wicd STUdHTE IO 31e 3I0aT B! drarael arTal.
Z)ﬁ%ﬁ?@mmﬁ,m%ﬂawmmimﬁ agoiaar HHt
3) ATRAA $4 (F@UNS PHIeswT) GUd WK 3T,
4) TR TR WA ga-d HH RIS T,

5) PISYTAT f&Iar= Uat 7 Hal o HIUTe! [HTult R Ha SIS Wdhd. HidaT Ied fdba
T Wi fewoft 3 9, Wesdl.

6) SIAtdgdd bl Ja-d JrTS! BT S ARTG.
7) T @< fegd Ular W= ga-d BT 31T
o dare (Disadvantages)

1) TGAT THIUITG &R 30T ¢op FHATT 81 ardrervr Ugivd gidl.
2) Safdedd U edTed ga-d o d1e @did 7N 3R,

1.4 SXMAS TSI UlaR Wied! Arge fas, dsm3e T s14

(Site selection, Layout and working of a typical Hydro power plant)

1.4.1 TUGI-SAfded Uiy LIS Age a8 AP (Site selection Criteria for Hydro-
electric power station)
TASI-Zalfdgd UlaR WCRHYTS] rge fAagdHT Wiaiid e, [ddRTd ddd drfgsid.
() UTOAT USRI (Availability of water): SIISI-Saifdcd UlaR W TS TR Higd
TRTOTT TTUT= ST € 3rea, 3r2ht o 1= foamft sttt mfes (3ar. e, #1ad) S
R ol Iuds 3R,

(i)  YTUYTT HTST (Storage of water): TEHRTT adt fhar CANEIGG] EﬂUﬂ:Cﬂ qTUﬂ'ERTJl_dTﬂH Hicdr
THIUNG dhIad 3. A ayHR dioi-iHdt et arrdt eRor aie arof Weaut Saxad® gid.
AT e UToaTdl TaTg THH B0 Hed gid Suid- guedl 3RIfad Hraradid Hiode!
SR ot T TR Bt UaTgre S1eTd SUas de- odl dad. Araee 3T ey fFadt
DI Safdgdd Uil Magded SRaR 4R SHRUIMTS! 0T groft Arequaramdt gram
AT sy e feea Tifgold.

Giiy T 3o ST R (Cost and type of land): Wi SIUGTHNITS! STHIH dTSTdl G1d
SIRIGTN

(iv) aTgqe GIAYT (Transportation facilities): FASI-3allacd WicHTa! fAagaa ST Yed 0T
T A=A STdT SUde MTaRgd IUHU! S0 T Teol dTgdd HRdl dgd. O}
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TG HAT UCHIAT & T BId B =T WICHTS! G AR TS SRIS U e oias
318 f7d) eRu1 AIARas U ied i1, Rdbd SHTIOT TS SR fHes Jrevara.

1.4.2 fefUed st Ular Wicd d3nm3e 3for s

(Layout and working of a typical Hydro power plant)

TPl 1.6 TASI-SATFED UTaR WL TG HaRIT

faqgd ot AT uroarer YU Sordl & UMA@iar aTdR HRUIR SRfCT WRH gasl-
gaifded UlaR WM U 3fiesEd Sild.

BASI-3aifdgd UlaR W IYRUYU SITRTe HRTIA Sdrd fo72) eR0N TRIRGRYT! dierdr Adra Hfor
UIUR WS WS Mesad Adid. sg)-3aided UlaR RIHE, el fbal derd Sieig 4R Sy aiex
8S TUR Pl S, eRUTG UTogTeaT caig—- UTufl Ad ST, diex calg- USunm=l UIudTdid 3ol bR
HRd 30T calZ WAMUeH gRISIad 3ol (U g8 AT UuareT YdTeTd SdieH) JifAd Jorded
Sqad. THIE 3feeex araad ﬁmsﬁ%ﬁmsﬁqﬂi TR HRd. TRIS!-Salfded UlaR ¥

J IR §Id 3Med HRUI ST 1S (U dhiadT AT da) feadifeay & gid sied. A=,
RISt aTaTan AreT Sfor fvarerd! aroft a1 Mstr & sififvad 5w Sffe.

1. TSIAID o™
2. dfex cafsd

3. Salfagedd IUHRI

1. E'I'q@ﬁﬁ? Eﬁil'\‘f (Hydralic Structures): E’RZI@-E@% JiaR TR 6’[&@% E\Hﬂ?ﬁ:{‘éﬁ
0], @aﬁ, %W ?I\_rfélﬁ URE b STIOT ﬁa@ﬂﬂ (accessory) dI U Eﬁ?ﬁ

(i) YRUT (Dam): €RUI BT U ISYSDT (barrier) g S UTUT Fradal 0T UT0UT 88 TUR Bl eRU0
Pichic fohdl TS FTYHTH, ATl fhdl Weh He JiYdidl AT, 3¢ W=Td eiTe! §iY Siee §1,
T, ol W=arTeT gedt eRur atd 9w 3Ry Wdhd. YRUMR YR UraT! Ui, R dfied
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3TIOT IUA ATED, YhU TN AR elch TR GWId AT L. TgaD [SPHIUN, THTUET STRA
TR eRUT A1 3R ehTd 30T Faid [hHaaeiR R s ST,

(i) fouUad (Spillway): FTEI BT AT TATE STARKTAT TSV &HIUET SIRA 3!, TOTce
&3 (catchment area) Sfaguiean et st uRfRy fFmfor 814, Sreaur Sammanda sifafved amoft
SRUTA WA o Adld ASwMdl, Yddar aR &al oidl. SR ol SIoel
Dlbicd(piers) i RUTd Sied Sd. AT AL AT fadl ST 31701 § aRarsl JugH HcRad o
eRUTAT FRRERTR e S,

(iii) %SEIT:R‘\: (Headworks): %tc:a'aﬂmﬁ Qﬁ@ﬂ:ﬂ(at the head of intake) SILIOE;UH IR 3T
AT T Tl Sfort aaquarTe! g 31foT ¥, ST Sfaorire! Wgy 3fir cafgqe
qToaTT FaTg X faded JRBI SRTaT Ui g8 BRI 813 14 3101 Uidhed! FHfur g1 =3 4
JERRATS!, HTe0T B AT A 3Mgra- [dhal faR e 0l sawaed 3Te.

(iv) TSl €P (Surge Tank): TI(STHS UTUN TS STUMAT FUSAT o511 TRETTHT AT TG,
qUy, ST UAeid (penstock) dTUR Pl SIdl, degl AT G HUlGd HRUATIIS! TR
ISP 38, T HRUMKG, TP (penstock) AgH! sl chUg UM hal SIdId. i e 81 Th
AEM SR fhdl el 3g SH Y UTodTel UTda) died fdhdl TRiRd SUTe Ueihde ard HHt
BIdl. O&T cazd RR YRM 91 344, d&T UReihHe UTugT JaTgld HIvg! aié 8id -Tal,
UM, THIS-TT TR Ul HRUATITST U-Re i H e dTguMR UTolt QRY 3d. qIfl, SiegT caigasid
YR HH! BT, d@T TG-1R casTd GRalsl 8¢ HRAld, ST Talg-aT UUiYRaaT HHT gidl. Fesredr
W] SIbTdl Sad SR aTo ol erbihe URd SIId 3IfYT UIugTe Ude! diedd. e
U Re(pAY SRR GIETaR ATd dd ST TR YR dledHT SR U H1H Hd.

C===53

Frorm

Air walve
haeadworks ———

Autamatij -
Buttertihy valwe )

To
Fenstock

C‘vl'lqv_cﬁ 1.7 99l & (Surge Tank)

(v) WIS (Forebay): 3 JHTONA UToft ArEauardl BIRE g UT0dTa U HIG UIC 3118, dledRd
qTuft AIEGT SO SIARMAT WA= HRU § BRed B TR,
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(vi) UIREI® (Penstock): UE(% § IUS {dhal dg A 3HdId o caig- 9L urolt arg= =ard. d
HTHRI: HbIC (concrete) Tl Tiard Ide ST,

2 diex ﬁ'f?ﬁl UPR (Types of Water Turbine):

Eai%"la UL YDPR 3 %FI:
l. Wﬁf’sﬁ (Impulse turbine)
Il. mﬁﬁq (Reaction turbine)

(i) SUTH TSE. (Impulse turbine)

3T THSdT AR 39 58 W31 el Sl meafsﬂmﬁ ummqtgﬂfmﬁwsﬁn?ﬁaﬁmﬁ
Ftﬂ?rh‘cra?ﬁ AT STl a¥(velocity of jet) AT ATl YHRAT CdZd IR BT qudosm
(3HTepell 1.8) Tl Tl Wm(elhpncal) STEE (buckets) I h 3. IpIad
e cdia ARUMIT UTogT=A] Siew! Yot edig aradd. caig-Tar IS UI=dT UTugr=al sied UHT0T FieTadn
awmﬁg(needle)wm(by spear)ﬁﬁﬁﬁﬁﬁﬁ.ﬁgﬂmﬂmﬁﬁﬂm
UTUTT GHIOT BT Bld. caisdaild  HR diecry 3ae fhar gla.

T s 0 - Pelion
Ciparating .;:(7" ‘k{wheel

head ! W

Mazzla < Maximum tail
:Z*r‘watcr lewvel

3TPHdl 1.8 Ueeq FId (Pelton Wheel)
(i) ufafear Eil'fgq (Reaction turbine):
fR3faRrT cafgTar aTR S AT FETaw 38 W1a! ora Sl RefaRe eafgde, urft yrqugHed 3izrd:
ufafehar caig< Aew UBR 3MTad:

(37) TATIRI €alZ (Francis turbine) (3Tt 1.9)
(@) HWH Tag (Kaplan Turbine) (3Td1.10)

(3M) mﬁﬁ? (Francis Turbine):
IR TalgTar IR S o TSan 8 TIdl ol Sdl. I ez avunar fRR Arfesie
(stationary guide blades) ISl aTgl T 3107 YTAUE TR HRUMAT fhe seredl Sieitet R 3.
ANieRi® &€ calgTHe UTugTal YaTe afd $HRdid IFAREYT SIamT aron Ssauot (radially) ST
qred 3for Wrer= fGriA dgdd.
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YTquCeT “fohRe sis” e UTult ST SRIHT, UTugTen STe 10T A Slel B BidTd. e cafgd
ITAAUIRY wfaferar gra FHafor g,

| From penstock

Stationary

vancs Inlct

Stationary  Adjustable Runner Scroll
vancs guide vanes (volute)

|

Draft tube

Tail race

GI'ITP_cﬂ 1.9 BT E'El'fg"'-[ (Francis Turbine)

q) WHE’EI'TST-[ (Kaplan Turbine):
M STl dR HH g U1 HAdT YHIUNd UT0aTIT3! Ball Siial. B caig-al UTdunRT

3fefaumi(axially) TToft Sdt ARG o WHIRN CagTuREd 318, dRa! SToedl WgaeT TeTHe arof
SaUUl(radially) STAH AT8d, UTaUCH fGRTT SHefid UaTgThS dGad. AMes calsH ATAfduIRt idfohar
T fAmtor g

Spiral casing
\ Shaft —»

Ot

Runner »—~£ / , )| Guide vane
8
\ >

Hub or Boss \ __,,.’—'/

\
Draft tube /’"\

N
TPt 1.10 HH eqigA

(Kaplan Turbine)
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3 faggd SUSUI (Electrical Equipment):
1.5 gEgl UlaR Wicd wiiexor: qaamey Rex e wie, T 8 Ree Ul wie
\Ig i ﬁ ﬁm \J 0 ﬁ .q-q_ ﬁ:‘ \J . .
(Classification of hydro power plant: Run off river Power Plant without Pondage, Run off
river Power Plant with Pondage, Reservoir Power Plant and Pumped Storage Power Plant)

SAfagygd SaTd WIATAYHTO BT Hdl A1S, Db
A. TS mawﬁw (According to availability of head)

1. 3@ 88 (High Head)
2. FrEo¥ 88 (Medium Head)
3. ®HI 88 (Low Head)

B. HRTHT TOX™UTJHR (According to nature of load)
1. 99 IS Wic (Base Load Plant)

2. i |Is Wic (Peak Load Plant)

C. SUdsY qrogrHT YHIVITTAR (According to Quantity of water available)
1. I Aaldid Wie (Run off river plant with pondage)

2. AATGTRIE I Wic (Run off river plant without pondage)
3. R21af3R UPR @iT (Reservoir type plants)
4. UY TR WiE (Pumped Storage Plants)

A. Head SUASIAIHNR (According to availability of head):
B8 WU HI?
B8 U grrg! RIETETe] urofl d1& Y d 3101 d Hid red draeid Sl hid,
88 Hiexas AieTd Sifd.
1. IS (High Head):
1 UHRIT 88 500m o 2000m T fIaRTd Ydel S, STvard 3iieiel &RUN ATHI: SR SR
T A0 UTdes NITa T 3R, Il cahHed SR UToft raaa Sl of aig-a Rasars Ui
ArS T HISBTd HARID 3.
JalgrUl: UceH osnlm Cdlrs-l (Pelton wheel turbine)

2. ﬁ@ﬂ'ﬂ'ﬁ%@' (Medium Head):
frSlam 85 30m d 500m T faaRTa Baa SiTd 3nfor ot eafs—ar firstaw vamoma urvard srazadsarn
3. 1 Uik WicHed TR UT0T AoquariTe! Uh B TaR Hal Offdl. d kel ¢ T8 of
U TRelpgR cafsTHe SR T Ut 70 .
mzmﬁﬁq(ﬁancis turbine)
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Ty
4 ~ |

2 \ Head
NN\ "

|

J

N !
: Z“\ T3l Race

3Pl 1.11 FISHIH head (Medium Head)

3. ao‘nﬂ%:q (Low Head):
HH! S 30m TAd aTIRA SITd {01 7 Taig-Tar HISAT YHTUNG UTuft mTd.

JCTERUT: DHAT 30T UTUeR.
" Resaneoin C ) - -
T, =
1'; | Panstock
2 v
"

B Powear Stalion
T, With Pumps

And Turbiras

3Tl 1.12 HHI head (Low Head)
B. HRTAT TWFXUTJAR (According to nature of load)

1. 99 @IS Wic (Base Load Plant):

R o9 ded Geidl HRUM= Wiedl o9 al Wie 3 Wurdrd. fre @ siead

AT AT Yo T Tdld a1 QAT HRU] Ha=Geh 3.
2. Ui &S Wi (Peak Load Plant):

C. U qroygTdT YHIVITJHR (According to Quantity of water available)
1. dATaTag eIdid Wie (Run of river plant with pondage):

e dIe TadTd! I 311t R Wie BTl aaTaTig SH1aa Siig; bl TR TR g 3. Uresl
U ITHRIG: Wicsideid SRUMAT HI UTugTe 9IaT B,

2. AAEIRIE A¢IdId Wi (Run of river plant without pondage):

Maharashtra State Board of Technical Education, Mumbai
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JATATRIG aidid Wi UToaTT Q16T $HRd ATe! S0 o™ dd o aroft aToRd. ToaTeaT Jargla]
HIVAR! FE=0T T IS SR R bl St YRT=AT I8t Uroar 31aeqg giar 31for S eaa
YATeTeAT 931 a1 Wic df SUGeRIdl $aR YR Wiie e qud HHT 3.

3. WM YPR Wic (Reservoir type plants):

foraT fie yaTgTUen 3iftid 26 UaTeTe GRAST HRUTTITS! YRR HIsdT BRI I 3Rad §
wWic 3MTe. & Wic o9 die did Ui ol UM dTuR ol 913> dball,

4. UY ¥R Wie (Pumped Storage Plants):

\ Head water pond 7 /

Penstock,/ ™ Soverner
Supponer

Pt
..........

snw-ﬁ 1.13 Y RS Wie (Pumped Storage Plants)
U0 RSl gASIUIaR Wic 81 U UhRHT Sadgdd Sl Wedul 3118, § aaied] Seiar SRicied] g
STeTGd T (reservior) BIBTRR T8, S CaigAHYT ST Toft ThT e guaIdhs (fSwamel) STTamT
3ol Ao 5 T, TuITetan Jofet STd ATaIehdl 3RId HRUT < Gl STaRErd uroft tRd ug
Hd

UU Rl iR Wiic ° BTag:
1. o UTolt 6T aToRe UTugrl §<id gid
2. TTUTt IUAHT HH G Jd! HRUT UTUR SR ST U9 b Sitel(3tfiRad) die Suasy
3. ddieSdld Ydd dad §RS, Webd; AT Uich TIe SR A QRAST B0 IUG T8 Dleadt
4. g UIR Wicd A8 haex dledd
5. g Wiicd IAId &l HH HRUIN Had HRd HRUN A Udh IS e SHRad [ad! Ta $Hd.
1.6  yid uiaR wie 3nfor gras! uiaR wicndia gamn
(Comparison between Thermal Power Plant and Hydro Power Plant)
Sr. No | Parameters Rt YI® iaR Wic FN@UVW?W

1 Site SR DI A0 U qeodb | Wie 31311 {SH1uit
TATOd (FHS) SUGS 3Td fS7Y eRoT
3ol faaoft si=it qiYA 7S TORM
URT
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and Distribution (GTD) 313333 323333
Sr. No | Parameters TR YHS UlaR Wic TSI UlaR Wi
2 | Initial Cost URMYH @d | Bl RO 39
3 Running Cost AT dRe 3{fereh U B4t
4 | Cleanlinessand | T@adr 30T | HUIT HH WS Fald e 3707 arel
Simplicity e
5 | Overall Efficiency | ToURI Tald S HRIEH (25%) | D HRIEH (C4%)
6 | Starting JEBA MG | J& IO R[E B | FTUT Y= ]
STl BEIC)
7 | Space required | ST 3Ma=T® | QRN SRT TORAMS A1 &
3T 3T
8 | Maintenance TOUE Td | $IO AT HHART | 3FTa Bl
Cost 3fTa=gD 3Te WU YU
3=
9 Transmission TIITORM S0 | 3Te! Hl TSl I
and Distribution | facRur &
cost
10 | Standby loss TSI THIM | HUG WSE THIH ATl

1.7 HERIPTdte fafaer yer=ar dicur snfor Arashl-gragl iR Wicd! R,
(Locations of different types of Large and Micro-Hydro Power Plants in Maharashtra)
List of Large Hydro Power Plant:

Sr. No Location E3IE] Capacity
1 Koyanna DI 1960MW
2 Ghatghar Dam Yrcyx ¢R0] 250MW
3 Bhira TATA fiRT erer 150MW
4 Mulsi Dam o5t LRI 150MW
5 Bhira Tail Race fIRT Co X9 80MW
6 Bhivapuri TATA farg_t erer 72MW
7 Khopoli (TATA) Q! (ere) 72MW
8 Tillari faert 60MW
9 Pench project ﬁ‘%rwgq 50MW
10 Bandara TYRT 34MW
11 Dudhgaon e 24MW
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fagga swif ARk, erafirm snfor faaror

and Distribution (GTD) 313333 3%]3IN
Sr. No Location E3IG] Capacity
12 Chadholi EGE]l 16MW
13 Jayakwadi EIRCTIR)] 12MW
14 Ujjaini ISR 12MW
15 Veer R IMW
16 Bhatghar HICWR 16MW
fore o W-BTEI@ Tl &ic (List of Micro-Hydro Power Plant)

Sr No Location Name In Maharashtra 'FIB'RTEIH@TH'I%[:IW
1 Terwanmedhe RECIED]
2 Ganagamshet Project (Kolhapur) TR Uh U (cr;lc’gslt;[\{)
3 Karwa Project Nasik PHRAT YH AU ATRIH
4 Shenur Project Amravati ﬁ:ﬂ Uhay SERTIT
5 Dham Project (Wardha) YTH Udh el (afn‘)
6 Mukne Project Nasik qHUl Uh QU A1
7 Khaner Project Satara TR PCAVISENIGIN
8 Hetwane Project Raigad WWW
9 Kadwi Project Kolhapur $Edl Uh QU DGR
10 Wan Projct Akola CIERCIE 3PS
11 Sasari Project Kolhapur ESIR3Ril Uh U Ob\IQSILi\(
12 Kumbhoi Project Kolhapur FUIZ THGT HIGETR
13 Patgaon Project UIcid Uy
14 Dom S|
15 Vaitarana D.T RO S
16 Radhanagari YR
17 Manikodh HOIDIY
18 Dimbhe &y
19 Surya ﬁ?:f

> BTCI@ UlaR Wica LTy (Advantages of Hydroelectric Power Plant)
1. fagga Sotan FHffdre! aroarar aTR He Sid SR Tl SY-THT TR TG,
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2. 4R a1 IR TR Bl oS d SATE! AR 30T Wws 3Te.

3. ST JU HHT AT Ao ARTATd HIRUT G707 BT Soral Aid 38 Sl Athd ITds 318,

4. T SIYDHTE o AU 3MTg SO HH TGUT ARSI

5. W UiaR WIFYHU I §R1d 98 Y= HRUAMT Sa=adhdl Alel. TR @), 3R Wicy aRd
Jdd 3dedT TS, ehdld.

6. O SIS 3MTQ ST TS SIS SR 3T,

7. 3T WICH 3% 3”1 YUl dxara. fagga Ieren HifdiaafaRed, @ R sftr @ FHa=oma
GEd Had .

8. SR 3T WICH FUBHA a3 fAd PRI HekiId A& MAAD 3, Aol IR,
Dol AUl Tkl § BTH T YR H= ehdld.

> ETCI@ UiaR Wied die (Disadvantages of Hydroelectric power plant)

1. RO STYHHYS HIT Higad Td Idl.

AT YRR Srdcie Afgearges HIddT YHTUITd Grogreal Sudsidarad AfEddr 3iTs.
ISt TFAMRA Ae-gdl S fhHd SHIaRad 3lg HRU g1 Wic SFRIS HEd g o
AEHTURT U TR 3G,

1.7 Yvd UTaR @icy 31O gTag! Ulavea Wiy QRig Uzl (WIS T gea)

(Safe Practices of Thermal Power Plants and Hydro Power Plants (Large and Micro)
1.7.1 Y uiaR WA ieT<AT RI&d USdl: (Safe Practices of Thermal Power Plants)

1. ol fdegare
2. o5 TMies] H0l fdhal IRg MRAfUCR

1) I faegare: a4t gdia Us R faegare argel 9rs, Idhd:
1. TIPS SHM Y= fdceardITat XGld ddait oiig, e
2. SYHHHE WA HNT HITITHIS! T JTOR He Kbl

3. I ddd §da ST, RHbdTd T d Yuigul HRUGTITST AT Taaided G Tl ol
. ST 31 daTd Guigo! 4R STTaTd degl o AT Sdha ST, dbdrd ST T
SISIRITUT &l S35 e,

> W

2) Yo MiesT HRul fovar vra ffdfueer:
TR, AR ATATaRUNd 88 HR0ATgd] SadeReicd Hificex fdhdl % Hadeal HadH b od
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ISl GRAST 25 kV-100 KV T el ST, ATHo> e e BIes duR 81, a1 4 Sade g aHYH
Tl AT, STl SHTIOT T A3t Uel i SIIehR 0T Bl ATHeS YHRIHD Y5 HUI THRIAD Wichs
THIT AT SAIOT IdC. 3R UHR, Faac sl YFHTTAR Y HUT T3] dhal SITdTd ST T
T STRITRIaT Ueg g feruitet fa=m SdTd. SRR U arg Taes gIdTd SIf0T arg Ugwur it
BTG, I BRI MR deide! We bl Sdrd.

1.7.2 BTCI@ giaR icHAr ﬁ?ﬁlﬁ UGl (Safe Practices of Hydro Power Plants)

1.

© o N o

ST fEHTof fhar ufhdean dieiges UHIfad S1oaT JedT Srced SR dafadd
fdrar Ifed TR ST dafadd TR IUHRU! (PPE) / WREUTED JUHRUI,

DIUATE! BRI SRRTE fRUcid fhdT SRR STRRUMTE HH H= 43 D]

TAH dB! 0T d BTHIAT TEHTOM GRRIT S1f0T ad Ta&uIETa! YRR S Tded Fygad
&l ST,

TREHUT fed I,
T4 BT GR& U0 foa Ssa Ursdn Sfor sryarag JqRef ifer Fgad o.
RE TRy, ivared T4, fa=IT T SAIFOT HTSO! Siford delt ST,

3T SO TP HTHAT HRUMNTS] AU Pl HRIEST IR ST

IS FCFATIRIA UlaR Wiicd IAREUN del Ulfge! TS A1Y UhRd AT 1T 3R aIiRTd.
. Hltop 3101 Heare 3ol sRdrey, ddrault fumg, JRem akex drardd

10. TIFHYT 96X USUONG! fhHM qF Wda ARl 3dd. U AN giH edr, gafdt

STIP TN YedbT AN g JueTsy 3RTAT. 3MUhTe ehaTd! [T UbTR AT 3TR.

11. RTH1 SIS Sdidegd Udbed MUY ¢ gIuaTdt aiqs STl
.Y (Exsercise) :

1,
2
3.
4. YHd IR Wicd Bre ST die g ardl H.
5.
6.

7.

YT OTeR Wicd WhIHICH gl DIl 0T TF He.

. IS Salfae® UldR Wiicd! AieHIag TP dlal ST Ty 6.

U0 RS iR WiedT JoHIag 3l blel 0T TaRufer &,

eSd YRR gISISAIaC® UIaR Wicd UHR WP 1.
BRR & SR 3107 dfer &d digeRal gl .
SAfdggd TehedTHed UTesdiedT YRI& U forgt.

Fure: UTo Y (Reference Books)
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1. Principles of Power System V.K. Mehta and Rohit Mehta S Chand Publication & Co.
New Delhi 2005, ISBN:9788121924962

2. A Course in Electrical Power J.B. Gupta. S. K Kataria and sons, New Delhi. 2014,
ISBN: 9789350143742

3. Generation of Electrical Energy, 7th Edition Gupta B.R. S. Chand Publishing, 2017
ISBN: 9789352533817

'FIT%?ﬁ TP aD (Information Websites):

1. Fire tube and Water tube boiler-Electrical4u
2. https://en.wikipedia.org/wiki/Thermal_power_station

3. https://en.wikipedia.org/wiki/Hydroelectricity
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gfie 2
UTaR SRR 30T Sevhae s Ular RiceH e

(Economics of Power Generation and Interconnected Power System)

fawg fAreo=h (Course Outcomes COs):
DR SRR SYUTRT Hfd UlaR SRR carTerall FasT

Select the relevant power generation technology based on economic operation

fowa Aol SRR \_{I,E'UTI'& frerdt affr fArou=ht (Theory Learning Outcomes (TLOs)

aligned to Course Outcomes(COs) :

2.1 RO oI %d, 318 SRAM Hd, 3CUCS D18 SPRIM Hd I 37 dral.
(Interpret the given Load curve, Load duration curve, Integration duration curve.)
2.2 feHis thaer, Wic HURICI Whaex, Wic g9 WaeR I f[qoadr gaardr 3 aa.
(Interpret the given values of the demand factor, plant capacity factor, plant use factor.)
2.3 SRARIE HhaeR, BIS hdex 3T Wi 318 haexdl f[qoadr gaardr 3 B,
(Interpret the given values of the diversity factor, load factor and plant load factor.)

2.4 feooa e Red wiged! HRU 3o aRomy Fi

(State the causes and impact of the given grid system fault)

1il'ﬁ?l'fl(Introduction):
Tdifdee UiaR Riedd &1 $eiR AIgy UiaR WXIEAl Sieul 3. SruftRE o feResgze
WIGR IS TG,

2.1 99 @IS 3Mfor dies dis wWicy: dis d, dIs SR $d, sfecs dls SR Fd. Hafdd
(Base load and Peak load Plants: Load curve, Load duration curve, Integrated Load duration
curve. Related terms: connected load, firm power, cold reserve, hot reserve, spinning reserve)

2.1.1 99 &1 3101 fi$ IS WicH Base load and Peak Load Plants)

% o9 AS Wicd (Base Load Plant) :
o O BIS UIdR Wic g Th UldR WM 318 o AIYRUYT HTat fAET Ulak S RIM ATaxIh s

JYHR Jdd UlaR WIS B

e STIRTST BIS TN Ao YUl [Gaq Iwad! df o IIg WU HBSTST Sl
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Paak oo
S0
T A0
£ s 5
= L I :““:1.
= 20 g j,? _,p-"’? f’_,,-’_ :
5 1-:211/ Base load
0 E -"Ef v —-——Ii/—‘/—--;
. § B 12 16 20 =
Hime N hours——s
TPl 2.1 3. Sl AS Fd

K/
‘0

i &S Wic (Peak load Plant) :

7

o Ui i Wic IHHId: Sl Tafae e gigar fHie 3d degTd aTdd.

o WIFA Y AleATR A ATaRId dre= fafdy die faie die die wuH sfiaad .

< o9 @S wic 3o i @S wic gi=ardia ga:

. T[T 49 dts Wi i dts wie

1 @ Gl Hodl S99 Gl RAUIIOIS Hadl Uld 318 A
Uk Wic @1 99 Ol8 WICHURI TR Wic, Ui 318 Wic
EUGIGH TSU 3NBEG] ST,

2 [OFRRH HURIC Ci! Ul

3 [H HURKH o5l G|

4 TR I (working 24 AN Uieh e e

hours)

5 [gd/ gHe (Rs./unit) TYRUMU 9 318 Wiedl Uid  [WTHFgd: Uid @Te Wil Ufd
gfe g HHT SRl gfe Wd SR 3Rl

6 |Icersd I OIS WicAI WM eed  [Uld Bls Wicdl et <rgd ol
IR 3l Sl

7 [dI8 R okl czil

8  [PURISI e o] ot

9 [wiic Il haex 3 G|

10 [3QTEx0 Ol PURICH 8BS, YHS,WS HURIC! ¥R grg!, Ug
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2.1.2 A Pd fhar pIAaioed die &d (Load Curve or Chronogical Load Curve) :
o SAHIASHI (Daily load curve)

o YA AE FHd (Monthly load curve)
o RISRT AIS Pd (Yearly load curve)

> Sl @S #d (Daily load curve)

iR RYARIE i Fefel RR 73 3nfor oY 4 25
deide! dead omdl. Iqul feaurdia dendia 0P

b AT I foba1 ufa g Aigad Srarg Mfor
JTRATIR do5aT faeg Wiic bl STdTd. 3= UhR

Load in MW

W e 3 s d WU esaa W, A : l

|
A
12 4 8 12 16 20 24

>

{Mid Night) Time of day

TPt 2.1 9. Sl dis &d

> 3l A HdY Hew™ (Importance of daily load curve)

21 die & faadmear ITaTTeT IR UldR WY aled s axifaq.

SRS gHe /faay = Sl Al FHaamiid ThaT (&, S&g, Ta.A).
SO Bl Hd @ ward fag 1 feazlt Rareaste Aoy feris gziad!.

O O BIEOTS AT THU AT FAHITE TR Raurdie Raadie i oie fiesd).
IS AIS (Average load) = 3T OIS HAWBIG & (KWH HSgud Hel)

24 dN

S HATOIG & TN AT JHIAY el AT TR0 &3Td UK s haeR (load
factor) ad.

RS _ JRude24 A TS HAASIS & (kWh T
ooy fuis ~ doufenis «24 ~ ois Bd GHIRAY 3GiedT 3adr ThUl TR

IS Hd 8T SRS gHewd Al T H&y FHasudard Aad o,
IS Hd WA IR VS IR BT Had PR

S e =

> Ay 31for st disd d AW (Importance of Monthly & Yearly load curve )

Tl dIe Hd 1 Al 3ol Al Hade Ay fHes =l
gred S Tl UepT Afg=aTdie feaamean avratTer dst AisTell SiTdTd 3101 R 3™

Wic pal SIdrd.
Tl IS d AHTIG: Tl Yy MI3d SxuamTe! aiuRd S
1 3Ry auidia Huch <ie d AR 93 ISR A Hd U el ST,
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. Eﬁm S d ATYRUGU! SfqAd A1 Haex (Annual load factor) FUfd HRugmTa! aToRa

2.1.3 Fﬁ%’?ﬁﬁ?ﬁﬂﬁf (Load Duration Curve)

o TR AE Ha gUTd TS IaRAT HHM AISA ST, =T YHR U Hoied] Hadl IS SR
Eb_qc(Load Duration Curve) ¥ UIdId.

o WIS SRRM Hd AlS Hd IR SaeH U bl olldl IR SHife"ed SaRedl HaM Higd
EIGIG)

. RTIH%@EETB“\’H STIOT TS ol iid & (internal area) T 3MTgd.
o TS SNIM Hd HIUATE] SR JHART HRUIITS! ATe dal STTS, bl

Load in MW

5,;_____'___
]
W I S |

0O 4 8 12 16 20 24

Hours duration

TPl 2.2 TS SLIA Fd
2.14 Eﬁ";ﬁ'@; e STB"«"H Hd (Integrated Load Duration Curve)
o 3fCUcE TS SRIA Fd A6 TRIH Haae U gd.

o 3feUcE WIS SRIA HaUd! Widid daardr daaf =

o Tde (Mw) fEaTeHe fAmfor oY TS = AFTde (MW) T @18 x drIHeD TTgH SRRH.

Hide Mw AT dls 5 15 20
Q:'\_lﬂrw MWh 5x24 di¥ = 120 120+10 x12 dI¥ =240 240+5x8 Al =280
T zc}+—
n:?vcliw e e e e e e T e !
i
10 .i
3 e |
! | i
‘E 180 zoo 2‘:‘70"0 ?810'%(')0

Energy generated
in MW Hr

3P 2.3 3feUCS wis SR Fd
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2.1.5 ¢S o=l (Related terms)

o f&uf7 R31d (Spinning reserve) : 81 SFRM HURICT 318 Sff TURNT SO 3Rd 30T B
JIGUINY TR 3.

. %@ﬁg‘q‘(@ld reserve) : g1 ReTd SFRFET HURICY 3118 STt YISt ST 318 W HRRA

. E\T%ﬁ'ﬂ?f(Hot reserve) ?TWWTWH@ ﬁﬁém@ﬁwﬁﬁmﬁﬂg
TR I Y.

° Wﬁqﬁ?(Firmpower):ﬁwmmm.
° ﬁTtﬁ:'ﬂTﬁﬁ[ (Reserve margin) :% RIS Y¢S HURICT goll R3S BIfSTHHNS Bh &I'I%
2.2 BIRE TP TR davel f$uis, iy fSuis, f$uis haer, Wic R Baer, Wic

(Cost of generation: average demand, maximum demand, demand factor, plant capacity

factor, plant use factor, diversity factor, load factor and plant load factor.)

Hearedl ¢l 3f s ey
1. PGS AS (Connected load):
TS Rl pac bl Hﬁﬁmﬁ?&ﬂ (equipments) Iferg=ht (rating) RIS 31T
2. HRoHH f$HIS (Maximum demand):
feoied SRIF Adid Uk IR dre Adia g gafd @it feris ofms.
3. fewis Baer (Demand factor):
iR WRHaRId Aoy fSare oiftr drear srdes die afd Ui 3Ts.

Ruis Haew _ HiwmH fEais
T FARsAe

4. 3a¥S @IS (Average load):
feoier SR e (feaw fovar Afg fdhar ) UfaR MR B0l dled Sfavel § iavl dls

fohar Sfavs fenis UM sfia@a .

S Sfavel IS = o feapara P e gftgard s (kKWh)
243

THYST 3o oIS = o1 afia o e gz dem (kwh)
U] iR AR HEm

RreRel faye vl = y awia Ffor grden gfcad) sen (kWh)
8760 @™

5. WS WacX (Load factor):
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fdea SREAA asias T AR fErisd TuitR § ais thaex WUH 3iie@d oird.
oTe Haex = IR OIS JHHH TR HoS! gAY
T immmfenis T Afwmw feaisxd™

o i gfe Fafo Somt T fbaa FfiRad exvard Jie %haex dewrd! Yt sofadl.
o TR WA A8 Thaer e oIk 3Rd fadeT ufd g T d &t gisa.

o FHH ANEE fSHis BUe Wicd! HH HURE, SIS Wic a1 @ 4T gidl.
o OIS haeX AgH! 1 Uef HH! Al HRUT 3ave die HimH fSatsten ot 3ra.

6. mﬁkﬁ HaeT (Diversity Factor):
g%ﬁqqa HeHH %‘H@ﬂ?ﬁﬂ o (sum of indivisual maximum demand) 3o 13I'ITJI? Pr R [
TR fEHTes TuiR QR SEaRid hae T SieEd o,

mﬁﬁw $Rfaema wivmm fisadt afier 1
TR Ia A s~ #IRRE= Haex

o TP YR ¥ fAfdy YRl ST Sl8 GRad il HieHy  fSHiS 9H=id: Uhld dat
gId TIEld. W diay RaFate A f&His Aremie sfefivues A fEiewe
SRISTU&T (sum of indivisual maximum demand) JeHE HH 3. \’rf?ﬁ?f Wﬁ% T
gHId 1 U&ll HidT 3.

o SUBRIC thaex fSTdmT HiaT 3R fadeT UlaR SR Bk () HHT 3.
o 3P SARIA thaex WU HHI AfvHA  ferts, amn oif St wie HuRidt nawus 3R,

AT Wic aid Higad! dauled (capital investment) HH! BId.
7. Wiic HURIC haex (Plant Capacity Factor):
T@mmmﬁwmw Sl TSl 31foT HioTHH iiiad el O § 0T

NESUGRE T
Wic HURIS) haex = e e T

o TR SIRE TS a¥ 3d, R RaRel wic HURKKT thaer = RISRT! kwh 3T3¢Ye Wie HURIH
x 8760

o TR WM Y fEZH Harat MR Bt HITSTd dTediedr ared! fSHIS YUl UMt ATd Hlel
ST HURICT 3Te A, Wicd! R HURICT (installed capacity) SgH! Wicalid WA
fSHISUaT TSt SR 31,

rord SURId = Wit FuRid - diemm feuis.
o TS WaeR 3 Wic HURET haexHdTd B 81 Rold SURIedl dbd (indication) 38,
8. Wiic Yol WwaeX (Plant use factor):
e T SRR kWh 3T Wiic HURIE T ST ANIT3! Wie HRR gl A/l Aad gidl UehR

TUIRR 3Te.
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: > _ SFRE kWh
TITC ol B = e e

9. gfeargoi= HaeX (Utilization Factor):

? Wiic=a Himd fars 3 ¥es HuRIER uikR 312
g e = LT
Wic 3faR ANMSTTHS ek bhaed Hed UHIUE SIRd 31 ahd.
Wie HURIK] haex = T8 Waex x JeaTguR baex

2.3 IS 31 TR giew A fias, Harss ufar R $ifavz=

(Choice of size and number of Generator units, combined operation of power station)

2.3.1 F¥ReR giew=n Iars AT et fAas

(Choice of size and number of Generator units)

1.

9.

SFRICT gACTaT T1gel/RET ST Faf Si=1 UHR 38 B! d AS Hd [hdl AlS ST Hagit
R faqeT a1 Sedra.

AR A= dlarg! [ddR &al gigel. § e AeHi BIeud! 20% U Udd ol
.

yfawrdia f$ais sfor fawaRmEn (expansion) ¢Eld AR &ar UIfigsl HRUT WIHRIA 318
gUTd aredl.

. WicH HwHH fSATSUaT HHIT BT 15-20% TR Ra¥ HURIct 3RI0T TTdH 38,

SR gficd Argel/RfET =1 IR FasT 1 Uwiis IRGuATTa! [aya=-Iad (reliability) i
3.

SR gfe Argel/RfET 3= ISR Fas &1 Wi HURIc! thae, dls thaey, S13aiic! haey,
SRICT feTaT ASe/RfET 31 UHR FHas! & gfic saaedes gul dre- fdhar dle arad o
HGTHY THITRRRT &d.

IR SRR UHAIHGd glad SR UHR SIFRICT g Trge/ T fHasr.

10. SRR 3fdr SfftRfET Wiet faaRTa e uifea.

11. 3MaD ST [daR Fefl Urfgo.

12. T gt e g S,

13. TR A dde JA HURIERT (same capacity) IMHcH s Sdd, S Qeild BRI

3R
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e TS Wicedl ST 9% (working time) AR (regulate) daT ST,
o TR UCYH UI&] HHl AN,

14. IIHARLET i SRfET gftea= Fed FRasdm gF vl emed.

o TN HURKH U@ gHc FHasor.
e TH W(same rating) fdar fewee W T HURIC (different ratings with small
capacity) 3 AT SHUIR Wgﬁ?ﬁﬂ@ﬁ

ae! ygiTET e Wd: =1 BIhS ST are 3ed

15. ASHd, WY Twirgd! RASASIIC (reliability) HwrEl 38, d¥ U} RcHRI s daq]
Rhal, AT TSl HURICT Uehd e dToRYl Hag ATel. URg, SR Uiy wic fre Rea=h
SISl Td 3R R BISIR HURICIH SRS e s¥ad SiTs, K.

2.3.2 Harss UiaR TR TR (Combined operation of power station)

iR TIRIT oe Hiadd fRR SR O ddlde! deadl. 3iid, Th RiTTd SR T (e,
3eeRAeR) T IR (varying) &6 ol HRUTITS! Th THAIHDd URATd 9. ITd HRUT 3 &1 Grax
WYHARIA A15C AU SRRAHL UhTd gied! THhIRRIRTT Gud HH! 3R, BUH, Td& FIgRIT,
UiaR TR-HL AT BRI 3 SR e s¥a Sidld.

o e Aa3f 3M1fir R Mas Uik Wra SR dre ®aae- dbal Sl

o WIS HaA AGAH SRS T Aa% TR HaSuard T 2.4. SHTHdTHE WY el 317G
3MTPplT 2.4, TR WG 3R WS Bd g=ifaar 3R,

o HATE g WY 3TQ P! UlaR WA ared faxgd T s, HHwH @i HIel JH1od 5
Tdca S g M1 HeHH de 20 Adeal Tdd Uighadl. 81 aaies] ars
UUgTTAT UehTdl gfAcdl aTR HRUl S{d SHdbHITHEG (uneconomical) 3184,

o TE Hd e HRUANIS! cled Wi HURICT AT BRI e S-RfeT Heaqd
fQUTTelt il 3118, B 3HTdhdl 2.4 T WY bl 3HTe. S Wicd! HURTE 1, 2 30 3 3= A
gieamed faumTe 3.

Wicd HURIE diF gHcage faumTe s
gHT-1 = SMW, giHe-2 = 10MW 0T gfHe-3 = sMW

AERET 12 d UBIC 4 aTd Had giHe-1 HRRd 318
UgTC 4 A hTeo! 8 Ta: g gi-ie-1 3MfiT 2 SRR 3fed

THT! 8 o YeATHID! 4 qroiudd: Jd Gie-1,2 T 3 HRRT 3HTed
U} 4 A TERTE 12 IOUHd Wad giHe-1 HRRA 38

Maharashtra State Board of Technical Education, Mumbai 29



Electrical Power Generation, Transmission ﬁgﬂﬁ ot fafed, TR for faaRoT
and Distribution (GTD) 313333 323333

3R UHR AT g ey ST Iee fHag, %ﬁﬁmqﬁﬁrﬁ@w (maximum
efficiency_e)ﬁa SIaes Iraadl 343 XbdTd. TS Tdiaedhd I WA (cost of production)
TRV HE B

A OS5
204+ — — — —
3
Z| 1s)-
L~ 1
= 10+ i
T L 1 il
o 1
- 5 P ] e - —— m—
1j¢s | 1| 8 1 ' 1 l
) A ] ¥ ] 5
12 4 8 12 16 20 24

(Mid Night) Time of day

TPl 2.4 AS Hd
3aleul 1

U1 S feazit ulay Wic aiid dis WIeiauHTo 3iTe: -

CL 12-5 AM 5-9 AM 9-6 PM 6-10 PM 10-12 AM

IS AIde HeA 20 40 80 100 20

HIANIHd A8 B AU BIS SIRIM Hd WIIC B, Wiedl Als haex 30T 24 IRId Wied!
TS TSI =MeT,
3R

i) PG d dis ®d
i) :
4 @ueshion  Nowbesr € D
< L\&omlagi(a.l Loadk Cuzve
Load Scale X axis — \om= Zhrs
vl Y axis — 1Com = \OMW
110 1
{0 —+ o
S0
8o 1
70 !
i
60 :
4 |
50t ,
40 T :
30 ! 1
i |
7739 1 1
20 + i :
10+  2oMw | 50 MW ) S0 MW 1 102 mwW |20
H ) ) | mw
1 1 ) l
'z} SR S S P T SR IR i T R e

Novn

TP, 2.5 BTGNP Al Hd
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(i) @IS SYXRH Fd (Load Duration Curve):

3THL. 2.6 TS SYIRH B (Load Duration Curve):

) NS HIGE g WY 38 P! UiaRk WIHIR WA fSHIS 100 ATde 3118 31fdr Jeamwradt 6-10
X U

Hfery fauis = 100 Avrde
i) wie gR 24 AT wrs T @fe/faw) =
=TS d Jed TRAT (KWh He)
=10° (20 x 5+ 40 x 4 + 80 x 9 +100 x 4 + 20 x 2)
=10% (100 + 160 + 720 + 400 + 40) KWh
= 1420 x 103 KWh OR = 1420 MWh
i) Sfa¥er ditg = L IR KWH) /Ra%

24 d™

= (Area under the daily load Curve (KWH)/24)
1420%1000/24

59.1666 *103 KW
) Brs R = ekt dits / iR fwrs -

_ 59.1666 *1000%1000
~ 100%1000%1000

= 0.591666

OR
=59.16 %
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3Gl 2

Uiay WIFad e dts 30 ATTde 3iTe. HivmH f$His 25 Tde, 10 Avde, 5 Ade 3Mfor 7
AT IR TS AR WA FARS IR, AR W SR 40 MW TR 31T
RI3R s Baex 50% TR, TNT: () TAFed RN SR AV (i) AT (IR TIR)
T IR Tl (iii) f3Wie e (iv) ST5aRfd haex

3T

i) Tafdee WeFaId dmd f$HTs 30 Ade 3R,
Hform fEAis= 30 x 103 KW

ii) WIic gR IwIee Tell (IR USR) =
= HforaH fEHiE x @ e x 8760
=30x 10° x 0.50 x 8760
= 131400000
= 131400 x 10° KWh
3[a¥Sl AIS Average Load =
iii) 3l AIS (Average load) = IS Bd YWl & (KWH Pesgud Hed)

8760

Units generated in plant _ 131400 x 103
= 8760 - 8760

15x 10° KW

V) :r.'rsaﬁfa‘} a3 Diversity Factor =

agaﬁfz"rw gﬁﬁwﬁﬁwﬁnﬁiﬁéﬁﬁ
Uiay WFaasia iy fEais

Sum of individual consumer M .D

Maximum demand on generating station

1000 x (254 104+ 5+ 7)
- 30 x 1000
= 1.5666
2.4 SR, TR 3fr fre Red wiged! aRU : e s, 20 frs, arsaimse ot 0@
ITIT; FIFS ST TEFIFE WRIGNE HIS BP A3 H
(Causes, Impact and reasons of Grid system fault: State Grid, National Grid, brownout and
black out; sample blackouts at National and International level
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2.4.1 @'@Wﬁg aﬁ"\ru‘ﬁ'{ﬁl@ (Electrical grid or power grid):
SFREM, AR ST S eg= gfed THAH ShSUR Aedd UM IRl RS Hat Sild. §

Generating Transmission
Station stem
—IN
/ — R
= 5
5 "
Transmission ’ ‘ Generating
System il Station
| Distribution 1 ~
Distribution o 1 System
System )
kv* Distribution
’ ‘ Transmission _ System
System 9 | R <
< s

D Load
N\ Distribution  -©2
System

Load I V]
o
;;‘ Load \
ta
g Transmission

System

Generating
Q Station

. % Distribution
System

Generating \ 4
Station )

Transmission
System

Distribution
System

XX

TP, 2.7 Tafde s s
1. e fis Rren (State Grid System):

ST qd T SRS TR ¢ IR A3k ThHGIRN Siiea sard ardl e 918 urdr.
2. v s (Regional Grid):

wmmmmumwmwmm GRINE ]

ST 3 s SR, ud, ufim, Sarer anfor afarr i u e el Rvmedt o,

TP Ao dIS feTqud YegR (load dispatch center) fre heoit (Grid frequency) @ﬁ%‘l’{s’
forffrened (49.7 Hz d 50.05 Hz) I STTadl.

3. J3a g fRIReH (National Grid System):

T4 We U8 it anttear ey ThasiR ddes JRd; df Tk A3Hd I8 Red dar
CaGH
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Northern
Region
Northeastern

—, £
(4

i

TP, 2.8 YR Jo+Td uiay frs

> SII&HAST3C (Brownout):

TFHA3M3C BUN U Blees 33w (partial voltage outage)@f {?[%ﬁ'l_cp[ (utility) HUHIER
STV SHATTT STUTe ST, GieR Yuigo! s HRugmiash, ST e3¢ @iees] BHId BHT 10-25% HHT
TR, TSHIAICY W YT Hass U SRIAAS! fedhara i & Hagt == gl 3M1fdr dhegt Uied
R gfeferdt Hu-ia Yol A0 (complete control) 3Rd. HA®d R®HIM3T 8 T4 TNTR!
THRIG: Gfeferd! HU-igR STSHASMSCH A W bl Sid. SiegT Tardl gfeferdt bu-t siarst
g AHd B GIR AeR siiegrare wumf feuieas a6 g8a, dwT gfefardt Hut SuEgsH
TaifaeRcan I@ St dd.

> SAPIT3C Blackout:

R(H3MIC US| AYUl Tiar THGU (total power loss). S STHASMSHE SUHGSE Hal Sdl, o
RIBH TS U SUTET 3R, fafdy IR Tw 33T B3 dhdl, S Bi:

RIS el Yaifded A

el ieT dTg-=Har ot Ul

Talfee = drsHaR Frsiedn hien usul

Taifeeiicten fenis el dre ot firs o1 Qe Hafeudies sohad
Y& TS UTeR AIS-ad TH9H gid

gfeferdt Uiaa YSH U dTeH
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GIEECIEIE]

RIDHIMHE N FHA3MSHC T VR Uh HIST B TN b3S AT Hrasmral fep
&I, YR STHTSHcHeS, TR e HU-l Fadh! gl Ulax URd Isd § 3%dd, TR ieg]
2.4.2 Frs Riew= wiee, RO 3101 URUMA (Causes, Impact and reasons of Grid system

fault)

2.4.2.a Tre ey wice, FRU WIATAWHTU 3Ted (The causes/reasons grid system fault are

as follows):

>

>

SRR SO B (consumption) SREIT TIE RIS i.e. fSAIS 8 SARMUET SRd
3B,

ol Wit dlat qﬁﬂ'ﬂ% Wieb-a! e (mismatch of frequency) 8Id i.e (49.5 to 50.5
Hz). & Ttep=dl fdhar thieb-at TRfAfoiad ferffic SR s, tiar g wed hegR givdTeil
QIR 3.

Heacx sfh e fhal g hedexHdid ¢ Afheqe I8 Theg gidl. ST SR 81 hiee 1000

fAferdebaie Bt dodd R befl 18l R IS ey Brdl.

> UiaR Torges XUS S@Rel ¢ e (over heating) 18 thegR gIdl.

BT lecdl U uHcHid AR Wice SR Hla! SIXRFHL ATl Il Alel ok T GRumy
RUH Ududcd 91 Juid: SHSI3 gidl sage 3AMd U8 thedR Bidl.

Tl RicT=T ShTaeRiR TR (power theft) & a@ie UleR IS ey BIVAT Teb THE HRUT
318,

TaifaeRici=an TfeuHca=r JG@ia® (equipment's aging) HhedR ¢y SR 3R dRAR
HegR SuaTa % ared.

Irs wed fodTe ATeaTes ThT SFRex JHedl A Sited Tid. AR dls 3aR SFRe’dR garda

T 3’ Fﬁw Phe Eﬁ'ﬂ (cascade tripping) gld.

2.4.2.b firs Rt wieedr URUMH (Impact of grid system fault):

>

>

>

firs Riendia Biccar uRUMm BUE J@z 7 Feu™ Jd IR e TRUMH gt 3T
A TS THUM Bld.

TTg 7 e d SR JaT HaidR drEe TR gl 0T STIehTela TR JuaRTed
3f&YesT AT g,

g SR e f$fh arer T RiedaR arde ufkomd giar 3fdr e areRawng
319RT gIcll/fAresd e,
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> U4 Udfdesdd ANl ©c o, Ahd o=, THad, ATl 318 Yad Riud R 9wz haRrge
HI3T ufRumd gt ST AT TR Bidl.

> g T FedM 9d e RedaR arge ulom gial st amges et IR g

> 4 G Al B ahae Sy Adl,

T 3{HII (Exercise) :
1. 99 @I 301 fies @1 URHINGT (define) H

2. WS Y URHIRG 61 Bridcs SIS, BH U, Blos R, gic Ree, Rl
et

. OIS HA ST BIS SIIH Hd HIaT 30T TF BT
. Tre Riew Brogd uikomy 3M1for SR Ty o
5. ARSI DI, BIS ey, SARRIC! ey, Hdcs BI8 URHIN (define) 1.

AW

mﬁtrmw (Reference Books)

1. Principles of Power System V.K. Mehta and Rohit Mehta S Chand Publication & Co.
New Delhi 2005, ISBN:9788121924962

2. Acourse in Electrical Power. J B Gupta S. K Kataria and sons, New Delhi. 2014, ISBN:
9789350143742

3. Generation of Electrical Energy, 7th Edition Gupta B.R. S. Chand Publishing, 2017
ISBN: 9789352533817

'HT%?ﬁ ThadIs (Information Websites):

1. https://en.wikipedia.org/wiki/Electricity_generation

2. https://www.powergrid.in/ Power Grid Corporation of India Limited (POWERGRID), a
Schedule 'A’, '"Maharatna' Public Sector Enterprise of the Government of India.
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gfie 3
SR ST8 HIH-ed, URred ST W id—g

(Transmission Line Components, Parameters and Performance)

fawg fAreo=h (Course Outcomes(COs):
Saifded CRITHRM RRCHT FHR TR 3101 URTHtewr 31 @,

(Interpret the normal Operation and Parameters of the Electric Transmission System)

o freoit RIeER \_{I,E'UTI'\PT frardt affr Aot (Theory Learning Outcomes (TLOs)

aligned to Course Outcomes(COs) :

3.1 CRATHRM e aiieRu He.
(Classify the given Transmission Line.)
3.2 fden oRIfiRE dR- Hied heaRM Tl SR quid He.
(Describe the construction and functioning of the given Transmission Line Components.)
33 fede orafiee ara WRite dedheur Wy &,
(Explain the concept of the given Transmission Line parameters.)
3.4 TIC AR ASd WRBH- fededr eyl STyRiaR Yo B,
(Evaluate the performance of short transmission Line based on the given criteria.)
3.5 fodedr gdigaR freton ag—u Roges s Wy o,
(Explain the given method(s) for representation of Medium Transmission Line.

3.6 Heacd CFAUIRMT! STaRIHdl WY .

(Describe the need for Transposition of Conductors.)

ui=g (Introduction):

o THarH ¢Hfed SiaHTd faggd St Hewr YT Soiad. ST fasr 8T faggd Syerem JRam
RAGITGR, Td AT {26 9 aroidiugn HH 3T ufd ge FHorax IWRASUIRT fhad afaR
TS A,

TTRISH I 3Ta.

o S AR (Economics Production) for Ui ol T (Energy sources)
JUGSIITS! FaeOTHaR a1y fowToft Rifid doaar sFRICT TRMaR A g faggd S
T YHe Ul WIcHIa! Hicdwl T g HidT TodrsT Soidedd JHay, GI8 Haar SUS
UHeU, IUeS 389 AdiaR 33 ofdr 79 Wie nfir sididvs=a s arT, Jd-IR e,
TS UG 3. ARe A9 9y urgA dis fAmfor,
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o TR WIFR da FEior FEt S ofdr g1 Figed (Hv) fobar taiel 81 @l (EHY)

Rt 415 [IGC / 230 FIGCSAR LU SIS Ho ! S,

3.1 sofded UlaR grafizH Riewar RTE &5 ST (Electric Power Transmission

Systems: Single Line Diagrams)

SRICT WIFgR Sdlfed faggd 3, TR IE~IgR 3id SRR TRIHe Hol ofd. 7 o

fSResgzm AeamgR fafay e feResge Ho! I, fagygd I Redd T 3y ®ur faggd
It RRieg BT ST ot ARG AT ST SRS A6 Tid RIGTUT UG, § UTd TwTd b S,

ST WEH (Generating Sation)

PRy EA'IT\‘:IﬁITFf (Primary Transmission)
e glr{-ll?-lizld (Secondary Transmission)
mﬁ%@w (Primary Distribution)
R %@Wiﬁ (Secondary Distribution)

1. PRI WIM: SRIET BIFR 9 11kV Flees daoar fRH0T 8id. (@Ta! THRuiae o 3.3kV,
6.6kV, 11kV fobdl 33kv 31 Tehl).

@T\‘Iﬁl’iﬂ R1%q: Transmission system :

et Rewa g1 arffevor yrawdt grafhmr snfr et grafier ae.
2. YW TEMARM: B9 SfRaR diel TIfRde SRUANISl, 8 ®Igcs oa-adl CRIHRH
mqouafrmgﬁ%w%ﬁ@rmmﬁmﬂwﬁamﬁ UMD TS TR Sdwrdt

TG ATIR AR GIGest 110kV, 132kV, 220kV fhaT 400kv Tdd a16ad Old. 8 Th 3ieves
3-e1 3-aTR RIeH SR,

3. et TR R TIMAR WU S8 TABIHRGR @Idcd 132kV a% 33kV fdaT 66kv
R TGS UG ST, R TZHae, FERM0 [ARIP TSR Soadl aeaMaR Soiaed ol
CTfRAC Ho! S1d. A1 SFAHRAYAIS! 3igRes 3-h 3-aR RReH aTRa! §ild.

f$feesgz R ®: Distribution System :

? U fS ez enfor Qs fefRsgzrved offea om.
4. yraeY FSRRegRI: Yot ol are REfife eRHaR Hud ford glee 11kv @ (3-89 3-
aRR, BT 3T WISR) VY T3 H 91 3f1r 11kv = Fefsgme 3 '-ICdOhQN SIS mscacn SICK

fSResge (distribute) el STd. UAERT FSRESIRMATST aTuRel! AUIRY Glec sl dad, AR iRl
THTOT SHTfOr HGNE-?H@II SIARTAR ST .

5. S SRR FSResyR Yawexu U= AR sied ) Jobed fSfgsgRrrardt
11kV o Eleeol 400 BIee (3-Wrol 4-TTR, Al ¢ BI8R) Tdd W 813 & SiTd. 3-Wel 4-a1R RH
JTIRUGTE BIIGT 3T 3Tg B dleT ARIHATIR 3-BS HTOT 1-Bol Glval YR TR ATORl SIS,
. AT ARG Hied A Udedl SITdTd.

oA W =
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3.1.1 3%% Uiay Rewdar RifTe @18 ST (Single line diagram of Electrical Power
System)

OieR Redd RiTa @34 SAU™ 8 SR Acde 38 o Ried Hiiead &I Ha-H, diat
3RoTHe T STE aRifad (S &1 3T3eye T, @ileed], AeReT (Resistance) 30T Ride~

(Reactance) 2.).

UiaR SIS, RTTd-ars+ S/U™ (SLD) § diF-cwra’id Uiar Redd RUSICRM dxugridt
TP RAAIBIES AICRA 318, Fihe sy, TN, HURTER, 39 TR 31U Heder JRY Sdfacd
BT YA TS [agigR aRaad Sirdrd.

safdesd Ular Ricewan RivTa a1g= ST 3! 3.1 gRIad 318.

~_ )} Cenerating station
11 kV

weetoes 11/132kV
S LI LELE (voltage is stepped up
. 1o 1326V J 2206 F 400 KV et )
Primary

IransitTuss»2on
= T Ransaeq 132/33kV
- rSsoos Cvallager s sboppercd cdowven
o 33KV ar 6EkY )
Rocerang Station [0 1

~

Secondary

1Irarsires Si1onm
~ RS I3V
FEUFES o7 66711 kV
Sub-=tstiom [ g
Fraimasy dusanal Cansumerns

cRstribution —

Secondary -
chistribhubroes |

F 4 ¥ # 4

1-O & 3-® Consumers
TPl 3.1 Fofaed gy Rivewdr RiTe a1+ s’
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323333

fagga swif ARk, erafirm snfor faaror

3Tt 3.2 Al SRIfAeTyHTo § R A8+ SAU™ UhT Wil sid SREHGR GRIad Sifs, Jdhd of

[Iegd Soredl SHRRMURIT fSReegzMud 3g.
Generating Generator an;n YR Secondary
Station $ Transformer ® Transmission C> T;a;s:m:snon C> Transmission
11 kV Substation 220/400/765 kV j S 132/110/66/33 kV
\ . = 'S
L Service Secondary Pol ted/ Primary
0 | Ay | Mains (4| Dstraton & e asmn (1| istivatio 2‘;‘“"“““
A 3-ph Distributors Substation Feeders wistation
D 1-ph 3-ph 440V 2711 kV
TP 3.2 Fofae® UiaR RieHd! sBid ST

3.2 TIMRM B1=a ffeor yrawdt onfor s g=IfRM; YRAd auRed! Wss
Eﬁ?ﬁﬁ ¥d%. (Classification of Transmission Lines: Primary and Secondary Transmission;
Standard Voltage levels used in India)

3.2.1a SR RIFAURIA AGH=dT aTRTIdd AT Suhiay HIRATd dTiReS LSS
Fody ddd

FEOY W] 4T e

1. SFIRZM ®IGC : 3.3KV, 6.6kV, 11kV 30T 17.5 kV, 21kV
(3T STFRZM BIGedt 11KV - 33kV T ISTHH 3MT8)

2. UHERI TR &G :-220kV, 400KV, 765 kV (750 kV)

3. Ydhe] TIHRM ®Ige - 220 kV,132 kV, 110 kV, 66 kV
4. e TERTSTRM I - 33 kv, 22kV, 11 kV 0 Sid YSSITAT SIS 66kV
5. Ydhed [SRERM FIFCH: - 3-Thdl 400 BIwe, RiTTe Bel 230 Flge.

> @R‘Iﬁ?ﬁ?ﬂgﬂiﬁ STAGDh dT (Need of Transmission Line):

o IS U1 I 31Ul (SR TRMR) TUR B! SiId. JHHA: § {3101 IRTIR 311for s
o TS SOIACH TGl STRICT WRFURE IBRIAD SHTGHAT R g1 TR TATHRM

J1ET gR Td! AT,

o I B URHRY TR BT~ HIOT 81 Bl Yobas! CFAMHRM S18-9 3Med <l

e T RIGCH CUMERM Ge-aqe Uik &I ST gIdl T HHl Flgcoal go-d GgH
HTHRTAT B! HTTIDHT 3.
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3.2.1b @Rqﬁ'ilq ?ﬂ%‘lﬁ Tffwur (Classification of Transmission Line) :

1. Flees aﬂ?lﬂ'\"l'l?: (According to Voltage Level)
o B RGeS SFIMHRM B8 (HV) 33 kv Tid

o TR T BIGCS SR B8 (EHV) 33 kV TS 30T 400 kv Tfd
o 3MGCI B RIS AR BT (UHV) 400 kV aR1S.

2. @R‘Iﬁl’&'ﬁ GIERE ?I'I'Qﬁﬂ'\‘l'l? (According to the Length of a Transmission Line)
o ﬂﬁ@'ﬂf&lﬂq @13 (Short Transmission Line) - (50 fooHT Tiq)

o fUSHH g\lf%li?-RH oIz (Medium Transmission Line) - (50 150 Mqﬂﬂ)
o BT ?;F\‘:Iﬁﬁl:f @Ig (Long Transmission Line)- (150 %ﬁﬁaﬂ@

3. gleeorel YPRTJHR (According to Type of Voltage)
o AC TRIBRH

e DC THIHRM

4. X U@?ﬂﬂﬂ'ﬂ (According to method of Construction)
o 3{IEBS TRIMRM (Overhead Transmission)

o 3fSIUSE TFAMRM (Underground Transmission)

3.2.2 YUY SrAfHRl ddest AU U8 go -1 Bl

®. UHAHRY SR et ez

1 | I gIBRE @Igcs ddd 220kV / bl TIPRM FlGcs dad 132kV /
400KV / 765kV 3Tg. 110kV / 66kV / 33kV 3iTg.

2 | Blgcsl ddd dreddl Sird. B dad HH! Hait ST,

3 | g O A St Ut geRezA B U geRez 3for RefifegT gaeezq
AT gaT 3Te. IiATIS gal 3Te.

4. | O SIS Ulge SRIET WIFR 38, T SIS Ulse UTTHR] YRR 311G,

Y o

5 | clava S Ydhed! CrAfiR Ual SR claxal 3! UTgER CRATBRIUET St 33,

[N o

6 | OIA JHIUNG Soifdcd UiaR SR ol | Adhed] TR el Jo-+ ! JHIuNd

~
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P. UHHRY SR e SR
ST, Zafded UiaR CRIHR Ho! S,

7 |8 OIS HaURE X 9. B TR SR qond Bl hare

a 3TE.

8 | UioR SIS UAT &HT (capacity) Yhex] | UfaR BTAT@UATT &HAT TRHRT CI-AHRUET
IR U SR 3B, HHT 3T

9 |frs RN e TaR gid g,

3.2.3 3fi@Res U SHEIUTES SR RiveHdt go1 &0

®. e igRes SRS
1 $iUcd BIC (Capital Cost) HHT 3HfeH
2 | A IR (Erecting Cost) HHT 3HfeH
3 | B Yol RUaTTS! BNUIRT 9 HH! 3HfIH
4 | wifRIfaferet (Flexibility) IR EIF]
5 | yfdwsrdle fasdR (Future e Foes Jgd e FIoes ggayu
expansion) dreadl Id gTeadl Id -Tal.
6 | 3NiEXals &HdT (Overload 3HfPH HHI
Capacity)
7 | S NYT (Fault Finding) qa IS
8 | ar guaT Zragdr (Chances of 3fH o
Fault)
9 | 3{UHTdTel T (Chances of 3HfeH EEUEEI]
Accident)
10 | GRI&T (Safety) 4t 3fereh
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. W ANFIes JSUEES
11 | @IS (Maintenance) IRAR (31fdh) IRAR e ()
12 | T@H® T (Cost of HH! 3fh
Maintenance)
13 | AS3M 8T (Radio interference) 3HfeH ATel
14 | St (Life) G| 3fm
15 | SfUeRg= (Appearance) a1€‘c’ TS
16 | ATATGRUIEI UHTd (Atomospheric 3fedh EIG]
effect)
17 | fOxaT-ITaT (Reliability) G| e
3.2.4 gr-afizreaT sar Red
e DCReH

1. SIf ¢ aRR (DC Two wire)
2. @N’rgwﬁguﬁf 3 ot ( DC Two wire mid point earthed)
3. St AR (DC Three wire)
o AcflwH
1. e o Q?ﬁ@ aRR Ry (Single Phase AC 2 wire System)
2. WWQ@QWW%—U@? 3 3@ (Single Phase AC 2 wire System with mid-

point earthed)

3. ¢ ol Q?ﬁ R IR Red (Two Phase AC 4 wire system)
4. QWW 2t IR R (Two Phase AC 3 wire system)

5. ?ﬁﬁv_\ﬂw oft IR Rer (Three Phase AC 3 wire system)
6. ot ool T BR 91OR RREH Three Phase AC 4 Wire system)
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ot @T\qﬁﬂﬂ% WS SATIOT e (Advantages and Disadvantages of AC Transmission):
. WI'CI% (Advantages)

1. SN BlGcorl go-d Tl A8 g RIacs diR dho 913, .

HTIRIPITIR RGeSl STG FEI0 T / SR H=efl A

S goaid Tt SEHTS 0T T ST T SR

Q?ﬂ ez St 1i&ﬂ 3w Eﬁb‘ﬁﬁl‘c’ (efficient) GH%H LI (Disadvantages)

. CIHIHRA S8 UhRITHR (efficiency) $Sde-g, HURIC gthacy YRUTH HdId.
ST gonid Tl W1dt 31 HeH T AeRSHE = 3Te.

T Reerwed f&p gthae 1T ulaehifirdt sthae Ugie s,

mﬂsﬁﬁ_&' (Corona effect) @@ﬁ&nqﬁn@w 3R,

5. Q@E'IT\‘:l'&I'fFTf%lRQITI%[F\‘ET:F‘("F[(construchon)ﬁ'@r Grﬂ%

3.2.5 St @Wﬁ'ﬂﬂ% BT Sfr die (Advantages And Disadvantages of DC

transmission)

° Th‘l'qa' (Advantages) :
1. S ReT®T Bhad g dheac 3Ma=Td 3Med o T RIeTST i dader 3azdd HTgd.
2. SN Reuned 8o, HURIe, Tof (Surge) THI ATRId.
3. SN RReuued giacs iU HHl gidl, A Bocsia WG (regulation) TS Bid.
4. 3N ey Rp Shde ATE), WU Hadedl YUl URAT (area) ATIRGT ST,
5. St Reqae) HH SIS 3.
6. SR Rcod SISTNSs Haodl Sfi® (economical) TR 21T TR,

o die (Disadvantages) :
1. SR JHYS 8 @Gesl D.C. AT &var Id AmElL
2. Sl FIocS HUI-SRA HRU! &1 U YTl (complicated) TehaT T8 HTIOT 2T ATal.
3. SR Reome @ o 3.
4. S0 Rrerasd fae i Afdhe sag-T Hafar e

3.2.6 3™ @@W Eﬁ (HVACQ) @Rﬂ'&l"ﬂqﬁﬁ afRre) fbar tb'l'ﬂ% (Features or Advantages of

HVAC Transmission )

= A W

M won

tb‘l'ﬂﬂ' (Advantages):
USATS] Alfgd g B,
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P=+3V,I,CO0S¢p

gl FHIHIUNGRA, § WF BId DI UIaR Hhaex AT TAMHRA ARd 3R dd 397 4H TlaR I
FRUIIS! SR CTATRA ®lees dledd k..

B Sleedl (HV) TFIIRMY Wield BT gidid.

1.
2.

10.

11.¢

12.

13.

SR BIGesl oo dTad, HRC (current) HHT GBI,

Joi Ul Bl

FHredexd do HH! YU Clar ao-- 86D Bld.

HC (current) HH! FTGATIS, T TR hiT Yo TN RGAIR Dicde SATGIT! Aas HH!
Bid.

RIS Braeiges, ufd foe gt ¥d HH gidl.

SIS CFITHRM @IGcd dled, BRC (current) HHT BIdI, AP TAHRM BITIHG HITR
1Y (Cu loss) HHT Bl HRUTBIR GG 12 ' TR IS 3. (1= D)

SO BHIWR B (Cu loss) BHH! BIdT dIdY S-ITHRM TUHRIERT (efficiency) dled.

T (current) DH! FIRITHS, IR STFTHIS Bl gIU HHI Bl (@Gl gid =
1X)

@W%W@ﬁﬁ@?ﬁ Eﬁ@%ﬁ%i’ﬂ@"ﬂ‘[ (Voltage Regulation) “{Iﬁﬂ?ﬁ.
iR c’>|$-{-ltll Eftb_&l'QT\“ﬁ (Efficiency) 3ATOT J[GRM (Regulation) SIS JURd, d¥a

EIREEIE ®|s«<-|d| RBIHY (Performance) ared.

QI
<

I'{-I?-RI"I Osl('bd\fl OIIGQN-II"I CI'{-IIJ-RI"I (“)Ii"ltll LJIOI'{ E;IdIOOUII &HdT (handllng CapaCIty) V2 Al
uwrun?fa'm?f.

O FIGCOUET B RIGedl IR B3, TR Bl~Td JXRG! Sexb-aRM
3T

SRICT W YRl e U gR 3RIdTd. BUH, HiadT FHIUNd diel S 3aRTaR
TIfRe HRUANTET 8 dIdcs TH (HVAC) TRITRR BT830 3Maxddh 3dId. TUH HVAC

33 §17\‘Iﬁl?ﬂ=r E‘IE‘I% mﬂiﬂ Transmission Line Components:

Types of Line supports, Line Insulators and Overhead/ Underground Conductors with their
function

3.3.1 TR ST~ 3V WiedT FTaITS! STazaP oS &I HIM--<d (Transmission

line Components)
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1. ®TgH HSadeX (Line Conductor): WWWW(EEGH@I Energy) @W‘bﬁ
SIS ATST TSUREH o R T=uid aTg- Avare! ol S, A8t gy Heder
o REHIIE (A.CSR) B I ASgd Hedex dIuRe ST ATOT T WiEER (pole) YR fGaT

STl

3Pl 3.4 BT HSIX (Line Conductor)

2. OI4 HUIX (Pole): B 3li@igs Hoacy=dl JUICHIS! 3axdd 3ied. © SN

ToId 30 UIfgold. § @lde! 0o, WIo Ule, WIE clay S&dId.
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‘.|X|Xﬁ(lXIX>

WAL

Gﬂﬁﬁﬂ 35 E‘IE’-'-IW’?!’ (Line Support)
3. =G0 (Insulator): § HIF-ATRIR e &S SdId. Said B (function) HSFEIBT
qiY0) 3118 TS 3UR ¢Ul, SYoexd UhR U, 2idhe, TzH, 1, T S.

-
2355
o« v - -
ana / - > Ya
12007 = e

-l R
i/

3Tepell 3.6 BT FRIOR

Cross-Arm

STt 3.7 I TRE
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5. savaﬁmﬁm (Other Components) : SoR l&\ﬁd, e diay, c’)lscp-iil &Wﬁ(ughtening
Arrester), 3¢l FOTRfSRT AR (Anti-Climbing Wire), I dRR(Stay Wire), TS e, SR
(Jumper) %.

3.3.2 B13 JUICH (Pole) PR (Types of Line Supports):

1.

N

3.
4.

BHe! W@id (Wooden Pole)
Tod T (Steel Pole)
SRR Wid (RCC Pole)
o clad (Steel Towers)

3.3.3 @151 ?F\ﬂ'@??% UPR (Types of Line Insulators):

1.
2
3.
4

5.

i 37\3@7?? (Pin Insulator)

gz sfﬁc\bd (suspension Insulator)

W TP ex(Strain Insulator)

) 37\3%?? (Shackle Insulator)

T 37\3,@?? (Stay Insulator)

3.3.4 @I HeFeI™ UBR (Types of Line Conductors) :

1.
2.
3.

© N o

AAC : 3T ST e (All Aluminium Conductor)
AAAC : 3T ST 31T dedex (All Aluminium Alloy Conductor)

ACSR :SfGgfTH Heaer WIo RGWNS  (Aluminum  Conductor  Steel
Reinforeced)

ACAR mﬁ'ﬂﬂ HeFe BT ﬁgﬂﬁﬁg (Alunminium Conductor Alloy

Reinforced)
PR BHedex (Copper Conductor)

FYAUFATY HEFR (Aluminium Conductor)
CCC: DHSBIY HIWR heac (Cadmium Copper Conductor)

GSC: JIc?c:I'-Ils\nS TG dhaae (Galvanised Steel Conductor)

343%%W@Wﬁmwmm 110 kV, 220 kV, 400 kV

Method of Construction of Electric Supply Transmission System - 110 kV, 220 kV, 400 kV

FOD UIaR Az ST fSReegz sl sfiexes T (HV), STaa! (EHV) 3foT fefesgzA
BT 3MITTFH 3. TS fIZARTEaT (Reliability) AT @A (Cost) THA 32T SE~T
H XTI (Construction) 0] W%ﬁﬁ 311%'
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GBS B3Td GBI BT (Component) UI®, SIGCR, THig-3TR, Tlar 0T Hefdd
asTIchﬂ?}r (related components) K] 'a':ﬁ?)_c"\’ GTE;'%TT, S EA\YEIEF[ 2. Gﬂéﬁ
Yog T BTHET T (The study of survey works) S =T SNBSS, W M, [, I AFT

3T PR HHEE FUoH; aeqd, HHART, WEH (Tools) AT TS g, HRU! A
HEar e

> ?I%T:ﬁ G| (Survey Works):
Bl Hcae HRUATYA! (construction of the lines) 3f&d AAT HIH:

1.

6.

T ARTIAOR BT~ YTAUIR 3Ted (Route of the lines) d AT (REd dos STTaTd MO ST 2Mea”
o (planned) HS SIArd.

Ted B (Survey) SRIHYIT! 30T WAATT! UR TS 1. HIUTATR! AT 30T b1 T Bl
SUR e, iy ad ITRRR (progressively) &S UIfgs. Hidwrdie IR ofr @<
CTBUIHIS! § 3Ty 3Tg.

Je5, Y 30T W AIaUaTe! URATfad HIF (the proposed route) XTI BET ST,
fRaSH®R, PRI T o AN Wic B,

©e TR dle Sfi|R d@’ Al MR, AT Wedl  (Survey) SeA  URIRMED
SIURITHT (Topography) GFFUH@FE}TBT 3], TRATfad AR (the proposed route) 3SYes JuT
R 3T

JMYeI® URR] IBUS qURNGaR e d (detailed survey) BTH S TaZTH HCRITT THTU 3343,

> WEe MEY UTed $od @d dled! ®rges IF RIS eIdl. (Following things

increases the cost so if possible avoid)

X T BIIUR SR SfegURM (Excessive deviations)

(D IR

ORI BTSN TS - ST YU &A1 (in watery area, i.e swamp, peat etc) 1%'01@[
TGEE, Pof BUIKR TGS FIUTdo Uer (FRUUIHTS! Il aTR 8id) 3.

AT SIS AN 39S Yo (difficult access)

OB BT, Y@ AN I, e IR IATG! CIeB]. BT BTSB! (construction)

AR AT HRAFT AT Ho6] GG BI3Td AN (HasUl BICRIR 35, HT I8
110 kV, 220 kV, 400 kV TTE13T

. TR 3l @R Tee (Primary Walk over survey) 3TfOT HaR
Il. TURNGAR AR (Detailed survey) He SITd.
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> fouarmE daoe 'ﬂ% (Points considered):
o mm , ﬂéﬁﬂ?ﬁﬂw (Transportation) AT HS ST AL
. WW(Angle PoIe)?T@Tw&IﬂT?ﬂ.
o IE ﬁwaqnasﬁmm &rrfﬁrgimaaﬁsiw (quards and adequate clearance) Yl &XI.
o TF AMOTSAH K, YR I, e}, CTOPIH 1 SATGT BICHHI (right angle) SEUARITS [T
(intersection) Ryt &ar.
e B d (highways) WWWW
o 4 MBTSTIRITAI- Bt_zfngmﬁ%ﬁ (high flood levels) 3B SART BT (data collection) dXI.

o Y04 IR IRFRYAIIE Yod BT o1 &, UG TR ShIRIT 900 ST,
30% Tid SfEUFRT (deviation) TRAT et SIS 2w,

o TS dR(guard wire) 6 SWG U&fT HH! TN
o T ARR (guy wire) 7/11 SWG U&T &HH! AT,

3.5 AR B8 WRRited : 3R, Te 3for At 3nfor - v R

Transmission Line Parameters: R, L and C and types of lines.

EfIT\E@'QFT NIEREIl RBIHY (Performance) A=Al 3@% WHtedeR (Electric Parameters) 3neTia
3T S DI IR, TS~ 3101 HURTC. YT Hifgd 318 P CITHRMA ArS-aT YN Tehl
SHURE U1 THdd fdhal Ul AsuRT gudl Aeudd 3dfacd TS (Electric Energy)
TEaUgTTS! BT SiTa, UTaR Tl {1 IUre! SrafiR g et fafdry terined @ iRl
STead! Safdedhd Hidhe UM SR ol Yehd. TR Ag-TH Uiar dTg- "ol hadesl
THTART 3R, AT e dexdl JMoRe-, S8ae- A0 HURIC-T Il TUMT (calculation) HRUI HTTIH

3T
3.5.1 Mﬁ'iﬁ ET:-'[-'-I% JER] et (Parameters of Transmission Lines):

E;IRW&IW a’@%r“d%w (Resistance), $8d¢-d (Inductance), HURIC (Capacitance) 3T
Hede (conductane) %Wwﬁ-ﬂ%ﬂ
1. RS (Resistance, R) § TAHRM @13 Uid T ST (per unit length) @O e
(loop resistance) %U]HU&HTWH% 35, I T 3Hgr/fhH! 3iE.

2. $89ed (Inductance, L) § TIMHRH B34 Ufd A ST (per unit length) U S8ac-4
(loop inductance) WU&H@H% 3{1% aﬁw%sﬂam (Henrys/km) 311%

3. ®URIed (Capacitance, C) g E'IT\‘T&ITFT ?ﬂéﬂqﬂ?ﬁ?ﬁ afd gﬁ??ﬂ_@ﬂ (per unit length) T
HURIE (shunt capacitance) %UEUF\W-I'I'I:QH EAY GH%' ar Uchdh Up(lsm (Farad/km)G-i'I%r

4. $8FET (Conductane, G) § G IR STa~aHI® Ufd e T (per unit length) Z(E
dHeacd (shunt conductance) TUH GRYIT & 31T, AT Thdb Wl/fbHl 3MT8. .
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3.5.2 @Rqﬁ'ilq ?ﬂ%‘l% g8d¢-, L (Inductance of Transmission Line):

ﬁw@sﬁwwﬁﬁaaﬂ% aDCcHA Gﬂﬂf@lﬁ (absent) &ﬂ%tR'ﬂAC ﬂ'&aﬂﬂ"@ (prominant)
\’rﬂ%. T;]%TW%EW (current) Wa@ﬁﬂmﬁ?ﬁw% g7 (magnetic lines of force)
TIR BT, SIo dicd SIRICgE dled ST HHl gid, a9y arR=l gHiadied Jifcs &
(magnetic field) ﬁﬁﬂfﬂﬁ HT@TRIHHT“\’ HIISA (collapses). Hofes ﬁ'ﬁ% (magnetic lines) oy
EﬁUTRo[ It (encergy) IRRAY TR aﬁqa;rr RC (current) I/ IGEE] ElV} 34d. % faRRry gwmoTa
mﬁa@? Eb_iﬁ, @[Hﬁfﬁﬁ—c’?ﬂ@[ (per unit length) W@qﬁﬂ?ﬂ (micro-Henry) Id HS ST
3T 3.8 TFUHRM BT SSde-Y 3N HAfed & (Magnetic Field) g2fad.

F\ ANA

R0 0 200000000000002Q000(0000C 000040

TPt 3.8 TATHI BIF-Td SSFE- ATOT HARCH & (magnetic field)
3.5.3 @R‘Iﬁl’ﬂ:{ org %aﬁlﬂ, C (Capacitance of the Transmission Line):
3Tl 3.9 A TRAAGATIHT TFITHRM BT IRRHE HURIe cu6 RICTd 315, S&T &l Bt
G FHIGR 9 (two parallel wires) HURTCY Wed WU HH &AM U1 dramdie gar
SIS ae® WUH H1Y HRd. IAUHE HURTe~T THIa: FUPIthgy ufd gfHc sismed (Picco-Farad
per unit length) Tad H&T STAl. TEHTG & Iofacd BHIGS HUNCIA gF WCTAL SRl
BITSIRET 318,

“Tiitroil
SEEEEEE NS0

GHT«-ﬁ 3.9 §1=\=rfir£|=r B89 PURIeH (capacitance)

3.5.4 @Rﬂ'&l’ﬂq SIS IZRTT ,R (Resistance of Transmission Line):

TPl 3.10 AL RNAOGAT CFAHRM SRS 0=l Giag (Length) SAfdcd SR (Electric
Resistance) 31Tg. BT B aexdl UTYH 318 Sl HRcol ORIy HRdl. 8T YeRe~ AHFd: Ufd e et
{TEHAE (Ohms per unit length) T BT STl 30T SISTT UHT SIHIURE GO IHTIdd ad

CEUERIASIG)A
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GI'ITcﬁ 3.10 Eﬁ'@fﬁiﬁlﬂ (Electric Resistance)

3.5.5 QFHﬁI'iF-I B8 $SFE (G) (Conductance of Transmission Line):
DIVAE] SGTae®, 3ATE §aT G/I@ UNYUl IYBeR (Perfect Insulator) THQRANS, T aradHe

(wires) ATGUIRT T BICT HRC (Small Current) BT fahsl ®RC (leakage current) U SIS ST,
SIS HRC (Currrent) G AIAMAYT SIS, Al 3Tdd! 3.11 BT fodhel U1 (leakage path) T &
IR JHIR SSo o YR WU aradd!. I1 OHIGT Hede4 (G) TgUId ST o ISRe-~T=ar
(Resistance) fa¥& 31, TRITRM G~MIe Hedey § INUIHG 3 AR (Reciprocal of
Resistance) ¥eU[1 oUdd PO Id AT FHHa: Ofd ?Iﬁ'c' Biat W@ (micrmho per unit length)
Tl fGe S, 3l 3.11—CFHHRM SAHH® dhede-4.

3TFHdl 3.11—TAHRA ST hesde—
EA'IT\‘T&ITFT E'I'si:ﬁﬁ %Eﬂg:[ IR E%T@W WHtedaR &IHW 3 gd (Design of a transmission line

depends on four electrical parameters):

1. RS ;\T%IW (Series Resistance)
2. e g8dc(Series Inuctance)

3. ¢ HURE (Shunt Capacitance)
4. ¢ Hhgacy (Shunt Conductance)

RS 3= Hod: ﬁ@ﬁfcﬂ AU hedeAl higdd HUIiRMaR (physical composition)
IO 3. RRIST SSde 31 2 HURTeT Hadexal JASERE HUfcd  (Magnetic) 3IOT
galfdedh Wiesw (Electric Field) SURRITHS TOR BidTd S0 AT SiTAfcdhd SRSHCR (geometrical
arrangement) 3G SRIATd. ZIC Hede § SR AT §Aq ATGUNT fodol HRcHD (leakage
current) gid. A HYCAT (nominal current) & fGdbSl HRc U S8 SGIM, JHI:
THS GO& B Sld AT IGUMHT, TR 13 AlS O3] 2e dheae-adl [daR &l ofld ATal.
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3.5.6 @Rqﬁ'ilq oI5 Sfdgde GI'Ichﬁ (Equivalent Diagram of a Transmission Line)

— T AAA- I-—m\—/vvv—
L F4 L R

>
G C == ?G

r
TP 3.12 TFAMNRE BT A sfPgoe TPt

(General Equivalent Diagram of a Transmission Line)

IR, T, T 371f0r off § B3 WRIHICH (line parameters R, L, C and G ) TFITHRM @13-<a Aquf GidiaR
%Ej@? (distribute) HS ST B[ 1G] %@@Iﬂq e (Distribution Parameters) ¥gUIdId.
MRS C R EREE?) T-@E%Tﬂ si’tr (IR ®IHcH) M0 UlaR B (IR loss), B3 s8dc-ggD
FIGeol 81U (IX, $11) BIdl, FT3H HURT "o BHRe” AT HRE (current) FHIOT B,

3.5.7 STATHRM ST RWBIH-AaR (Performance) CIFAMARI ST URTHIEHHT TUTG

(Effect of Transmission Line Components on Perfomance of Transmission Line):
1. A~ (R), TRA SRHL GBS SiU HHIU B,
2. MRe (R) G5, TR GIe-H e HIUR o1 HHT0r gial.
3. TE9e (L) §S CHItRA SIeHe @iecs S e
4. HURYER (C) TR ST13gR ATl e Fufor wal. a1 arfofit sieqs TIfizA sreaaed
3ifaferd PR B1E 3Mfor gl gid gil.
5. WIS HRUMGS, AR STg<a1 UhRTR (Effieciency) TRUT gIdl.
6. CIFITHRM Gls~d @GS WG (Regulation) THIA Bld.

7. dU9 AR @18l UiaR haeR THTfad gidl.

3.6 TRWIH-H TP 2T B13 : TBRITSAT, WO i1 @ Sz, ula haewn ghae,
AT UTaR haedTat daex gt

(Performance of Short Line: Efficiency, Regulation and its derivation, Effect of Power Factor,
Vector Diagram for different Power Factor)

3.6.1 CT-AMARM SS9 WRHIH-: TRITSTT 10T iads WG (Performance of

Transmission line: Efficiency and Voltage Regulation):

WWW@ (performance) WW (efficiency) &Tﬁ[@@%ﬁw (voltage
regulation) @%ﬁﬂfﬁﬂwﬁlﬁ WWE@@@%‘T@@W @%’TQ@’W @I%‘TQ_SUTTR
t\fﬁﬁ?, w%ﬁ?‘?tﬁﬁ?@m ?W&Iﬂqiﬂqm(ﬁﬁciency), LG ARG (steady condition) 3IfOT
EATF%FTC’ HISTH (transient condition) qX&TH WWW(regulationn) 31T qaieT (limitation)
BIEIRSEICREEGIE TRUTH-T UM (Performance calculations) Rew fFaoHa (planning) 3UYad 38,
TR BT WRHTEH (3R, TS 30T ) Tufize @3- Wb IH-TaR GRUMH ST
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1. B W[GIM (Voltage Regulation)- FI@cS WGAM U RIAEGT TS Flocora qicd
T e SoOUl TIREH SETHe Eoed S,

% Regulation =

%Regulation=

GlegT AR BTETHYA BT (current) ATEd 3Hd, AT STSTaT ASRe—g 30l SSae—y Tigos
BIETHE Bl S B,

gral URUIH 3T 3R B Sred R € @l (VR) § AT TS ®acd (vs) Uan
HTHIT: HH 3.

SIS RIS S1U (Vs -Vr) BT TREC 3iith R TS BIGesi(Vy) T Tad Hol Sl
&mem (voltage regulation) ¥UIdId.

AR STgea ST Te=a oftr R te=a adie g cs=ar uRAmde 966 B
OG\IQE\SI -‘\Q‘\])Q\”QI"I (voltage regulation). IE ﬁ'ﬁlﬂ'@R +/- 6% Bl OG\IQEW \Q{LQ\OQHd“I (regulation)

B AR

Sending End Voltage—Receiving End Voltage

— *100
Receiving End Voltage

No lod Sending End Voltage—Full lod Receiving End Voltage %100
Full lod Receiving End Voltage

. VS - VR
% @@WW (Voltage Regulation) = 100 3’&,

Vs

- 9T T8 gl fobar REfifET T8 @it at A1 @18 (Van)

Ve AT T Froes fhar REET T8 RGeS with BIS (Vee)

TS 3 EA'IT\‘T&I?F[ W@W (voltage regulation) X[ TqP 3g.

o W[O3IM BGY (regulation value) HHI S OR TFAMHRM STETAT IRBIHT TS,

> Mﬁ'iﬁ mﬁrﬂiﬁ E'fﬁiﬁl'qv_-\‘ﬁ (Efficiency of Transmission Line) :

CITHRM SIE-adl ThRITT, $i3cye UldR HTfOr 39Yc Ulavd IR TUH RN dol .

N, = Receiving end power 100
¥ Sending end power

Velg cOs O _
= KR R %100
Vsls cos O
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Power dﬂli_varﬂd
Power sent out

Ve 1p €08 B
Vo Ip cos §p + I'R

% ST-aTHRT TG RITRTT (efficiency) = (Pr/Ps) * 100 fdhar
= [(Ps - Loss) / Ps] * 100
= [Pr/ (Pr + Loss)] * 100

% 100

%age Transmission efficiency =

X 100

[E

3q P =RRAET T8 ufR
Ps =ﬁ‘%‘ﬂQ‘6’ﬁﬂT
o TR B3l UHRIERR (efficiency) Na®! SR fade! erafizA ST WHiHw
IS

o SIS TR BTTHH 100% THRITRT (efficiency) 3RId TUNT X dleT (loss) S
TAGIRDESET (practically) e 9.

3.6.2 TT-HARM BT YPR (SFHIHRM ST BiaIJHdR) Types of transmission line

according to length:

1. T ;IH{-Ii?-RI-I OTZ1 — Short Transmission Line (50 ﬁ'ﬂ:ﬁqﬁﬁ)

2. fHSH gH—Ii-J\-RI-I ®Ig1 — Medium Transmission Line (50 d 150 ﬁ'ﬂ:ﬁqﬁﬁ)

3. BT ;I&-IIT-IQI-I @Tg — Long Transmission Line (150 ot i)

1. ﬂﬁﬁﬁl’iﬁm (Short Transmission Line) - 50 fodt wefa:
3¢ TAERM B18- WU [t Siet 50 fhomieRuan HH SRId, 20 kv U&T ST IR Flacd
9P 3ATd W@WUW (capcitance effect) 3Rqr A WW@WW
HRC 0 A 3T IUH e HURCTDS Go& HS ol Adhd. T e CHAHRH B3-ad]
TR RIERT (Efficiency) Y3Re~ 30T S8R FhdcaR A0 3.

2. ﬁéﬁwaaqm-—rm (Medium Transmission Line) -50 & 150 {5t wia

50 fortt UefT SR U= 150 fobwt UM sl Siaitl SATIOT 20kV USSR UG 100kV YT HH BIGCsiar
TGV TR &Te, FIEd (Medium) TRITHRM 3189 AMO! SId. TRy (ke 38aed
3TIOT HURE) BIEAR JABHG! FSKIGE ( uniformly distributed) B AT, GTSTd! Gl 0T
RIS Sy dled dudy ®URIcad AgW 8R38& SRd aid oild. [HSIaH (Medium) TRITHRM
SIS, T PR Hgwardl 35, HURIC BETadl G0l Biaiar JHABHG! fSKIGE (uniformly
distributed) %o SITATd. TUTY, HSHORA (calculation) U HUAITS!, BT HURICT Teb] fdvar
3{f fdgaR (point) HURICIAT TUTA dhisd (lumped or concentrated) BT 3178 3 TaId YRS Sl
olgd HURTCT RUTPHIHT (localised) HITYTAT ST q@?ﬂ'ﬂ% g giomy (result) fiesard.
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3. F)'\I'“T@R‘lﬁ'iﬁm (Long Transmission Line) - 150 ol adte (E'\I’“TQF\‘—'Iﬁ'iF-[E'I?F-I)
150Km T&T STRd ST (length) MOT 100 kV U& STRA RGeS G GIa-AoT BT CRAHRM
?'5'['5;:\‘:[ (Long Transmission Line) UIdId. BT EAT:\‘T&I?FT RIERE Eﬁﬁw MAAE (efficiency
calculation) Tt Sl (accuracy) e quardl, BT Bl I WW@W
%@@E HRATT 3 AFSG I, 3T I~ @W PSR TOr (complex mathematics)

IR TGTH TR,

-
i—l
Hh
Lo

Neutral

TPl 3.13 AT SR SIS SFPEOE P! (Equivalent Diagram)

3.6.3. mﬁ@mﬁ'ﬂﬂm 50 ft wda (@7¢ TR o159)
sfPgoe MPpdl. BoR 3MMPHdl TR, Wm e %iﬁ?ﬁ (Equivalent

Diagram,Vector Diagram, Efficiency, Regulation and its derivation)

FMe TR B8 HISGHE, Tad U Bl ( Single Phase) T2ITa@T ST - Ud tRifted ufd et (per
Phase) G-H%T‘T

3 0 i <
. SO0 %
I " V. IX
W v, § é IR »B
T =Y,
| ; ' © ~E D T
enqwﬁ 3.14 (a) Equivalent Diagram GI'I?_(ﬂ 3.14 (b) Phasor Diagram
1. 1, = RiYf Gs e
2. R = Ufd ol 3R
3. L= Ui e $saeq
4. Vg = Reefifeg G gl

Maharashtra State Board of Technical Education, Mumbai 56



Electrical Power Generation, Transmission ﬁ@gﬁ ot fafed, TR for faaRoT
and Distribution (GTD) 313333 3233%3

5. COS@r = RIAFET T UiaR e
6. Vs = ST TS Flges
7. COSQ; = HfST TS UlaR e
Vs =Vr + IR (R+jXp)and Is = Ir =1

@S, Vs = Ve + IR + IX,
ﬁﬁﬂ%’ﬂ TS BT Ix IBTT BoR (reference phasor) ¥U[H ﬁm e QF\‘I'&ITFT
e SR UR haed WEY FYE HS A4S R d IRNT 3T 3 TgId TRTd SFISG SRRT UlaR Thdex
BTWW (reference phasor) U1 YSATSTAT 3G C IGEE] (anti-clockwise) 3.

e ToR V (OA) T TIHIAR IR ST HTal ST T | BT 39 ol 3 Ulfgel, TUH ‘I’ phasor BT AB
THIR HTal.

o 3{TdT IX, PTGI, AB URJT BC. BT Uh SSfaceg SIU SFRUM, Tl Teh [T Bl BoR 3iTg.

o AC UM G131 THUT 1Y (12).

o VA Ua Jlfaee ST Siig Vs UK o ST,

o Vs 30T | AYST SATS ‘@s '3TR.

TR TpeiaRsd,
PICHIF FBIT ODC A, (in right angle triangle ODC)
(OC%= (OD?)+ (DC?
(OC? = (OE +ED)? + (DB +BC)?
(V)2 = (VRCos@r + IR)? + (VRSIN@Rr + IX1)?
(Vs)?> = (VR)?> + (Ir)? (R? + X1?) + 2 IRVRRCOS®r + 2 IRVRX.Sin@r
(Vs)® = (VR)?[1 + (IR/VR)* (R* + X1?) + 2 (Ir/Vr) RCOS®@r + 2 (Ir/Vr)XL Sin @g]
(Vs) = (VR) [1 + (IR/VR)? (R* + X?) + 2 (Ir/VRr) RCOS@r + 2 (Ir/VR) XL Sin @r]”
1 s gHe B (IR/VR)2 (R2 + X2)
(VS) = (VR) [1 + 2(IR/VR) RCos@R + 2 (IR/VR) XL Sin @]%2
Now apply Bionomial theorm > (1 + x)'/" ~ (1 + x/n)
(Vs) = (VR) [1 + (IR/VR) R Cos@r + (Ir/VR) XL Sin@r]
Vs = VR + IR R Cos@r + Ir XL Sin @r (This is for lagging loads only)
Vs = VR + IRR Cos@r — Ir XL Sin @R (For Leading type Loads)
Vs — Vr = IrR Cos@r * Ir XL Sin @r
Voltage Regulation = [Vr (at No Load) - Vr (at Full Load)] / Vr (at Full Load)
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% Voltage regulation = [ (VS-VR)/VR]*100
=[IRR Cos @r = IR X Sin @r ]/ Vr
= Rp.u. Cos @r £ Xp.u. Sin @r

o TNc @Rqﬁ'ilq ?ﬂ%‘ﬁﬁ Eﬁ?ﬁl'l!?"ﬂ (Efficiency):

% Efficiency = (4TaR 3M13¢YC) / (Ular $7YC) * 100

% Efficiency = (Vr Ir Cos®@r) / (Vs Is Cos®s) * 100

% Efficiency = (Vr Ir Cos@r) / (V& Ir Cos@r + I°R) * 100

3.6.4 UTax Waedl THTT STFOT dITATeAT UTaR BaeIHTal daes ST (Effect of Power
Factor, Vector Diagram for different Power Factor).

UiaR Rieuzll Sieoadl disdl UlaR haeR SRITHRM BTl ®lgesl WG (Voltage Regulation)
3for Q’WQT\EFIER (Efficiency) @efufta giome &,

@Q%Trl Wﬂ? OIS UlaR Waedl WU (Effect of load power factor on Voltage
Regulation)

ST BT UfeR thaexal ol Renzll SSoel 3[dl d@T CRuRM S13d URiesl @iGes oM
WSS THiBRUMgR foo 9,

%Voltage Regulation= [(IRCosr + IX,Cospr) / Vr] x100%...(1)
T, DI UiaR haeTIo] THeol @IGed] WGRM Jo16 THIGIUMGR G S,
%Voltage Regulation= [(IRCos}r — IX.Cosdr) / Vr] x 100%...(2)
U, THIHRUT (1) MO (2) T, WIOTS Jedidl (Y Hlear ddl -

o ORI BISAT UlaR Wace (Cosdr) BRI fdhal ST ST Sl BI IRCosdr > [X.Cosdr, TRT
SRR Bd ®lGed W02 (Regulation) THRIESD (Positive) 3 &d U R U8
FIoC (V) ATST TS BIGCoTUa HHT SR (Vs).

o UG BISTT UIdR e 3T BIfST 3l 1 IRCosdr < IX.CosPr, dogT IR BT
GIFc WG BT (negative) 3d U RRTEGT TS Blacs (Ve) W TS GIacSIUET (Vs)
EIESECRG

o TEowa R TS FIaed (Vi) SN0 I8 FRC (1) TId, SR ST Sledl Bs Ul thaex HHl
ST R AR S Blges! WO dIad.

o feowar i@ U Fioesrdt (va) S 3187 Be (1), SR ST Ple 3Is UfaR Hhae Bl
ST R AR SId Blges! WO HH §ld.

1. TAMRF UfPRT=flay @i ulaR $aedr UHId (Effect of Load Power Factor on

Transmission Efficiency)
Sleal bl UlaR fad STd 8 AT Ulak e ar Saoqd 3. o RiTe-thel IfiRM S8-al

W TiaR (Electric Power) 4l THHUMH fed Oid....
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P=VRrICos¢r

I =P/ (VrRCOSPR) ...... 3)

THIHRT (3) T&H, & WP 8Id B, feoadr gofde®d UlaRAa! (Electric Power, P), REIfET T ®lacs
(VR) 3T BIS B (I ST Uik el UXd JHIUN (inversely proportional) 31’[% (COSDR).
IS BIS UlaR Bhaey HH! ATGUHeS BI8 BHE (1) dledl 0T Ared HHRM SrgHe tlaR o
Jredrd. R}, 3Te UlaR thaex HH! TGS Gl C-uHRM U RITT dHH! Bid Tl vice versa.

AT UiaR haeHId] daex SIUTH, Vector Diagram for different Power Factor.

1. ORI UlaR Baex: BRI UlaR HhaeHe, Hc | lags Vr by an angle q;R.‘\ff%n%o_s'qu (Resistive
drop) IRBII F)T%?ao_\r[ (in phase) &ﬂ%’ wsﬁ (Inductive drop) IX,, 81 | &1 90° phase shifted
(perpendicular) 3G

Vs= Ve + IR + X, T, Vg B Vs U&IT HHT 3TG.
% gl esl WG (Voltage Regulation) =
=[(Vs - Vr) / V] * 100 & Positive 3Tg.
Vs

TP 3.15 (a) BRAT UTaR Baex (Ssfaes oIs) A1t daex St
2. SIST UTR Baex
AY, Vs B Ve TeT Y 317
% gl esl WGRM (Voltage Regulation) =

=[(Vs - Vr ) / V&] * 100 & negative 3Tg.

TPl 3.15 (b) SIS UlaR haex (FURifesE BIs) ATST ddeX TPl
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3. gdl Ular Baex
IR T | BT 3 Whol 3§ STIOT IXL § | & 3 (perpendicular, 900) 3Tg.
Vs > VR IBUM, % RIS WG = [(Vs - Vr) / Ve ] * 100 positive 3Tg.

Vs

I,

I =Jg Ve IR

TPl 3.15 (c) ST UTaR Waex (RfReeE 15 ) Ardl daer Pl
3.7 fRugiczm offe fdlga oge: AfFo &, AifFe T el U Heawr Ugdl.

(Representation of Medium line: Nominal ‘T’, Nominal ‘Pi’ and End Condenser methods)

ST (Medium) AR ATS~T<dl AiegRHNTo! Jaid SHFIYU aTORed SOt U]
(RITM®IPHd HURIET UG localised capacitance methods) WTATAYHTO! TR :

1. US HoTIR UGd (End condenser methods)
2. A & Ugd (Nominal ‘T
3. IS U Ugd. (Nominal ‘Pi’)

R Ugdt FrSTas AT IR H-g= UM HRUATTS ! aruRedT ST,

3.71 @WU@H (End condenser methods):
gl UgdAE, BIeTdl HURCH g ARG dhar Ol TR dHigd HoT Trdl. Spdmed
aﬁﬁm, IS TSR o131 HURICTT T IHR] (localising the line capacitance)
BT Bl Ugd HURTCHAT YHUTFHT 3ardd Hew (overestimated) Gd. 3Tl T, 3-Thal
SR BT8d1 U Ul (single phase) GITAT 3HTg HRUT BeH-g-01s ATITSl Uhol T
HTH HROT 31 A 31,

Neutral

TP 3.16 TS Ho-THR Ud ST ok STAUTH

(Equivalent diagram and Phasor diagram of End Condenser Method)
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Let,
lr = U BST B BRC (per phase Load Current)

R = Ui Bt YfeRe= (per phase Resistance)

XL = qﬁlﬁﬂg@%ﬁﬁm (per phase Inductive Reactance)
C = Ufd ol HURTeH (per phase Capacitance)

COSR = RIAFT TS UleR e (@RI

Vs = WW@%‘T@@W (per phase sending end voltage)

HichedTa! HoR Ml 3.16 A TRNAD! 35, RENeT U8 TG Ve SHIT BoR (reference
phasor) U YUl

we have, V,, = Ve+J0

Load current, E; = I, (cos b, — j sin dy)

Capacitive current, E = 1,7;, owC=j2afC ITR

The sending end current 1_'; 1s the phasor sum of load cur-
rent TR’ and capacitive current f: L.e.,

=¥ — —

Iy = I +1;

= I (cos §pp—ysin ) +j2nfCV,
Ipcos §p+ f (=1 sin g + 2.0 f CV,)

LZ=T (R+jX)

1l

il

Voltage drop/phase
Sending end voltage, .;:{ 1,_:; = Tf; +f;2 = FR + T; (R+jX)

32T YHR, ST T FIacH Vs IS SIS, Zahdl.
V.-V,
% Voltage regulation = —5—‘7—’* X 100
R

K ; Power delivered / phase
AR/ i PRI
i ollage (ransmiission efﬁcwncy- Power delivered /phase 1os3es /phase X 100

V, I
= __K._LC(.).Sq]R ~ % 100

) VRIRcosq)RHSZR

'FI'CI'fET (Limitations):

S (Medium) THRAMRM @139 ®lgcoAl AIGGRMYG! TS dhe-aR UgdH TUFT (calculation)
0 Y HT% aﬂﬁwwﬁaaﬁ% (Drawback) 31’[%?‘[:
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o TUHHY G&UTT ICT (considerable error in calculation) FHAR 10% AT HRUT e s
HURTeH oWe fdha d)T-Hr?;ES (lumped or concentrated) GNW%I‘]%H TR TS 3.

o Bl UGd B3 HURIe-TeA YHIGHT STRd 7 o

3.7.2 AT SH T&d (Nominal ‘T’ method):

I g diH e, Hqul STean HURIE=T O3 7 g (middle point) TR SIS 38 3 el RS
ST 3107 STl 3.17 (a) HEA GRAAGATIHIO! BTg-TaT 34l IR (half resistance) 30T sref Riae
(half reactance) Tl Eﬁ'_ep[ GTGLET (either side of the line) S (lumped) HST STl U, a1
FART g 1N HRe T BIEER dTgd. AP 3.17(a), 3-Wol TR B3 T W (single
phase) GRIAGT 3T HRUT BTe-¢-BTe ATLGST WorHed HTH HUl BIRIGIIR 3.
Iy Re2 X2 I
oo

Gﬂﬂﬁ'ﬁ 3.17 (b) ok Gﬂﬁﬁﬁ (Phasor diagram of Nominal ‘T’ method)

Let,

lr = Ufd ol DTS BT (per phase Load Current)

R = Ufd el IfeRe (per phase Resistance)

XL = Uﬁlﬁﬂ%@%ﬁ'\m (per phase Inductive Reactance)
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C = Ufd ol hURTeH (per phase Capacitance)

Cosdg = W@WW (?'\;'&P'D

Vs = Tl Bol ATST T8 @IGed (per phase Sending End Voltage)
Vi = BURIER 'C d oo

HicheaTa! HorR 3Tl 3.17(b) T gifdot o, Kfifg™ e @E%GI Vi Y- BoR (reference
phasor) %’Uﬁaﬁ.

We have,
Voltage across C, ?, = 7;; + 71; Z/2
= Vg + I (cos bg —j sin dg) (12!1“- %)
Capacitive current, Tc'. = joC V, =j2rnfC 7;
Sending end current, T = L+T;
. 7 e PaT 27 (R K

Sending end voltage, Vs L+ I 5 = + I > + J >

Receiving end voltage, 7, = V,+j0

Load current. [_R' = I (cosd,—jsind )

3.7.3 AIHEd n YGd (Nominal ‘Pi) :

I Ugdld, T heaexdl dURic-g (U], BT o <g®) I YNTHL [AURTST SiTd; 3l
3.18(a) Ay aﬁiﬁmrwﬁr Uh 3ref IS TSAT (one half at sending end) 3T [ 3ref
W%"T TSI (other half at receiving end) &S HST ST, % oy S‘I'I% f& IfSm S
HURICIT G134 SIYAR HIUIdTe! URUITH Bid ATg]. T, THUT JST U HRc Uk HRUGRITS!
HURICIET AT PRC, B3 B ST (add) S0 ARTD 3R,

IS H IL xl. IFI
R‘"‘I’“‘ s AU e 71 Vi g .y x
Ieo Iery
L=
L S — C2_- @ Va
—
, R FA— Neutral ) S R4

Gﬂqv_cﬁ 3.18 (a) ATHHATA ‘'’ UKd (Equivalent diagram of Nominal ‘Pi" method)
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Gﬂ?cﬁ 3.18 (b) Lo nd GI'IT\-P[ (Phasor Diagram of Nominal ‘Pi’ method)
Let,

lr = Ufd TSl BIS BT (per phase Load Current)

R = Ui Bt YfeRe (per phase Resistance)

XL = qﬁrﬂms@mﬁm (per phase Inductive Reactance)
C = Ufd sl HURIeH (per phase Capacitance)

Cosdr = ﬁ’ﬁl%"[ Q@I TR thaex (E'\;ﬁl'rl)

Vs = Ufd Tl ST U RIS (per phase Sending End Voltage)

HfcheaTa! ThoR TG 3.18(b) HH TRMA0T 3Te. RIMET TS BRI Vi XHRT BoR (reference
phasor) 'J%'Uﬁﬁﬁf.

We have,
Ve = Vz+j0
Y S
Load current, I, = Iy (cos g, —jsin ¢p)
Charging current at load end is
— : s —,
Iop = JOCRAV=jnfCV,
Line current, L= L+l
Sending end voltage, Vs = Vo4, Z=Vo 4T, (R+jX,)

Charging current at the sending end is
I = JjoCDVi=jnfCV;

. Sending end current, }; = ?_: + E;
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fagga swif ARk, erafirm snfor faaror

33

TR STg-TeAT AHATS - & 10T AT - n Ul &1 B .(Compare Nominal ‘T’

and Nominal ‘Pi’)

®. | AMAAd-E 9Sd Nominal * T AIfAAd-1 9&d Nominal ‘Pi’

1. | 3R 7RI tRO Old B @13 HURICH | 3R TTEId &R Tdl ! AR S8
(line capacitance) TI-ITBRIH TS HURICTTT (line capacitance) T 34T HFT
TEOHFT S (lumped) 378, & T i geRy sref HT RfifeT teaR

BIS (lumped) 3T8.

2 3 TTRld 4R ST DI Ufd Bt (per 3 TEld eRS S1d Dt Ufd Bt (per
phase) 31¢yf BT MRS (half line phase)malsqm(line
resistance) 3o Hﬂfs@%f{m resistance) 37foT ufd e (per phase)

(half inductive reactance) HURTCT=AT s’s’%ﬁeﬂm (inductive reactance) B

Glg! SIS [AURTST ST, G el IR S8 hURe~He
(half of transmission line capacitance)
BIES (lumped) 3Te.

3 gfd e fdhedn PR (shape of gfdg e fdhedn SMHR (shape of
equivalent circuit) 'T" S&RTEARAT 36 equivalent circuit) ‘m’ SERTIRAEI e U
RUH IR 14 ATd-3 ggd g O 1d -1 U

4 15 R2 e F;2 e le R 1 X Iy

W — W= - ’WVL';*'m‘ATAA
fl, Vo lcj I
il s
' B ! § Vo O CR-- Va
------------------ Lo L Neutral J
Neural EERCSS Srolas e e
5 ABCD FRRI® (constants) J&d ABCD FRRI® (constants) J&U TS GHHTON
WO ISYHTO! 3T 3{Ta:
A=D=1+YZ]2 A=D=1+YZ]2
B=2Z(1+YZ) /4 Ohm B = Z Ohm
C =Y mho C =Y (1+ YZ)/ 4 mho
6 T Ugciid URUMH SFTET 3 3Hled. 1 Ugdd URUMH SRTET 3 3Ted.
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®. | AT d-8 ugd Nominal ' T’ A d-n U§d Nominal ‘Pi’
7 | SBFSC (equivalent) Mo 3fBRoC (equivalent) ATPHdtae
|s :|R+ |c |s :||_+ |c2
8 | & MST (medium) TRAMRM SRS | 8 TSI (medium) IR GTS-TA!
MRS ST, IR ST,

3.8 &P shae T UTasifid shae, Hedevd S=IUIRIR ST ™= Sz dr (Skin

effect and Proximity Effect, Transposition of conductors and its necessity)

3.8.1 W{W Skin effect :
@f%'[ Hedc 316’5\323”?” P (alternating current) dig- ek_‘ﬁ aOSI ar &Eﬂﬁléll Tofes
TOR (alternating magnetic flux) TR B, S edeRaid & gidl. SR YU HedeId]

JHIR B8 hededl YUY BI-EH A R TIDHE HTal SHRATHD Hie ], A
Ud® GgM hedex Wdd HUfCh WIgs (magnetic field) TR &Rl & a Wd:xM AT
ATRAT HSIeZN CHIS Sirsdl (link). AHadl pSded (central conductors) 3P Heaedq
deo0 (surrounded) Wle[ d FaffeRar sifte dafes wowm (magnetic flux) ee
(link) ST, WM, Hhedexadl AHAUTT 31fidh Sede (inductance) 3¥dl 10T A U
SR Sefaceg NG 3l SRS 3{TUU §UNTIhS (surface) SITAl d¥dy Foa fafd
(flux linking), Sede 30T S8fdee RUae~I HH gId . Seiaces RUded HarIM!
(center) Hatd SR 3qd &rriﬁrqguﬂw (surface) g5 AT 3/d. T HRUM], ngc@ll?ll
< (alternating current) HeaeT] pIY-TaRIR JHH 1;I'J:ITUTI?T%Rj@?f(distribu’ce) HST ST
el @ U 2 fdhar fbam SH1for YEURTIAR SIRA 3RId). 3f@eRAfeT eiedl (alternating
current) JEHRTIGR HIT<C (concentrate) HRUATAT IT Ugaiiel "= gthde" (Skin Effect)
B UIdld.

Currant Mo current
Hows over flow
the surface

3Pl 3.19 f&h1 hae
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%1 sthae WIS1® BaeHar (factors) TG A

1.

2.

3.

4.

et (Frequency) : 50 Hz fdhal Tuem &t flhehatara! e thdedr UG Gud HHT SR,
flreal drgot fob f&p1 Sthac aredl.

IR SHICR (Diameter of wire): SAHICR 3UF G Rp Shae dledl..
AcRIEd WEY (Type of Material): AcRIG RATffoc=m aréig [ sthac ared!.

H8FXAT AHR (Shape of the Conductor): TGS HedeHd b Ihac SRd AU
WSS HedeHe HH! gldl HRUI Alfos Heaeyedl YSHNTTY &HS (surface area) ST 3.

& Eﬁﬁ%’ﬂ% Heaevds UHId (Effect on conductor due to Skin effect) :

1.

5.

6.

SHSFIA HEHFT b1 YRS TRATAE FSTdcdh B (Electric Current) YHTAT &5 Jud HH!
YGYYD HRC DheacaHdl SWbideeg TRAT HUT i,

AT, Hredexdl ISR (Resistance) fdhfrd ared.

AR SIS, HIWR DI (copper loss, 12R) dTedl.

IRCT ACST B, Blgesl SIU(IR) ATel.

TS (R 1T dTedl, WG (voltage regulation) dTgd(Poor).

SIRISIT HIIR AN (copper loss) dTedl dUdRi B1g-d! TR HHT Bd.

=P Eﬁﬁf HHI BT U@?ﬁ Methods to reduce skin effect:

2.

3.

4.

ACSR H8deX IHI: BI3I9T3! AR STdrd.

Tifes dedeuaull gidl dedae? (hollow conductor) aTaRT,

SigT AR 3T degl A.C RASUUTSIT D.C GBI (supply) TR HRUI D.C T f&hd ghde
3IURRIT (absent) 3iTg (3RI el g).

3.8.2 ﬁﬂ%ﬂﬁa ?&WE' (Proximity Effect):

- UG THUBAT S S UMK G Hedex (FHIAR STl S[a) 8 3feeAietT BRe (high
Alternating Current) dig- ﬁ?‘l’lﬁ, ?I%T Bl PC (current) HoFeIA HIO-TRHS AR (area)

gﬁﬁﬁ?ﬁ %Ej@_c’ HET S ATl (non-uniformly distributed). T UHIATST EITEI%ﬂﬁ-Iﬂ '{av_d?
(Proximity Effect) ¥gUIdId.

- TG HSFR SGCIATCT BT (alternating current) AR AdTd degl o a2 Hiad! @I
TP WITS (Alternating Magnetic Field) TR $RdAld. 3HTPHdld GRIGRATIHTON SlegT HIUTTa!
TS Hedex- A oo AT HUfcH q’ﬂ?‘)_é (varying magnetic field) SdX Sida<Al HEFRN
(adjacent conductor) Sred (link) aosl dTd Q@DI cbi'q{-l ERERR Eﬁ?f (induced eddy current).
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. I@T Ta@d HSFX (nearby conductor) THTT G2 HRE (current) g AdTd, dagT a1 Tt
av_é_c'ﬂ% (eddy current), hededl HIC (conductor currents) hadel Jaid XAl (farthest)
STSaR Bfad (concentrate) BIdl. (3Tl 3.20(a) UET.)

B B
' AR & | 45 &
v | © | gaAS ¢+ | © | A

_____ a) b)

3Tl 3.20(a) 3Tt 3.20(b)
« Sicgl Sidedd hgdey [d% &R BRC (current) ATgH AdTd, AT AT US! HcHeD, heaedl HRc gl
HeFe A TdB AN SIaR dbiad (concentrate) Bidl. (3Pl (b) UGT) UIFRNHTT IhdcHes hadeAl
STIURT=AT YT DHRE (current) dTg AUMRIT SR $hSdeadl IURIAYD dheaedl HWRT fIRe—q
ared

AITehfidl shae gR FHI ST A1S, AGAL:
1. GF HeFeANE 3R ATeq U B1d 1 MR (long cross arm) AU
2. 3G Uasl! fiegRes TIHRM RieH aruFH.

3. &M SMHRE (small size), HH! HRE (small current) dTET AUIRT Hedex dTU=.

4. UITRITHC Sthde TIB VIS AC T-IHRH RIEH Tasi! DC TR RIREH araRT, SR
DC Raaurdt fThehdt (frequency) 2T 31Ta.

ﬁﬂ%ﬂm E'aﬁiﬂ? TRUTH FHRUR Haed (Factors affecting Proximity effect):

1. fopert (frequency): firerddt (frequency) ISREIRSIESARRED $Chdc (effect) OITd.

2. TPR (size of conducor): HSFAT HTHR INGEARSIESAGRE '{ﬁ'ﬁi’ SIEA

3. dheaedl MARSIRE (Resistivity): orda! iRl SRd faddt gthae .

4. AeRgedt WRftufafedt : hede wRitufafed fSiaem! s fader sthae w.
Ui s’&me% e (Disadvantages of Proximity effect):

1. $ ST DINI-URMS & (area) HUI Bld ATID HadedT A~ (R) AT,

2. 9T 'R AT, ®BIGesl SiY (IR) dTadl.

3. WGRM (Voltage Regulation) dTad.
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4. HIR AN (Copper Loss = I?R) dTaGd.
5. B (loss) dTed!, U Uh RIS (Efficiency) HH! 8ld.
3.8.3 Heaed @W@Wﬁ 3T Rt STa=IDdAT (Transposition of conductor and its

necessity) :

- 8 oY 1"R-Y-B
> Be v E eRr 3"Y-B-R
L - —_—
"_3—’" 3 ”‘l‘ 3
- TOtal length say L

&I'I?cﬁ 3.21 Wﬁg’ﬂ’lﬁ@]’ﬂ? ( Conductor Transposition )
3-Thol BISTHT diFg] heaeHe BIGcsl Sld THM SRIUINITS], Faffd $faR™ (regular interval) fa=g!
o] dhedexAl RIFE GBS (exchange the position) HRATd SUId YD HSder UM
MR TS Hedexd o U AUS. 3-Thd IR Heaedl MM Il AHEBEGI[oT "

> olIgd HeaeY m‘%ﬂ{l‘ﬁﬁ STAY DT (Necessity of Conductor Transposition)

SIgT 3-Th B THH® 3R THM —9d, dag] AT IR, T e IHM T9d 0T TUH TS
B Sedc-ad! [ /oy 3d. gral uRumg 3R gid) &1 Shordie SiY i sryard $for o[
T FGgaR SMUUgRISl ofor fast o Igfod RRUET s ey ura HRugmedt «®
m Heded mﬁﬂ:{ (Conductor Transposition) HS oI,

» 3aleUl (Numericals)
A single-phase overhead transmission line delivers 5000KW at 11KV, 0.8 p.f. lagging. If resistance
and reactance per phase is 0.45 ohm and 0.08 ohm respectively. Calculate

(i) Sending end Voltage
(i) Transmission efficiency
Solution:

P+1000 _ 5000%1000
VgCosodr VgCosodr

Load Current, I = = 568.18 A

R=045*2 =09 Ohm
X =0.08*2=0.16 Ohm

Sending End Voltage Vs
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Vie / (Vg Cosdg + (IR)?) + (Vg Sindg + (1X)?)

Vee /(11000 * 0.8 + (568.18  0.9)2 + (11000 * 0.6 + (568.18 * 0.16)2
V. 11,466 VOLTS
Line Loss = I°R = (568.18)2 * 0.9 = 290 kW

Power Delivered

Transmission Efficiency = *100

Power Delivered+Losses

5000 kW

_— *
~ 5000 kW+290 kW 100

= 94.5%
I (Exercise) :
1. 3ofdcd Uiar R RIS S8 31 BIal.
2. AR ST8-d aHidhRuT I,
3. TR BEd I HIAH<H (components) I HIANE (function) .
4. ATES T SHSIUES THATHRIT &1 B,
5. AR BTl RIGes &ae M SR J a0l B,
HRA ARG XSS RGeS 3dd I,

SR B! ThRIE ST @ges WeH IR UlaR thdedl UHd ¥
H.

© oo N o

U

10. U8 Ho- ¥R Udd SfPgoc AP S0 ThoR 3! Hlel.
11, ATES-EY 3101 ARG -n UGl &1 B,
12. AMEAG-El IO AG-n Uil 3fPeoc AP 0T ThoR 3! Hlel.
13. % Shacd Ui &1, d DIV HaeHaR Ao 387
14. UIFNE Shac oNf0T af &1 HH HRT IS o .
15, 3ATPHdg HSded CIIAINSIRL! TRl JiTl.
WW— Reference books

1. A course in Electrical Power, by Gupta J.B., S. K Kataria and sons, New Delhi. 2014, ISBN:
9789350143742

2. Principles of Power System, by Mehta V.K., Rohit Mehta, S. Chand & Co. New Delhi, 2005,
ISBN: 9788121924962
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Pearson ISBN: 8131707911, 9788131707913
4. Generation of Electrical Energy, 7th Edition Gupta B.R. S. Chand Publishing, 2017 ISBN:

9789352533817

Hifgd! YHdRIS (Information Websites):

1. https://www.electrical4u.com/performance-of-transmission-lin
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Q|EIE ¥
TRTT 81 @leed ¢-ATHRI (HVAC 30T HVDC)
(Extra High Voltage Transmission (HVAC and HVDC)

fawg fAeo=h (Course Outcomes(COs) :
Sffafad 3= Fleeo! IR Rie=ar WRiexar o arqor

(Interpret the parameters of the extra high voltage transmission system)

fowa fAuRl | \_{I,E'UTI'& frerdt affr fAeo=ht (Theory Learning Outcomes (TLOs)

aligned to Course Outcomes(COs) :

4.1 oo TrAfiRM A=A YR T Sfor SR i

(State the Rating and functions of the given type of transmission line)
4.2 feAed I Flecs YRR gchTd AT 10T SR Fim

(State the Rating and functions of the given High voltage Substation component(s).)
43 fee I Rleeol CafRE |z USRI g1 RSy uHe Ty &1

(Explain the specified effects occurring in the given type of high voltage transmission line.)
44 T gIees TR AT A3 BRI Hetwd WY o3,

(Explain the importance of line compensation in High voltage transmission line)
4.5 fEAedn HVDC TR TS A3T3ed Whoy 98 quiHd o

(Describe the layout of the given HVDC transmission lines with sketches.)

4.6 faggd a1 TR IR HdheT TF A1

(Explain the concept of wireless transmission of electrical power.)

1Tl'ﬁ?l'!if(lntroduction):

é@%‘rgﬁqﬁmﬁ Hg<d (Importance of EHV Transmission):

EHV ATEATd aToR HIgdT JHTUIT diel gR SIRTadd HUaTITST aTiR el STl SRR SRITHR G@leest
dTed, HIC HH! gidl, TS AR Areq4Td HIR AI(Copper Loss) HH! BId. ( HIUR AN a 12).
rAfaRed, ThT A8 IR 3 UlaR IIHR HRUATT G&H B3, TAMHRH TIdl THUr HH drgA
ARTAT , TS ThedTal W9 HH BIdl. 3 3ewm 3ATa &) UIIaRuMaiia 3R &lecsl Uided el
UHIAIHS HIBoiyder def U1 MaRAD 3118, HRU RAMUBR EHV TILTedl URERICMS Seideiefesd
T, BRI 'a“a?_clf (Corona Effect ), g (loss) , TS (Noise) , HedR ERHE?FC[ (Conductor

interference) %%Sﬁsweﬁn (Radio Interference), 91 JHHA], F‘IB:TW%@BF[ (Conductor Design)
, A2 T (Height of line) HANGA (limit) SAUATITA! Thol TR Fd SR

4.1 YRdTd 765 kV TTgH (765 kV lines in India)
1. kRIST-®RIST e

2. P IdT-3MRETE AT

3. 3URI-341d ¢lig-
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4. fHIAR-T1T T9-1 (S&e9) M1 TH-2 (%)
5. eg-TRS AT -1 31f0r 2
6. RITd-Rya=it &g -1 3101 718 -2

4.1.1 EHV Y Tazgepdr (Necessity of EHV):

1. T2 Bleedl dlecd, &g UlaR Hhaexar ( Same power factor ) T JHTUNG TiaR (Same
power) TR BHRUGRI e HHI AN U Heded iy Ja-d &3 HHI gid.

2. T HH! ATedTHes THUN HIUR AN HHT gIdll ST SATHRH HIAEHT (Transmission Efficiency)
dred

3. TAIGAT JHTUMNT diel JoMel =l RERSIS RIS (For the Interconnection of large amount of
Power System) EHV CFIIHRI U SUgdd 3178, TEUH T S{dcid dbell Sl

4. TAMURA Rlees dleed SRR w8 Glar gldiesult &Hdl (handling capacity) V2 =T
YT dled.

5. QU AMS SHRTaR HIGAT THTUN diol GRaST HR0 EHVET Sedid sfffemesed BrciR 7.
6. @éﬁw (Voltage Regulation) ﬁ%I'R?f.
4.2 BT glees Hae =M USRIV, Ffhe du--edl ardt Smfor @i &1 (List of the equipments,

Circuit Elements in Substation & their function):

1. 99 dRR (Busbar)
9 IR 81 H1H- hadex 3T a1l JuT-T1 HTIOT ST07T-T7 A8 SHSciedT SRy

2. Eﬂaﬂ(lnsulator)
YO I e YOI M. d heaexo] YR el 10T fagy THia Hedes! Haffed HRdrd.
o TSt Yafd THrad: aToRe SR JeRad Tor! TififoH.

3Tpelt 4.1 AN

3. Uiav @wa\lﬁ? - 8T @Rqﬁﬁ?' (Main Transformer)
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OTaR CIThIHRE aTiR YEeRM A Flecs] 1U-3(T fdhal WU-S137 HRUANIS! el offdl.  iaR
WM T, WI-37 UlaR SFABIHRET aT0R f[aggd Sore iR e glecsl WU-3 (132 kv
fdhar 220 kv fdrar 31fdd) HRUTTATST et ST,

A\ Z

TP 4.2 UTaR SFABIHR
4. gD @R‘Iﬁ'lﬁ (Auxiliary Transformer)

Y4501 F&f (Control Room), TRAT AEET, T HIER FATCHT dIol TRAST HRUINIS! FTYC Fleed
11kV dT 3-phase, 4-wire, 400V Td WU-S137 HR0 § IR B 3R,

5. W}'ﬁ? m ( Instrument Transformer):

YIRIA T A2 I @leesl dR ATAdrd M1 gOIRY SifUeran faggd vdre argd Adrd. d u-

SIS IRUGIIS! FZHE CFABIER, CT (BIC TFABIHR) 10T PT (UICfRIS RIBINR) aoRdrd.
i WiHtheh 313eYe ¥6l CT A3 1A, 5 A 30T PT HIT 110 V 378

3Pl 4.3
T fRISE TIBIHR (PT) PIC TABIH(CT)
6. ATgET SR ( Lightening Arrester)
TS 3REER § Safded  UiaR TR S SfaprgfAde ‘
RCHR aTRed IUBIN 38, S ot giHBR® GHET TR
Rcaan 3guvE o1 $eded WREU A, & FaRe XA
g ardr fagar A AT e g™ Siedd 8.
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7. Ofhe g ( Circuit Breaker)
© TREUTESD AT 3115, SegT SiegT Wiee 3! dag] d Afdhe Wed Hd 30T SUBRUNT W& Hd.
ST MaTS AT AT d WEX! (manually) fbaT Reile delagR sifRe bal SIS, Wb,

CIBCI1L BEEYKEE 2LABOT

0 O 0 O
= =

TPt 4.5 Aibe qHT

8. ﬁﬁ(Relay)
g hiee f&eae Hxa 3M1fir Afthe s fieu wfchean Rua dd. e fafay TaR sied 3al. siigrae
¥, oref wiee R, Bl g Bl iee Rd, yHa Rl €.

— T

s 2 Z <

o (=] [ L=
3Tl 4.6 3Tt 4.7
Gﬁm fror (overcurrent Relay) 3 wiee o (Earth Fault Relay)

9. I g (Earth Switch)
ACTuTa! A8 31U Athe HRAMT SENIe’dl aIR Hal Sdl. degl Uds HuRic fSearms
(Ground Capacitance Discharge) 37 g Bard.

10. 3T Fﬁ?ﬁ%’%ﬂ) (Isolator)

AIS THAHE gihedl s Ul fhar fexhde HR0l g A HR 318,

4.2.1 FACT fS®38%: (WifRtad Wit e=afiRE arsH fewsaw)

(Flexible AC Transmission Line Devices)

URUTNSG T TR Rerwed, fafdy SRUMe TH tiar gRIhe HRUATE! &l Jalfed 3.
GHE'-‘HC m ﬁ%u"m (Active Power) 3for SfRe TR (Apperent Power) HHIT 3RTa.
FACT fS TS 0 Ie1 Ul SaRdadJaR dii Rifdees tiar fdhar affe Rifdeeg tiak qRaA
vidoduided ﬁ'@%’q\"lﬁ? (Active Power) 3for e Ui (Apperent Power) HHIT HI0 S{I% FACT

TS Wedh UlaR Iaae - 30! ToRdTd.
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FACTS Helavd UPNR:
> FACTS 9IRS S rU=azM< UK

o YIRER-FURAT WS Reaer (Thyristor Controlled Series Reactor-TCSR)

o YIRIER-FERT 9IRS HufeR (Thyristor Controlled Series Capacitor-TCSC)
> FACTS 3¢ SIF-IRMd TPR:

o  WfeH RichITH HHCR (STATCOM)

o TfeH VAR HFHCR (SVC)

4.2.2 I AYH HHI YT Hede (High Temperature Low Sag Conductor)

o I ATUHM HH! YT HSaER (HTLS) 210°C T SHTRIHT ATUHM W+ = Udhad, 3= UHR
URUTRS SHSdeedl Ja-d Sk UldR dTg= dd.

e SI&T Overhead Line AMURUATH SaRAEH AT 3 ST [aT3R- THW, a1 IO 3= efaer=an
AIRTER ey ST dgT § e’ dTuRAld.

e ACSR A AT HRUTS! T S8 WId IR HRIAW T8 TR HLTS TARIT SHATIOT 3 I U Pl
BRIER HylfeIe dTURdId. diddbe fdggd UdTg dTg- AUdTd! &Hdl SR 38, HLTS o dhedexal
fara foT SIToRTET Fike SR 311%.

4.3 3 @E%G[ §'F\‘Iﬁl’iﬁ BISTHS BIUIR YUTT (Effects in High voltage Transmission) :
4.3.1 mgﬁﬁf ( Ferranti Effect)
HRidl shae Taid URRYATHS esdr:

o O TR AR dle 9l fdhdl T dle 3/dl (I, = 0)

o ORI AMD ALS Plg cIdHal SIrdl.

o R AFD S QST BId.

o SIS BYIRYS TAMRE a2 31U fhe 8.

FAAUD! HIUTATE! THT FRUNT, 3 3MEs AT 3R B! TAHRH e R s &iees (Vi)
AT ST TS gleed (Vs) V&l SR 315, TUISId (Ve > Vs). AT edl hric] Shac 38 gUrdrd.

FUReg T Seae=T ¥ 240 it fhar TR oifies wid=ar A g USTHICY omd. o
(equally distribute) RS

ST HIUde! A8 AT fdhal a0 Al M, ATl HURIeT Hleadl Hc () ArSL Jafdd
HIC (1)U SR 3Tl dogT R U wleel (Vk) ATl TS TS leesl (Vs) T&IT SR 3,
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HoR 3MEHdral HeH Sdl, ST A8 1 die aR 3R, AT ARAER HIeAdl HRC 8] HUNICE HIC
3!, TS RIded wlecsl Vr 90° = U Bid. TS @lecs QI Ic Hldd TWANd IcR 3MTed. 10T I R
907 7 SATATSIAR Ic.X 3R . 3= TBR, ST TS Eleeol Vs B Receiving TS BleesT Vr W& HHT 3=

feTa. a1 gyTaTar * hRidl 3hace WUrdTd.

. A0 G

L— 1

0

3TPHdl 4.8 BRid] Fhae WoR TPl
4.3.2 BRI sﬁv_clf (Corona Effect) :

WE] eF Heaeu HTa! R favad Fad AC Blees 8AAT SH SIS Bl oTUe] SR dleda SiTd,

UM 30kV/cm, dagT S Sdeed] GHIadTare gaT 3T gid 3T 3Ta=idd gar a1 fRydd argd deg

HRIFT BIl,

D

SR G Welld LI dafd ddel Srar:
o  HSFIA HNEN THHER FRC 99H fGgd Ud.

o3I 9y TR Bl

T gl "SRHAT" Shae FUH owd olrd.
PRI WIS (ADVANTAGES OF CORONA) :-

1. HeFHad DRI TIR e gal SR d gld. A YHTH! Hededl Y dradl.
A T UfAB R HH! BIcl.

2. $HSFAT 1Y Y- Al FadgRe e Tl HHT Blal.

3. g i Kb JU=T SR ee ol [deg JR& ST UaH Hd.

4. § gorges AT FTAd Ciie Sthac HH! HRd.

BRI di¢ (DISADVANTAGES OF CORONA) :-

1. WWE@@%WWW&W (Transmission Efficiency) S BId.

2. 3 9 JUR B4l IS i SI8dsR ST dradexdl 7ol g1uaTe RISl 3.
3. Ws{%\ﬁf W& (interference) @?ﬁwgﬁﬁaﬂﬂﬁﬁ@ﬂﬁ

4. W%@H@ﬁ'ﬁ%&ﬂfﬁ[ sad@%gﬁd) g8 (interference) BIdl.
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4437 @@Tx{ ;'Rtr&mq ?I'IETIT[@ GIER] BT Hg<d (Line Compensation: Need and

Benefits)

4.4.1 9T f&%=T EHVAC EAI:\EIIﬁQI:l R RIS Hufex (Series capacitor) 3for wie Rafaedn
(Shunt Reactor) dT0R AT arg-ie Hifest Rafae—q 3f1for 2ie Refae=q ot Hrvarandt sifor arg
AN DI WU HTH HRUANIS! HTIRID 3Tg. FiedT aruRTges RIETas! fRRAT (Stability) SHTfOT
Fleedl 830 (Voltage Control) YURd, UiaR TFATHRMH! B (Efficiency) dTad 30T dldRd
3TIOT &fUTeh SficgRg e HHT gIdTd.

4.4.2 QT3 A9 HIA-ATHE I BHIS:

. g Raffdeeg VAR Tl afAd srogrrdt & Sl

qﬁ?@?‘l’&lﬂ? (Transmission) & T .

. Req= giaR thdexq e URUT gl

. Rleeol WARH JURA.

—_

AW

4.4.3 digd POV I UPR: (Types of Line compensation):
1. RS FOVTF (Series Compensation)
2. Tic HIAUATH (Shunt Compensation)

1. Ri&ie sra-aszm:
o CIFUMHRA &Y dleauaridl RIS SUfkiex aroRard 3for o 300 bt Uen it siarardt
fPraRiR ST

o P=—"_ pRUN UIR RIS, x 8 Seidees Rame Mg 3l x. & HoRiew

T (ep—xc)
3/~ 31me.
o UM Xc deed™ P dTedl.

o Tl SRS ST TTeH HRUGTS!, HuRie-aa G Hal S1d.

2. TjC HIAOHRE:
T HIUUIE ° UPR:
a. e pufifce HiU=IzH

NN

b. N SSfdeg B

e
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a.

fagga swif ARk, erafirm snfor faaror

323333

Yie HuRifeg SIAATM : 81 TSR UlaR ek JURUITT IR oild. WGl geiaces dls
SR AR Sead Sl BRI HYcHes UlaR Hhaer o gldl. drd HIU-IRMH HRUIRIS! Jie
HORICR SIS ST,

b. ¢ St HIHU-URM : 81 UHR UHdR SR A3 ITo aid SdHT fdvar R

USdl GU gDl IS T ATIRa Siidll. JU oI, fohal dle THeges - U HH Hc U=

4.5 HRATIA TagIS e-AfiRM A1g Aeddd Ant:

3P UG Gl 3R iR o
1 |fRele@d®) @990 |z 814 foplt 1500 §Tde | £500 kV
UREH) (fa&fdia Bipolar)
2 | dioR- ARG | DIOR 1376 fdl. | 2000 +500 kV
STUIR el e Rt
LEE S
TP 3R
(A.P) AT
3T HAleH
3 | deR- USY UsY 752 Tt 1500 BAC | +500 kV
(FTERTE) fReH (MERTY) (st
fayrma
4 | SREP(M.P) TR Rioe O o 100 100kV
SR m (mono polar) | MW
5 | IR UGMST qddhero Ueal | 0 fHl @& | 500Mw 140kV
SNSUIRT (TR (Eastern Region) Q%ﬁm
ERICK)
6 | Glled 3 gfRgy ueal 0 fl (| 2x250 70kV
IR U ((deOm=d) | (Western & S foap) MW
Region)
7 | RoersteuR | uREH yeE 0 fpel @ | 2x500 140kV
Elé'ﬂ( EED (Western QWW MW
Region)
8 | GlAUIST SISUIR] qddeio Ueal | 0 feHl @& | 500Mw 140kV
U (fagmT- (Eastern Region) | € da fdhap)
TdT)
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4.5.1 TIGIST SFAfHRY 61% SR (Layout of HVDC transmission)

Rectifier Inverter
Sending DC link Receiving
End End
Transformer
2 § |T Vdec T 9
<
F _I_ Idc F
Harmonic Filter
(Reactive Power)
Idec
> >
lac lac
\/ ‘ ) | \/ ‘

TPl 4.9 TIGISNIT AR ST STTH
Capi ( Function ):

1) YfaewrR= AediF ST oo dch (Rectify) - ST (DC) HE FUIART B> ST
2) SR BIGcord SRR AR §gexdl AGd SNl @lgestd 8T A.C 78 Ui 84,

452 @é’l@hﬁ @Rqﬁ'ﬂ? Rcw Tffezur (Classification of HVDC transmission system):
1. GHIUIOR Tdag et Q'F\‘:lﬁl’ﬂ:f e (Monopolar HVDC transmission system)

2. IOUIeR T e N ez RIed (Bipolar HVDC Transmission system)
3. W@%ﬁ@?ﬁgﬂﬁﬂqﬁw (Homo polar HVDC Transmission system)
4.5.2.1 HHFIUoR TIgISRll eafizF Riendt #isut (Layout of Monopolar HVDC

transmission system):

DC transmission
line

S
lg
AC power —
@—@7 Converter 1 ZS @
Generating (Rectifier)
W Converter 2
{Inverter)

Monopolar HVDC transmission system

TPt 4.10 HHAIGISGY TGS R gr-araz Risews Aigoht

Maharashtra State Board of Technical Education, Mumbai 80



Electrical Power Generation, Transmission ﬁ@gﬁ ot fafed, TR for faaRoT
and Distribution (GTD) 313333 323333

tha Uehd hsdex ATURUIRT HVDC e AIHI-UIoR [ WUH 3ies@a! SiTd. HI=IE:, 1 bRl [dh
A, HRIAT TN STRMBIRT HH HUANIS! ATTed ToRe! U8 had Thd dheae 3f e Anf
U dTORST Sl GIaR 3101 HRe W Tohrd faRI argal. HHIUIoR SRz Reqamdt eic 200A
d 1000A T 318,

U -UioR f[Sed wrae (Advantages of mono polar link):
o T had Uhd hSdeR IR, UM, fSgmg orrd 9 e
o TSI HH TEHIS HTZUD 3R,
o 3 AN HRCUYD, B ORI HVAC Riequen difiwetedr HagH 3ied.
o ¢ PwHaRik em.

A-gox fFwd dle ( Disadvantages of mono polar link ):

o SR Hedemd fure gl deT Yyl iR Ren d g
e §hadl HIS AR YRBAT HHI-UIR T fSmard! aruRes Sirdrd.

4.5.3 IOINOR @@@'\‘ﬂ @R‘Iﬁl’ﬂ? [JER] Rreeq (Bipolar HVDC Transmission Line System):

Bipolar HVDC Transmission System:

lg

Plus

3 phase AC T Converter-1 3 phase AC
(Rectifier) !_
—._‘ I | 1 ||_._
3 phase AC —k Converter-2 3 phase AC
» ( Ei ) (Inverter) !

Minus
4

TP 4.11 TAUGR TIGISI SFATRM B8 Rived

U TaRISINT & Sl Uiar 3101 die Traiie HRUANI0! G dhedex auRd! ol SaueR [Oh
(bipolar link) TUH @@ STd. IHAD: I UHRAT RREH A GH Heaer IR Sdid. Th
4.5.3.1 W@@@'\‘ﬁ@w R ﬁm (Merits of Bipolar HVDC Transmission)

1. TF RAGAY fHal B7-S1HaR UlaR gz Jdd a1 3.

2. TP [ohaIo Bioe gudl f[SHam IR GRUMH HRd AT,

3. foure uftfRidta, € fow Ao @ BUH Hie aTRS! oS> 2Mahd.

4. TH Urod NORE Ia@- Bic ot ez seod! orss T,
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5. SUIGR fPhadie ®iacd UHl AHUeR Gorer oo it oif Ao @acoan go-d
guIe 3Te.

4.5.4 TUUIGR TGS SR @13l 93¢ (Layout of Homopolar HVDC
transmission line):

DC transmission
negative polarity

—
lg
_SZ Converter 1 4®—
(Rectifier)
AC | | I | — AC
system l II system
Converter 2
Z} (Inverter) ( Q )
la
<=

DC transmission
negative polarity

TPl 4.12 THIUIGY TIKIS NIt SR BT5TH1 S33T

gl o Eﬂ?{ RS GIoRed dhrgdex ORI, iG] hederaR WIac sIdl dagl geal (healthy) [dmd
HgeR JANT HSFCI] B8 DHRUATNIS! YR ST,

1 YR [ AL 3ifam AR Re heaex KU ol Sdl. hige TR § AHAeR oo BUd

GE® B B,

4.5.5 EHVAC 3{TfOT HVDC ST-AfH=I B13: dfreedt 311 g&HT (EHVAC and HVDC transmission

line: Features and Comparison)

\J .

3Hh qigc EHVAC HVDC
1 | Qocs urdat 220 kV, 400 kV, 765 kV +500 kV
y W U-3{0 TFABIR,
2 | IIGD IUBI @qa,ms{? X wuS AFER T TR
* Y-S TABIER

HVDC WISl YA il

HiedT yOIond UlaR Cr-aiaRe
OIS Fal. 500 Mw oy | (1000 MW SOl a1), i
: AMAX (800 KM 3TfOr

3 | anffe agwdar ATE 31 I, B SRR, 500 A e
%Em@l 8, EHVAC RS [PBEaRR
o HeFeR (R,Y,B) TH dedex o 3Rl
WMW A .
4 ﬂ diUx Urdldl Il'leJ-E;UJ\"I POl
e ST,

5 |sg¥o eI hedex (RY,B 30T T heaR & TSS
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3P I EHVAC HVDC
(Double) Tfdreardt R, Y, B) muﬁmuﬁ U AR

6 TIaRdl a1 URY (heavy) goD

7 | 7eggdi ez U 250 Tl aR 3axTd 3P et
Substattion TT Higdo!

8 | o FHH! 3%
TRITPRMA ®13

9 Fore s 3fIH HH!

10 | ords Red SR R

11 | Prefy SurRYa SrgafRyd

12 | f%p Shac (Skin effect) | IufRId U
iR sthae = =

13 (Proximity effect)

14 | it Shae IUfRYT RIS

15 | HRMAN B9 IUfRYT rgafRyd

16 | g3l gay ERING EREIRID

17 | L& Carghae U rgafRyd

18 | PR Fﬁﬂ(Copper Loss) 3D G|

19 | ®rdemar HH! 3Hfh
[ EIE K ER e 3| e Sl

* | Sepegh

. % TGO TS 3HfeIP TRTS

22 | HeGH GidlR Tl ﬁgﬂc‘%ﬂ& PITHI TR Wgwmmmma%

Maharashtra State Board of Technical Education, Mumbai

83




Electrical Power Generation, Transmission ﬁ@gﬁ ot fafed, TR for faaRoT
and Distribution (GTD) 313333 3233%3

4.6 ﬁqga TG ARG @Rqﬁ'iﬁ?ﬂ HPAUAT (Concept of Wireless Transmission of
Electrical Power)

JRRSGY UIaR TR CFIBIHR THTUY $8faceg UiaR CRIhR awaldr BT HRd. B Udard 31 o
SFIBIER A G Hlaod SATel Sde SdId U1 HUfGT dGaUdRIa! BRIge HeRIS 3/ guf

IRRGY UiaR CFIBRAH G hisedwd gl (air) 3.

4.6.1 IRRGY maﬁl’@ (Features of Wireless Transmission of Electrical Power):

e FIGCOd TR TH AY B SITd, Al g-Theb-<il T,

« T30 hep=il Tl yarg gruHicR aidbegR Pigode grgHIc HoT Sl 81 TH! grgHIeR
Disontd gadbg &= Fafo sxal.

BIdl 30T STl BRIGHAT HHT B,

o WU I PRGN g1, Traeier 3T Rt digeddl T hefRy soadar aF
TUTS! (system) PRI (magnetically) SSGAT WA, SIS I Soll  GXITCRUI
FHriemat (Transmission Efficiency) fiea.

o T 31 3T B UIAR TR Heo fhal Sar HeRgeredl Sie Ul g3 Xahd. § 8IUaRIa,
Wmmﬁnmﬁwmmmwﬁa (Resonant)ﬁlﬁ&m&ﬂ%

. 3HY (Exercise) :

EHV SO STazgendT 3101 Ag<d WY &R,

3 GICel YR Ul 4G BRI YIS dulH-cd B WY .
ThRICT e SO HRIFT Shad WY .

DIVATG! 4 GediaR HVDC 0T EHVAC TR go1 B,

3 3HTPdgg HVDC CIMHRMD 33T WY DRI,

TAG S N! SR Gl I, HIUATE! Uh UHR TP FH.

NN

. DS HIUUIA UHR WY B

mﬁumw (Reference Books)

1. Electrical Power Transmission and Distribution Authors: Sivanagaraju S.; Satyanarayana S.
Pearson Publications ISBN: 8131707911, 9788131707913

2. EHV -AC, HVDC Transmission & Distribution Engineering, S Rao, Khanna Publications, ISBN
10: 8174090436, 978-8174090430

'FIT%?ﬁ JHhaRIS (Information Websites):

1. https://electengmaterials.com/ehvac-transmission/#google_vignette

No vk wNh =

2. https://www.tutorialspoint.com/difference-between-hvac-and-hvdc-transmission-systems
3. https://cleanenergygrid.org/wp-content/uploads/2014/08/High-Temperature-Low-Sag.pdf
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ge -y
fSfReeg= arga Sra—<y , WRiftex 3nfor e rd—a

(Distribution Line Components, Parameters and Performance)

fawg fAoo=h (Course Outcomes (COs):
faqga Ioil fefeegzm Rifken @ SR SftT SiftR=H I,

(Maintain the functioning and operation of electric power distribution system.)

fowg fAuRl R \_{I,E'UTI'& frerdt affr fAeo=ht (Theory Learning Outcomes (TLOs)

aligned to Course Outcomes COs) :

5.1 facien faerur ¥ aeffepur .
(Classify the given Distribution line.)
5.2 feResgzm o= SURTT 3ftT igoaar gcwhi=n Hrafe qui &,
(Describe the Distribution line erection and functioning of the given components.)
5.3 feoaar famRu @127 gewhid! AHaUHT WY .
(Explain the concept of the given Distribution line Components.)
5.4 faRR1y faaRor demT faxgd &
(Elaborate the specified Distribution schemes.)
5.5 feoaar MR seTRd faaRor Xo=a1 SRR JEaHTa 1.
(Evaluate the performance of the Distribution line based on the given criteria.)

5.6 ool fARU TawezM B3HI3T A Tehid quiH H.

(Describe the given distribution substation layout and components.

U= (Introduction):
o O A S N ~oN Y Y 0 (o] [
[SIC Y[ Mg % ERICISEAV) I?IS% Hewld hIHH<Y 3led, @f sexe YA dlenr[Udd dlvl dig-

TGS SETEGR A, HREH S fazaNe SRz Iid HiH<y, IRHed ST
IR IH~T JHS Y01 TaTd 3G

fSReeqz@ ST S (Components of Distribution Lines)
1. PSdeX (Conductors):

o I8 (Materials): SIGGAFATT (AAC, AAAC), Tid (CU).
o UBR (Types): 3NEES (SR, AHGD), SIS S (3IBCS).

2. Wi 3(1for efar (Poles and Towers):.
o I8 (Materials): 1% S, KIS, Blebic, HHY.
e TUBR (Types): RiTTo-U®, T9-ThH, TN clar.

3. ET\ﬁ%T\’ (Insulators):
o I (Materials) DA, BT, TISHR.
o UBR (Types) U, T=M, WH.
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4. §F\‘|'CI'T\I"Ff‘€ (Transformers):
e UPR (Types): TU-3MT, LU-I3 B, fSRESTRM IR,

e BT (Function): WWWWWWW Hal.

5. fRaafirR (Switchgear):
° W (Components): ﬂﬁfaﬁ HW@@?_(T\’ ﬂT‘aFE"WT GQE? =9
. W(Functlon). %’Wﬂ Ww&m 3o foi=ru.

6. T&UT IUH0 (Protection Devices):
o WS(Fuse): 3B PHYCHURI TREUT DR,
o TSl 3RTH (Surge Arresters): Il 1fOT Rafeiv FolauRyT TRefmr Hvol,

5.1 gofagd Ular faaur Yunel: RiNTe S189 S™UTH (Electric power Distribution systems:
Single line diagram)
R 18- ST (Single Line Diagram):
IS g AT YRS TS Bedexd HIS Sed &iF HITHE faUNTS SIS, 2dhd. 3T, TR Red
YT fefResgz= fifeey.
SR Riew onftr fSResgzM Ried o & URTHSE IU-fAUTTSId o SIS 2Mdhd-
1) TRt iR onfor e grafizm
2) U [SRESGRM 3o Hehert fefeegzm .
TPl 5.1 BRAD A.C.  F3ATIC Graad.

e %
cs-—= =

CTentral (& ) Generator
Station K\'m,, ///

] Step-Up

117132V

Imransformer
Primary
I'ransmission

ANAOAAAANAANANAANAANAANAAANAANAA Step-Down

13271 1 kWV NWWW\r\/\/WVW\ Transformer

[ ] Receiving
Station (RS)

Secondary
Transmission

ANANAANAANAANANAANNANNANANA
Step-Down

/\/\/\/\/\/VVT\/\/\N\/\/\/\ Transformer
N

Sub Station (SS) |

33/3.3 kV

Primary 3.3 kV
Diswribution = z <
ANAANAANANANANAAAANAANAANAANAANAA Distribution

AAAAAAAANNAANAAAAA Transformer

Secondary
Distribution 440/230WV

[

- ~ - - -
Consumer's Connection

3Tl 5.1 SOfae®d Ulay RieeH! T

Maharashtra State Board of Technical Education, Mumbai 86



Electrical Power Generation, Transmission ﬁ@gﬁ ot fafed, TR for faaRoT
and Distribution (GTD) 313333 3233%3

(i) SR WM (Generating station):

HATL G.S § TFRICT WY UfAFfRa B S THIRU0 HRIRT 3-Tel 3feex-exgR fdggd Joit
TIR et ST, g SRR @lees 11 kV 3R, fagyd Sorean grafiRmaed srfarawars!, SRR
FIeed (11 kV) 3-Ts S IHRET Had M SFRTCT W R/MER 132 kV (fhar $1fie) tdd arefad Siid. 3=
FleeolaR faggd o CHAHRMAS dHedex AU aad 0T 3o iR SR (Efficiency)
TG 3 BIOS 3R, Hedey A3 JEquarad! Sl 3k Bae Resvard! safaee ufaR
CTTHRFYTS! SR STRd ST e aToRU! 3 318, TR 8] @ lecs dieauard! Hafal 318, HRUI
IR Bleed A 3R AT I adld add RGaiR 01 gRAhIER SuHRund! fdhad
JTed. WUH, I IR Glecoral Mas 81 Jad: SRIRIRAET Uy 3iTe. JIYRUIU TR SRR
66 kV, 132 kv, 220 kv f3aT 400 kv &R =1adl.

(i) UTIHI @R‘I’&I’iﬂ (Primary Transmission):

132 kv dt faggd IS 2exT=T STRRI® UM 3-he, 3-a7R 3fi@ves IR gR SIfRAC &l o, §
YR TR BUH 3ede Sld.

(iii) A §'F\‘I'&ITF[ (Secondary Transmission):

YR SR orgd REifed MR (RS) AUd St Tg9T U=l dle)id U 3RTd. Rafifeg
WIAR, WU-813 THIHRGR @leesl 33kV Td HHT & SITd. TT WA, ETdid Higre
fePmToft sraciear fafay U (SS) 3-Th, 3-aRR SfieRes ReHgR 33kv = faggd 34 eifkAe
Bl STd. § ehex! TIHRM WUH @ ST,

(iv) wTauRt f$Resg=™ (Primary distribution):

Jdrest TTARM B34 ¥a-2M (SS) I Wud ford igest 33 kv g 11kV, 3-Thel, 3-aRR Tdd
HH B I, FERAITG Hgwaredl /AT gah! 11 kV Ble UGN, § G&Td Udo Ulfgsl Bt HisdT
DT (50 kW U&IT SR IOl 3T ) il a1 Ha-CRMYUE Jol® glareduisra! SrH=Id:
11 kV &R diol RAST ST ST,

(v) et %‘W‘T (Secondary distribution):

TR} FEResg=M @8 (11 kv) UL faggd 3 fS$ResqRM Ta- =T (DS) et oid. 8 HeRe ™
e T URIRTOIAES R TR ST Hahex] fSRCSIRIVIMTST 400 V, 3-T, 4-R TAd Glee ol @rait
FHRAT. HIVATE! QI AT GIeesT 400 V 3T 30T HIUTATE! Wrol ST IS Neutral TR 230
V 317g. RITTA-thel offs YRTSE A8 PIUATE! ThT Ul 1T gd SR Sitead 3MTg, aR 3-Wl, 400 V
HieR A1S 3-Tho e Shiead 317G,

5.2 fefesgz™ o135 Tffevor: urawd fSReegrm onfor Gt fSResgzM, URad arRes!
AP Flacd Uil

(Classification of Distribution lines: Primary and Secondary Distribution; Standard Voltage
level used in India.)
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5.2.1 UfaR araﬁ':mm fafay fifew (Various Systems of Power Transmission):

g ot ezl o fao o &t faggd Sotan grafRMame!, 3-, 3-arR AC. Rifen ¥a
WIHRS! S1d. qUMY, SR ey ¢dle [y ok TifRde HRUTMIET ARl SIS, 2l
eraiRE fafay durer e smea

1. p.c. Rifew (D.C. system)
(i) D.C. GH-TRR.
(i) D.C. firs-uide srf Sryosat TH-aR.
(iii) D.C. dH-aRR.
2. Rime-bo A.c. fafeen (Single-phase A.C. system)
(i) RiTe -l ¢-amR.
(i) RiTe-Ts g-arR Wame fire-uige o ofg.
(iii) R -t 2-amR.
3. G- A.C. fafeen (Two-phase A.C. system)
(i) GHF-Thol IR-ITR.
(i) €-WoT o IR,
4. 99-%9 A.c. fRafsen (Three-phase A.C. system)
(i) -0t ZR-aRR.
(ii) TH-Thel IR-ATR.

5.2.2 %WH fufeewa affeor (Classification of Distribution System):
fsfcegzm Riffengar affexo Sa ors Ta;

i. mﬁ Y (Nature of Current):
JAMTAT WREUIAR, fResgzm Rifterd arffarur o S1ss 2.

(a) D.C. fefesgzm Rifken
(b) AC. FeRTsgwH ffeen

ST, A.Cfagga ot fefeegrmard! € Rien IrdEeun WieRe Sd SR < 3¢ a1g
TG aue Jidt T 3ifeies frhraariik o1me.

ii. PG ICR YD (Type of construction):
FHCICRHA THRIAR fSReszm Rifterd Tifferu o o1s; 2.

(a) 3ligigs Ryfen
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(b) 3T ¢ RfeeH .

JigRegs Ried IHIq: fSReSgRMYTS! aTIRa ST HRUT df THI S8 Rifked UefT 5 d 10
Ue W 3R, FAGIYRUOY, w1 3l sfees sivsm fouded MR fhar e SrwigR
gfaefid g =1 fowrult siexurd, s Riked arRe! S,

iii. sSuii=h as=T (Scheme of connection):
FHRM AR, fefeezq Rifked o Fffexur ¢ 9IS 2ahd

(a) eua Rifew (Radial system)
(b) R 89 RIREH (Ring Main system)
(c) @T—Hﬁﬂ%‘&' fafen (Inter connected system)

Feaeder

3Tt 5.2 SResgzm fafkew

5.2.3 AC f3fResga (AC Distribution):

I faggd ISl AC TEUI SFRE, SIf=HAC T fEKIge el Sd. ard Hewid HRUl igUr]
T [HRHT WA AC @lecs] Jgold- URHATUNG Seadl Id. SRIBIHRA A.C. [Eige HRul I dhal
3{T8. I Rleeolar UlaR 30T JRIT &HdaR T TR 1. 3 Y& SfY] fSfeeyzy Flecoga
Glccyl fhdl deh &HATIR TR SftT {SResgR gieamed Divrdis! Migd Yo gl qui,
oo, A CfeResgre ity g axwrdt fagga Rifew o

A.C. feResgem Riften uramt fefResgem Rifkew st Jdh et fSfesgzm Riken aed affed srme.
i. U fefeesgzm faf¥ed. (Primary Distribution System):

TRt fSfResgz Ry Sit = ariRIUET BTEIRN SR g coiar G d S0 TR HHl-Blgcs
TEH AIRd GGl f[dggd Sord AIS SO 1 8T d. UTTART [AaRUMATS! aTRST STUIRT Gl &l
Qg SIToT=aT UraRedT SHIUIT 3101 QRATaaTH Jaee 2T 3fR1aR Saea 3Rdl. daid JrHT=agor
IR STUMR YRR} fSfeeqzM ®laest 11 kv, 66 kv 3f0T 3-3 kv 3{T8d.
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e foaRiges, IRl fefResg=m 3-Th, 3-arR Rifed gR &d ord. foi. T Imma uaest
feResgem ey gxfad & sRfET Ry fagygd Iul 3= ®ieesiaR WM fahar Siaes sracied!
IR FSIe deit il

r— Primary distribution——

1 a—
. E== ==z
: Sub-statian
]
]
]
3-Phase :
IWire (== 11KV
[
a3 kv DQ !
Sub-station i
1KY !
! === == 0d
: | L]
' L |
: D Dl
1 Big consumers Sub-station
{Factory)

3Pl 5.3 UgMRIfSResgzra Rifen
iii. ﬁwﬂ%@ag?m fffew (Secondary Distribution System):
Ahed] fSReRM 4007230V, 3-Be, 4 aRR RIReH IORG. Wdlid 3ddl T AHENT Aha<t
feReegrm R gxfad. ot feficsgem wfde fafay I die [Rad, samar fSResgrH
YA TEUIATd. TR UTedh T URIRTSIGe fU 3MRd T AT WU-BI3T TFABIHR 31Tg.
7% fSRETRM TR, Fleedl 400V Td Tl T STd AT 3-The, 4-a7R A.C. R dIo
faafia delt Sira. Rifed SIurArE! g coaigdid w@lecst 400V 31Tg 30T HIUI™Ts! CWTdld JHTfOT 230V
deR] B0, RiTe B SRS gy DHIATE! ThT Urol 0T Yo SR Siiedd SRIdTd, o 3-
ol 400V HICR AIGY T 3-Thl AT-aHEd Siieaid SRIdTd.

—— " ——————————

11 kW 4 H Phass R
1 ¥
Z-Fhase ' ! Phasa ¥ 403?43:3- ; T
% 5 |
2-Wire ' i Phasa B 400 W zaow 9oV
T
]
" i MNeuiral 235 l .l
] - 1 T - r -
1 2-Phase Daltasstar 1 1
:Distribu‘tion transformen : ] | ]
o _luoakv | | l bl
I I L
| ! o
1 ! | !
I : I :
=== B= 1 B= B | | | BH= [===]
! [ Lol
1 I | —
Da = pg o i 0 il
House 1 House 2 : House 3
|
|
|
|
|
[S=S] B |
Factary 3-Fhase ' l |
= D0 EFH |
|
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5.2.4 D.c. f$¢sq=2M (D.C. Distribution):

8 TP A I 38 &1 [aggd Sol Slawolas daw 34, TR ST A.C TU fadivd et oird.
TUTMY, et fAfRIY SFUEATITSY, DC [RaaT quitu Ta=ad 3. Iarexuny, D.C. @Rusd Wi At
(D.C. HicH), Soiac)-Hitehd BIHEIS! 101 Sedt Refed TRl SaRudh SR« 7Td <l HITEI8! [RaaT
31D 3Tg. TT 3, AC UTaRd D.C. HH FUR Bld. bragied HRFRT IaT, ARG 3iidh Idehray,
Rt Fregey TN HIeR-SHReR Id ITIE YRR UiaR o3, JeeXFHYH 2-aR<l [W&uTd
fies Qrepl!

i. 2-a™@R D.C. Rafsew (2-wire D.C. system):

TraTvETo, T fS ez Rifew 7el 19 aRi=T TH1ET SiTe. T TUS! 3T3eiigT fhar uiifes armRr
SIEod 3Med. 1 Rifked ! drieMdHe Sl TIRUINTS! aToRe! Sifd ATa! URq D.C.=T f[aarumare!

RS OIS ZAPhd.

+ ++ o s——T
Vv
v o C% W 2
*‘ )
_ _¥ L
a) DC 2 IR it b) DC 3 TR Rt
3Pl 5.5

ii. 3-drR D.C. RIReH (3-wire D.C. System):
gId G ST (external) WWWW 3. &W@aﬁfﬁmw@ra@ (external) HT%[QET'F
IRRANE FIGcora gue g, a1 Riked 91 Bl 3R 38 &1 d AEH CHTGIR aH B
UGS HRd IaI, DIUATe! ST HTO YLS SR V ST §TgT GBI 2V. I glacord! Haxgahdl
BT Tithe THm I 3 Yo R Seos ST, 3-a”R Red fHasfauaran ugdl el

FQd 991 HGdT Ted.

5.3 f3fTeRM AEA FA<T: dAET uidd UPR, A59 A AR 3aves/3EUES
HEIR (THITHIAR/SYACS UTaR Had) iedl HIHIGE. (Distribution line Components:
Types of Line supports, Line Insulators and Overhead/ Underground Conductors
(ACSR/ Insulated Power Cables) with their function.)

5.3 §'I'\‘Tﬁl'ﬂ'l7-l GIEE! ﬂ"\lﬁm (Transmission Line Components):
5.3.1 hod
5.3.2 BTed JUIe

5.3.3 BIg AR
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5.3.1 a SAfac®d UIdR Had (Electrical Power Cable):

RST: fagygd Iord CRIRM 30T FEReeRM HRUGRIST IR SU=T hade safdedhd iR
D TGUITd. UleR e i a1 3ifeies fagyd aresh iR 2MUYg Siedd srdrd. wa1 faewroft
NGRS TS dIORU) 3qagrd 3, S P Jg, TRWITS HIRAT 3t el sifafed 3=
FlecoredT CHAHRAYIS! AT dT0R el Sdl. W AT Glecorira! TR bl gard $eins
Had P HEFT 378,

CGE] HICIC A (Construction of Cable):

Hedd T ged diF &I YITHS Teddld -- hadex, SHdacd AU XY, HSdeR 3Td Hrc
JATRITITS! AR U HIT . SYARM fdhal Saiaed dal diecstal (working voltage) T8+ HRd
3ATOT IS drexall FaR IXGURT AT ). MY SISl YA (humidity enter) HROAN FDHR Gd SIT0T
fagga aRf=an faRiurd i QRen HRd, SR &1 RS fdhaT faggd-Iaae geedidl, 3, 3. @,
Safdedhd UlaR hacal HTaAH Ychid qURNAdR Ui bl 38,

Over

Armour Inner

Sheath
/ ;nductor

Electrical Power Cable

3Pl 5.6

1. Hedex (Conductor):
DIIR ATOT SfeGHTTIHT IR DHecdHe DHeaex JHIT (material) TULT el Sl HRU i fdgyd

TADH T SR 3. UlaR Had SUIIS! HIWR fhal gy TR sHaciedn 3ReT dRidm aTiR

EIEIGE

dTHUeT SR dRT SReedT HedeATa], aRR Heaad! arRTHIad =i TaRIT Bl oid &1 uiged 4RI
g1, gaarmed aR1, faa=amme 31671, 3ard]. hederadie ari W= 7, 19, 37, 61, 91, SATA! 3R,
HeFeAT MBR 7/A, 19/B, 37/C, FATEIHT SfAAT ST, SATHE TYH 3fdhs cRifadrd Tt e
STFOT GERT 3MTFelt A, B, C, 3. Hadeadl aafaqd aravar 9! fdhar fieft 7ed ooy g=iad.

Maharashtra State Board of Technical Education, Mumbai 92



Electrical Power Generation, Transmission ﬁ@gﬁ ot fafed, TR for faaRoT
and Distribution (GTD) 313333 3233%3

2. 37\3%'%7-[ (Insulation):

iR hacaH e ald ofRd dTIRd SR SAaed BUlS! 3Bce HIG, §ered &R, Uiifesd
FIRTS S Had, Uers e, HIg-eids Uleg I, TR SI0CS ha@HT dgdd Wy fad STd HRuT
i GeaTeht a8 &FdT SIRd 3], WHTd: fayrg o < smgsy s

HIATTS! AR S G HUN, SHH WTeid Tured Srad.

. 3o RHY I Y2 UfARIY (High Resistance) 301 TazTH 3G

2. mﬁmﬂmﬁa‘&mﬁr&m&n@@ﬁmﬁwm’amakage 1S o&d Tal.
3. JiTe! gifie e (Mechanical strength) 30 TazTqH &ﬂ%

4. SAGfacd UL ( material) 3 ATUHMIT BRI HRUART T&H RATEN.

5

6

—_

. JTd HH YHS IRReT 3R-0) 3{Ta=TS 3R,
. ITd HH! UiaR thae 3T,

qIogE! IO SERR ARG ITRedT U= hacared Ridfes Sadfacad & &1 diferfe-sa
RS S, UifIs - TGl aTUR bal UIigl. 8 Aied qa-- gad Sadiacd SdId. aed, 3=
TRl Sdae®d HeRATHE T SRIaed e, HHT GIax AN S0 HHT YHd e 3R

3. WW (Inner cover):

8 HIAdT SMEAURIT TR HRUGRITST AR ST SATe SIA=HaR IR gidl. had 2y R
FRAUTIURET Saial 3ITd 3M1f0T 81 ATdha qracied] hara Sdid GIal IS ad. T SHTaRUT™Te!
Ul shaq el Segiifaae ity Siiel auRell STdl SRUT ol W, IO g 3107 ¢S 2t S

4. Widfdes $ET (Protective Covering):

e MY FHaed de SIPHTeR SaedTar TS ST Seidgiagcdes W1 gidld. HIIG, a1 sdla! agqd

gerdfe TS WRIONH HIRd IREU HROINS! Uidieg-Rd daReedl dliR bal ofdl. fdggd
5. GI'I'FcIﬁ"T(Armoring):

SITHRT € Ufehar 3ig SaTHed TearIgss Wid araRd AR fdhal U= U GF 2R FifAd JTHaMUREA

TREJUT HRUTTTST R ATadl SIdTd. T IaaT dRT GrEId: THRITTET aTuRedT STdTd HRUI di] dihe
SR 3. Baeredn RIS SR SHid AR &l ST, Sicg] haaHed hiee el (I

6. 3NGIZNY (Over Sheath):

8 HIH e Uil od. g T, 79, 910, Y 3. IR THAMUR dhacrd TREU Hd.
YT foraT yHTRe s Tt SiiegReity SHquamTe! aToRe i,
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5.3.1 b ACSR (ﬁ?{g&lﬁ'ﬂﬁ PHodel Wﬂgﬂﬂﬁ) (Aluminum Conductor Steel Reinforced)
R (Characteristics):
1. W%RT (Material):
W ereaT dR=A1 HEad HRTHIE ST ded SegfH-aH<l GeaiaR s-acid. Segfi—ad i
AAH(Conductivity) TEH #Rd, TR TId BR dlha 30T THYT Sred.
2. #\‘ETF(IT-T (Construction): .
ARG, STel SRS AAB AN (Conductivity) 3ad-J[GdT S A= 3RTd 30T SfTaite TTHT (

core) TifA® Qe (Mechanical strength) Uald HIUYTATS! T Screl 3R,
3. geA (Strength):
e RS 3= T eI (Tensile strength), 3ifaRad THIRIGE dfd WIS g §944.
4. W(Lightweight):
JTSETUe BT, S BTdTe 0! ATOT TR 0l T i, fIRwd: siieeves SrpaTangt.
5. 7ol UfdpR (Corrosion Resistance):
G TS IRTAT UfdeR dd, URg Ta MATal oA TREU 3agd 3R, faRivd:
TearTaei fdar SaR I UgdignR.

SfsHH (Applications):

NGRS AR ATF: THIG: S-Tlee o HGRES SITIR T -H e IR STdTd HIRUT
TN AThG 30T e Foi-Tges, TUIC X A9 3faR $audTe URA od.

fSfeeRM Acad: TftRE onftr fsReagzM T Acamare! avg, faRiva: Sa1 YiTd dlg &4
TTLIH 3R

53.1¢c w%%suﬁ?m (Insulated Power Cables)
afRrsey: Characteristics:

1. '\‘IT%W Material:
did foar Segfafame s beaey, TRl (Uiitfegse Fikiss), TRITAUNS (hid-feich Pt
Orefifdret=), fdrar Sdtem @fel= Uidieli= ar) wRE sy - graad.

2. W’Q’I‘T Insulation:
gafacdhd i, Uic Aithe TN AT SN0 ITE- TRIREAT STel TafaRuig S H<URA TREf0r
EHEERG)

3. PI¢ICT Construction:
HIHI: THTUET SR ERIAT JHIGY Bl - ey, U SIS KR, Heiidbdl b W& wiR 30T
STg] AREUTHD TThIC.

4. AARIPT Flexibility:
3T Sgd® 8T ACSR U 3ifies dafae 3rd, e fafdy arararuiyed @ anfface wor
RIEESG

5. '\ﬂTfEI?l?lTSafety:
$Haae 4T U& CTEUaITS! 3Icic s, BIATaUR ST RTINS YR aredd.
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SfsHH Applications:

o ISVES UlaR AR~ I SHEIWUNGHS RT3 IRl WA oY 3feies ad
3fedgTd SR,
o SRNME ST FEaWRie FARC: i QR[S SIeRMge diel fqaromaret
AR AISAT YHTMAR dTRe ST,
o AL AU IUSRU: I HIMON SR Folfagdhd SWIAR-IHE IUBIU TSRS
Y Sy 3EReS TS -aell TR AT,
5.3.2 913 JUIdd YR (Types of Line Supports)
AR TUIET B fhiaa, St S@UTd W SATIT e Sgwr ryd. A1e Ul d1%s, didie, Wia

fihar MR s7ad SRIATd. are YIRS WTeid YHR 3R,
a. ATHS! Wi (Wood Poles)

b. Pihled @i (Concrete Poles)

c. Wea @ig (Steel Poles)

d. sﬁﬁw TR (Electrical Towers)
a. AHs! @ig (Wood Poles)

81 ald WX YSRAT AT JuIcUes! T 3] AT 1) W oIgT™ 3ied 31 aror ot 38 321
AT T3] TURET STl drehe! JiaHT It 31T carrean Fafel 3rdid. drbsrl TiaHe S9fie
SIcIC TUTEH ST ST faoies it TRiRIsiieR gIvaTd! JIadl 3. Aidhe! Wil U aly gural
i didhg (strength) 30T fCHTHTUM (durability) Ffgrauor divar ad Argl.

TPl 5.7 ATHS! Wid (Wood Poles)
b. IPIcd Wid (Concrete Poles)

AT ST WiaTUdSl! Pichicedl Jie S dToRdT STl ATh ST JiaTUET T ST ST 3.
ST TF HHT AR, W@W@qﬁl@ 3T STOT e foe aurges aifet, sFdieT,
e 301 YR GBI THIM 8IS Jdhald.
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enw-ﬁ 5.83"7\?3512%@13(Concrete Poles)
C. @ﬁ%@ﬁ(Steel Poles)
D! ST HHH gleeo 3! cgaer Wldd Jid YR dIuRel Sidl. Kleredl Widyg did W I
SIRd 3HTe.

d. sﬁﬁ;ﬁ TR (Electrical Towers)
Safdedhd IR I wlecdl (230 kv A1) CFITHRM A8 dTgH ~UITST aToRal Sid). 3=1 YhRd
TR AgHTaw fdhar Wied Sed SR ST ST dhedexdl YR GUIRITS! dlehg fHesd.

3Pl 5.9 Sefaedd era? (Electrical Towers)
5.3.3 Fafaced s~gaievd UBR (Types of Electrical Insulator)

HIEES TZ FYoexdl AR AR Hadexdl UHHBIURE 0T FUIfET Waa™iqT Safaedhal e
FHROATITS! BTl STl S AU (material) SAGe® AHE (dielectric strength) U SR 378
SOl o 3o faggd dToT (HV stress) T8 &% Yahdl. ATsci- A diol TS, Raa Hru! fhar 3R
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IR YhRd SR aToRa Sl
1. | 37\3%2? (Pin insulator)
2. GW=RH 37\5%2? (Suspension insulator)

3. ¥ YA (Strain insulator)

4. Sod Eiﬁaﬁ (shackle insulator)

1. ﬁT-r?F{[ﬁET(Pin insulator):
8 33kv T0d HH Flecorad CRITHRMST AR oiTd. U $gciexel aleear YR faar Sl S
FOIET T aaf=aT i SHHaR YRI&T SR, Hedeayad WUiaR SgaesR aryar Sl Riva i
TRY 3 AR W3R Flec o iTa] hal ST, TR SR S IecoraTa!, TiRkic-d! Rt SiTe! uara!
S fobar 31l qops s SRIdTd. Wieiid STpaie T TeRe 3R aRifad 3.

/ Wire grooves
5 \
AN
=% AN
SN A =
Cement S AT/ S
NN 4 Rain sheds
P R i
R \\ Y -7
o /7

Gl'l'qv_\'ﬁ 5.10 ﬁ?'{%ﬁaﬁ (Pin insulator)
2. G '{Rﬁaﬁ (Suspension types insulator):
TR 3oy dafid Irge! fdhdar T TR HRugrmdl Aed fidhgk ThasiR shedd dlal
TS FgaieR T SN, FgaieR T Uil g 81T chIed! 38, Hhadex Sgae]
WTere et Go 3R,

Gﬂ@_cﬁ 5.10 TR ?F\ﬁﬁ?? (Suspension types insulator)
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3. T 3-gdex (Strain insulator)
g faRA fdhar ds-= qOwiar 9! dqd Bid SNl Bl ¥R FiAd  drol
Wﬂa—ﬂ@?ﬂ &farst fU (in a horizontal position) T el ST,

4. Xbd ?F\ﬁa?\' (shackle insulator)

s e L o Boh
S 1
| r———48mm—-‘ . —l : | :
— e e
( Y-p-f ] I CCl———d=+% A 1 H Shackle
:17 5. ¥ : I ! * insulator
T S R17 E T
o I ) Polo—»! ‘ -4
B2 g |
C : } . ,] 1 ,"I D-STrap
~ " <

TPt 5.11 AdHd §-gdex (shackle insulator)

 3gaic} dliee, e 101 aTR=AT ISR Tehl YA U’ FefriH b1 STl fadbead Sirdrd. s
SIAIexd B ARARIA SR A0l HHT HROT 371G,

SfAH (Applications):

SlegT ATSaR SR dTuT dl degT Wieltad URFRYATaE Ridhe Fgaicr aruRdl SiTdTd. 34l Ubd SYaeR
11 kV TS Wl aTURe ST TO7 11 KV aR ¥ $cie] auRal S,

5.4. fagga Rasurd! fsfecezM o154 IURUARR us@ - 220 v, 400V, 11 kV, 33 kV

(Method of Distribution line erection of electric supply - 220 V, 400V, 11 kV, 33 kV)

faqgd Rasurra! FSReeg=H dIs- SURTI Ugd glec sl UTda 1T STYRTAR Sceld, HRUN Ao
Fleco fafdy Siyes™ o3, g Mo FRigaar faaRi sagedr s/d. fafdy Gleds wWRiaR
(SRTSGRM T IURTITHTS! UY SHHTHHI SRR 3Ta: 220V, 400V, 11kV SIT0T 33kV.

5.4.1 fefeegzy@ @ IURVIITSY JHTRT URIAT (General Steps for Distribution Line

Erection)
1. e efor adeor (Planning and Survey):

 HRf fgs:Route Selection: Hl;la'ﬂ YA, YaTaRug JHTa Sfr e srazaddl
YRIRBAT Gehial faaR He [SREegzM o1e-uard! syad arf RfRad o,

o BIS YGUid:Load Assessment: 3Ufed faggd ANUN @A AR AGd At @Et
DHRUATHIS] B (ARET B,

« YI3C TP d (Right of Way) :STHIH Ao 3101 A0S IR axde WA 0T

TR YRI& .
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2. %?';I'IET-T 3rfor rfirifet (Design and Engineering):

o WWIFRG [SHE(Structural Design): BIGcS Ude!, id HR (Mechanical Strength) 30T
yafaRufig g ( Environmental condition) B&iTd O3 UI6/ClaR SIS &,

. 3ofacdo fSHMEA(Electrical Design): HSFR UHR, HHR, THYoCR AN TR B

3. HT%RI @Tﬁ (Material Procurement):
o Wig/eTaN: TE @Ha!, BidbIc [dhal WIo) fhal TlaR
o DHITEI: HSIR (GYAIH, ACSR, 3)
e FPOCR: Y Yo gl (UM, feww fdhar Ue UaR).
o TTSASR: TS TISASR oY P Fo W, TAC 3. WGl B
4. H’IEE?ﬂ TRt (Site Preparation):
e QI IUDHRO! 30T W ARIH ST SHTZH ST YA [l TR B

5.4.2 el TRIaR TUTRT SURUT gl 220V 31for 400V feesgz@ 15:

(Erection Methods Based on Voltage Levels 220V and 400V Distribution Lines)

1. WET\‘E'\I%?H (Pole Installation):
o Wid (Poles): BTha! fhdl Bichicd Tid T ITRS ST,

« TUTT (Foundations): 470 Qo 9dd (HTG: 1.5 d 2 Hiex) W WU &1 30T Hichie fdwar
DI HSo! Tl TR Wid YRIETUUI ST,

2. %ﬁmw (Stringing Conductors):

o Igoe(Insulators): T SIGCX SIS,

o HSTFEX SEIBIF(Conductor Installation): T ITHRVI ATUFA WidHS T Hacy,
I 7 3107 fFe3R-g gRfRad &,

e TUMd (Tensioning):WIdTaR SR ATUT SIBUARITS! IR UM &l.
o PG ®Ig-1(Connecting Lines): CRIESCRREIEIRSI TR ETU P DA

o faRET enfor Trl"fﬁﬁ"T (Splicing and Jointing): ITdd (Continuity) 3T W&IﬁﬁT ﬁﬁl‘%ﬁf
UGS AT fRed 0T W Hadexdl arR ol

3. gran 3for Wﬁ(Safety and Testing):
o UTSFEM(Grounding): Wid ATfOT USRI T ISFET JHARaa o
 TTAUI(Testing) O3 HRIGH HTOT YRIE Mg ATl WA BRSS! fagygd arwar .
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5.4.3 11kV 301 33kV fSIRCIIM AT (11kV and 33kV Distribution Lines)
7 FrSigA-wec g dffel SfaRTaR ATOr fafay dis draiar fSResgzmard! aroRedr Sidra.

1. ﬁ?[/ﬁﬂ?iﬁ WYTYAT (Pole/Tower Installation):
o TUIH (Poles): Bishic fhal Wied &g, fhar 3= efar.

« U (Foundations): S8 301 39 WaeRAT YR UM HHI-GIGc ATl Jod
3fIP G 30T Ao/gd Trl.

2. X H8FER (Stringing Conductors):

e O (Insulators): TR TGS FAIBUINS! UF fhar Tz gREN 3= goird
TSR A,
o WSdEY FREIGI(Conductor Installation): I ATOT 30T o Freedt owiug
o ¥ ATFOT ¢_TH HEI®(Sag and Tension Control): RRRAT TTOT IR AT YFfRad droaridt
T 30T =l HIBYdds TUFT (Calculate) BT SATOT AT o,
3. 3ffafvad SUBUMTL RITUAT ( Installation of Additional Equipment) :

e CTIFOWIHY (Transformers): TAHITIR LU SIS BGeo IRUANIG! [SRESRM
TRIIHR RITUT 1.

» aafaR (switchgear): QY 2NYTARATST SATOT 3G (isolate) SATIARITS! HTaRAD RGANRR
SATTOT TREFUMHD (protection) SUBRU! R BRI

4. IR3FET ey ST (Grounding and Bonding):
o URFET (Grounding): 3@ Wiee HRc BATGUINIS! Holgd U3 RieHd! Wt &.
o FIfET (Bonding): THTH TR TSRS ST JRTEAAT YRATAT HRUGRIST ¥4 U1 HI
oTeT.
5. HIURIEIT (Commissioning):
o AU (Inspections): TifAd 30T faggd RIS AT HRUATITS! B TURITR
C

o MU (Testing): Jd-@lecol AU (HV Test), SIARH UfRIY (Insulation
Resistance) ATaoft {01 HIHITRT Aravar o1,

5.5 feResg™ arg wis anfor faavs ater: Yfeaa, R anfor frs.

(Distribution line Feeder and Distributor Schemes: Radial, Ring, and Grid.)

5.5.1 %@Tsﬂ?ﬁ Rifew=ar R TISHT (Connection Schemes Of Distribution System)
fagya Sola wd fSfeamm RR i fifved g Fa 914, WR1E v, it f$esgzm
Hfdhe AHTIE: aTuRe! ST
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1. Yega RIREH (Radial System.)
1 RReHHY, A71e IS Y RHAYH Sagddrd 30T fSReegexd e Ul CIobTell BIS Gdrd. STl

5.12 D.C. fsReegemandt Yeaa Rdtn Rivta are s a=fad ford wisr oc fog A &R fefesgeran
A B IRad!. TFUUl, fSRESeR o THT Ciabral faaier 31Te.
3Tdpat 5.13 A.C. fSReagrmardt eae Rdiy Rivra Az S araad. Yeaa R deer arad
SIcgT HH! Fleeolar diel AT Bl 3MfYT YaexH areen e 3R

Feeder Distributor Feeder Distributor

B B
Loads Loads
11k\V/400V, 230 V
Sub- . Sub- 'VYV\’
station [O A T c station |O A c
Feeder Feeder
Feeder Feeder

3Pl 5.12 DC Yfsae fSfeegrm Rifen TPl 5.13 AC ¥$uo feResgzm fafeen
2 gata I ffesger afdbe 3img 3nfor Yata it uRfie T o, auify, @refid die emRd:

(a) BIST Ul e e 3RIcIed feReegexadl T=dl WU SRd dls »dl osd.

(b) UTgh UhTd hIeIar 3101 TehTd FSRISGeRaR Sfacig 3dld. Ares Wiex fovar fefgegea’ia

(c) Fefeageradla YR deaaa fSfeegeranr e TidbraRid Wed T TR ®lees I@IARI

(High Voltage fluctuation) IR 14 AR
a1 Fafe e, Bt Rifked wad S SiaRHTST aToRer S,

2. foraq fafew ( Ring Main System)
g1 iR 78, TR fSReegRM TrIw iR TR HRdTd. qU Hithe YaRe ] 9-IRURMH I Bid.

AP 5.14, AC. feReagrmamdt R &9 Rcdar Ria @ saum oxifadl oY geweeH

LMNOPQRS TSl GiaR qRad!. fSXE IR SRIhIHRGR HISdT M, O 3T Q Ay f&Resgexarcu
CISIG
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[ =
Distributor]
"

Distributor
Sub- S Primary O
station Ring

Loads
’\/\l/\/\r
Distribution

ANY Transformer

T
istri *—» | pads
Distributor )

gt 5.14 o fsfResgzmr Rifew

& A9 fafews wrae:

o UEHA HTGTR FIGes 96-3dR (Low Voltage fluctuation) HHT 3.

. i sifczma fazamg (Reliable) 3R RO UA® [$RETERST A Wiex feo SIdTd. Wiew=n
PIUdTe! [AUTTa faurs AT, WW (supply continuity) S ST, Iargruny,
U BIeIAT SLM fAUFT=AT SIudrg! F figar @Y 3fieesel @R Bisdl SLM faumT
GEXINTS! BT HET OIS b A AT dd! HBIeX SRQPONM R ¥4 AT

qRISATd I (supply continuity) IR ST,
3. gaﬁa%gﬁr%w (Interconnected System)

SicgT 9T BIeaT giF fdhar Sifties SRfdT e fdhal e T-gR I 8idl, deg] JTdl Se-dh-de
T UrArd. 3t 5.15 Fex-dde ey Riva arg— saum aRifad 12 s {71 wisr ABCD gH
FERYA S, AN S, R 3TeHH D 3Mf0T ¢ foidar Raa o, fSfesgz@ erawieRgr 71 wisw=an o,
P, Q 311fOT R fogRR feResger Sredd simea.

Dlstnbuiig —
S, S,

'\/I\/\« c
P

D
Distributor § % Q § % Distributor
L O C
Loads Loads
A

R
Nshdhy i
Distribution
Transformer
Distributor: Loads

TPl 5.15 FeXh-des Ried
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FRPTS RIeHd BHe:
. e Yo fazamTedT (reliability) aTad.

W& (Peak) BISTT dedd THT SFRICT WIFHYT IS Hoe HIUde! &F IR SHRfeT IHawH
o ST T d. T Fgrag uiar &l S 81a 3T Rier=i SRi&HT (Efficiency) dTeq.

5.6 fsReegevan fSReagzM wWwid=T: gleew iU, AT T Fiew, Rl s geew
(Distribution Performance of Distributor: voltage drop, sending end and receiving end
voltage.)

TEHIT faorar Hriem T fayre qRasT gHEd sruame! fSResgrm Riffemar wRwid
fIRIva: Rlees 31U 0T T / R T8 Riecsrean aradid Ag<ayul 3iTe.
5.6.1 @IGcd S1U:(Voltage Drop)

fsfeerm  Rifcramdid deaey, TRIHIAR ot SR HIUF<al UfAHR  (Reistance) ST
UfASTUT (Reactance) Blecsl S1U Bid. AT S HYA fAggdvarg drgdHI, lecsrdl Tdh YT SVl
(Heat) U &4t gid), URomH! feRese drg—= didig glecoded Uc gld.

@Q%Tr[ HH Eﬁ'U'Q'I?ﬁ PRI (Causes of Voltage drop)

1.

2.

3.

4.

PHededl UfdPR (Reistance of Conductor): fSRTSRM RiReH T&) qroRean SIOm=ar ari
fhar daouan UldeREes Iy aeu=l fdgdd Wargr=al JHIUNd &lges HHl gld
(SNgEa AHMER, V = IR).

MﬁﬁﬁT f¥3fde—a (Reactance of Transformer): miﬁ R3fac—g 3MMg \T\‘:I'I'ﬂ@'
FIGe BT BId. TFIBIHR Rafde-a=an UfaeRM g1 fRsfae- ifard iR,

ols Afreed: TR FISUE B MU dled. AT UHReT Brsd MRy, IRe, Hofifew
Resistive, Inductive, Capacitive) @?@H ?ﬁw AT YHTd USdIa.

PHededl Sidt M MMPR: oid [SRISRM AR T T DHedexdA HHRHES I

YUTT (Effect): SAND Flacs oluge fafdy THRIT 3wq 2ehdrd.

1.

2.

O\ O

fefcezM Rifeq <t tpur

P HrIHI(Efficiency): TGS SIUHD FHoll HH! Bid, SATHS
HIIGHAT HH BId.

P FlGeol( Reduced Voltage): BISHT 2IA! HHI GlGco e SUGRUHL foers, faa aHH ol
ST TR gI0r 3A1for b UTT (Overheat and Loss): 3= 0_6;1?'5%\_:[ QTTIH% JUHIU SR TRH
8IS ZAhdTd IO AT fhTo! [HUr8 B3 bl fdhal [dggd IUBHRUID THAM 13> 2.
W (Mitigation): IGCdl ST 3fd JURH! HHI Ho T3, 2Abhd, ST UfAHR HH! HUIRITS!
Heaedl AIGT AMHR AR, FlGes WHR FAGd (Permissible Limit) IGUINITS! RlGcl
YR AT U o AT BRI, IS (Ha=A0T T TiaR Thaex JURUM TRIRET Rldcdl
TRz e SHGaSaul HR0.
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5.6.2 dfST TS @Q%Tr[ Sending End Voltage:

STIRID dI(Requirements):

I (Regulation): REIfET T Figes W™ HAled (within acceptable limits) 3ITd I
(adjusted) PRUTIS RGeS TGS I O B CFABIERaNS ¢ Jord 3T o
TSR RS ST,

fRRAT(Stability): fSfesrm  Rifea= o iRt ST s Foew RR @0
aRAH 3Mg. AfSTT TS FGeod F6-3dR (fluctuation) fSfReezM  oRARIG FlacH
SIafRE 3o REfRregar: eruftrm Rk snftr fefRregzm Rifenmed Slaes ergwieR
&R Ui S o,

FIFCTHT HTRABATGR THI CThdld.

5.6.3 ﬁﬁlﬁ'ﬂt{%’@?ﬁﬁ (Receiving End Voltage) :
R U Flee WU T fobhal fSRESRA S8==a1 ArgdhT=a ac! S&dd w@lecyl.

STIRIDH dI(Requirements):

FIacd WY R: f[Aggd ITHRU! AT IUSHRUME A UM FHRad dxoarre! KT
TS ®Igcdl MY (specific) TAlGd IS A0 SHTT3TH 31Te. N1 U Flgcord HaHd ®iGest
FGFeR ST IR TG Helo [SREANY (SR Tedahal Jof RITUd B SIS, 2D
WS FIGesl SIUdl HIUTS B! oS, Zdhd.

oy MpEe: SRRM sRIRe ®ocd su RAfET s Fgesdar uikumT &
BICSl gIY HH! HRUGRIST ST G RfifegT TS @i Irauardt fEResgzm Rifkew=i
R T 10T SHTORZT SHTT=IF 3T,

ois afirsed: Brear Refae=g 3nfir Uik Haer, RAFT U SGeTar YHE ehard. Bldes
UA3Tdie dao [afde Yh R dI8aR (Types of load) 3fadig ST,

ﬁa?ﬂ{[umm: WWWW@R &Tﬁ[ﬁw (constant and reliable) ﬁ?ﬂ%"{
TS BIoesl gAfRad (ensure) R0 HgdTd 3Tg.

5.7 fSReegzM wawzm: wffevur, Age fHas, wrae, die ST sy :

(Distribution Substation: Classification, Site selection, Advantages, Disadvantages and
Applications).

5.7.1 Safdcdd Hawe X (Electrical Substation)

RS 3o TaRe ¥ 81 UlaR RIeHdT YT 3MTg W e CifiRH, fSResg=™ , SRawiaRM Sffor
Rafimdt ®lees 3= o Y ( high to low) a1 M9 @ 3= A& Sgad ofd. UlaR TFIBIER, Jfdhe
AHR, TI-TR, TR, AR 3REX ¢ SAfdehd Jawe-d B HIH<y TR,
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5.7.2 IR BT (Classification of Substation):
JUdbEid FHI0 HRUA 3 AN 3. IUTMY, il a¥ifpul HRUgTe giF ald Hedrd AN 3fied

1. @aﬁﬁ (According to Service)
2. DPCICRIJHR (According to Construction)

1. '\qaﬂ'\‘ﬂ'\' (According to Service)
- AR Gleesl ldes! dGauara! fddl tlar thaer JURUINTS! fdvdl AC DC T8 JUiaR

DHRUGTST DR,

a) arawﬁ'\r JaezH (Transformer Substation).
SRR FEe T ATdT faggd [RasaTd @leesl UIda! AUk JeReLH TeUrdId . 8 T HTat
GIecoTar dIol YdTd SToT off f$Resge FHrard. Argfofed IR Yae I HE CRIBIAR 81 79 Sl
3. IS AU JIgaiRl e T YhRa! 3MTedl.

b) Jawezq &g a0 (Substation switching).
B e Fleed UIded! dedd ATgld T UToid S-1eh R 30T T3S s ~gHe THH Bleesl 3.
TUTY, I Tad UTaR e~ RafeiT SITREM HRdrd.

c) TR haex YR JaezH (Power factor improvement substations).
Sl ey RIReHd UlaR haeR YR il UlaR hde’ URUN YR TgUrdld. 3Rt Jae s
TG SR dre-aea REifeT TSR SRdTd. 8 JaRe ¥ AHIa: UiaR thaer JURUM SUHR0!
U dTURATd ATRITST Rich =Y dha~aRdl aTuR ol S,

d) fre=t IoR gawz= (Frequency changer substation)
frerl IR JaexH fher=l ICAURY YawexA WU 3fiesdd! Sdwd. S RIS S
fiher=<il 9GcT STaRTD 3 Xehll.

e) 3NeNfre ez (Industrial substations)
AHNH Tee A & Ih ﬁﬁ‘iﬂ 3{Te St ITe- Ufdsar Sfor ﬁﬁ‘c‘ﬂﬂ?ﬁ (In manufacturing processes
and facilities) 3T-@glecold (11kV) T ST3 .

2. PICIIAATIR (According to construction)
TR AL 3 HIUH<YH ST (34T, Fiche s, RIay, Tel, IUHR 3.) o Fad 3foT fayrme

a1 AT HRoARTS! TRl daad S0 HTARIH 3R, HEIFEITIUR, TR aFiicpRul
WTIYHTY 3Tg:

a) §ISI3R JERIH (Indoor Substation)

11 kV T deT RlecolTa!, ERE I SUHBRU TS STe A& 0 TS18R Hdd! SIdrd. quy,
I GTaTaRul givd (Pollution) B, J&T 81 TeReTM 66 kV THd= @lecoiTe! SHRE! SIS, WdhdId.

b) 3MTICSI3R IR (Outdoor Substation)

66 kV T&T SIRd BlecordIal, SUBU "gHE 3MMITSIR WITUT Heft STdld. HRUT 3T BlecoidTal,
Heacx AT Ra=y, Fiche sHd 30T SAR IUBRUNTTST ANTUIRY SIRT I fRAeR=g Sdb A%
BId 1 JUH0I TTSI3R U fHBIITRIR (Economical) .
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) 3ISTUTEHS I (Underground Substation)
qe AIHIKIT=AT HIT, U TN SHRAIETS! IuT ST Haffed g 3nfor e fhud S
d) NS-HIGhE a3 (Pole-mounted substation)
8 IS JTICTISR YR 38 SUHE TI-UId febdl 4-UTet WaeRaR SUHRO! Sqaat 3fed. 11kV (fdar
PIel YHROMAL 33 kV) U&T SIRA A0 Glecold] § Tae R d Jaid Waed UhR 318, 3=
TGN RIMAHHE (Residential) fagga I fefcsge Fefl oI,
5.7.3 @@W CERREIE DI | ﬂ'l%?iﬂ fas anfor R (Selection and location of a site for an

Electrical Substation)

YIRTFATS! A1ge fAas HIaHT @iete baedn faar For1 wral.

(The following factor is considered while making site selection for a substation):

a) HECIFEl UHR(Type of Substation) - JeI-d WEU (Ial. craHRM, fefesgzm,
fRafim) SR, &Hdr SNflT s e fdhal IR ST Slac 3.

b) TG STFOT YR AT UG (Availability of suitable and sufficient land) - Ga% 2
IUHROY, T ST YU Ut favaR WHTg Soamre! gy sl &1,

¢) GBUEADBUI JfAUT (Communication facility) - TIRIAG B, AT ST MTDBTGH
gfaae  gHE-agrETat (emergency response coordination) fazag-tg TUWUT  (reliable
communication) {-ﬂ%‘c‘ﬂ (3al. W:Wﬂg?ﬂ Wﬁa@ﬂ)

d) 3CHIB NG UGHUT (Atmospheric Pollution) - Hda&21® (sensitive) TR IJUBRUTHE
WA (interference) TIBUATHITS! TN HHATANTST YRIET BT TR0 YR HRUIRITS

e) HHAAMAT IR ﬁﬁ?ﬂ?ﬂ JUG KT (Availability of Essential Facilities to the Staff) -
FHHART 0T AT FefIarars G Ay o $I Tefmfu), Rrgar, 1eifors TRt 3for
ARG &,

f) S99 JfAUT(Drainage Facility) - 3(IgS! fdhal QRI=AT HTod TN A AGUATITST ST
AT U7 IO IUHRUTT RRAT GHRIT BRGNS TG geiol RRSH.

5.8 33/11kV Jd-IM, 11kV/ 400V JIRIHT RATS S5 STUUTH (S3HTIC), AT
Fiedl Riaied 3o &1
(Single Line Diagram (layout) of 33/11kV Sub-Station, 11kV/ 400V Substation,
Symbols and functions of their components.)

5.8.1 11kV I AT RiTTd A5 STIUTH (Single Line Diagram of 11kV Substation)
I RIS &FNS! (local area) ol YRAST UG HRd SATH BT (U 3MTg. ez d A
HT WU SRICT RIAAYT & RBIGCodR cl~Ae BIUMRT SHoll MBI R0l I Fav RiIfew
fSReszMadt Faes wHt HRur Mftr Rafradt gfaem S0, ez aF UHRY 3d Udh 8
T R TR S SratiR 315 XM U S-aRH B0 S 30T gaR U Hragiet TaH
S T o S A FUIARG SHRard fdval drgec fohar b=l 3o o Wio= fdhar Wio=n d 3« 7
FYIdRd BRI,
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ez Sfafkad S 8l S &I d Ulse UeH Hxad oY fSurs SeaN dfee fSp-ae
DHRUGTATST YRET FUBRUI RITUT o] SIS, ZADhdTd. UldR e GURUITTAS! 31f0T UfaR Rsew= fafay

11 KV TRCRdT RITTa TS SUTH WTad e arifaan sirg. Rivd ars- saum Rifkewar ai
B AT d faggd RaST HTO1 HraR e JaH Hd.

1 gv Line

1 G.0. Switch

Cable Box

[
1 Underground
I (Cable

11kVO.CB

To
Consumers

To
Consumers

11KkV/400V

400V
0.CB

400V
0CB

200: 58 5C.T.

Main
0.CB

1200/5

v

400V Bus-Bar
TPl 5.15 11 KV JaEI-dT RiTTe S5 ST

5.8.2 11kV JaXI-d A HIWGIF<H (Main Components of 11kV Substation):

1. SMORAIAER (Isolator ) - ST YRAGT 3Mefd T AT 3R AT SATIIC SABIENT Wihed]
Sireal fdraT fewmiae Hal. § SR s dlolT He dISUaTTa! Gl auRd oifd. gidhe
SHAT RASUTAT SIS[E IR Sadl Il SaHes Hfthe b GEHTEAT U HFTURA
CUCE RTINS
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TS 3RER (Lightning Arrester) - TR 3RWR § U AREUMHDB UG 35 of
fao=ar guTaTIrgH R WREUT dHd. I1d &F cfHied 3iied T I Blecoira Sfor gav
S Blee oIS, I FBlees i SRR A3 shsad 318, WSS cfHi-a gudiear fgga
3 glecs dgH =l

It W1 (CT Metering)- HeRTT IuaxT TAaRT i Ydast cH-d SIedd SR
Y-S SFIBIHR 11kV / 400V (Step-down Transformer) - }U-813 TFABGIER 3
Flees o BH Bleest AL TR B,

AR dB (Capacitor Bank)- HURTER dpHE HURICT HaaH RIS fhar WRad 3Rd.
HURICR dobd A B U idhed Rifdeg Sra<y HH S =l UlaR thaeHeld
YR H01,

Gfhe B (Circuit Breaker) - B Udh UHRA Sdlacdhd Rad 3Mg ol ReqA fSors e
Hicae U fdrar T B,

. 3qY (Exercise) :

1.

2.

8.
9.

fead Rk (Radial system) WY HA.
&1 89 4™ (Ring Main system) T &R,

e fSREsgzM SflT Yot fefesgz ave™ o1 &,
UioR FSReeRTaT araRean Som=an fafqey st aret &,
fSfeeqzM a2 UbR i

RIS ATRGHT Son=a1 fafay Hiededt SRl i,

IR ReHdl s3id 3t Hlel. Tdd soidhd HId .

10. eI T3¢ FaS ST ARG SITUM=T e aTal .
11. 11 KV ISR Ya1 RiTTd A8 SUTH $lel.

ﬂ'c{‘l-f UTodY&iPh (Reference Books)

1.

A course in Electrical Power, by Gupta J.B., S. K Kataria and sons, New Delhi. 2014, ISBN:
9789350143742

Principles of Power System, by Mehta V.K, Rohit Mehta, S. Chand & Co. New Delhi, 2005,
ISBN: 9788121924962

Electrical Power Transmission and Distribution, by Sivanagaraju S.; Satyanarayana S., Pearson
ISBN: 8131707911, 9788131707913
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4. Generation of Electrical Energy, 7th Edition Gupta B.R. S. Chand Publishing, 2017 ISBN:
9789352533817

ATl HHdRIS (Information Websites):

1. https://engineering.electrical-equipment.org/others/electrical-cable-jointing-
procedures.html
. https://www.electrical4u.com/electrical-transmission-tower-types-and-design/
3. https://www.youtube.com/watch?v=h71VV6tQK4o
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