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SYLLABUS-2019-20 (NSQF)

IV-Semester Elestrical Engineering
Transmission and Distribution of Electrical Power (TDEP)

DETAILED CONTENTS
1.  Transmission Systems (28 Periods)
1.1. Layout of transmission system, selection of voltage for H.T and L.T lines, advantages of
high voltage for Transmission both AC and DC -
1.2. Comparison of different system : AC versus DC for power transmission, conductor material
and sizes from standard tables
Constructional features of transmission lines : Types of supports, types of insulators, Types
of supports. types of insulaters, Types of conductors, Selection of insulators, conductors,
earth wire and their accessories, Transposition of conductors and string efficiency of
suspension type insulators, Bundle Conductors. _
1.4. Mechanical features of line : Importance of sag, calculation of sag, effects of wind and ice
related problems; Indian electricity rules pertaining to clearance.
1.5. Electrical features of line : Calculation of resistance, inductance and capacitance without
derivation in a.c. transmission line, voltage regulation, and concept of corona. Effects of
corona and remedial measures.

1.6. Transmission Losses
1.7. Economic Principle of Transmission
Kelvin's law, limitation of Kelvin's law modification in Kelvin’s law.
2. Distribution System (21 Periods)
2.1. Lavout of HT and LT distribution system, constructional feature of distribution lines apd
their erection. LT feeders and service mains, Simple problems on AC radial distribution
system. determination of size of conductor.
2.2. Preparation of estimates of HT and LT lines (OH and Cables)
2.3. Constructional features of LT (400 V), HT (11 kV) underground cables, advantages and
disadvantages of underground system with respect to overhead system.
2.4. Losses in distribution system. -
2.5. Faults in underground cables-determine fault location by Blavier Test, Murray Loop Test,
Varley Loop Test, , ' i il
3.  Substations (21 Periods)
3.1. Brief idea about substations; out door grid sub-station 220/132 KV, 66/33 KV outdoor
substations, pole mounted substations and indoor substation.
3.2, Layout of 33/11 KV & 220/33 KV distribution substation and various auxiliaries and
equipment associated with it.
4. Power Factor (14 Periods)
4.1. Concept of power factor
4.2. Reasons and disadvantages of low power factor
4.3. Methods for improvement of power factor using capacitor banks, Static VAR Compensator
(SVC)
5.  Revenue and Energy Loss (14 Periods)
Technical losses and Commercial Josses, Input energy calculation, Sales calculation, Billing

efficiency, Collection efficiency, Total energy billed (KWH), Percent aggregated technical and
commercial losses.

Note : Students should visit power generation plants, sub-stations ete,

1.3.
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(Transmission System)

1.1. HEIROT Yl &1 3MRGYT (Layout of Transmission System)

U1 (Introduction)
form@ wiew % H=rw 3R faawor =1 o, faga v 91 979 s (991 3 fage =1 999 (3ae)
Bren 8) W SUNIET (Consumers) % HM &g (Demand point) 7% ¥ T&=11 % == =1 521 3 2|
o TafEa 9 (S—mm, silfian anfy) & soaea =1 afyswean alegar 33 kV 2, w&fs wwd 3
7% 11 kV T 15.75 kV 21 |
e W ¥ T=ROT Sreedl (Transmission voltage) 800 kV, 750 kV, 400 kV, 220 kV 3R 132 kV #1
800 k'V substation S=7, SFHYL + 9/ fiea 21
o Tt Hutur SR faeRor yoel firwen wBhi (3¢ system) F T 21
H=T0T @159 3R WISt § 3-Phase 3-wire circuits 51 &1
fo@oT SOTER 3-Phase 4-wire IRT9 BiaT €, F4ih Hic] U6 HANES STbE & H7a o o
% foTu Supply ¥ W9 TF Neutral R 31fd A=Eva=® € 21
e TTIUI WIET (Transmission Network) = ¥=ga: fig (Grid) % 9 & </ 1 =T 21

- oiRyit® sre=raelt (Definitive Terminology)
(i) Fr=1 Sie=ar (Low Voltage)—250 V § S #i1 dieeal =1 Fr=1 diceal Fad §1 39% 3714 200
V, 220V, 230 V, 240 V, 250 V 37 A.C. Single Phase 1 Eie Hio WS Supply voltage 3Tt ¥
(i) TET Hivear (Medium Voltage)—250 V & $9 991 650 V 7 59 =1 are2al (250 V=650 V)
W W il Hed ¢l $HE TRl 346/200 V, 380/220 V, 400/230 V, 415/240 V, 4407250 V aTfE

To Hio o} TS, WX 9/ET 991 400/200 V, 440/220 V, 500/250 V 371fE Fe Hte WA TEE Srezand 1d
£l

(iii) == Freear (High Voltage)—650 V | S a1 33 kV | 19 =1 diezan (650 V-33 kV) =
I=4 HiTEdr Fed &1 THH ST WedrEdl 91 (ALC) 11KV, 22kV, 33kV, 6.6kV. 11kV, 22kV,
33 kV arfg W wEE deednd T B

(iv) 3tfer I=er Sie=ar (Extra High Voltage)—33 kV ¥ TR 1 sieeal = aifq =3 oreear #ad
T S/—66 kV, 132 kV a7fe]

(v) 5T&R 3 (Standard Frequency)—¥ e &M, 50 Hz 3199r4l =t #, wafs fawfaa 39
WY i S ST F e ST w1 AE 60 Hz B
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2 S it T H=T v fry
fga-s== dow vd oo &1 ve W0 s
{Single Line Diagram of Electrical-generation, Transmission and Distribution)

fame m { @ e v AE W wenadE

Power house A.C. Generalor or allernaltor

11 kV | Cable
11 kV step-up lransformer

Primary
tranemission | AAAAAARAAAAAAA 400 V slep-up transformer
substation =4 @M (Bus bar)
) 400 kV s |9 TEA SaEl
400 \ step-down transformer
tri?‘n?rr:g:gn wanAaasa 33 KV step-down transformer
substation 33 kV a8 491 (Bus bar)
) 33 kV ]\fﬁ?ﬁﬂﬂ? T TG S
L.T.TL. fm dem s e
Primary AAAAAASAAAAAAAA 33 KV step-down transformer
distribution AAAAAAASAAANAAN 11 KV step-down transformer
substation 11 kV = A (Bus bar)
))11 KV Kkmﬁﬁmfmmﬂmw
HTD.L. g gleddl |Ed

4 Moaaaassaanssasa 11 KV step-down transformer
Secondary | A AAAAMAAAAAAA 415 V slep-down transformer

distribution
substation aH 491 (Bus bar)
)))‘1 5\ Kl\ e fauon @ sga)
LTDL. fe e e
b

fa=-1.1 : Low tension distribution line.

=& wonenl Mg (Standard System Frequency)
aTE § wiiE wE FOAEE A" 50 Hz © #R 9% 3% 6 sfus sl T8 EE =fen

HES = aredn (Standard Generating Voltages)

(i) 6.6 kV—7% =ifFama faseri %1 574 dweea ¢ 3 |m-Fran, e, 5@ et & g=em
¥ foru zearz= farm s ©1

(ii) 11 KV—u% 97a % e Jd ey faga sfoed & s, oo ol s w6 @ [T
fasmiran 51 999 deZdl £l

(i) 33 KV—77 ¥a, FAfE, a4, ;A Az gfasia @i § afeefm o= wea @) 9
A
G | gﬂﬁ?ﬁ @ 19 (Advantages of High Voltage Transmission)

High Voltage Transmission & fefafaa @ $—

(i) F1e1 911 (Low Current)—f wifga s g1 feqt wfaw o @ feafa % g5 deza @
o Az B oA w AE [E T f—

Scanned with CamScanner



R o < o

wrm wgh 4
wifsFt T (Power Transmission)

P=V]cosg
; P
Veosd

da

el

P — Power of transmission line kW or MW

V — Standard transmission voltage in kV or V

I —» Standard transmission line current in ampere.
cos$ — Power factor.

Iu:% (at constant Pand cosd}

@gfg ¥ Tthen/

v 3t wifm e e 9 W Voltage W@ Current UF T80 % =apummdt 204 )

(i) forer ateeaTaTe (Low Voltage Drop)— H.V. Transmission ¥, Current &1 T3 = 29 &
AV WU AR § Aedd g9 (/Z) FH T €, FiE Line Impedance (Z) 3afq Sem wga s
T g e €, 9 /% 929 S =9 F @ Line Voltage drop #Ee 71

(iii) e oifem aﬁ'ﬂ'T (Low Powecer Losses)—High Voltage Transmission 7, Current &1 19
= g % o HETor wgA 9 '&Qﬂ RiEel (- Power Losses o /=) [2R-losses 8 71 912 #)

(iv) =ITeTer gare si @=ra (Saving of Conductor Materials)—fF51 ¥ Conductor material 1
Conductivity E ITER, Welw =Tl o JT0 9 (Current Density) w1 w5 s w0 e s
et wm ot Tiafree sl ¥ sThang wae arl @ WA R S @ s 9w g2l 51 awm i )

ﬁgﬂ nfe, P=Flcosd

GL: H I=DA

A =T

4
11;%:41. r“ 'l:_f_\l
oD i ' fJ}
g d AP TR
D DV cosd | Veosd J
a:m‘hL d2ax A ] é -::.% {at constant P and cosd)

-'ﬂ‘flfﬂ Hleleh & 9| wh A, Voltage & W.T Tren ¢ fomd wmrwm High Voltage
Transmission T Conductor 3 =@ # w4l ¥l & formd wrerw 92ied #1 7=m @l € s oy =
Economical Cost 319 firaerdt amm &w gt €

(v) e H=oT S&7ar (High Transmission Efficiency)—High Volage Transnussion W, Low
Power losses (/2R-Losses) 811 Th =01, HeTU S5 F1 de@ O @900 549 9% 9w €1

% n=-— AR 100 or LI Bl ] = [0
f?ﬂ + -n:r.u fL /
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=R ol e o i e L0 g AR ) e Pt e e A

——— ey A, BT T, TEETNEN N ST LR R T |
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a ey s T e O vy

s Pr = Receiving ends Power
Ps = Sending ends Power
1 = Efficiency (T&fd)
Pioss = Losses of transmission line
(vi) Sraz Srezar FramT (Better Voltage Regulation)—High Voltage Transmission W, &
Feewgly (f?-dmp}%mwamaﬂﬁmﬁw 9 B S 2
% R=1Zy 100
‘-"R
where IZ = Voltage Drop
= Receiving ends power
R =dees 987 (Voltage Regulation)
Z = H={01 TEA WiEren (Line Impedance)
(vii) 3= TeTef F T=F (Saving of Other Materials)—S=R0 &5 =1 H.V, Transmission T
Teel O o IV, TET S 1 91 F7 g & {598 $9ee, Cross-arm, Support, Foundation 371f
H @ Rl s 9 gl = a=e w2
¥4 WHR High Voltage Transmission 9 Low Current &% FRUI 9§ i ‘E»*#UI foraerit
(Economical) Tifem gt 21
I aceat e ey wifds wemor
(High Volitage Direct Current Power Transmission (H.V.D.C.))

Generating
station

Step-up
transformer

Rectifier

D.C. link Transmission line

{

T
|
1
1
1
|

Inverter

ST —

Step-down
transformer

LTdistn'buh'nnl 1 l 1 l

fers-1.2 : Line diagram of typical H.V. D.C. transmission n_;.rstam.

i
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et GBfe 5

H.V.D.C. Transmission System—f&d! " Generating Station ¥ Electrical Power A.C. ¥ &9 §
g1 {5 Sar 21 g: SHSH! Step-up Transfarmer F1 Herdar & I=9 dreeal § ufafda w1 &1 9fw o
= & fAu A.C. Ft a7dan D.C. wfaw faaerat g @ s oo ww el feeerd § ALC. 31 D.C.
ﬁﬂﬁﬁfﬁ'ﬂﬂﬁ?aﬁlgﬂﬂﬁTransmitﬂr'{a'?f%aﬁtgﬁ:mhﬁﬂinveﬂingmﬁﬁmﬂﬂ,
D.C. #1 A.C. ¥ Wfafifa #X 4 #1 941 Step-down Transformer % Tarar @ 39 I=a atezar 1 i
dree ¥ wftafifa @1 Distribution % fow 21 &1

ANEYANLTAY

3-4 {Ro——u

AC. {Yeo H.V.D.C. Power

supply for transmission
ANRYAN @%

v

g
fa=1-1.3 ; amaftex (Thyristor) fafir & 3-¢ power =1 uftadT

wearadr aen fe Rt & gemn
(Comparison of A.C. and D.C.)

@ w1 ST S dieeal 9 Wearadl g0 w atan e 3§ st fraerd g €, faaw
= o §—

%(l]H.?.D.C. v % T=R % foau Faw < e # aTavgsdl v €, s T %t 9=
Bl Bl

(2) HV.D.C. Wi & H=ro1 ¥ 3Rewg, Huifts & Sen faeed S 915 9uen 78 €t 2

(3) H.V.D.C. v & F=wr ¥ fia ghae 7 €11 ¥ SR Conductor % [ FTRG F1& §AFA
(Cross-section area) =T W4T B4 &

(4) e @i fewdm & d=xor & foru fiedt o) Stabilizer $1 STavawa & gt 2
A.C.

Bo

Break even
distance

D.C.

—

Cost

o
e

Distance—»
Ters—1.4 : Changing of cost according to distance of Transmission line.
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- B

& Ay vitas =1 den ud fra

oz 142 mw § & 3% 85 fod= 4 7% D.C. W o AC. o fresrht 4 woq v
S T T W AC S 9 DO s foeerd %) 8 dee e & Am ALC, & TS e
W 5= R e b w1E DO W g B owa

¥R Broak even distance ¥ 919,

Overhead == w59 % A0, = $00 — 800 km

T Underground 5500 &85 % fam = 40 km

&

AC.

Pawer —»

0 - »
Distance —»

fars-1.5 : wiitm wevor groen @ gt & "t e
fos.1.¢ = =2 € & Transmission line ¥ Tl & @93 W D.C, smwfam www ¢ 90 A.C.
Power &1 W= TH ¥ Wiy wom &

WERO TS & gOT & ol oRS
(Factors for Selection of Transmission Line)
(1) == poTEh W WY g R wes sonet au v e gone # |2 3E
(2) TIREYR o W g
(3) TEETR S ¥ TUgE ©EA areedl
(4 TS RS W Ee aeea e
(%) ZrEfEYR =eA g SuiE Iym uieE
16) TEETR TR | Tge v e |
{T) THEIS FEA T BEAN . i
1.2. ¥y Su3v FEA @ Faes

{Performance of Short Transmission Lines) 1

Feae= (introduction)

fa @ fE'E'F! &tﬁ (Bulk Power supply) =1 |uita 71 faafa mﬁ%ﬁwmﬁ feraft m :
FE= ({verhead Tronsmission Lines) & SEvgEa o o foiaft 9= g & &g Hed {Fuctufﬁl ‘E?{ﬂ
t =5 f=—awzam (Volsge drop), TIEl (Losses), 2&@l (Efficiency) 37fg1 €9 T A A
fwmw g [ = ¢ F S uftafEa O Tea €1 FeRo) @ a ufaog viw e {Puwermsses]"‘g‘
mreyT mEw F oW fE W=V 9 ewa W fad w9E e ) fageafaa (Economy)
fora @279 Lines B Seea 9999 (Voltage Regulation), 9¥@ w1540 (Electrical Losses), =T T T
{Transnussion Efficiency) #8 & T a2 e 4 Tunl gEm e &1 Designing ELl o
eIy B TR =rew (UEE, FEF v A9 99 e @ g6 F g @1 SerE 01 f

b |

i

il
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s wafe 7
ﬁﬂﬁﬁ Haoy FITFﬁ &1 affeor (Classfication of Overhead Transmission Lines)

o A & A7 fontE R L T C FF F A fE e = et et oo = 1 e e
2 wafam 96t Distributed Parameter M %0 £1 397 3031 =0 & SEIT TSI TR 3 R A Al
P

(1) & "I 057 (Short Transmission Lines)

(2) T=H H007 @34 (Medium Transmission Lines)

(3) =" T =5 (Long Transmission Lines)

(1) &g HTUT T2 (Short Transmission Lines)—3= 097 #=77 Line 50 km H 40 km TF
wd & am IEA AeTA 20 kV H FH A A 9 7w o H AT s 4 7w i
oftFead. (Assumptions) A9 3—

(i) Veltage—3 =733 20 kV voltage W operale w2

(i) WTEET (Parameters)—WT=ret 3raram fertis—fs 991 FM-F9ea (Performance) %1 T e
R A L T it Frt 7, s09ferd dfisemnstt % o9a Faa 7w P fem @ &

(iii) FeRfEA WT=reT (Concentrated Parameters)—1% 75 Conductor i o7 wiens ¥ wraes
(Parameters) TR ¥4 F faafa 12a €, @@ wfrwmernadl & o957 399 0% &% T HET (Concentrated)
wr fam < €1 991 38 7w (Parameters) #1 ¥F Lumped Parameter =t H&4 &

(iv) T&TaT (Identical)—37H! THETA R 997 L F Loop circuit ¥ F70&7 #rt T

(v) STAT AHTE (Capacitance Effect)—398 =1iTa 39 0% 2107 €, F95 561 a9 T97%
a2

(vi) IFeT T4 gU, IA/ZEEET F eIl S R Transmission line ®1 S
series § Connect &1 G/T/F T =93 F{91 20|

(2) ﬂmmﬂﬁ? (Medium Transmission Lines)—34 R 970 #031 %1 77902 50 5
150 km. % &1 & 91 W=TEA =@ (Operating Voltage) 20 kV # 100 kV 7% ¥ & @ 38 749
HEO! EEA e A G| T o 7 e €—

(i) WISt (Parameter)—3T51 FE-FId aHl =6 R, L3 ¢ T it w3 €1 380 1iwes
Fd 5HE A1 W fER w2

(ii) HhT=a W=t (Concentrated Parameter)—3a% AR W=E (Parameters) 96® =1 Tl
o WENE w9 F faaitd e €, W 9iEwes H%0 H3 9 @ HHEOEA WA & e 2

(iiii) STFAT WA (Capacitance Effect)—398 Conductor 1 7HTE 3954 ¥l &, FHiea 798
THE WG AMUY (Neglect) 5@l a1 51 HFal 21

(iv) Taftrat (Methods)—3H1 Withed HTd #99 IHH 49 G f&fedl (Locahised
Capacitance Methods) =1 WM &3 9 8—

(a) fau it fafa (End Condenser Method)

(b) M| T T f&f4 (Nominal *T' Method)

(¢) M == g’ &g (Nominal *© Method)

(3) Eel W=rTeT 13 (Long Transmission Lines)—a RN =0 wrgat =1 o 150 km B
A= q y=rem deed (Operating Voltage) 100 kY § 3105 21 6t 78 £ H=Tm @gd Sed &1 79581
Y s g—

(i) UTEe (Parameter) 30 FEAFHUCE F SEHa Hid A99 6F Pammeters R, L T C W
faem faan sman &)
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| i .‘-'-i'-ﬂf.;'.ﬁu:s-‘n.—:lw.n R RN TN

TR S

-4

el e SR R

§ Sy vt ah weroT O fereer

(i) femfim wr=e (Distributed Parameters)—3H% i o0l 91@% W Parameters HAM 9 ks
faafm o § 3R WiEe w0 990 3% [ 9o W faafe & o9 g #)
(iii) 39 length 3 ¥ FW Capacitance effect W fa¥m w=m 23 ¥

ﬂEﬁTf @ (Important Terms)

wE TS WEA T FEGUCE w1 AT F € 0 I dreea e @ GeI0T GET 6
STl T T

(i) Srezar FrawT (Voltage Regulation)—3a fFgh wet & ary safeq ot 8 @ 90% Aihe
(Inductance) & WoUY (Resistance) & HRY IGH Voltage drop Bl % g sl fal (Receiving
End) W die=al (Vg) wvi &t (Sending End) (V) Sieea & +9 o< 2t 21

¥4t Voltage drop 1 3fmdt fit (Vp) W W= dreea (Vy) F Ome Sfaw@ 39 deea 9T
(Voltage Regulation) SRecima %l

sfem S Frm (%RJ:E;—%xIDD
: R

f=fa-1: a9t > Vg, 8 %R = T AR

ffa-2 : 3l Vi< Vg, 78 %R = FoTEE A

fafa-3 : 4t Vs=Vg, ™ %R = 99 91 |

(iii) FETOT THAT (Transmission Efficiency)—31el fat (Receiving End) W 91 ¥ife wma:
w1 5% (Sending End) # ¥ R i & =1 B9 &, 791 = o Voltage Drops €1 &1

sAfmEt fatl W Wra See e 5 Yo fo =t S9g visa =1 ST §=09 S&d (Transmission |
Efficiency) Feamdl &l

qfe—

sl fat (Sending End) &1 dfeedl =V

et fat =1 Seea =Vg

o At & éga A =1Is

FfemEl At (Receiving End) T agd 910 =Jg

oo 5T 1 9fE T =cosdg

FfEEl A F1 9fe % = cos g

oo fat =1 wifem =P =VWslscosds

afmE faw #1 ofa =Fgr=Vrlgcosdp

Afae H=O1 260 (Percentage Transmission Efficiency)

sfmmel fat W dga v

= — o < » 100
v AT 97 deqa wife

%=1 »100
P

Gon = RIRCOSOR 10
Vslg cosdg
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et Tl 9
7Y HTROT Al &I fF=a@s (Performance of Short Transmission Lines)

3 fF TES @arg] S g1 ¢ fF @9 W= €051 (Short Transmission Lines) & =iftar 1 wwrg
o BT & Al S S5 FIUIRA 1 A5 H4 € 61 e 395 Wiaid & S Fi A o s #)
S for fa91 (i) & UE el @Y W=V ©1E9 1 997 999 (Equivalent Circuit) fE@mm mar ? 9w o
(ii) ® ST Hell @ (Phase Diagram) fa@mn w1

e ; XL
—ANNN—— T

0

o

<

A
LOAD

‘ (i) (i)
fa=-16
(0C)? =(0OD)* +(CD)?
=Vs® =(OE +ED)?* +(BD + BC)?
= Vs® =(Vgcosbg + IR)? +(Vrsinbg + IXL)?
- Vs =(Vk cosd g + IR)? +(Vr sindg + IX1)?
(i) Wi T:"\E?IT 7999 (Percentage Voltage Regulation)

=YW 100
Vi

(i) o1 far 9fs O (Sending End P.F)
OD _ Vgcosgg + IR
ocC Ve

(iii) T¥omfeq wifsm (Power Delivered) = Vilg cosdg

st T W (Power Sent Out) =(Vglg cosdg + I2R)
Hfeere =AU & (Percentage Transmission Efficiency)
e Power delivered « 100 = — YRIR COSOR %100
Power sent out Vrlg cosbdg + IR

Wehtl ehell He0T T8 Wil |t IQretul
(Solved Examples on 1+ Transmission Line)

Example 1. T TF el *elld 10 km o=t 11 kV T @9 ofs 9 w 0.8 i &
(31 )(Leading Power Factor), 100 A W €11 ¥5[ U T8 €1 59 =1 Wfalg 03 (Wkm @9 Sfa=ms
05Q/km €1 o7 f& deedl (Sending End Voltage) S v 8 @gs 1 2&ral 9@ e

'Ef'r[_

el ARE (Resistance) R=0.3x10=30

Fel Wd9E (Reactance) X=0.5x10=50Q

cosgs =
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sl fan o T (cosdr) = 08 (Leading)
afvd fen el of IO (sindg) = 0.6 (Leading)
shemd fvn S (V) =11kV =11000V
Ywo fou sSiesw (Sending Ends Voltage)
Vi = Vg + IRsindg — IX sindg
=11000+100=x3%x08-100x5x 06
=11000 + 240 - 300
= 10940 volts =10.94 kV
whwm S Fams (Percentage Voltage Regulation)
%R = IR costg — IX singr 100
XE
=1{'I[h-:3:< 08 =100x5x006 % 100
l 11000
_ 240—300 _ -60
110 110
=-—0.345%
T Wiea wal (Total Power Losses)
‘ Aos=12R
1 =(100)2 x3=3x10* watt
i st faa wfE, P = Vrlgcosdg
=11000=100= 03
=88 % 10% watt
yuo fan viem, Vs = Fr + A Losses)
=88x10% +3 x 10*
=91x10% watt
=910 kW
v wiawd S& (Percentage Efficiency)
88 x 104
2= 01x10* Sy
=96.70% :
Example 2. fdi Tser en g=7v1 @54 w1 Afasay o= (e #) @ wifew, - 91 3y
F1Z 0.775 cm? € & USal WiE U § 330 V & dezal ) Ffa wifed 200 kw21 39 H=007 ga
90% %1 sH=1 fafere =fadis 1.72540 cm. &1
Wﬁ .
sl faa wifem (Pr) = 200 kW = 200000 W Pg = Receiving end power
HaToT 2941 =09

oy fa wifE (Ps) = ?T =222200 W Ps = Sending end power

EA EEE = 222222 — 200000 = 22,222 watl
3
G ﬂmri}=23':;j—xm—=6ﬂ.ﬁﬁ

# ]
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qrn o =reT #1 Al RQ R
amge ot =21%R

22222 =2% fﬁﬂﬁjz xR

22222
= -R‘—"-'—-———-__._—',:J,m '. 8
Zx(m_ﬁlz 50 : 1
a

7a, = = s ()< Ra | g
= , _ '3

=3:02x0.775 _ - ;
ToLT T Mo’ o TP ' g

=136 km
3¢ T HERUT TG &t SrAHIIerar (Performance of 3¢ Transmission Line)—agd d=T0
= aitt e faaeadl <9 & fad 3-¢ weo wafa =1 wam fFa T 3-6 Unit 31 9 Sem-3700 1
Unit ¥ ffsie 3 T 9% Unit 9fE 1 w-foed wm (1/3 sm) @ i S9ia s gaiad
£, e TG %1 Expression 1 —¢ Line Fi W% &1 €1

X Xy
AN —r 000
R XL
.r AAAA oo
Ry
SUPPIY Vg Ve Load
XL
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Vg = Sfmd faa Sk
R = S @ Sy (Q weE #)
X = Sos w1 shEE (Q TS )
~ {(Solved Examples on Transmission Line) ;

Example 1. mﬁmm%m%@ﬁnﬁmmmmmm 33kV g
454KV hmﬁmnﬁ%ﬂmmmmwnm%\ﬁgﬂm%ua(m}mﬁamm
= vfe 59 3w fao wfs o 7@ =R A

mﬂ_

- wEe W st fan wfE O, cosgp =08 (gv=mT)

OLEES W svimel o s O, sindg =0.6 (TEETHI)

T F we f§ | $en 9@ (Phase Voltage) S |

_T\rull W !
Viep 19052 588 SIEEL 6 1 sl T2 Shit ey vl |

= & S i W Fon dea (Phase Voltage) 4
; 45400 -

=F
> Vep =26211.702 volt
=T & ¥oo ot W e S (Phase Voltage at Sending Ends Line)
Vsp =Vrp + IRcosdp +IX sind g
oE @ W— _
i 26211702 =19052.558 +1x 6x 0.8+ T x15x 0.6 _|
I=?159.14¢ .i
45188 :
- 1=518778 amp
i ofea = alﬁl'ﬂlﬁ fam wfe (Receiving end power)
~ =3% Vgp x I x cosg
=3x19052.558x518.77x0.8
=23721.740 kW
; Vep costdp + IR
Vi,
IQ’USE 558x0.8+518. T? %6
26211.702

cosg s =

cosg =0.70
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Example 2. 0.8 79T AR 9% 4000 fremEmee oferm =1 o g9ita =94 99 7% 20 km
a=h, 66 kV, 50 =% ufa s, frFen o %1 e s o, wafE a1 96T 02 Wkm 99
feFeT 2 mH ¥ km 21
ToT—. @5 % ATTEE ot T e g Vg = 66000 V

.. @A % afamEt fat W Fen FGieEa@ (Phase Voltage)

Ver, 66000
Vep = T Sdbubrgliier
43 B
=38105.117 volt
-+ formren Tmffa WR = 4000x 10° V-amp
Tafere, sfamen wwfta ww :4*3106 Vi
MLy Hee-TfE § uiasen e
T d@ee ¥ whrwar T
4100

=-_-— ﬁmp
3x38105.117

" HERU TS Rl FE o=, ‘ 1=20km

.. WA 9EE B T WM R=0.2x20=4Q

TS 9w B $d A0E X =2nLx1Q
g =2%3.14%50x2x1073 % 20

=12.57Q
. gl R W Ofe U cosp g =0.8 (TT=EI)
A Rl W wfaEnt O singg = 0.6 (TT=HI)
o e ¥ Umor fq W Fen deedr (Phase Voltage)
Vsp =Vep + IRcoshpr + Ixsindg
=138105.117 +35x 4x 0.8 +35x12.57 =< 06

=38481.007 volt

-, @rge w1 wfay diezar AW (% Voltage Regulation)
eV =M;¢tm
Vrp
_ 3848138105,
38105

%Vg = 09867%

Example 3. T% fieel @154 3750 kVA ¥ €12 33 kV a9 0.8 7R 0% W ¥ (fed) T 2
afe w54 & Wedeh =IeTh o1 NiaY a9 wfaed mH: 30 [9 8.5 0§, 9 99 sia—

(a) ¥um fau deem (b) Sww fau v Qo (¢) T ERYET

FA—EA & AfomEd fat e deea =33kV

g & HfmEl fat W wen deEd (Phase Voltage)
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Vi = 33000
RP __:E‘_
=19052 e

3750 = 1000
o () =—————
iy A 319052

= 65.6 amp
shamét fit W vfem % cosdg =0.8 (=)
sifummel it W wfawdl O sind g =0.6 (Sv=ETE)
TET & ¥go fil W o Sieear (Phase Voltage)

e IR o T U oy

Vop = Vg + IR cosd g +IX sindp g
=19052+656%x3x0.8+65.6x8.5x06

=19554 volt
wEE % due fql W e S

=4/3 219554

=133868.5 kV

g &1 3uv fau wifsw U (Sending End Power Factor) | |

Vrcosdpgr +IR
Vsp

coshg =

_19052x 0.8 +65.6%3

19554
=078 (qv=TH)
el fat @ wfsa (Power on Receiving End)
Pz =3750x 0.8 kKW
=3000 kW
Iqu1 fat W wifed (Power on Transmission End)
Pg =Py +3I°R
Fe SIFE 312R =3 x (65.6)% x 3
=38730 W
P =(3000+38.730)
=3038.730 kW

Pr
iaeE =&, =% »100
Ps

_ 3000
3038730

%em = 98.72%

» 100

M
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1. Tl wifs TOTR 9 Yqun faT Sfezan (Sending End Voltage)
Vs = (Vg cosbg + IR)? +(Vesindg + IX)* volt

= Vg + IR cos$ g + IX sing g volt

2. G Wi O T oy faq dreea St @i &,

S, Vgsinlf:-gvéerJm
¢5=tan {___——-—VH cos¢g+!ﬁ
3. s v ToTE W 3oy fgq deza (Sending End Voltage)
> z
Vs =+/(Vg cosd R + IR +(VR sind g —IX )" volt
=(Vg - IRcosdr —IX singg) volt
4. WﬁTﬁ?ﬁHWq{ﬁwﬁﬂ[aﬁﬁmﬂ?ﬂ“ﬂqﬁm:
: i Vgsintb.'z-*-’?f]aﬁ;
A 1| ¥R x 8 —
Sxm (ngsrilﬂ +IR
5. @E =1 wfve diegal AT
ar = Ys = VR x100
Vr
6. gE=ATH vifem TUTeR W AW Hreear FEAT
Wﬂm
TR = 73
el wifs o oY A Sreea AT
’ 7 ____r_ﬂ:_n;:i"i'f—‘-‘f‘—mxlm
%R = Ve
8. 9w fgw v
ps = Vsls cos®S watt
9. sfmnt fau wiw &
Pr=VrIR cospr W
10. #em ufim wfr :
Hp_;,r:(ﬁ _.m) wal
H Y S ghron S R Vel €958 100
c;g,,-|=i"3x100 or 1{;15(:95415
Fs
Pe___ x100
" ' "=+ IR
VilR c{)f-li"-'_i_:.- = 100
or %n = Vﬂfﬂaﬁd)ﬂ + IR

15

Scanned with CamScanner




16 ﬁwmﬂﬂmwm .

%11:(1--‘@-“—’]:.: 100
P

2
%n{l ~__’._’i—]x 100

Vsls cosd s

12. faFen WR o9 (Three phase load power)
Pi_y =3Vplp cosg
Py, =3VLIL cosd
13. G=en wfowe @ (3 - percentage losses)
3R
-,,@V;h cosd
1.3. OO ARAl D TS AR
(Constructional Features of Transmission Lines)
H=1a1 (Introduction) !
TR F (Power plant) ¥ SZe foea WA (Electrical power) 1 Haft (Transmit) A & |
o d=en e R IUd wEie o7 I9ER T 9eEE gieadl s wee § frEm R (Electrical |
power) =1 =g5a5 Ef991 (Minimum losses) 9 3971 T (Sending end) ¥ 3fmE fal (Receiving end)
%% UE=H 3 Heg faed € |
TH I & S g6 §9U0 g o SR WY | T Bh UE U9 oA & e
Faqs #eE (Support), #H 37, 9 (Pole) e (Conductor) TS Insulator 37Mg =1 foqa aremam |
T HS0 ©N%A Fi Sal 994 § H98EE 27 999 ﬁﬁ—ﬂampm’s, Guy wire, Bird guard, lighting
arrester U8 Earthing wirc %1 &9 9 3191 %14 & €
RRIR @g= & ¥ HGaa (Main Components of Overhead Lines)
1. W18 =eas (Line Conductor)—aEd E‘fﬁﬁl H TF ™F d gE ©F 96 | 91 & fag g |
Ifed (Device) 1 ¥41 549 8, 39 90 Fed ol -
Or
Fe wifem =1 790 fat (Sending end) & SHATE f (Receiving end) T & 99 < fAT 990 std |
¥, 30 9% F8d £ |
2. ATEA (Support)—¥AgR =007 (Transmission) 91 f&@T01 (Distribution) # 1EA =els i
9 & T dfas 7@ F gfaa 1 e (Support) FEd € |
Note : e F1 fERI9R &2 I0cie & FE®R] deear (Working Voltage) 791 ¥4 f&d 19 a1
™A F A7AN W4T w4 2
3. TS GAT (Cross-arm)—FRf F=10 a1 faawor yoned ¥ smera § w4 g8 dfafas qon
2rg fagaiias #1 sera | Saal €, A1E g9 Fed 6
4. faerairass (Insulator)—d% We14 il faea wrered yedl & S9d wae #1699 e &1
TIAF F HeW FE F AU 990 w1d €
HTerET @ ariteRTuT (Classification of Supports)—f¥RMAR @1E H1 =Tereh 1 @19, Sieed 3o &
FIN A F1 A9 90 7 9tz T gl

% Pp,_, (losses) =
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Freor TBfY : 17
a Support
|
l |
Poles Towars
| | 1 i
Wood-poles Stesl polas  Cement MNarrow-base Brosd-bass
Concrefe lattica tower latticn towar
poles (NBL.T) BBLT)
[ | [ |
Single wood Double wood Pre-siressed Re-inforcad
poles poles camanl Cement

H." At Concrelo Pﬂlﬂ Concrele pﬂlﬂ

ype P-C-C poles (R.C.C. poles)

(i} H-type :

I %
Tubular poles Lattice poles Solid poles
(I} Casting type (i} l-cross-section type
{ii) Folding type {Gurder potes)
(i) T-cross-section type
(Rail poles)

— §.L.C.T. = Single Line Circuit Tower
— D.L.C.T. = Double Line Circuit Tower

TG SCTFa! <h SATAETLUT (Characteristics of Line Supports)—¥RiaR F=to1 91 famw & wg=a
e & frefafaa o1 89 Sifed—

(i) ¥ 9 H Tow g =medl (Light in weight)

(i) ST Gif¥w WA (Mechanical strength) =9 1 =gy

(iii) 9 ¥gg Td 99 (Strong and straight) & =ifedl

(iv) A% HETdS 37 (Accessories) FH 81 =ifedl

(v) %% UfEed (Transportation) & o7 Harea (Portable) &1 Sifeu)

(vi) 71 fSRISTA (Durability) 31t &1 =i

(vii) 3 T SIEThl 1 I§FYYT (Erection) TTH § A1 =0fEw

(viii) 3¢ 2@ ¥ =T (Nice in looking) TF1 =1fEw

(ix) % =i9q § & (Cheap in cost) BH =few)

(x) Free from atmosphere

e ST & foe RS (Factors for Support Construction)
it wga womelt # sge G YHR % AenEe gl S SEAl efatEa SR ) AW ST
3 s

(i) ferga H=rw wifsw

(ii) Torqm H=wor wgA F Sreed

(iii) =g =1 famgfa 19iq eea w9A (Span)

(iv) STerar wa= fefaal syefq fewum 9 919 ¥9 (Wind Pressure) 311

T8 ATETET & WIS (Types of Line Supports)—RRNA w=ww aq faamm o= § wg=a sier
i 9R ¥R ¥ €1 —

(i) T2 @O 39fq g8 e (Wooden pole)

(i) F&9R @F 1 91 e O (Steel pole)
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(iii) Hrr=-FwT TV (Cement-concrete pole) e |
(iv) TEIW T 316 =i IE (Steel tower)

®TS & (Wooden Poles) . |

TS T W W, e, Wew, we e g6 F wel e Wew e TP Fe R owghy
Tofis, TEE ¥ T T WY IR R w0 T WA uwe 9 Gl s @ QR e ey
= wEE ¥ T G T () a9 i g (A, H ) § W T F o 6 g
S, U, W6 % HEWEl ¥ a= % o0 @ § S et R @ S 2 g S R 3 f-any

s - = s 1
e : FE TN UE: T W F O e— |
“' (i) " =1 T (Single wooden poles) :
| i I
<3 |
e o |
r | ] |I
= @ i
- N |
3 : Il
|

@) .

L] [] :

LILELTEL L T T T T 77
fera-1.8 ; wwe 1@ @O (Single wooden pole)
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(i) Bt HTS @™ (Double wooden poles)

|I15Ulaiﬁf-.i i

] =l
L

(& | o]

G

9 a

; »
-  Wooden Poles
/ /
Y

T7/TTTIT 77777 TTI7 77777777177,
1.9 : Srgr @ @ (Double wooden pole) (A Type)

I. THEY IS @T @i fAgwaTd (Specifications)

]
|

gt | A ST 79 11 HX
geEt F R e T 1.2 & 2 WX
=Tan auR afifa ﬁﬁ?ﬂ"ﬁ
= farer gty 38 &t
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20 WWWW-WM'

sfawan wA/faRfrsas 60 T
HfuFan g Seed 22 kV
sifysan Saa-we 15 & 20 =4
IAad -1 3.5

I1. SIEt e @ = fayand (Specifications)

(i) T-UTw et T T @t e
et § = S 119 13 HiR
Yot § H9 gAae e 29 2.5 HiR
tfusran fasgfo/fammSam 80 e
Hawon e 20 ¥ 25 94
FHiuwag =T el 66 kV
—LaH e O 3.5 |

(i) TI-UTEGT St S @R w1 faveand (H-Types Pole) 5
T B =T AT 12 | 14 X ',
TeE & AR e e 2.5 9 3 Hex Jl
Ffasan famgfa 150 Hio |
HfEHoH W weed 132 kV ;
Ffwan e 20 9 25 =4 _ |

=I7ad HIEN-TV0 (Safety factor) 3.5

DS T B ﬂUI-EFf (Merits of Wooden Poles) |
(i) #5 @™ fav@ % F9@® (Bad conductor of ;
electricity) &d { .
- ey 3 o !
(i) T9elFa 9 H TeH (Light in weight) €18 € = (@) 5 |
(iii) aTRI HAH IS @1 | §H B & ~— |
(iv) 9fEeT =ma %9 Bl 2 |
(v) T Uiy Fimd &9 TS gl ()" (@ :
(vi) ®9a § w51 B 5 |
(vii) STet FEw H srAE ¥ Ivee O g |
S T F a9 (Demerits of Wooden Poles)
(i) 7R FifF% (Mechanical strength) Wme 1=
Gl
(i) T @oFer BW 2 AfE T9E T W gF awd

&

€l
(iii) =T dmE T H T e € S Fe Fer 8
it P 777777
(iv) 12 F M T | T F 99 @@ farm-1.10 : H-Types Pole.
(v) T SfiaeTel T w9 Tl 5l

-
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grertor Tagfe 21

(vi) & ¥ A W T

(vii) T8 AR g4 (Bad smell) S o 21

(viii) & e, THEM, 79 T H 32 90 2
TS @ B Slﬁﬂ'ﬂﬁ'"l (Applications of Wooden Poles)

(i) TS Tl <R AT A 8 F T Seem w1 faaror @ # e wwn #1 3 wam s
feriraft #; SR—uret-faame, 99w, Ioaa anfe ¥ faers & 999 $72 @il %1 WEm S el
S 3 fiF wian €, il STell Al HTS A J a8 S gl

(i) =gTam F=E (9 F 11 Ho T%) mmmﬁrﬁqﬁﬁmaﬁ%aﬁﬁnﬁm{zzwﬁﬁ

mmmé‘ _
(iii) I = (11 § 15 /i) F <@ F12 T 71 Fa9m =9 awed (132 kV) 5 =fa

foregfar & ferg < 21

-G T & T (Types of Steel Poles)
o @ FrefafEn 99 TR F n f—
(I) AAFHERR $ET @ (Tubular steel pole)
(IT) 39 =Tt @™ (Solid steel pole)
NDEIGED Ef2IGlf T (Lattice steel pole)

AfeBIBIk ¥ (Tubular Poles)

AfAHIRR T ST $99Td (g.s.) 91 HE FE (m. s.) i e H 99 Y @rael Alee1 361 &
T B §1 5, WA anfE argves guuEl § gEE Ee F o, 93 79 (Mild steel) TR H
fififa sirg e == W +5 e 51 81 7% @9 9ri (IR x 99 x fra) + ot e %
ATHN T FY G Ig-A1 F €l 2

gt % T FH=E (Height) = 8 § 12 e

sfterem fagfd (Maximum Span) = 100 =X

Afehas &1Ea Hieedl (Voltage) = 11 kV

Afgehan f&Ts99 (Durability) = 50 ¢

IdH HI&T U= (Safety factor) = 2.5

AferserR @l & TUTErH (Merits of Tubular Poles)
(i) ST 3T @RI H YA WR W Foh € ¢ i WrEel AR €6 F SR S T
F TWE I H gk 2 B
(i) =TS @O T STUEN TS AE e SEE B e
(iii) AT TS F e T FET wE FUE o 2
(iv) 379 THE T @i Bt a@ @9 (Flexibility) & gt &1
(v) A @ o gt o g
(vi) St WRITWE Sind 31 SO0 1 3(0&0 =9 v
(vii) FTeht 9ftae =ima 37 Team F) aman F9 B #)
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g £ iﬁﬁmmmﬁw'
R Tl $ Y (Demerits of Tubular Poles) b
() s 778 § 99 ¥ SR A g 90 2
(i) oW o9 @™ S N T gt Tl wm e 2
(iii) T SEA IS 3T OO @O W e FH B
STANT (Applications)—¥Te M =1 dieem # faeon &l § 2 2
Note : JHS T T4 @ & @ F ™H T 2 2

B =¥ (Solid Poles)

T T A FE 9 (Rolled steel beams) F ffifn d-ufisde wwdh, @ = @ ooy
=t W B R 7
b S, Heww i SR $EWE | EORE T o T SR aREs 91 T 5 fen an

|

3w @t st Frefafan 3 TR IR E— - |
L TEEn 3 ‘Cier/eeE’ @ (Single solid steel pole) 5
1. S0 S W/ @S (Double soild steel pole) : !
TeEL S SETHT @t 5 favreand '*
Y F TR 1 S9% (height) = 10 ¥ 13.5 Hex
ey @ET 9ol (Voltage) = 33 kV ;
(i) sifowan o= @ fasgfa = 150 e | |
(i) i fesreaa = 80 =d _-

AaH JTE 0 =2
EIET 39 geaTdt @t #i favreant

e % F9 H H9E = 129 15 Het

FAfan @ afezal = 66 kV

Ffg=an famgfa = 200 Hiex

#aa fewrsga = 100 99
Srer geaTet et 3 Tporerd
(i) ﬁﬂﬁmﬁﬂﬂﬂﬂmmuﬁmm(hﬁchamcm strength) 359 €l €I I
(i) s SaT e (Life period) 31 gar €1 |
(iii) TS =@ F1 WE T GHE @M F1 99 T @ 2
(iv) g 1 5 TR T sifeeen ved oo T e T Ao a7 i S 8 i €

(v) IS GO F1 7987 TTH1 ST HIEA FH e ¢

CAL | (Disadvantage) |
(i) o= @ v AEER T @ S e 9 €9 € 21aiq T 9% ud e w6 ain
Haifas g €
(ii) 9% Uftge Fi9a 3=9 € €
(i) 3% WAiYE Fma wfus 2 €
(iv) 4 faga & gurew e@ €
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rertoT T i
(v) A TEA o g A am 2
FITANT (Applications)—3TeH WAIT US55 deaa 5 G and § fem e 2

TP S &™) (Latice Steel Poles)
Rt Goa | 2w ool F fafen o afeza ) s 2 s, damm aafe argeeeea awE
# T3 F fov 39 W e o 92 % fom s 2
gest § FI I FAE =9 F 1] Hiex
HfereRam wgT dieedl = 11 kV
Ffeeram e O farggfa = 150 #ex
sftaa fesraed = 50 =4
A LA = 2
mﬁfﬁmﬁﬁigﬁuﬁ
(i) TR YR 3 T @ 1 AUaT 9 B B
(i) o @O W aTET TS SR wiEa S e gl
(iii) IS WO H ST TR AV FIAG 9 a2
(iv) A ZEA F g & gEE @ gl
(v) FTH FIS @ S WE TG a91 A @ F 99 T w2
(vi) I F a7 T sfbE o 2l
(vii) A i wE W few § T 991 v fow A g g9 R
(viii) e = fiafy § 39 W =55 oam o
(ix) M T # e, T 9fiaw FiHd S5 a8
Y (Demerits)
(i) TR 9, T U Afewr @edf S 319en s g 2l
(ii) TS W I STHET ST SEEH FiHa e g 7
(iil) S9! IRYF F0q 1S U5 AdaFR @O 1 S0 Afbs g e
(iv) =7 WM = dreed (11 kV) 9% i foao oq 3 T4 2
IUENT (Utilization)—371 S8 £t deea =i TRk @5a 8, wed v o1 vl &6 § 35 21

= wmie F (Cement Concrete Pole)

Hii= iz W o ¥R ° A el 9 g —

(i) wafas wivefem Hiz-SHic @ (Pre-pressed Cement Concrete Poles)

(ii) Wafera Si=-#ie @™ (Re-inforced Cement Concrete Poles)

(I) wrafies wfwafed @=-smie @ (Pre-Pressed Cement Concrete Poles)—38 W& F
@l =1 Fmfn =9 g9 W dii= vd S BN e B 3 9itas Amel w6 el 8 sefe SeE
TR AT e R A #) T9e T W Wefod " ez @ w1 WA S

(IT) warfera | Shewiz @ (R.C.C. Poles)—3 @¥l =1 (00 3wu =1 w2 & fififa 2= o
Wi -dmte F <fda ®uil %1 yEfed = (5@ % @) fea s )

R.C.C. 9 ®1 "ramn # gfiz A & il & =t wan 2—

() 39w F @ W A AN 7 9" 29 iR 8§
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24 e wif et v o,
(i) 6 ¥R ¥ T % A amn ¥ smaen 9 v aiEn g 21 3 S A swowm
for o0 € o = % R o ¥ uw W fourfi A =5ed § e v €

ﬁlﬁ'ﬂmli 1Specifications)

Q‘E.:% qhgﬂﬂﬂq;qtﬁr=7%llm

TTEes EE aeEa =1 1 kV

Hiawas v @ &5 (span) = 100 54

aﬁﬁm=lm5‘i

TS - =25

mﬁmm%w

(iy 9= =i5® WEA (Mechanical strength) 3=9 Bl €l

(1) %%mgﬁzﬁ"‘ﬁﬁ

(i) ¥ vEEEs vEEwm ¥ Ow o B

Gv) =, FEC S TIIIEHT FIT J T O <

() T= ¥E8 T -:-TFH._?}H'I%I

(¥i) sﬁmwaﬁmm'&l

(vi) ¥ TS5 T T=0 @ GEET (Attractive) B £

(viii) T B T G S S99 W 2

(ix) e = fgm W 9 smE 2

x) I T ES | o iR e

(xi) T T TE I TS W F o sis Tges T a6

<=1 (Demerits)

(1) == UE SoeEn ST W H9s TWa 9% ANs e Bl

(i) TAEes ¥ T E-Fe s i gl

(iii) 3791 Tiaed =9 39T ol gl

(v) = T OE The e W 6 SEET B gl

(v) TS T=9R wolq TeEYY SuETEa ®ied el gl

i) ?ﬁ?fmmwﬁmaﬁ?ﬁﬁﬁl

FUaTT (Utilization)—%71 Tam 0 aregat (11 kV) o =1 forft faao ez & fou ved &3
¥ == =os 7 71 T95 SiAites T WA 941 SEe! 9T el &1, Teayol WSEni ad geEe 5
FEem F vE, T st ¥ fagaen F A fE s €1 e sam |l a9 o e e E
o= T9g9 ¢ €, 1% 9¢ 7 € e € 9N 5 € 98 S e €

T g9 a7 TN F9ar T (Steel Tower)—38 T A0 @W W1 € U fawiod B9 &
fems 5797 =7 I W 51 =H1 €1 T89S 39 A9 9% 9eY 0T Sl e ¢l ated e &
Safe 737 ¥ 0 ower 1 earthed %1 f2%1 =401 £

T:.-v.as?ﬁmr?ﬁmmﬂmﬁmﬁmﬁmm?mﬁﬁm,qmaﬂﬁﬁm
% 79 angle channel F1 paimt 51 feq1 9@ &) fagwl § +d-58 W angle channel & =H ©
Galvanized tubular steel section =1 797 o1 211 ¢ o= alcee 41 geee 51 femn w1 2

FTITAT T & T (Classification of Towers)—fal%= FHE & 3MT W =i &
FiEm &5 77 59 =1 559 t—
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fa=2-1.11 : Steel Tower
(A) ST & 3TTAT (According to the Base)
(1) HFfEa SR 9 T (Narrow base tower)—39%1 3R S50 & §1
(IT) fo&ga SR S1en = (Broad base tower)—3H1 9N %el €30 & 7
(B) 9fiuer & 3TN (According to the Circuit)
(1) Single circuit tower—38 W THa vwg fFwen @3 GGl 9.1 €1
(I1) Double circuit tower—30 W argdl witew, freen W Sk 3w &

i (C) i =it §E & HTER (According to the Number of Towers)

(1) USHE WS (Single Tower)—3% Fa@ T% @a-3 @ T § F 99 974 § W& €
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(1T) & = (Double Tower)—a% WE: T O ¥ YSH a0 2
Example : A-W&d, H-w&d 3nfz)

g(
%

L

15m

7.5m

'EI' 3a5m
for=-1.12 : Steel Tower

o (D) ATF-ATT & HATEN (According to Guy-Wire)
o (T) A-AT IEa T (Guyed-less fower)—3€ T 0= = T £, fagy oed & fou
W F dH-a1 F1 AEvEEdl Tl el
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(1) TH-a1 T4 (Guyed Tower)—7% TH-AT ZRT A9 527 U T P T a—
Portal type and V-type 3Tl e EENEED

SprS, SeT areY gt @ ot faRreard (specifications)
gedl F ST H TR (Height) = 15 9 30 1 7%
gedl W STET H WY (Size) = 5 x 5 W
3wl & == gl (Span) = 200 § 500 HeY wF
Hfirwrad e F@ (life) = 100 T0 § FH
=IAqq QL= (Safety factor) = 1.5

farga anmuR aTer st sl ot fiRreard (Specifications)

geEl % FW H Har (Height) = 20 | 40 i 7% :
Yt W AER = A9 (Size) = 2 x 2 HiX
a1 Tl o o9 g (Span) = 300-1000 HiE
sfrRad Sita T (Life period) = 100 96 & &0
A HILEN-TU (Safety factor) = 1.5

Merits of Steel Towers

(i) FFS STET= H e, TTH 2 a9 HF TH F 99 TE @

(ii) ZA1 mechanical strength 21 3=3 &=t 21

(iii) SR ST SA%iq Ferar F FITEl F g0 qE o 2

(iv) =@ T Ifq w=1 v faumer & 81

(v) T9qUT ¥9 9 e wifed € 8

Demerits of Steel Towers

(i) ¥ A Ti-wn wE fawme g E

(i) ¥ fers TF RE T e )

(iii) TTH! S8 TeTFRA Al Sl 2

(iv) ST RIS Si9g 359 2t 81

ST Wl & AGHAIT (Applications of Steel Towers)

(i) ;ﬂ:mmmﬁfmwﬁmaﬂﬁrﬁmm&vﬁm}aﬁﬁmﬁmﬁlongspan%
faw g €

(ii};ﬁaﬁqﬁaﬁlﬁﬁmm@rmmmﬁwﬁ,mﬁ,ﬁa,mm%m(Cmss]tﬂef%
fe & 1

(iii) HHEA IR A T WA RIS & § w8 W w5 g g, 999, FeR
91 TH H FH A 2

faggatta (Insulator)—3 w14 S fage wewE el F 3w@ waE S U954 a9 A= 57
e 2R geEt & 49 fagg o = dww 2, faples seemm g

T | e dTereh F1 ST F4 % fore fageiine & w@m w1 €

WE (Muf)—3Ten= & YR H) Feaiaw TET F e diie-swz w1 a9 S&0 S JoE $
IMER &F A a0 B WAl €, W FHEen )
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28 ELGRUESE AR R R G
9. WTE® (Conductor)—FRreR w=n am famm yoneh # de@ vfva 1 o =M B T A T
aTR s aes s s &
s # WET H o W RRR Feo aen o worel § D) war & e s 5 am
%-___ 3

1. 2R IO (Solid conducton

2. FEEr Tie# (Standed conductor)
(i) 3% WS (Solid Conductor) RN w1 ¥ ¥ efier we@l F &9 # o4 g1 FH I

e, T weE aa FWE o9 79 O £ 39 WeR ¥ O 9 O $ean g

Note : T% FgF1T Tew 9 F5d €l
{/ - TEIeR awrh |

o8 SEw
(Solid conductor)
/f (Standed conductor)

fa=-1.13 .
Factors's effect on conductor line conductor—Line conductor F! size & R fr |
component direct ¥9E1 indirect ¥9ad a4 £— |
1. Electric power
2. Voltage drop
. Voltage regulation
. Line resistance
. Weight of line
- Sag of line

=} v Lh b

. Insulator
. Foundation and design of support
. Grass arm

Freel aee & R (Characteristics of Ideal Conductors)
foimaft mea = @1 e Ffae | ygea w@d F e o Em afed—
(i) = vz F) dg0 FEEEaE (Electrical Conductivity) 59 (High) Bt =nfeq
(i) =T 51 gfaasa (Resistivity) = &6 =nfew)
(iii) =% 97 | g 7 9fen)
(iv) ==& 1 999 (Density) f= g1 =nfem)
(v) =TT &1 794 (Tensile) ofaa =7 € =ifew)

O oo

‘nd
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FerToT B 29
(vi) =etsh =i HAT (Corrosion) 9™ FT 211 =t
(vit) SETh A o T (Cheap) FARTRC ]
(viii) e 1 fafe Ee (9 5fa armee) w5y dm ot

o] & AP (Types of Conductor)
ferrafy d=ToT a4 foRTOl WEA B A F PN F e T e FE 9eE 5 e 8, A e
o
There are some kinds of conductor that are in nse :
(1) Aerial cable
(2) Aluminized steel
(3) Galvanized steel
(4) Al clad steel
(5) Cu clad steel
(6) Standard Hard Drawn Copper conductor
(7) Cadmium conductor
(8) Al conductor
(9) SHDAC standard Hard drawn Al conductor
(10) SRCA conductor
(11) SCC conductor
(12) ACS conductor
AT" =Teteh (Copper Conductor)—dTH =eieh w1 da Siciad] 941 359 077 FH% & S0 aF
e @1 A R T § W ¥ e aen F i f—
; (A) AT o HiYa 917 A& (Standard Hard Drawn Copper Conductor)—
(i) M =Tehl =1 S e (Current density) S80S &4 % R0 395 Hid 3915 9% § =91
1 7 e g 81 fo9eg g woet o wam R o € 390 a9, 9% a9 =R F5 2 8
TN e 99l HiE 0 W FIE U2 W6 €, W R0 @ifE (Corona losses) 9w
St _
(i) FoR Hita W e F HLR0 TG F9 85 § 775 THETEAE a@AET ¥ AT
(S &1 Trrar) e
(i) o9 = gy sifies € | S sterEl % | g0 ®i F1 W @ e w9
(iv) S.H.D. WIH I 1 Siad wia w9 g 8
(V)  S.H.D. " = &1 9= fS%99 (Screening) & T
Note—I9{ra o1l & YR W TT9 91q A6 4 81 W= a9 o91g et 8 W THew wEm e
I (Special Purpose) W =Td Tl
(B) SFefiray a0 wrere (Cadmium Copper Conductor)—
(i) " W1g § 2% ¥ 3% wh hefan (Cd) O fremt | 9w =g F1 SerwEar 16 |/ 18 W
e % WY 7 "5rE 40 ® 50 wfova 9 9w @ e @ sens) & =" #i g0 (Span)
sfer € Sl #
(i) Fefmm Cu Conductor § W& Wiy == &t ¢ forrd fewrsym =g s 2
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no drege wifeer T WO O fam
it (iff) mmmwmmmammwﬁmmm j
e (iv) i;ﬂﬁgﬂmﬁ%mmmmﬁaﬂfﬁmﬁm%ﬁmﬂﬁﬂzmﬁm(mmnalnumq
3 g | £
Note : T8 e # Sefirm (Cd) g fremt & Tos) o =g oI 81 g Shefid % Wi e
2 e W T N R e § e |
g 2. Uegiatram = (Aluminium Conductor)

TE SIS F qedl § UEgiEn s gen a9 We TS ¢ 36E! Ay deshadl 19 19 !
TV T e S qe O F9 O §9 S f w0 R ) RriR ara i afvs wam g0 €3 e

2 TER & WS B

s (a) W oI i Yegfafaw =& (Standard Hard Drawn Aluminium Conductor)—
Boadr () Tt ol S SR o ved 7 SRR 3 1.6 T e ¢ el e wea
- g M WA wEE % fou g S % s 1 f%a (X-sectional area) AR
3 TR W F WY T SR F qee § 66% S o 2l
o (ii) ﬁqﬁﬁwwwmmmw%mwﬁwﬁsaﬁﬁmﬁlw |
it T H G S R T e % T A 48% B &1 gafe el e
> F STena w1 WA TH SO F TS F U Y AF qeey o ¢ |

(iii) ﬁﬁﬁﬁﬂmﬁﬁﬁ@mmﬁﬁlﬁﬁl

- (iv) Qﬁﬁmﬁmﬁmmmmﬁaﬁﬁﬁmw%mmmamwﬂﬁﬂm%’ 1
(v) TSI ST WO a1 a5 S e gl |

Note : TofEFan 9165 F1 359 90 & w90 3 fow TeE S SR 9 4 9es e |

o= B 2 |

1"':'_:‘:"7'1!"-1" !1'_.!,!:"- e T
T ': ¥l i 0

(b) VI Y&feia shi€ U9 oTeia (Steel Reinforced Core Aluminium Conductor) |
Tegftan = ¥ 7 Aol F9 6 § aew F 40 (Sag) F1 A e O A TR F
= & TP g TE F e Tuerss 6 B |
_ miﬁﬁﬁﬂﬂaﬁmﬁmﬁﬁwﬁmmﬂfmqﬁﬁm%aﬁmﬁﬁ*ﬁﬁ -
TEY T WH 77 I € |
TH YEN F USHAn 9w %1 ACSR = Fed 8 !
(i) ACSRmmﬁmamﬁwﬁm%wﬂwmm%mﬁsﬁaﬁw | -
{sm;mmnmmmzr
(i) ACSR wTeTs &1 #qm wiai fedl g6t Won & was §1 99m " # ge 8 ACSR
=% F1 29 AfF e 71 T3 Corona Losses F1 HF %4 € Wil 81 T end &1
#fera: woqa T T2 B .'
(i) ACSR =1 ¥ Hemw) awquvea # fi it tegfufan qo1 4qq WA F S0 2 8 ‘
Note : ACSR =1e& &1 a9 #M= a4 goF 9N % 0] 5= o (span) @i H=or a4 famo
1§ 574 £
(c) freag=g e =T (Galvanized Steel Conductor)
(i) TEaEE W TEE F A 7 (span) % fow faa S 21
(i) THF AW A A fd mafts w9 | we T g
oy (iii) =9 IAF F TN & FH e qq aq] 3= Ffatdsd & Fo v gl a9 2afuw awees
E 4 % feyg, zwdm ¢ fam = €1

R ) T e T e A ke el S
F » .' - Wy T
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o1 Wt

(d) SIeRT 39T =t (Galvanized Steel Conductor)—ais &1 &1 H&@w, S 1
FEETEd FAUE A T F fae fdE g SEEe =2 o wm #0358 v fEEwe 15 3 20 =6
T o7 S R

Tt T " Afa 399 w1 €1 3 T 2 B 3 UR w e ¢ fAud 3w wam e Seea
W wHifta dea e Seon vl faen w0 et oy e A § e e F o e e f

T WA AR IRNR @A H WgE @ERR diad d RIe T @l a8 Wadaed
(Reinforcement) = o @ar sfinrg Hfasf # %999 (Armouring) & 59 741 §-319/ (Earthing) & fom
e €

Note : 378 3=9 wfaiiashal, 3=2 T -4, T e, 399 30w Sfaam, 393 sfeara & $m
ST A ASTRe wdE] @l R W 2

T S8 A.C.S.R. STea! 1 T4 B 2

(¢) ST Fhif e @19 =eTah (S.C.C. Conductor)—351d Hifed ATH Terh H1 2= 35919 =057
Uegfafam =rerenl & TAE @ E €1 38y afae tegfafEe # T6 F TE W T Aiod 9| S w6l
Taf =1 WA g s

T WH S $EA Nated S 9 Fed € '

Note : S59Td ifed a9 I/a% 5590 Fifed UegMaiEn =ias! 51 08 S 995 ¢ g o
. EF F FRO SH HAF FH B 2
; (f) et s frstor, frstarg =T (A.C.S. Conductor)—38 ST % Fi9% 51 #30a9 I
& el W HIERT SIS i U T4 9 ga1d (Spiralling) FUh A4 S §1 Hi90 399 84 % HE,
| ST o i feafa § € dan @) RrloR SR 8 e Em 96, 9, 19, R R w5 S

T Y o fagfadl % fow g 1S9 Siftemat 39 ST A § 39 T € 9E W agEved

T et anfg framsia tomafas e sufra g6 2

(g) TRAST Hfaer (Aerial Cable)—3F U+ fagaiin =os  foed s fagmes
T A=A TRATE Shiad w1 15 kV a9 fodn =i €

T AN TZ-Ui8 991 TR i T4l F HROT SE W A an A 54 1 R w w5 5w s
e =1 WM w0 £ 31 FHaen 5 fasgha 300 e 3 700 W 95 €6l €)1 9% wR g a9 :iHd §
T T 2

THY ST AW ST W SE UegftE Wi Sies S Wa g g

ﬁgﬂﬁﬂﬁ (Insulator)

o€ dea g i el S vl F dge vae S A6 sva See a9 g F =1 fage am
=1 U fog foman = 21 9% e fergetiass wemd | =0 g € 59 WA i ena 8 wie-an
X =l w1 e | faer (Isolate) F F fow s s #1

arreyt faemiees & arfiaereror

wF A fagays § = o e sfed—

(i) TrEEE Amed 3== g S

(i) WitA® AmE 3= w7 =i

(iii) T wfadw == @ wfew

(iv) 3ATF &S (Internal Impurity) | T B =)
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(v) a9 RedE A s yfaa T@ A =i .
(vi) = 9 sgEvEets A § svim v =R
(vii) Fia § T a9 R H T e e |
(viii) FTEA | I (Available) T =R |
Fagata=i & WIS (Types of Insulators) !
(i) T==t =1 g0 fagaie= (Pin or Spindle Insulator)

(i) To== fagi9sF (Suspension Insulator)

(iii) =t oF fe=a fSgeies (Long rod Suspension Insulator)
(v) = fageis= (Strain Insulator)
(v) foi == a=m fagais= (Special High Voltage Insu]amr] : :
(vi) FeETamt @ 2 fogaliss (Stay Insulator) :
(vii) == 71 9 fSE@USS (Post Insulator) '!
(viii) 77g =1 9w fSe@0es (Shakle Insulator) |

Sieit o1 g1 fgeies (Pin or Spindle Insulator)
=
s

é; }?1'3 (Nut) |

faa—1.14 : =it ar g fagaias . |

| el fagir s el T A G 17 g 3 S I 9 T E (Groove)
B &1 3 R wrea e w1 fead F w aew ar % 9o (A + Yegfafm) § fifda s
4.37 =0 fardio (S.W.G.) AES % we®eR ar | F§ 241 5 €1 :

HI, ArgHUEEr TH e F FHAE | a=m % oy el as w5 wae $ 6w W g W i

mﬁmwnmmaﬁﬁwmmcmwedmn)ﬁwﬁrﬁmﬁwwéﬁﬂﬂﬁ%ﬂ
Q6% F1 0 F1 T4 o0 W F9 feqn e g
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T Fiell & FR TEE faeaies w1 W et moqn s T T s e -
Wi fs @ Aem deed (Voltage) 1 firroft @ o fen s € =41t deea =1 99 =33 3 i
fereerees @1 YR T 8

Note : faeeiias ® 21 @1 97 @80 @ 9 % 23 % Fmiv =1 aw a0 w7 1 2g9ifam 7= wE
Tl €1 399 i g ¥ I | 9 Faw 9 IR W f A 19 Tee am ST X 2H 6 8

forerar fagaiiash (Suspension Insulator)—39=1 = Fien fagaigs 4 95 ) =@ o =
T B} s AHeT 71 = F IHdl B S G2 F F9 F B A6 21 35 AqD R S=E oy ¥
ST F MG T T A A fF @ 21 vafen 7w e e e e f)

e forpaliaes ® 9=l %1 < WER ¥ SE W 8—Tgen 9id 9 Twe, g 199 94 s
e B . | |

IuarT—(i) f fames =1 sfasmes S0kV 7% %1 Srea § fou @ frasr ofem e #1 59s
R F! dieedl & A T SAfeer, 359 9N SAfUE FiHd 99 399 6eE $i6T F SR S
(Uneconomical) Hifaa g 1

(i) =hdt FEul ferem fagaiias &1 5@m 50 kV § 800 kV 7% =i aeedw & o 541 5 )

(iii) STeT T T=0T AT 1 A AR WS F WY qAl € q@ W AW G057 e e % Fam
g dreed] Fl deR a1 Sl & e fagaes = 9F O S Isa g 39 O 91 9 fow ane o
v=a fagrRisA o g @ SifE i 2Ry framivs w1 wan s 8

(iv) fie Taeias 4 o5 =ies %1 SR S99 ¢ oy e s w ot @0 598 55
T & el Tl gedl fageias ¥ e Bl 9 S 96 ¢ 3R 9o Eeaarel did W 8

1 WM HeAY Sieedl § 394 deew =i R oA ¥ G w6

|
i
{
|
1

ot og fagaiees (Long rod Insulator)—3% =&l W& Freram foeivs =1 @ & fawfom
& 1 T Giden %l aeil o3 Rim Tl & e 29w S afes A, fefie §
&R g '
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M drer vifer s reroon e ferarey
T T 9T ¥ T /@ vl v faeies | A T feem fGaies o sTaen
'&Eﬁ%}ﬁ*‘ﬁ?iq

B {Advaniages)— :

M ToE SR A ¥ e TR v ) wE o B9 & W e Y B =y
mmﬂﬂt‘{ - |

G w3 Y @ e e o R fE weR T wiiee A e fagaiae #)

(i) e fgetes = s 18 W SEErEE g0 S FEE FE w R

Gv) T T e w1 o S, e e i w5 ) w5 e #)

= (Drawhacks)— ¢

() e fries: ) o, 7wt § T UF FgmiuE B T P Sl sy | |
=0 & T w1t A e GveEa § e A wfen 8 9 2

G v 9§ wE R AR w0 5 SRS R R S T ey @

mﬁn—maﬁmmmaﬁfﬂhﬁmﬁﬁﬁmﬁ@m#mﬁﬂmmﬁ 2fie
Bz e W

fapft fegadus (Strain Insulator)
n%#@.wﬁ.m,mmmﬁﬁ.mﬁﬁﬁmﬁm%mﬁmﬁgﬁ

Forfm 31 e S B sEm = @ o ol fagaaes wea 8 R
¥ A T A w1 fRRTR e A R €T T E T DAY g ,

F T ¥ Sya e ffa s e o Sy

al &1, 4

41
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shereer WY 35
fe oo alecan @ fARIU® (Special High Voltage Insulator)

Afq 357 Az (400 kV) Ft Frirft 7m7 § e st frgrives w1 A wa few e @
fof) favi 3= Areea 9 faepenTF wEa ) ooF 2 i T st el W st e w2
far o w1 3T SR am # T ° dera 51 smEtor T ¥ far fewm e 8

fagra warar ave fagaitas— A frgrrs e wim i =g, 99, fromm, 57 Atz e
wear] ara w2 1 fregm wE fae F fom fem s 81 o sfwwe wm wear F weel 6 A

o g ¢

fogmias sty favm wiem =@ fagades 5 s=ria &9 31

‘frrg ot T’ fagmiiaes (Shackle or Reel Insulator)—35 = &1 fagaaas fgeires wod
e § =2 T €1 T8 g g9 51 swew g & wg e o for (s, dfvs v s
¥ srafeaa & <1 TFa € 790 79 @i ° oA 90 1 Sl 399 T ¥ WA (4S5 WG F

E T B F9 fam s 2
Fre=z(Bolt)

// T "‘/
Dy 3

(Pin)

fas-1.17 : famg o T= fagmes

' 30 SR & fagaiasi =1 @M 715 deem (650 V) B Sga At e @A Hi R awe oy
@l g1 Al % SR U Atan ol F ' w i s

‘ug a1 3T’ fagairas (Post or Support Insulator)—Y2 I1 3er= fagaiigs #1 5031 Ria
W fagE U9 F TEE 81 IR Sad 3 € F el el 5e1 a9 w5 Se9 w1 5 6, @
ue, fagediae qaen qar sifes S & g

——

s —1'3
i

F=
[ S
fears-1.18 : 92 = anerey fagatas
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h,h_: '.,='_"_'! il' s R P R T L T Rt et

o W T L R el R, SR R e R R i AR mj.“'"‘-'-

—matnn Lot i oo P O e W R B ey

36 g TR T T T
T WA S S A SRR WO 8w e faw faemsfa # wam e g
e fagaras /AR REEtes (Bushing Insulator)—fagmias wed @it | Ffif Tt

frgetes = i fageids S Fr &1 o Wi gawii wfie S ot S ST % e

foqm S FiR e P & fa e @)

R o H R A -NEN WS e Y e i g
T TR (String Efficiency) e foroft ogs #f @t ot ¥ sTR—ur Sieear ad1 9l F e
S wEw F T W Tw6 F SAR-TR Fea F AT oI B el 265 Fed o
String efficiency = Voltage across the string
1 x voltage acrossdisc nearest toconductor
where 1= number of discs in the string

Fetan g ot @@ ) e faazor v aamn

(Potential Distribution Over a String of Suspension Insulator and Efficiency)

g i *
/)
vy C WV
3 'E1 11 !1
52— N
/]
C Wa

o
L]
it
(2]
a
[ ]
|
i

\\I\\\\\\T\\\\
Y
o
o5

<

fas-1.20

& wE 941 %1 9% UF qo4 9Rug §1 9 fF 98 9t $1 it (Capacitance) ‘C” €1 Hig
Voltage %1 FoiI9fT line § Sivias =1 Insulator %1 string T use TTe1 1 57 Tren s1gan S@en Fgq
€1 U1 Fgdl % a9 UF Insulator F1 disk IE % HRVT ¥ disk TF capacitor T Hif =r=eR Fta|
23 murtual capacitor F&d € § T9F capacitance mutual capacitance FEoTdl 21 T4 cm | denote
Bl

T4 YN 9 FEl 9 JEEiEd 39 2E & A dielectric medium B4 | shunt capacitor F7 s
T E 891 capacitance shunt capacitance (Cs) Shecirdl %I

G _p|dmt S«
Cm CJH
fag A W fer=is fam (am) &9 W
Ihh=Nh+i

Vate = Viwe + Vime)
Vowe = Woe + VinKc

V=W(l+K)

H
s
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— ———— : :

e .
o 3B ™ fertate w7m Fam o7 w
li=lh+ph
V.iiﬂf='i-‘;gmc+ﬂri + W) e
Vawe = Vawe +(V + V3) mke
WVi=W+(Vi+¥a) Kk
=KW +W(1+K)
=KV + W (1+ K)? [~WB=K(1+K)]
=W I[K+(1+K)?)
VB =W[1+3K +K?] (i)
g = & o alees
' Vel +15+15
=W+WV(l+K)+V(1+3K+K?)
=W (3+4K +K?%)
V=W (1+K)(3+K) (i)
ST (i), (i) T FHST (i) §

L R - PR |
o1k  1+3K K"

-— v ...l:i.'l"}
1+K)(3+K)

3= fag ¥ TG Al
v
T1+K)(3+K)

@%ﬁﬁﬁﬁ?@‘[’aaﬁé’a
B=W({1+K)
R 5=a fag F TR dieeS
Va =W (1+3K +K?)
el ® GHIE Sieed

=2 = = 100
nﬁaﬁa@aﬂm—”wmmw

L x 100
% S8.C. S
Overhead line & @17 Unit 3 Ta STE WTEdT =/rel {suf:pa-_;nsmu
point) % Across ¥ 15.1 KV T&T gL urye
ezt Ieaad (Top unit) ¥ Sre=dr

W9—Ush TA&e T (Three Phase) :
Insulator’s string) 'H'ﬂiﬁ"ﬂ'ﬂ 11§i\:| afg ﬁﬂﬂ' " (Lowes
# STET SYeeAT (Top point) 12.25 kV B At Herur S 1 ¥

T String efficiency AT HHAd1
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ag WWW%WM
wm—Ratfs ‘T R

e3 =15.1 kV (Low paint) e .

a=12.25 kV (Top paint) lay o A * ;

o for 5 unit 3R 9 ¥ 99 wft@ ¢ 90 afes I :

T % TREIE Mutual capacitance 1 € @l s !

Ci=Kc Tﬂzl I"-"a C2 i
3R e=q+e +e3 (kV) I e

=qa+a(l+k)+eq(k?+3k+1)

Ca |
=a (k2 +4k +3) f T ------- L

- £ O, €3 Conductor |
k2 +4k+3 1+k k2+3k+1
fa-1.21 |

21295 151 |

14k k2 +3k+1
1225 (k2 +3k +1) =151(1 + k)
=1225k2 +2165%k —285=0

j.;=-b'..!:1|||b2—4ﬂ{f Y
2a

e iy e i

_ —2L65 ++/(2165)% — 4x12.25 % 285

2x12.25 :'
|
i — = 2165 + /6083725 |
2x1225 ;
& — = 2165 £ 24,665 |
2465 |
+ o 3, k=3913 _ 0123 |
24.65 !

. X295 1295
1+0123 1123 |
a =109 KV !

e=a (k* +4k +3)
=109[(0123)% + 4 x 0123 + 3] i

=109(0015129 + 0492 + 2)
=109= 3507129 .

Lmﬂﬁmmmmmmnwéﬁm% |
@A deEd V=3 Vp,
=1732 % 3825

S R St el
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et wgfa 39
= 662645 kV ' ;

faem Auw W FogAW = - 3825
MeM 3:-:]5.1

=84.457%

TS SHIT & " W fafiai—asl g5 F 99+ O @5 9w F fwead) e S5
(Disc) % WY =M dieediard (Ey) 91 Jitan S (K) F1 T2/t @51 51 245 790 9 el 21
39 YR Tl & THY HOH Sieedl (a0 § Tods 9%dl & U Gz 1 99 90E 24 2 T2 eaa
ag S el

! T a1 Frefafee o fafia §—

(i) Toelas sAfywey fafa

(ii) 75 =g Afasey fafy

(iii) Tferer amraror fafy

(i) Torereters srfaeen fafa—eiftar s1q9W (K) F1 "F 924§ @31 F 25@ 9541 ¢ #L 31
A (K = Cy/ Cpy) B TI2 81 &) H1 919 9@ (C,) F 727 991 Tl Siftd (Cp) & 539 T
AT ST (K) %1 "M 9eal @1 IRERE SR (Cm =€, 4 / d) F 75+ % fou fgats fam =
T (d) 741 98 85 (A) aAfas g =iy

ﬁT?:Ié(@Hﬂqﬁmmﬁ#mmaﬁnﬂﬁrwﬁwﬁmmﬁm(Cm}ﬂqﬁmél
T e =1 gifss omed F Sg 0 s U2 S §1 S i fas 5 O fivew 9w S
3R 9oedl e = w0 Hehdl

(ii) 21w amg stfuehey fafr—a== @iEl qam & o =it aue (K) =1 9@ = €9 sifee—

Tl ST AIg 6 A S A9id FE a9 Y-Aiad A" F oA F 9 w0 (d) ]
TRl @l W WY =g F GEE Wihw W TS € g, AE aE Sy 9 5w
mmﬁawﬁaaﬁmwmﬁfﬁ%mmﬁmwm%mﬁ1f1n%mmﬁﬁmﬁ
fas =&l gl

(iii) e 2merr fafr—sg fafy & sroia woens o sialq @l 3om = @9 % &
e figm frefEg fagmieas #t e o F 97 iR et = wsns 9o and aeedl 5
HRU] F oidl ©| TG Ao o e aiel fetw i URENiE Wit (C,,) F A2l 3 We-mg F2
qqr Y- swerE & i H vd i (C,) W FE €1 e | e orE F R deea w1 9HE
faruT 1 a1 1 S ST 18 SO SH 99 % WIg-Hg € i dieea a9 TheE e (Surge
Voltage) ¥ @Ha 3fdn e & 3 =1 Fd =7 B

fertie o1 T (Corona)—HRA! Tk & Se@-Taates sfvhen € foad 3== deea & I
TeTe % 91 317 H1 GaE wefhd A W @l am ST W F SR 99d (Break down) TR TR
ﬁwmaﬁ%ﬁwmﬁmw&gﬁmmﬁmmmwmaﬁ%
Fed

7 we 39 Twa (frafa) o €6l & S S e waeR ff § fes 9w o 39 S @
e 1 i 811 39 HHY deed &1 9 951 W U ffrm deen § 9r g=-ns wi-wi-m L.
eaf 3 WY Sl 1 1 Toeh] WY Io9 Tl 1 T S G9 9% Sl © 9" a9 a1 anl o & areed!
Foeqfel™ (Voltage spark over) el €
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BRI 3 ¥ (Conception of Corona)

() fefdm el = T &, S O S v W a2, S 5w €, T Teihd ag @
V=1 T, TEfE W R SR T W S A

(if) T o S W W G0 T AW W ger 3 i 7 8, & S a ° vew @ e
Sl o (Voltage spark over discharge) B =mam|

(iii) NS WO § SF Rl T SR S St U W e 2

(iv) 3f2 e fo 90 UF 9UF S 8 ST 8 G NS S e i d9ae T F
T % T TR IS a0t SR ToE TEw § 9 TF 99 99 (diameter) F A B 91 Faw SH I
9% W = wr 5 T s @ ww

(v) = o YT ¥ o e SeE S S s SeE W T G9E adl s
W ThE TRl 6l

e wifeR =t St v R

(vi) SErEE] SR SR 3 ST SR S RO S W (Sinusoidal current) ST G el &
S SASEsa 919 (Non-sinusoidal current) ST\ Bt 21

BRI B Wi & a6 SRS
R =157 ¥ 9o ¥ 31 9 T 9N ) aiEe w0 Al frefated sRe e—
1. =TeT &t sifaes gitieafaat (Physical Conditions)
(i) == areEa (Line voltage)
(ii) 9ol = == 1 g0 (Distance between the land)
(iii) =TeT1 =! SR T W99 (Shape and size of end)
(iv) Sef=®1 & =" & g0 991 $ SEeqE 1 UM (Ratio of distance between the
conductor and its radius)
(v) ST & =19 97599 i ¥Hd (Nature of medium between the conductors)
(vi) ST & T Hi A6
2. ATgUUEHTT qfifeafaat (Atmospheric Conditions)
(i) =gHvEd | a1 &1 99« (Density of air in atmosphere)
(ii) S/ ¥ #A™ F1 H&W (Number of ions in air)
(iii) #@F 9 AR F T (Quantity of charge on ion)

BT &t el

(:Jmm—ﬁmﬁmmﬁmﬂﬂmﬂaﬁaﬁ%aﬁmﬁﬁm#aﬁﬁm
T wgdl € o deem 9oy | fde wiw @ wed §)

fatie wfl o S

(Corona losses o voltage)

{thﬂﬁmﬁaaﬁqﬁ‘ﬁﬁqﬁmmﬁmaﬁaﬁ#aﬁaﬁqﬁmﬁﬁﬁ:ﬁamm
B € afcw of 92a § e ot agd 8

fartre Tl oo - !

arEFl & @ 1 g0 (d)

e
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(iii) STETRT @ IR T yHTa— R T faen AR § S § 0eE agn W e
iRl &1 W 0 B 8, Fafh T W T2 T Al o R @i w9 =g 2

otz T L
= =Ter=h! i AEE (r)

(iv) STl o Sier FE T (d) 99T TSR (1) T SAAE— YRR o 9 o yone §
T & 9 gl a9 W (1) T A T o R il agat ¢ am w2t | R wf e 5 =
ot

iz o = I
(d / r) =1 A

AT & BROR s ¥ o
(i) SRR WHIET ST HH BFT—H R 3dfa 4 TR o5 3§ ¥ W s a9 339 359
1T ¥ S TR ST YA T e (S W9El) FRAT § T w9 #
(ii) =TeTeR & WO H gy Br—RNR s & S § SR S 8 = S - awl
73 a1 Hfha ST SATEHIH 81 Wk & SR w5 =9 SR U fag g o9 S 19 € S
#1 T8 wIeT % ARYE UeE 4 $e dfus wed € s 2l
| (i) TESTEr Wiaer S0 ST—RRNR arga o SRAT % 996 F =6 S 996 SeeE (1) F 9%
WA T % A G (d) T ST B () ST (dfr) T ¥ T e e
B @ fEs e % =SS SeegtuT (Sparking) F SREEA w9 & S )
| Note : 9T =41 Hg9 ¥ =iels H1 HRT &8 9 96 8l
R ¥ RRaR aes § afvdi
| ;)ﬁﬁmﬁmﬁﬁgﬂ?lﬁﬂzﬁﬁagm%lﬁﬂﬁﬁﬁmmmﬁﬁmmw
G161
! (i) SHRA i IWE F IHTESE F TG H S0 AR T S F e § T wEE st
ol wTers ¥ T W fos = fmin S 21 9o 51 TS smae 9 e 6 o & fres S
1 9 TH WE HRA 3O T € 9% S0 e 8w e

| (1i1) R 1 Iafa R o O @ 9ol e gafEa 83 5 TR 9iy St s w®
Y A 9T W B S HER 9§ oS 39S Sl B

%ﬁﬂmﬁmaﬁﬂﬁmaﬂ%aﬁﬁhﬁ—ﬁmﬁw ¥ SRA 9 an = wwR 8
Eﬂ'ﬂ]’ ;-

(i) SITeTenT & Siter S ot agra-— e % a9 g0 =g | SRAT WWE F T W 769
fom el swig-amd + araTgea B € e wig-amd aw aners SR Sl SiNa 9gdl ¢ 398 S
N QUIET wH A€ W ww e

(ii) AT STETeR! T WA HTH—Nf derer arg ¥ W, 3r Srerl w1 9Em w1 9 gg F
R 994 & TYE-HY e F Hid 99 9 ¢ el S 96T 9 9T  @EE N e f 5ed g
THH e H HoE qgE IS ¢ TR 6 A 9 S e 1 S firaerd 1@ e

ATETeRI ST TEIEIOT (Transposition of conductor)—fIRIat TET TeT] & el SFFRE 1 T8
Tl ST 1 9RTERT e

B T e o N S -
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2 . '&Qﬁmwmq&ﬁm

ﬂ—-—---t[ﬂ:'ﬁa'{ﬁ
Y

JX( %X%

ED’K - >'.>< A K_B)C
}q—Lm—H——ua—rid—ua—-{ ';
farm-1.22 : ITerEi =T TErTToT
T T W e W e Frm g W S fo weel s @ fort e RROWR T
WA H Wl AT 1 Faet 6 i ¥ T TS 81 9 ORA § e S 9 e S W
et wrar ¥ fog =afiem e o 21 freen d=0 @A § ads 9 gee e % uE-Tae
wEr e d uRfefrdl ®) s Tl e #) et § weql U w6 o) ate wed ¢ T

SIerl & =19 F gl WA WA E 99 o =ies aneng fefy § wfw wd

AT THIEUT i avaHA— R T 9 e e g ageved & a9,
e, ¥ g, W, S iy agEvesta SAWET a9 S =R F Hr Rk wEe # 6@ w6
I BTl 81 SOH e Sieth & 919 T gl STHAM B S 8 S Sietsh & Sehed (L) 791 ¥ (O) |
R w21

foriraft omsT § e = WET—RRGR e ae e aEA # S, geE, 9k 3 6
w0 el wET Srew ¥ FO 6 O ¢ T ware gl s, fagedi, R, He gl
W FEH T A A gewt R W ¥l SR T 9o § e S e €139 " H A A &
fofu sTam=a =1 T4 9 & THEN FEE @ sautad ST B sTevgs e ¢l

(i) 2rfer foret amg e S —3a wmr ft | o arelt g9 % wR 39 B 81 9 RRaR
Conductor, Space T it 7f1 & gert &, 78 Te & FEHA A T W B a4 T A S

(i) ForeT g swT—RRGR @ =1ew § foge ST TF AR F e g @13
Ao e Tan, S, qF AR @ SW= € ¢ §e STAM TW fawel B | fad o o fown H e
e Aea =99 o faE € 96 €, el T WER ZaE @guiad (Short circuit) ¥ HHd #1

(iii) T=er 3@ ®E (High Frequency Vibrations)—371 3Tgf 5 &/ Tt 100 Wh/HSIS 76
B Tl #1 T ST 3AW Had 2.5 Tifte a €1 wifi Tea §1 4 =ad (Cyclone) AR FH F 3R
T4 F1El gATEER 99 T 9 o9 B 8

W ST (Vibration Damper)—de gfd =il fTRIGR @87 # 300 €4 16 901 % 2mm
F FH @ & Hafq TG F € T ATIEF (Vibration damper) FEeH! €1 Te T wER F
el g—

(i) ¥i% fasl #E9== (Stock bridge damper)

(ii) 928 299 Treter Ag S/E@a<F (Bates type parallel wire damper)

(i) T=2a farst sraw=ga (Stock Bridge Damper)—riaft @5 ® =ITeie &1 |1eM F foru g9ah1 19
3 W @A €1 5991 ol @Y el e TR T | 318 R (1 to 8 kg) TF € Hehal €1 Aw 1 W2
2 F} T 9 e | 92 B & 99 Hae F hw W clamp 1 HeEa ¥ YT w5 9w 8
oM & €1 79 THH I¢ HAaHSE UF dER IR & w9 § §E7 9o & A" e e g e i

L ] !E, "-i
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TEEN Fiaa

R (Weight)
fas-1.23 : =i faw 2w

FH IO B T FAASR Hiad FEF F AGUGa T o 2 AR Sagiia S 31 09 S 5 yiatid

T 21 591 IR Sima st 819 & 36w 990 wE: %9 fF 9 R
(ii) =H =129 iee 99T W= (Bates Type Parallel Wire Damper)—RRit @137 =es =1
& 318 Hiex § o1t g el 9% o G g5l Bl ¢ (9 oY 98 A% Ja9=d 9% Fed ¢l 36 5%
I &A 5T & 1Y HAR § el w6 & UM fire diee Age 9 9 21 w5 foem e € 9w
IETRF DT € YR 19Tq ForT T GifHE FAI I HH B § THG B 5 HROT FAH T
et % ZZA B TS S HH B W 81 T g 5 HH 36 EH<sH 51 ¥ar HaEiHs e g

§ ¥ | =i (Disc)
st T ¥ wrsi(string)

FHHEHTI Ty

(Grading Ring) ‘5@3 EIGED
larereieWesereer} 7 7
o © e © ] © EHE Ne—IT9=1 B
el — (Damping Rod)
fas—1.24 : gew =Ry fiee aa sEa<=s

- RRaR emg=it o) vgee GRemes gfe
. (Safety Devices used on Overhead Line)

(i) IS gTEAT (Fuse units)

(i) el fea= (Isolating switches)

(iii) afga AO9% (Lighting arresters)

(iv) = FHusfear (Choke Coils)

(v) T & vikf o uft=nfee ®aq YR (Continuous earth wire running on the tops of
towers)

(vi) Fraft sreAl & i wgEa 9i-mEH (Vee-guards used below overhead lines)

(vii) foafit e ¥ 9 "a W WgE ME-AR (Guard wires used below or above the
overhead lines)

(viii) SV 2T=m @em Taft 9 7 S (Barthing of the steel structures and guard wires)

(ix) =™ aEa=<a (Vibration dampers)

(x) veft =1 uft=y 18 gfemEn (Bird guard devices)
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(i) s Eaed (Bundle Conductors)—%H 3700 TEMYHA ogdi =1 @ THd © el 3 =
[ U HEeed & wod TS W0 H T8 See 1 I fF o @ 8 U Ui Sea E e w g
TR, TF WO F RS T W o ¢ 2 R wm oo o ¥ SR el o 9 U T
T = TE W NG F , 9 W FER F THOE D F9 ¢ SR T gEE § I8 T Hi g

Wit 30 T EF WO A A, W, AR, 9 FEa ) g9 2 9 fKu g s e e % e
¥ g dea Hew feamrn

Conductor

Conductor

C e1ele] o1

e A\
Conductor Conductor

C PR S

|

Conductor
( OO o _

Conductor

Spacer

Conductor
fas-1.25'

HEt gR1 e fRY Y Yo deak U € W F ol e v sea & 0 e e @
e Wfthe TEiE ¥ @ 9 U8 9yg s9w afbz Zafhye § @

&9 AR T T8 FEERIA &1 39907 574 € 99 T 3R v =50 I=9 diees Tl T ol g
o Ufta =1 W €

(ujmmﬂzﬁﬁim—ﬂm%ﬁﬁmﬁwwﬂmmﬁlﬁﬁﬁﬁ“%ﬁ@
5 &1 S $EF EN fear o E

L=2x1077 |n EMD

W&l GMD = foramfes aeg g
GMR = fanitfess mey e
e & uwd ey & fau
GMR = 07788 r
< HEat 9ed & oIy S b siwer 7 feam m t—

M
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@ C— S o)
Qe Q. < e % oy R .
I S B C RO
fa=-1.26
GMR =%’{(l??38 r)(d)(d) 07788 r = (08825 Jrd
i hes W59 F fau

GMR =3/(07788 r x d x d)® = 0923 Jrd?
IR HER 99 & fou
GMR ='§/(07788 r x d % d x ¥d)*
_ —1024ra® _
TafeT S ¥ wH Feadl W1 §EW T ¥, GMR WEA € 3l |

Inductance (L) =2x 10~ In CML_ vz 2
GMRT
1. 39 WA I WS F4 A T H FE GESE, S0 @ 91 Sfuwan i gSiaw 9 =9
St /1 _

F=msinﬁ
X
HEl X =L @64 % ufafma (Reactance)
e & Heew fafas =1 ft sgm st € =0 o =i aftem =9 8 s 2
2. TEF i 30T H 1 % fAT THE oh W TH 98 FE g9 € % o Sl Saieed 9¢ 9! €,
Hitw e = =g2fad 20 9 W e
2 2neg
1" GMD

In ——
GMR

a1 o W L 9erEn 8l ¢ W 9fe 9 & 9 R 9 4S SIL W S 39 5 S 81 a9
TET e ot dee St 1 ITEN HT SIL A Wl 3HiEE SifEn 9 92 1 U ¥ aiw B

3. 989 Shea @ Tad TR oy wRE fEwE 9w w0 6 aua @ 9| UE Seal W)
TG F fasten F5d 359 diees W TG T 9 W T 9 T9F 9N 3R deds 2 SiE © 3K U
T HE © R S0 wE Em—Ee w9 § w0 Aem w1t ) eeifE i Seeet & aeg E
F FE Feawll 1 IUEN H €U SSel HedeT T TS fHA o € 3 Tuien SR TeA w5  6E

Aewqul SR diees ¥ gfe e W ol s @

e HYF H HEwAl i €&

o I H HI g AW AE-ITEW WYE & WG g W UT I v € F o wyg F wewd F

o TN IO Weldw $ewe & S W 8-10 T ¥, Uk @35 § HEwsil :l 4 $ 66l
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46 e it o wreoT e
3. T foras & e A 9l | faowh = wt o B € ol wefee @A el EERw e g
{ER B '
5. M H S S SN0 9ER TS % ey ¥ )
6. T T WG F FR THE F$ FeR T qol § Swel F SGHH Fe S S e
w ¥ afas sfe o §1
| 7. 3fF ST FTRX N T % W § afuw e vaw &9 O € ger Tl Swe SR T
i TioeH B § 3N TRIET T $ea 9 ge § e eyl a g

1.4. TRl &1 TitAd ANSEIT (Mechanical Feature of Lines)
| SA1G41 (Introduction)

ZiEfaeE vd fS=sg A (Transmission and distribution), Electrical power i IS (Generation)
% ST (Consumer) 7% TS T UF ST w31 a sravas & 6 dgd v H 0
famm e ¥ sfus == 71 (Low losses) ﬁﬁmmﬁﬂﬁ{ﬁ%ﬁwwaﬁm
| Sfergs @ Fored s <am e ), T SO 3 B o e w e § 97 A oA
~ ﬁﬁﬁmmﬁﬁﬁﬁrﬁﬁn[Sag]ﬂ%%,a@ﬁwm%tﬁﬁﬁﬁﬂﬂ,m%ﬁm
(Self weight) & FRUT w9 &len €1 TH =1 g § 98 99 ﬁﬁﬁqﬂmﬂﬁﬂﬁﬁﬁﬂw@m%l:
[ wﬁmﬂ%fﬁwﬁﬁﬁaﬁﬁﬂm‘ﬂﬁﬁﬁwgaﬁﬁﬁaﬁ%lmM#ﬁﬂw%ﬁmi
¥ita wewn o e gl |
] giRwfS® wETae! (Definitive Terminology)

(1) 1" W< Wfaaet (Ultimate Breaking Stresses)—sd siitean wfa=e, firae wfq=e {Pca]:;
stress), S=aad (Highest stress) i T € sf=m sisH siwe =8 sfaaw © g w =" ﬂﬁlﬁ'ﬁ"mé
Suiq 72 = €1 3] f;,, fp or f. @ framm wfy fieftdize® (kg/mm?) ¥ =79 A €

#Hi<H H= Higad

=&1~:mm2
Jb F g/

o “aifm o Niaad, 99T 9 99 (Breaking force) 981 SN 12 &GH H1 SIAA B
& |
(2) FefeaT rdaTit wiaaer (Safe Working Stress)—33 FRamgel wfaae @1 wEs wia=e 9
wed #1 i wrEr Hfadd, 9 Saad € R 9T S 7o e aheargde w e 81 Forfy
A kg/mm? # = F T |

fu' = _fs = % kg-"l‘:‘lm2

o “qrfa T vfiad, Uk 9 99 (F,) 991 S9Fd FTE 4% (Cross-section area) (4)
=1 Fqaa ¢l

(iif) Y& T[UTH AT HAT (Safety Factor)—3e A 9 Afeael (Ultimate breaking stress)
(f,,) 7o Tfera el wiaaen (Safe working stress) (/) H1 3799 €1 39 S.F. | weftfa =@ & f%
| T T 9 ¢ TR T 18 A @l ol €

*I ;E'n.
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Mﬂ'ﬁﬁf
arar gLan o,

S.F. = Ultimate breaking stress (/)
Safe working stress ( f;)
. S.F.={u
B

-+ Ultimate Breaking Stress > Safe Working Stress.

-, Safety factor T AF T2 1 ¥ Al a1 21

(iv) STTETE 3GTq qUTE (Support)—3E{E s @37 % =iemhl = alfafws fafs ¥ &5 & fau fas
s I F1 WM fmm o 2, 39 AT T%d 81 99 @o (Pole) W91 =Y (Tower)!

(v) TIT$T AT (Line Conductor)—31aes @ ¥ o s =0 5 o0 wqea swame: =m
<R I T s Fed 2

(vi) Targfar o frame (Span)—siates @7 & ol &1 Frereadl amer= 5+t 9 =g7am g
fraR (Span) F&d &1 T8 L ¥ metre H =79 Fd €1

IS argie {77 (Sag)—3i=ees oA A fFdl 2 WOk § &9 fagatiys 3 S8 Tu o T
AIHeR TS THETH IFIHEY F12 &% (A perfectly flexible wire of uniform cross-section) 5 Sifafas
WETF F TEHA HI G Fed € T (5) T WEiHia F19 T 991 T metre H =15 w14 €

2 e #YEl (Support) ¥ HA0 Al #1 e =l Sevte @, 3R T W g9 ™ TR
-: ;Tﬂ'm” % Hi9 % aiag 7o g8 (Vertical maximum distance) &1 3ifasad 31 (Maximum Sag) &4
| &l
| #id &1 9R$e (Calculation of Sag)

| (i) =1 e WHT wiae 9T F8=d € (When Supports are at Equal Levels)—%H1 4 9 B 21 ®§9H
S ¥ oI €1 §9 SenEl & e U (1) TH S QU THeR UE U9F S Wi 1 TF 96
- w1 § Tome freram farg (0) & St Span % HEA fg (Mid-point) W & W91 et W Sa w9
(T) ® 9en =els & W Hex o= & 97 w gl

TFl =eis W UF fag P ¢ fogs fewis (v, ) € o 5 w9 F fa=sii o 9w 8 & d= &
e W qE UHEHE T £ ST oamP%n?:ﬁﬁmﬁﬂmmwaﬂ%%.ﬁrﬁm%ﬁ

Lé

fas-1.27
(1) & &1 9 (n:‘r],ﬁﬁﬂ‘hgﬁm

() fag 0 W e # T ()
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‘F‘

ATHUEE Tl T A A G e gefon fufi 3 7, 7 g P R w0 e oy
@ W S AN W,
Txy= 1
X ) un:xl
2
Lo WX
. T
- ot & P F1 0 W T WA
=g
4 g Izi,
1 2
': . S g (Jm)
2
()
S§=— 2
: 2T
j L 'l'l-?.f'2
f 4%2T
s=¥
: 8T .
'r (if) == ST ST Wi SHengal AT & (When Supports are at Unequal Levels)—375,

TEE T FeE 1 WG 9 Ueret 65y fea o 21 6, 9 srene daw Wi 4991 B ¥ foew
Span (TWA) [ &1 21 WUR & = % o& H SR h, 991 S & fees fag 0§, mﬁﬁn
A= (A VO B) F1 TARE HEE q F xp € 99 =eF A 7= T

fern-1.28

ofe AT & ufy el T F oA w ¢ A

w.rz
S = I

T il
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afE (2) T TR (1) o
52._3]=ﬂ2__ﬁ_
ar . .r

W
-5'2--5'1—5::{;%_112}

S2—S1="2 (x2 + o
ET("-‘I x1) (x2 —x1)
S2—-S1=h

x1+x2=1

h =2—-‘; x f{]’z _‘tl)

I}_—-_q:ﬁ

; (3
W
n+x2=l

; (4
i (3) T FEE (4) |

naxzmnﬁsﬂamﬁmslﬁ&wnﬁm%ﬁmmmm

i ing) ST TqF A
o7 "t WIT 99T ATg-S1E S YA (Effect of Wind and Ice Loading)—
-mgtrnz;aﬁi?rr——ﬂm%mmm'mﬁlwfmﬁﬁma.ﬁmﬁxm%www
St T w1 U € T HAl 2 AR AgHvse sramr fefa #,
%ﬂa@ﬁmﬂﬁﬁﬁ?m,'ﬁmaﬂﬁmﬁm(mw&.m%l

lce coating
Wind :

----“I
- i
&

fam-1.29

I ————————————
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g - mmwmum
e & uiw e w FE W (Total Weight of Conductor per Metre)— '
We \J[ {(w+w ]1 + {uh-]z '
@,  w=Fom T § gew 9w e el W |

(Self weight of conductor per metre length)
w = e s X wew F ofi dex wan w i g ad @ an
(Weight of ice per metre length)
wy, = e TEE | Sees 9w de wen | vafe 8% w e e 9y T\
(Wind pressure at projected area of conductor in kg/metre)

Now, T @ ¥ WRomd R F 55 =1 f&m,

tan 0 = v
N uy j
». aftoet Sfasan 90 f
2 = )t
s =%F:F e W= J(w+ wi)2 + (m

TE & WK S Ui (Calculation of Weight of Tce)—
w =2867 ¢ (D +1) kg/m |

Conductor .
1
B
= {1 —— ) ———p1e— . ;I :
fears-1.30 o
oG; 7ige e U AT B1d &1 uitaer (Calculation of Wind Pressure without Ice Loading)— : ié

|, =75D kg/m
&% gad aTed Ut arg g &l gfte@= (Calculation of Wind Pressure with Ice Loading)}—
[=75(D +2n]
#71 &1 yarfas &9 a1 ®E (Factors Effecting of Sag)—

5= Bl lP’:J{w+us}2+[1ﬁr}!

T & A, fn @ yatfaa & are @ Fre §—
(i) =eTe =1 yfa wETE wvarg &1 9 (Weight of the Conductor per Unit Length)—-<IeTs & o
@4 & 97 (w) F 959 A @A F 90 (S) qgal €, ®ilw
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ot vz
Sew
(il) =TAH #t whr umiew o ur '§§ o T °IT (Weight of Ice Deposited on per Unit
Length of the Conductor)—

- e Wi Ui T w ol g wh w9 (wy), A TR A0 (Sag) F FgmmAwA
s ¢ FrER WeE W oAd F 9 () F oA A ana w4 (S) A

(iff) =TeTeh & Wi Uenia wvard i @ 9T #9016 A5 2 (Wind Pressure Acting on
Projected Area of per Unit Length of the Conductor)—1erF &1 3fa Wi w= § waifs &3 W &
a1 ATYEE WET F A F srpeura g 21 S

{i"}ma‘ﬂ'ﬁ'ﬁﬁ(ﬁpmnﬂhcLme}—HF%Spﬂn'ﬁlﬂﬁr-Wa?ﬁ“%wmg
@19iq Line Span ¥ @gd W v areafir agan 21

(v) 9 9T NE & (Tensile Force)—ae W FH Il @@ e (T), @7 % #7 &
S[GFIIIT Bl ¥ atafq @ ¥ oE 79 (7) F 997 I T H AT 921w

are

Sccl
T

(vi) AT (Temperature)—Ea F1 47, =6 ¥ 919 F SEHATIE ara ¢ agfq a5 F 759 = 50
%1 A 9T € 99 q27 W w2 g

o
Tét wRv € f e g § oA 1 @, WS Wy W1 0 Huw T d

Refitn e ar wite = (Stringing Chart or Sag Chart)

o= fIRI9R (Overhad) Line & =Teis 1 & W4 909 €157 & Srsdias F=ieH 51 fwafg oreed 728
Bt & o1 T =i Ay (Design) F WWY AgA AT T I IR T I B AT FEEEH
¢ fort ufifeafia & @59 =1 Opperation (Y1) 184 94 1€ §hd & F4ITF 157 7 69FH Operation
(varer) feafa § argmveda aohT § aft 359 @ § f9ss SR |nF 9os # 9EE 5 5HE
FU TE9 H! Length 9§ Wil €1 37 TH MO F4 & fow fF 8 99 W Conductor 1 Span
(Length) (femm) €m, figfin = seem €1 St fe 9 faw o 9r99m 70 o F == 7 =1 s

& w71
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reper wifae oy wrerom vl firesy
v Frodt (Sag Template) — =M &E3 % o F) amons w denfm (Install) F73 3 m
€ et d ed ﬁ'ﬂﬁ =M TEE % (Inuallation) SEenfis ??1 arerE) W S W o ™
wreves ¥ wh stenm g # oS ¥ W Giees R ow By 5 9 @ el #) S9H 9w Ay
T Sap Template (5 396 ) F1 & 1@ 1 Sag Templawe T § @3 =0 # = 9erE) W e
BFF Angle (7)) W FE i F9W S 1 Sag Template, Intermediate Tower 3 HT@ o T
fed = we =i 2 (Angle Tower) T TR 2 (Anker Tower) 91 @79 Zrat 3 o wam i

=T T

0

Line Conducttor
Line Tower
Une Towe: —
In"
)
i Minimum
f | Clearance
\I
! i
/ i
Tower Footing Tower Fooling
Line Fooling Curve
fax-1.32
wfee : A ofees & fag 9w
H— | s aTEE | o W g T b anlhe LLEESE
| (8. No.) | (State) (e kg/m) wy kg/m wa kg/m Wkg/m
i | =% W T g =2 e (D 4 1) %1 xpp| (D + ) x1 xpg J{w,t-i-w.::ll-r-ﬂ%
A] L'p_r
| 4 |
4 n i = 1 2
J 2 JJWHTEEIEEHW HJ_'}“W fero Dxl xpg !I:.;-E+w£
; 3 fmwmgﬂﬂw rlr? e w{D+r)=l=p Zero We+ W
i r L -i'l'_ r
{ k.
| 4 | wtswmegeadma | a? Zero Zero W
i T | 4 o

ATera SereoT (Solved Examples)

Exsmple 1. V% fomah #es =01 famanw 200 922 ¥ =@ #1 9K 0.7 fSemm sfa e f
TE—aEs = (= 200m

=T & 99 = 0.7 kg/m

i (7 )=1400 kg
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stfipramy o, g
RT
_ 07 200
8= [ 400
[ 5 =25 metre_|

Example 2. T T 8134 % =ere 1 S S0 2 em #5107 590 W7 90 kg/100m 1§ Sem
frerw AT F TF A WARE a3 w5 35 kg/m? ¥ Sffw vy e st oy w0 oA smE ™
wfa el Fa1 W 9@ i TR T W T w9 1000 kg #

TA—STAF =T WuE =™ (D)=2cm
b LSk T T wie =90 kg/ 100 m
90
= -— kg/m
100 o
=090 kg/m
st

TF T AR = TH T AT x TH B T
W =TH T (T AITRE x TEAG) x TE W TN [ ARE = AAFE <O )

=.:_: (D +2)? =D x1xp
=E{(2+2x15}2 ~2231 %107 x 1% 1000

wy =1.65 kg/m
o qFa e i Nia S o ) A g 2w - i g whiee e« s et e W
B Sl
we=(D+20x1xp,
=(2+2x15)x 1077 x 1 x 35
= 1.75 kg/m
;T ol R W=1.‘ll{w;_-+uﬂ:+h§
=+/(0.9 +165) +(L75)°
= 3.090 kg/m
uF fFeiidier e s il T 1 FE IR
wi =kg/m W x 1000
=3.090 % 1000
wa = 3090 kg/m ]
Example 3. T Y8Rl 157 F1 9 180 Wt 741 6 5 =X 31 3t e = A0 TR &
1.25 =nf BreieT aen WK 1.12 ke/m B, § HOS 0T S TUET F9, SEiE weaer 3028 kegiom?®
TR—T0E4 &l ®H (N =180m
AAfaam A1 ($)=5m
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=TS W AT FE 8 (A)=125 cm?
(w)=112 kg/m

e w1 W

T o (SF) =7
sfam 7 wiEd = 3028 kg/em?

A 3:“‘_"2 o

' ar

rw2

85

T=1.12:<(1su)2
Bx3
T =907.2
gl FEwR a9 |9 = 907.2 ke .
HAFR 99 |99 !
FEER 99 wiaed = i
HPEI FR FH &% |
= e e = S .
_907.2 f_
1.25 E
Sfw=T725.7 kg/cm? ;
_ #fm 7 "\ !
T T S s i ,
_ 3028
725.7 '
S.F.=4.17

Example 4. T Tde T 180 HieX &I g0 W o= feum siates grafnm s € e o
=Ter@ (Hard drawn copper) 1.27 cm 1 &fag €1 &1 7 frafafad (a) 5@ ag fer 8, (b) w1
& WETa &% F1 91 T 33.7 kg/m? B (FHEGH) W T I, Sefh a6 1 FBroweh @2 125
cmé‘tﬂﬁ;ﬂ?ﬁ?ﬁﬁﬁ?ﬁ#ﬂﬁﬂﬂﬁﬁﬁ%ﬁﬁfﬁ??@ﬁﬁmmﬁm{Ultimulf._

Stress) 4220 kg/cm? Ud =& &1 91 1.13 kg/m 21

BA—=ed &1 @ =R (/) =180 m
|l &1 =1 (D) =1.27 cm

FHgea Jelod =Ses W/ 919 M p,g =33.7 kg/m?

r=1.25em
e A = 4220 kg/cm?
w=1.13 kg/m

A —
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Mﬂﬁ’ : = R
FrewT T dfaas fza‘ﬁf‘lﬁm
AT T
4220
e
= 844 kg/cm?

e F1 AR =:‘1'£1:=2

= :—; x (1.27)% =1.267 cm?

I A, T=fxa
=844 %1.267
=1069.15 kg

(a) 91g &t feat srgen ¥,

ferepam 4 _wet?
8T

_113x (180)%
8x1069.15

=428 m
(b) w; =2.890.3¢(D +1) :
—2890.3x1.25x1072 (1.127+1.25)x 1072
=0.91 kg -
ofy Hiet s =Jes W 9 T 91 |
Wy =919 T4 (pg)x (D +21)
=337x (1.27+2x1.25)x107>
= 1.2705 kg

gfromdt ¥R

'-WzJ(w+ w)? +ug
= (.13 +0.91)2 + (1.2705)

= 2403 kg

";;E
. SAfeman 4, o

2403 x (180)° : |
§x1069.15 |

Example 5. @& 132 kV %1 Zia{im w6 forgn Fr=fefeEm sreel S
FWH = 260 m S = SfrEe (Ultimate stress) = 3100 kg, FU&T T

1 91 = 630 kg/'km, T
= 2 faq T §1 Hew oEw
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56 A VTR 0 T ey
W R S F WY Twd R AT S T AEa E I R R T Y sty
=% (Ground clearance) 10 m &1 |
- T e < SR T e |
[T TR '
_3100
g
= 1550 kg

I S AR, w= 680 kg/km

680 o

1000
=0.68kg

SAfawas 9

Sien l‘f
8T
_0.68x% (260)°

8x1550
|
Example 6. F=ifcifaa faawor gl s d=or eea-st 2 (Sag) T4 Sifst— |
TE 1 He =300 m ?
Hfq HieX AR w 9K =1 kg
RA T T = 1500 kg |

-+ stfasas dn s=22
8T
_1x(300)% ,
8x1500 :
Claia £
(indian Electrical Rules of Overhead Transmission and Distribution Line) :
(1) weTd UE FEAT (Materials and Strength)— ;
(1) 2% 86 & =ufAgq (1) & 9viF % sIqan T @ET & |9 =ws F 999 Tme i
v=e Wfaa@ 317.52 kg (700 pound) | FH T w1 =feql
(2) 1 fe1 dreean %1 foRNR @ o ffe Sudiem F waT W 2, O U e w1 w6
=1fen, fem 9 AWM (136.08 kg) 41 300 pound ¥ FH & TH1 =IfET) |
(3) afe = dreea =1 MR d=eor qor famw @ee # <1 TerE & 9 gl 9 WE 6w
15.24 m (50 feet) | %1 €1 W =&l TA <er®) H1 5407 fan snm €, et 499 9w 138.07 kg (e
300 9z) B FW 76 T =l

M
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(2) a1ftreray wfeaer (Maximum Stress)—
(a) ¥ et @A =1 = @ TEiE w9 F IOy qen w5 § wn fefafae svars
(Safety factor) @t 1 fisfien W (Crippling load) W =5 =w4i ¥ d =[Fan ww=iw f=fafay ii-
(i) T4 % T B whehle & @O § =9 39AF (Minimum safety factor) = 3.01
(i) e o1 3e0d |1g F o @ed § =AaE A9EE = 2.0)
(iii) WA | =4 theriz F @R § ~gAAT FANGE = 2.51
(iv) T3] & @ § Ta9 sA9gis = 3.5
(b) = T8 =19 F e w5 o F o T a0 ¥ =@ % gEa 3% gedl # 1/4 § w5 99 €,

ot T w9 s g e & A i

35 SAfafam uF wd 7% 5 ¢ f5 EiER (Latticed) 71 31X T fafsa =71 (Compound structure)

B W 3T 32 gU A 1 fegfy F S i 3% oG TN TSR A0 S9AE 1.5 § 9 7 2

¥F N (Stay wire), 1&& AR (Guard wire) #it fEE 9w (Bearer wire) =1 =709 H=di® 2.5
', A1 R W ifem g ame w s S

(c) =eTehi H ~an G&n TUTh Agiq HTEE 2 W A T e aa wmed w i wsom
9+ Al 32°C W = = 796, o 9l 99d R S 9o 1 st o9 o ¥ frefatan
whiva 9 arfirs 3 2m—

AR fa=1 9 -1e (Initial unloaded tension) ¥ &2 35%

A" f91 ¥R 999 (Final unloaded tension) & f&T 25%I

T HieTehi W R ST ST AwE " a9 Al JER ®w, 9 5 96 a6 F w1 aes
32°C W A1 9R a0 =eE i i aae ame F 30% 2 sifas @ wem

(2) Suiag (1) ¥ @@ T AT oI = feEE o & e

(a) AR g1 =1 g=mE 9@ &M, A T WHR Ta H9e § Fard |

(b) ST &= (Cylindrical bodies) =1 fafa & W&t &3 (Effective area) 391 21-fag 7m0

S fr a1 w1 % <9E F fau gen gan

(c) TSR (Latticed) Eie =1 g6t fafsa =11 %1 g ¥ wigam Fag & =1 (Lee side members)
W ¥ ¥ TEE $ TWE & UEA W e % d" § Y YR WA AR SR SYEE 1 feae e
(Struts) W fiRfesi W (Crippling load) iR @A ¥l (Tension members) 1 Hitha o= (Elastic
limit) & 3R W FE S
(c) Sitg arerat waB=H (Joints)—Friaft =l ® Sz af== w& fnge =t gfie | =% 38 oW
;‘l‘rs Ed ng;ﬁmf T gl 95% A F Fel eril a=n faea IIew 1 HaREE (Electrical conductivity) =Ter®
w9 F g

a1 & Tl d e | SO

(Clearance above Ground of the Lowest Conductor)

(1) firtreft fawnita afda arga < & q2F w1 W F6 @ ot s/, F fe o = = s 9
T sfe § frefalen SeE @ S WA fm—

(a) =1 9 mezm dreem e F oy = 5,791 W= (19 $2)

(b) F=ht dreem (H.V.) @6 & fag = 6.096 =X (20 $2)
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S8 "h]?rmm#m“ |

(2) FRmft =5 3 favwilg s, = 5 9 & e ol s/, Hﬁﬁéwmm
v & Frofafen S @ TN S W @ Am— b

(a) = 5 wem SR @EA = 5.485 W (18 §2)

(b) =1 Sregm (H.V.) &5 = 5.797 W (19 F2)

(3) fesft it feriioft o mww@m%mammﬁ%mﬁmqmg
Wwwﬁﬁm@ﬁmﬁiﬁmmmﬁﬁmﬁmﬁmﬁﬁmmm
m_

(a) 7= = e St T e T 11000 V A 3R A st gell @ =4.572 WX (15

() 5= 3 gom swm sv= deew WA 11000 V A% R fageifid @ = 3.953 X (13 gy

() 11V =157 % yfrm § SR 39 5.182 WX (17 T2) | &0 7 @i =nfew afe forlmf o
Iluxnaxﬁr"{zmunvnaquﬁmﬁmﬁnwﬁmamﬁtﬁm%ﬂﬁmmﬂ
0.305 e (1 F2) =g 9 96 B

\ntwﬁﬁmﬁmm%mmmmmmwﬁmm%ﬁwﬁ‘iﬁ?ﬂau
F=ae I 6.021 e (Fnvm 20 $2) o 1Y)

(4) =fe faioi oEa &1 w4 2l & W19 9 @ T 9 S & a9 Se—

= fogm Ofe an & fau—

(a]ﬁr&qﬁﬁmﬁnammﬁ%ﬁiﬁaﬁ%maﬁmmgﬁmzﬁ%ﬁwa
yimE |1 F=E = 1.219 1R (4 T2

(b) =3 T =i foift oA F fom = #i gfiva d S = 1,528 W (5 6E)

= ﬂﬂ!?ﬁgﬂﬁfﬂﬂ'ﬂ?ﬁﬂﬂmm@mm%ﬁmﬁﬁﬁﬂmﬂm—

(2) =9 5 7o g & fag = 1.830 =T (6 F2) |

(b) =3 dreea FEA 11 kV 5 = 2.439 HiX (8 F2) |

(c) 299 Sreeal o154 1] kV | sifgs % fGa = 3.048 WX (10 $2)

(d) =fa === drezal % faU = 3.048 T (10 F2)

R aes gee & Byl ar+l 9 wa=i 3§ g
uﬁ@mﬁmﬁﬁmmmmmﬁmmmﬂiwﬂﬁmm%?ﬁﬁmﬁmw
% 959 {4 2 9o F Wil 4 o ot € 7 f6 e & 9 83—

(a) forer & weam AreeaT & fag—
(i) @fz feriraft = 9@ & @4, el 59 (Open balcony) FUHE @1 T i T (Balcony) ¥

9 F FE = 2.439 e (8 T2
(i) #fe forimft @a a9 & wm @ dfas w1 @ ¢ @ ferdmfi awa =) wai’r difeforer 2@ 1.5

H1Z7 (5 $2) w1 e

(b) Tea Arezar &1 formaft ega & faor—
(i) afz forimaft @A q97 i fad SR A Faia eRd # @ G T e w1 Ta 4 ge

4 ZAha AT < 3.65% W2 (12 F2)
(i) =rfira; 3% @eem & fau fedmft @ea #1 w83 & 2a A (33 kV) S 20 = 3,658 1@

(12 Fz)

__—-d
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werroT g 59
(1) 3% 33 kV T =98 A deza 5 G0 w39 7 T9 F At #5554 = 0,305 T2 (]
we) Tl Sl 2

(2) afz FeRf o e v F wm g e € 9 veA | e # dfatas gh e i—
(i) =9 dieed #1 =T 11 kV 7% = 1,219 927 (4 B2)
(ii) =9 deead F1 37 11 kV F 2195 T 33 KV T 59 = 1.829 27 (6 T2)
(iii) #fa ==3 drezm wE 1.829 W2 (6 F2) + 0.1829 Tzt (0.6 F2)

Note : a2 frirft @ # wei 33 kV W = #1540 | $2 S 7 =779 24 2

P & @ W) I gl Al dewear & aRe

(Conductor at Different Voltage on Same Supports)

<1 foreit Tomedt o fafa= dicear & <ol 51 U o= @59 W S 81 W @9 3, 79 39 =
T 3fEa T W R 9 A € 9R W g 9E W P w63 F1 Aozl Al a8 592
HE B GRS, @ g 91 gEt safadl Fi SIS @A 2 T Se TE o) TES 7 W A =
el & A R F gl wief s | gee @ a4 2
9a- ST O1 398 FEad Al (Erection or Alternation of Buildings)

(1) 3T ré safea fPRGf &89 (Overhead line) =12 =7 (Bare) @1 fazaiis (Insulated) 71, 014
¥F =g, et ot w9g +1¢ wa= @1 2f, a9 T ®9 9S4 96T § S99 999 5 #E weEee 9
Tl SRR 1 T wY | w1 el € S afE TE w3 w79 3 80 F vl # Ieerad A T,
1 = = a1 3%, frd T frafo Wreee @1 99 w1 wm fra w # H9T WE FgE a9
frftersr 1 ST 39T T T19 IH T T TN (Map) T IR T 9 g9, fAEHE gEaad w9e, 35
a4, Eeead fuim s & fe o =ama 5 a51e v anfe =1 faar =mam

H FIEI-T7 (Notice) F e W age (Supplier) a1 smayas 0 % foef @3 #t 39 @
age o for frmtor & fe=i & +ft frgw 79 3 80 =1 wdl =1 Ieora 9 TN R M1 wIEdl § B U= GemE
7 g3 B, Al A 6 gk wifae 2 R 39 =l | g gee-ae B € o R g 3 afen
91| 5 FEa § BA aten @, foad frefafas 72 st 86, o909 se—

(a) IEEH | 1A aTen Al HEA (Extra materials)|

(b) FEEH T Al =1 § 94 el #9510 (Labour charges)!

(c) W (b) F foafas § ffn T @« W 15% 76 99947 (Supervision charges)!

(d) gAY @, S @UE 16 (Section 16) F1 @] F11 ¥ fow 37 TEEee F Ty § Temal ®i HE
2| TOF W9 vE g8 0 # fF 3 wensr 9wt it 9 (Overhead line) ¥ THEes w79 A wEA
P-4 (Notice) 27 ael =Afd A 30 WHEea 6 4 ael SvE @9 (Extimated cost) F1 98¢ & =m0
FHE GFHA ¢ AN g F U F A= W W FE 7 9, 6 Sue Raen Fias wom)

(3) T8 99 &1 A 2T (Structure) T TEECSH A ARTON T HE T FAG 996 WO TE FHE smEm
w14 e fr Fflere 9% SA-T9 (Certificate) 7 € 2 fa fmin st & fosi o 39 =g w79 4 80 ol
1 Feew el Hm

o we v 9e it @ fF o Fidew w1 wgie @ o @ fariit e W T e g
(Guarded) & fean man € forgd safeerdl &1 @1 weofa (Propenty) #1 @i wiua =1 @aw & & &1 =%
fordraft wmgr 1 FRER & UET, W YE FE T AR F WHA § AW W TREEA W AN haed
srarft # @ oman @ weww @ o fadl wga 8 W wWaee A W )
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60 e wifer o W v

HAGY : §HTA (Clearance : General)

et feriefl oes =1 w2l gl = oo oA & fou feedt st srers =1 sifueam A1, o0l
(Still air) # s g9, U9 SER & FEW 76 (2d) % o, ffvsm sifason TOH F AR W
T wam T ven Tt T w dfse o feen & fo tse arer A fem 76 (22) F e
s vo 5 e W 6 o 4 68 9 geE w3 e SEm

1.5. @gnil &1 faga sif¥Sea (Electrical Feature of Lines)

WG (Introduction) |
=T EES T FY F Y Suw iy w6 2 o s o ad 9eE B9 8 9 $ A

st 750 €1 = e o 3 W =59 (Concentrated) 371 379TaE 21

=2 foms W wRE w1 el seaes UE iy @ as foi e 8
T= @A = W fFeme § w9 § weffa fem e

o Heo =ET wT=E oA e / Teemet

1S Wo99 (Line Resistance)

—

R =i ufa fEemdE (0 /km)
T3 37559 (Line Inductance) L &= wfa feemre (H /km) !
%A i (Line Capacitance) C e wfa ezt (F/km)

w tJ

== f=5=] = =™ (Names of Line Parameters)
(i) T=T" (Resistance)
(1i) &= (Inductance)
(iii) =@ (Capacitance)
g fRRi®! &1 A8 (Significance of Line Parameters)
T wA T 9 w=EEl 51 940 900 AR & aieedidd, eifFdl, aoeR, dieeal faeE, e
zegm, wiam s, Sfond g Znfz "2E g9ifad e 2
Rraft eg & Tei® &1 Uiy (Resistance of Overhead Line Conductors)
s 2 oframr & den @A B AW F gAw # Ey w F s gy s 8
Fe Hfaa R=pl dm©)
&
T A H = w5 gfany AT AeE # vfE afa A aerd da #1 = w5 Ffae wfim
R Am e 51 @ (Length) | A7 AmE@ # ATIRA FIZ F &A% (Cross-section area) a 21
e k=p dm )
o
#fz f] fafa= A9ar ¢ A4 1, T AFFE F ofangwd p, a9 po €, T

pz=p 1+ (g -1))

ol o T2 % gfan w5 A it 1 fad 0 v F oo w0 ar fAfea s e €, afe
wfras Amqam o fads @7 7

W
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Mﬂﬁf 61
ferdt ot AT 4 W fed @ wfin w A
L
l+anin

ap=

w781, oo = 0° C T9am T wfrdi #1 am 7or
B dei® & ufea & ke (Dependency of Line Resistance)

e =ereh & wfgiy e s AT i f—
(i) ¥=TE (Length)—WTE & 1ok %1 419 (R), T4 6% 51 =m0 () F 9999 21

(i) STUEH T FATRH (Cross section Area)—=E7 & oS F HHIT 733 T9F F HI9=A
FZ BTFE (a) & fEeEmE 2

Rm-
ey
(iii) TETe T Wt (Nature of Material)—@134 % Te &1 Saad 3595 9214 H1 754 (p) T
fadfr e
7% faa weid F fag fem 2 2
(iv) AT9e6T (Temperature)—aT9H (1) % g4 9 Line conductor & WHT 51 =4 I2a1 21

(v) TS WA (Skin Effect)—3Te% & ©g® 999 5%+ o (Line) & == =1 W09 (R)
ol €

e fReRi® uféty &1 ¥8c@ (Significance of Line Parameters Resistance (R))

(i) TEA =1erh & wRE F FR0 T H H= 26 924 2

(ii) @EF 9o & Sfai" % FRU oA W aeal G99 "ga €, e e e (Poor
regulation) Fed 2

(iii) A =ers F WAy % H0 @A F v U (Power factor) ag4 €, FIH

:05¢-=:§ goit ufteg % @9

(iv) g Tres & Hfala F FHIOT g " i uiE b Ei (12R) (Power losses) o3t ¢
P I’R

(v) TTE STE % WY % R €05 9l F1 qA O (Safety factor) @@ E)
(vi) %A e & W09 F HR0 @R Ao 0 G W WwR W S a6 TE el 2
{vii]mﬁmﬂiﬁ%nﬁ!ﬁqiﬁmﬂﬁmaﬁmmmﬁl

Z=R? +(X - Xc)?

fIRmaf GIGE] & ATED D1 Wb (Inductance of Overhead Line Conductor)

faredl < uftug @ poeel W wftertim werem 50 I 3= @ 2, 9 s uftads = faas
T ¥ TH WTwe wed T
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60 mwﬁﬂmﬂm@m
FH<X ¢ §IR (Clearance : General) :

&= ek v ¥ w9 @ W fam e ¥ o Rl 9 s sl o, 360 gl vy
(Still pir) ¥ SwEEE FE, TN TR F T 76 (2d) ¥ 3=, Ffas sfewan o % e g
= wE T T vEn ARl o O o e ¥ R osn a3 Fem 76 (20) ¥ sy
FreT e o W e oTew 2 O T gE e S enuR we Smm

1.5. o= &1 fdga e (Electrical Feature of Lines)
¥oie (Introduction)
ﬁ:?-mwﬂ WW%%H@HMMWWHﬁWﬁ!ﬁR
e mbra g m T FHEEE (Concentrated) B 37@E R
IR BT W AT § wen sesTem uw ffvae 9 s Bl e
T EETa s it am R
TR e e s  fEender

i | ™S ®#0E (Line Resistance) R s v feemde (Q /km)
i == 3% (Line Inductance) L =0 wa fFErE (H /km)
f T W {Line Capacitance) C e wia feandet ( Fikm)

== fTs & 979 (Names of Line Parameters)

(i) =Y (Resistance)

{25} =S {Inductance)

{1:i) 97 (Capacitance)
7= fRuis! &1 A8 (Significance of Line Parameters)

T wEE £ W WA W wEm e @A & alegard, gial, aaed, dleedl FaEA, 'ﬂ?ﬂ'ﬂ]
zem, wisz TorE, Yol S @ifE wes weed € €

R mE= & U@ &1 WigY (Resistance of Overhead Line Conductors)
vane = wham § W med # 9 F A w50 F 0w Sfeld Fed €
= Wi R=p;{35731{ﬂ)
w=re P e W wiee He wE #1 e w1 A agd o €)= w1 e iy
\‘H HE, 5 o (Length) / - i ol A9 FE F HF%d (Cross-section area) a {-'l
# R = pi A ()

T =

r
" —

et | b3

L

ﬁﬁ?"afmmmr, ﬂmnwwmnﬁmmp; adl py €, 7

p2=pi [l +w(rz —1y)]

lj ﬁamrmmmgwﬂhmmwﬂﬂfmwﬂﬂﬁmmmém

Wmmﬁ#mn
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ﬂmm e g
feeh o arm 4 T PO m efe A s

ot
l'.[]' e .._.q__.._.
ey

W@, (o= 0° C A = sferdis 1 am o)

A Tieid & ufea @) Pfzan (Dependency of Line Resistance)
w5 Terw F w0y 9 Fnsl w ff s f—
(i) T8 (Length)—&TEA F =ers =1 W09 (R), 737 =% =1 ==t () & s b
Rexl

(if) 3w mﬁm (Cross section Area)—e37 & Ters = Wis 7159 W0 5 F0A
1z AEE (a) & faema 21

er

i

(iii) U2Td W WFHRT (Nature of Material)—=133 ¥ =re/% =1 S 35658 72w = 950 (p) T

fpofr =T 21
77 fraa = & fag fom g 2

(iv) 99T (Temperature)—a9#9 (/) F %9 ¥ Linc conductor ¥ IS =1 o= agm 7
(v) wTferes waTE (Skin Effect)—=Te® & ©i9® ¥4 F33 ¥ (Line) & 7@ = 300 ()
a5 B

g ReRi® wftRier &1 #&@ (Significance of Line Parameters Resistance (R))

(i) T3A e & WalT % FEO AT HOTTI0 2 q24 B

(i) @ _Werw % Wi F FRO oA W deew Fama agw @, R fee feme (Poor
regulation) wed €

(iii) S5 =erh F Was ¥ FEO A F A T0F (Power factor) FEAl £, FE

cosd = & ot yftew F Ty
Z|

(iv) ©TE == % ety F FRO a5 Fes F A BE (72R) (Power losses) 54t 81
P« 'R

{v)ﬁmﬂm%ﬂﬁﬁﬂ?mﬂmmm@mw (Safety factor) % 1
(vi) T5A =eth ¥ AE0Y F w05 S 8 FE 9 WS # SE SuE 99 et 6
(vii) TE1 916 & WAUH & FEU G5 6w w NdEr G 8

Z=\JR* +(XL - Xc P
AR SR ® TS B W@ (Inductance of Overhead Line Conductor)

fedil aegm uftug = Frsel 7 9fadm o= 50 W 399 O f, S s uiEea w9 e
w0 €1 58 A Fed €
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= W%Wﬂ!ﬂammmﬂmmﬁﬂmqﬁmmﬁmﬁm
IR9Y T Iew wes o
T Y Pefmsa \
ivg § wiew =99 Feed
o Ry itEE B = |
\-¢ %ﬁ'{‘aﬁ{mtbcr-"hrn}
"7 RS (ampero)
= henry HlE s
== = Tew woEd S § Sue, SaE S 9N (Direct current) ¥ % BT €, T fow
o oF TS ST S 90 1 I9 e = O fon wa §) Tud woew uitadd e 6 O 81 35
STE = T I 6] o £1 59 YR9S ¥ GeH ¥ 999 (Switch period) T 31 301 S99 T4 @1
T FER F=EE 50 (Alternating current) T TREEE TGN ¥ RO WHE 39 o1 € fogw 99
R T ¥ oo % w0 SEEeS R
R T F o § Toew w1 0 96 ¥ $F 9 96§ 3K 9K o Wi atE herdl 81
= T 85 = fTw vew § vanead W0 S Tw W R w1 8

IS TR TN TR Siow § Sied of 9T 8 =ihd (7 g Yoedl & SRl Soie el
8

(1) ST T = A9 (Due to internal flux)
(ii) =@ === = =99 (Due to external flux)

TEIRS TEeT © DRI Wod (Inductance Due to Internal Flux)

foz-133 : sr=is T ea S ST HEE
T=1E TES F =T 5755 (Inductance)
G _ Hottrd

LWFT_ wxJ
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Lin=t0
gl 8n
:47:11{}'7
8r

' =%xiﬂ‘7 henry

henry

e T & DR W& (L due to External Flux)—

R
dx

==-1.34

ST S & IV e WgH 9iee & A 99 H49id r Iz @ Geea 599 99 ® 9%
fg tgia D X F g 9%, TS & T O g Fows 7o (Flux linkages)—

Holr loge D
3

¢am= %

-+ TIE =ieis & =e, 919 TeM F 89 #NiEs TEsniaa (Relative permeability)
2n r
9 ST =S T6EY & RV, 3%« (Inductance)

{':y.g =4 iﬂ'T}

lou=leﬂ_?lug,£m‘ E.
r |

FIRS TN S N1 JEaEl & BRY 6 WRed
U TR, $9 Sawd woras 5941 (Total flux linkage)

@ =%in +Qou
nol pel . D
Exn 2K r
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(2) . ¥ =z 9, Wes

-
L I

Eﬂ*__(l+2]ngt£)

4=7

= B0 1+210gf£) |
dn\2 r '
il 7 E

:4u3;1‘3 (%-ﬁ-?.lﬂgf_vg] {'-'I-l-ﬂ=4rn-cm‘?}

Fe :{%-{-2 loge 2} x10~7 H/m

r

(b) T=ET 71 Fwead @gd = FEd 5 IiHe 3197 T I =eish %1 i (Inductance of,

loop conductor)—
LP =2L. H/m

:zBumEEE}xm-’f
r

£ :(1+4[ug£ EJxm—'f H/m
r

vEE Te BRAR Ha%0l @5 & Ted] o URad

{iInductance of a Two-wire Line)

+] =
H. @b
b D g

fa=-1.35
f?-"ﬁ"ffl Single phase line # F1er1 &1 7%ed 91 TEH1 & ATHd A9 99 AAF & WFEA I
=T BT 2 '
= % Single phase line # 21 96% o 4R b %, faa1 o » i 2
T U 7E F ArE A g D e € a4 T A9 FE AR WA #1 3 =erl § 5
umn wre fandm fem § mE-gH & 9 o gafea €l £
#ZA: Single phase line F AFET A4A U9 AAH] & T
f4-¢=Lﬂ aqan 2f,

=({l1+4log, i?Jx 1077 henry / metre
r

Scanned with CamScanner



-d-a'{ﬂﬂh - A 65
prsen RRIR @181 &7 U&7 (Inductance of Symmetrical Three-phase Line)

frrt foren 95A 8 9% F TTHE 3 9 9w Gvee 8 3w e 71 3ot e e o=
s U fAETRT) A Wew F FEe F A g 2

T 2 feafe 2 #—

(i) SRt & =t it aum 3 wr—aa GEe A St § ans 9l $ A e w
ofral D FAFA T &, T e dem A = A e

L34 = L. 08027

=(12 +2log, EJ:-! 1077 henry/metre
r

b
=( 0.5+ 46 log D Jx 1077 henry/metre
r

(if) =eTERT & e FrEaT g —men Al T ¥ 9 F o w30 e van © 5
Dip, & A TG Dy, 79 | W49 =TEF F 3 Dy B
D =3\/Dy2.D23.D3;

=(Dy2.D23. D3)V3
AT Fraen d=7v1 @EA & TEd

Ly g=L¢

3 D )
L3_¢=(%+Zlug, D*--Dﬂﬂﬂjxmﬂ

r

3
Li-4 =([}.5+4,ﬁ logyo VL 212-D23. D3y Jr 1077 henry/metre

r

81 WTeIeT YRdbed &1 W (Significance of Inductance)—
et ot feft @3 =Tee 9 S0Ea w1 909 99 FE = g 2

(i) e 5 w9 4 @ET § Seeand G 2
(ii) TR F A TEA W A T U2 #, e
-::us¢=£— R

Z JR?+(XL-Xc)

(iii) FTFe F FRU @EA H Sleedl AR THeTE w2

(iv) ¥Cohe & S0 &5 § dga el = vl £

(v) I & FHAO 3T F Waany dga #)

Z=R? +(XL -Xc P

(vi) Tehed & TV, T34 5 quv fodl F1 394, o9 F avae 50 w w29 = a9 W
B 2

(vii) HTeTa & RO TEF w1 AfE O AW 2

(viii) Sehed 3 0 €3 W Ae@ 9 F w9 W 9 wgne @ s f)
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6 AT R 1 R e fas

arfira 3ereteT (Solved Examples)

Eumpln].ﬁﬁﬁﬁﬁﬁﬁﬁmﬁié 50 Hz 9T W=Ife © Sods Sietsd @ o0 20 mm e
E‘Tn_a:'iai“&ﬁﬁﬁﬁifrm%lmﬁﬁﬁﬁ—{a}ﬁéﬁ?maﬂﬂﬁﬁﬁﬁﬁﬁﬁ_(h}mqwmm
ﬁ-ﬁ?ﬁ:ﬁ_[c]nﬁf%ﬁﬂrﬁmﬁﬁaﬁ.(d]ﬁmﬁ%wﬂaﬁaﬁfﬁgﬁwﬁmw%.mm
w3 ==l ITe= T whiadl

Solution : D=3m. r=001lm

# —07788r =07788x 0.01=7788x107> m
3

e em—— 2 _-5053
r 7788 %1072

{a) Inductance of each conductor

L=2x1071n 2 H/m =2x10"7 x10° x10% In 2 mH/km

r r

~021n 2 =02x5953 =119 mH/ km

r

(b) Loop inductance = 2 x inductance of each conductor
=2x119=238 mH/ km

(c) Inductance reactance = 27fL = 2ax 50 x 238 %1072 !
=074772/ km
(d) Loop inductance with steel conductor = 2 (Lin + Lout)

=2[%xlﬂ_'? X Wyin +2%1077 In E—J

r

=m—?(5u+4m —B—JHI m
001

—=10-7 x 108 (50 + 4 x 5703) mH / km =7.281 mH / km Ans,

Exampiez.ﬁﬁmwwﬁ?ﬁawﬁﬁﬁmmmzl mm & 997 I & o9 |
ﬁﬁﬁm:ﬁ—ﬂ=3m3—€=5m,ﬁ‘-d=3.ﬁmﬁﬁﬁﬁﬂﬂﬂﬁﬁﬁﬂﬁﬁ?ﬂmﬂmﬁ{ﬁm |

wieaE F| Fie)
Solution : r=i—x2[x]ﬂ'3=]ﬂjxlﬂ'3 m
Deg =(3x5x36)V3 =378 m |
¥ =0.7788r =0,7788x105x1073 '
=8177x1073 m .
Inductance per phase L=2x10"7In &t}’ =2%10~7 In 378 :
3 8177 x 1073

L=2x10""In462.2=2x10"7 x 6.136

Scanned with CamScanner



HreroT TBTa 4
L=12272x10"H/m=12.272=10"7 x10° H/ km
=12.272%10* H/ km

Inductive reactance per phase
Xp=2nfL =2n»50x12.272 104

X =0386Q/km Ans.

iR WHE O TH H9TE (Skin Effect)
| w129 =T H WedrEdl 91 = =g T4l 0 Gai-2d (Concentrated ) 151 HaiEd 215 # 39 NiHinH
gz T € @S 994 (Skin effect) FE €

et W Nod® 94 W fEE ORI 1 °F F9E T ¢ U 39S favin s 90 oY 96w 5
-gqgiaqgnwm &% R A w9 # ka7 @9 ¢ g F F A wdl F S yewmad 1w
o T S 1 36 WER =i % NS Y FI & W O T TeE T8 e 81 355 fawda
e AT H AIEE IR AT FIE &4 WK T GOE @9 2

TH TS I Eifas 99 FEd 2

ﬁaﬁﬂi waTEa @ ERaT (Dependency of Skin Effect)

| sogrEdl 9T WOTER % oA gl § @ras ¥9E e s e w i s i —

() e el % g W wIEA Ao S eiies Y9 agd ¢ 50 SR UEsTE § 59 Aghh W
Wma@waﬁﬂw%mmﬁmﬁﬁmwmﬁl

(ii) TETSh 1 T F1E G4BT qg1 d g IWE =agd ¢l

(iii) =TeT TSE i FEHYi & Tgq 9 INY e TS Fgal

(iv) Tr=1-fir Fraseiaa e 9a1d %1 @ifes weaa fi=-f @ @

ﬁmﬁﬂqﬁaﬁqaﬂmﬁm

Q* o

N e 1N
>/ NIRY
h————— X P {D =X )}——p
< D
fersi-1.36 : Uset &E1 UT9T WTETeRl & wIOT Qrftar

A R T Fen Rk o ¥ < IR 9o 4 6 8 §) 3 49 S IR g D i
wmwmmrﬁﬂﬁl
. qieE T ST r F U TR d" W 0 D 3 sifus #) tafen o e W fer e
e 1 IS T SAEEh 9 7 3 feean 9 § swwifaa e €
g STEY 1 el W kA WA S "E

A iR TR A W +Q FErA/deT SRa A {1 v uews B W -Q eyt St s
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.

@ ﬁmmmmmh’;
T A e 4 W xof R W, B R ik A g P R W, e g
Agn W Hem—
"o (A B 1o ;
F4 2nkox fm"‘.

(v Er=171q % fq.“
fag P Iew ¥ wom, dwm 2% w1 @Fa (Electrie field intensity) !
.9
B = (D)

ey g p @ ofiod SgE &% F dwa :

[Aﬂﬂ'tﬁ’lfqmt;

F;={ ot it } E
2nEox  2nEo(D —x) R -

2nko |x D-x |

e 3 == & Sgn fvErR, T FA F S 9 fer 4y 99 F G0y ¥ O T
@%Wﬁﬁaﬁﬁﬁw&m%mmﬁammmw‘h%aﬁmaﬁg 1 B e
¥ 9 & T ¥ g0 9% O 9 W@, 99 990 fE9ar Vo= Fr x dy 5@ e :

TH SR A 99 B IO & | favara :

v=f"1-;xdx A

| _@dr_Q {1 _1_}dr |
] f 2nEo 1+D~x i

f |
/ = Q ﬂﬁgf.r"‘lﬂgg (D‘—I]}fur ! 1

Fiie 2nEo

:._Q_[Q_]ag‘. D ".\.’}
2ako r

) o log, D—r
nEo r

A TG B T =iEe] & 99 =ifial
Cdg,=g e/
v
e Q

D -

= ]ngr sl T

nko r

___TEo
, > Cab = " D:'_f
- Be =

W D A0 S F6 e € TRE (D - ) F ™E W FEA D o W IqieE uh
{Capacitance )
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Cap = ~ rrir, b &_r'ﬂﬁ??
Iﬂg,-!’f.”r]

_3.1478.854 710712

2.303 log (D f.r}
12 3
12 07 107 Syt

fcgmfﬂfr:n

TS aul A fag & de enRan
(Capacitance between Conductor and Neutral Point)
+Q T —Q FIA AAI A AV FGA: A A B T F A3 v 72 g # Orn v e
7= B FH SEW A 991 B EE TeE & A4 F4 A= v, 99 4 8§ F AT verE O
A g 9% waw: v /2 a4 - /2 favErm # fawfsa &1 90 m= v T 9w TEA A B
=9 |t
0 _2 &rzrim

= Oy eeJE 01 8
T

= 2780 iz
log. (D /r)

_ 2x3.14x8.854x 10712
2303 logjo (D /r)

12
= 24.14x10777 o n
logioD/r

e RIRIR <eRor ee e o eniken

(i) STerEt o AT ' gl B e e it S e aes § i Fowsis
gl D 9 Bt ¥, 7 firsen @g weis S it (Capacitance)
Ci_¢ =Cum FF Cpm

_ ™0 it
log. (D /r)

_ 2414 x10° -12 -
1t‘-g|utf? r)
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70 WWWMW

(i) ST % W WA g T v e ST S e $ A9 0 aregp, h"
WEE Dy, Paa, Dy OO O €, 9% e e S R g

C;-—-du = Can m [-‘ﬁn

s b0 dweafie :
dop ND1aDaaDyn
: :

24.014%10°12  a : :,
3 ¢
log1o VDi2D23D3y

r f

—12
- 24.14 %10 ‘&ngﬁﬂa‘(

3./DyaDaD .
IUEI(} 'u'r 1247238731 |
E !
o _24.14x10°1 |
logig (D /r) !
il {whm:} |
=3 A Dy2D23Dy |
or D =(Dy2D323D3))13

Note : Dy, Doz T80 Dy, 5559: =9 1 (Te1), 2 (ER) A 3 (AreR) e & e 1 e
zfea T
FTE=1 WTEe U1feT ®1 F&E (Significance of Capacitance)

1

|

mmmnmmmﬁmmmimmwﬁﬂﬁﬁﬁmi
-.-.mtrqﬂﬁﬁ"ml I

(i) ST = F=O] WiET O S g E)
(ii) qﬁmﬁ;mmﬂfmmwﬁ;

) T B 2

(iii) ETAT & 0] @ET H Hfqaran v 2
Z=+R? +(XL - Xc)?

(iv) ©IftA & TR T F dieeardEa gz £

(v) T & ) vy il @ e wewe @A & aifvan fedl W deed sfad s e &)
(vi) S@ F TR0 FEA F AGYE 90 verfed e ¢l

(vii) ST T HTO] TEA F HAOO) e B gaw g #

(viii) ST & T A H dived F w9 § 9 @u¢ €6 €

Example 3. UF UFA F @E7 # 21 Aew 50 Hz T 9o 81 9edeh 9ot 61 S 2 cm §

o @@ &1 71 3m 71 T Fif—

(g) T 791 2R fag 1 wiften wfa fard,
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il S A e TR

ﬂﬂ'ﬂm T
(b) EEA-A-#AF F i, |
(c) =IZa F Fifafia weda
Solution ¢ D=3m, r=00lm
(a) The capacitance of each conductor to neutral

2rED I
Cpn=—" = - ~=974= 102 F/ m
In(D/r) 1810t In 2
0.01
Cn=974x10"7 F/ km
(b) Line-to-line capacitance
I
C,f = E Cﬂ'
Ci :% x 9741072 =4.870x107° F/ km
(c) Capacitive susceptance of neutral
1
be = — = 2nfC
[ }{',_. n
be=2rx50%974x107? = 3.06x 1075 S/ km Ans.

1.6. URHYT BT (Transmission Losses)

S edd & ey | faeel TOs U SUNEa a9 faere vgas e € o gl W e 3

faricll ®1 € Bl §1 S i 1 e fewm e S faset oA 99 wea & s # faEw 2R
g ot FE W T IR FEat ¥ Wi F w9 H Fon @ e #

us faftre Irafaem 3R fediegyr Jead & qe wrif #1 [ ¥ @ g fafe= s | faset F

e % e e €

o 1-2% WX ¥ TAMYA 7 9% w939 ZTTEEHEI

o 2-4% TIAMIA T

e 1200 ﬁl-’lﬁﬁﬁ 5 |ESH g ff‘ﬂﬂ'{"‘T I=aF TF Step down Transformer!|

o 4-6% faaol Jeash IrOEn AN Hae

U wie S IuhEs % A e TEEE 8 | 12% F g @09 gt #1 Transmission Line F

fr=feafiaa wR =1 B 2

(i) I’RT (5[@) &f
(ii) A &
(i) I2RT ( &7 ) wrfr—erall "= o3 | wfais &1 O =g #1 &9 99 49-99 Transmission

Line ¥ e el St €, WO 1 W #@a @1 Inductance 1 st Fgar A # forees FR0 @ &
N [2R €M G491 Voltage drop (I7) BM el Z @IF = wfa=nsy wefvia ) 3f2 & Sending end W
Voltage Vg @#m Receiving 8 9T Voltage Vi ®, T Volage drop

Voltage drop = Vg =Vs = I (R + JX¢)
Ve=Vs - 1Z
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F .
(if) ST TP (Corona Losses)—@Mga # St W i 399 81 W 910 a5 W{W
{Surface Stress) To71 =g =1 § {3 =iorhl @ 910 I # €4 (Air Berakdown) 15T 916 ‘q—.-.!
Higs 399 (Voltage) W = T/ Tl W@ FaIerh =1 1l 211 g € e werasy 9w i Hq@%
W% @ € 9 99 W ﬁwmmmmﬁw%lm%mﬁﬁmﬂ?ﬁ?ﬁ%
FEa ¢ FREA & SR -7 (Hissing) 1 &F1, Faint Luminous Glow &1 39 €M1 &R W
Frfaten g3 =t wema ¥ 9@ fF @ 2 |
Pe 241_4;10-5 (F +25) EWP" — Vi) kw/km/phase
3926
273441
& = Air Density Factor (Under Standard Condition) & =1

t = Temperature

Ve =gqrlog. E
&

8¢ = break down strength of air 76 m
= 30 kV/cm or 21.2 kV/cm (r.m.s.)
Ve = Critical disruptive voltage
F = Frequency
r = Conductor Radius
d = Conductor Spaced |
(iif) ST BT (Ferrenti Effect)—aTd T=vl g1 1 Y74 IR 9@l =7 R saeqis] o arﬁis -
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&1 91 # 79 992N F1 Ferrenti Effect F8d 21
(iv) TTHTT YO (Proximity Effect)—<a ol =reeh & weme &m0 Naifed w7 e ‘EFH% :
Bri iz FH-TE O U G e e 1 g g @ € 9 ved @i Sers § 97w e yka g
&~ =T &1 AT geW @ d AW w4 W e S ¢ i e g A § 6 e A
it 2 § %9 @ 94 §1 38 & gnie 99E e g .
(v) mr&gmzrﬁ (Dielectric Effect)—High voltage line 319 Medium Transmission R ]_;Dngl ‘

Transmission 91 Long Distance | ErT =1l € 99 98 W Capacitance a1 @ ¢, ford Frefafaa 'ﬂ?; r
A7 T E—

B
|
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i
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i
|
!
|
|
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i
|
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P =2nFCV? Watt f
(vi) 7nfas 71 (Skin Effect)—Scamadi ), fe= ar &1 wft = & wequl wfiers § a9 &
7 oAl T A 76 ), afes T@d @ae § 6T w1 9 Agia ¢, foees wRo er e
meqﬁnmmnﬁmmnﬁwam%ﬁma@ﬁmm%lmﬁﬁmﬂm'l
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1.7. §eRY1 & frgendt Rygid (Economical Principles of Transmission)

w&ia-l (Introduction)

ﬁ?j?l '&’Iﬁﬁﬂﬂﬁmﬂﬁ@i ™A T {0 FH H G (Transmission system) &1 1 21
Electrical Power &I g9® 9 %% (Power station) H consumer end WA H FE HEIE ’gﬁﬁ"ﬂ
(Accessories) F Savasal Bt #1 W0 Y&d (Transmission system) ¥ ¥ 9% war| #td ¥ f@ 7
W% T9 ¥ H& fqaer@t (Economical) #1! Transmission system 1 Toyv] fagsafam 0= Tegs
gl (Accessories) F1 A W Fft F 2

mﬁﬁ%@ﬁ@ﬁmmﬁm Hamwﬁmmaﬂmaﬁmw

-{Deslgmng) &1 T =1 9 e faeerd wfaa g

¥9 3919 ¥ 89 (Transmission system) i fFa=adal (Economy) 1 Teqvi s1=q9= Hid)

~ ofeast &1 FroF (Kelvin's Law)

Electrical Power (3@ 7)) F TR0 ¥ ¥ 7% sowas dm ¢ f5 390 @ =9 3 =5

. fyaeTdl wifea 2 werwr A @A 9 (Conductor) E¥Y wEe Ta@ #1 3 F 21 79 (Electrical
~ power) I HETOT A 1 IE (System) Tt TYU] = (Economy) #1129 9% =1 ®i9q (Cost) T
el R

FITa (Cost) 3 THR F B &1 T Ygfd HI =t N3 (Cross arms), e (Supports),
far@E=] (Insulators) & 0T 51 (Cost) Tl %, 3796 FAd (Fixed cost) FEedl 2 741 =101 @zl
FRAY (R) ¥ FROT € aiell 8 ¥ 37 W S =99 361 €, 9 =949 (Running cost) FECT 2

& g T g9t vgfa § uged A T $ S0 =99 df 9 H YW (Weight) F3m
forms a8 OoEm el (Supports), %t YSMSH (Cross arms) & FEAATHT 3ME F wewd T2 79
WHR 35+ T9¢ =99 (Fixed cost) T Fgredt &l

@fg ¥9 =16l (Conductor) ¥ =8 (Diameter) F1 21 & o1 S9! W (R) T3 e fF 359
e O (7) Waned B § IUH 41 (Losses) /2 R g7 $9 WFR 9 =44 (Running cost) § w31
Bl

™ F0 W QA F A Fea ¥ frm sfofa e e s o w1 9 w0
=S 991 T 49 B F1H! €S 9% HH KA1 N GHar 2

wfeaw & From &t e (Dependency of Kelvin's Law)

@1 foF T Kelvin's Law % a1t ® qvia feman o @ 39@ o7 =< €m0 € & e = e e
& Fgam @ fasit o %1 99 5 wewEe w5 A (Supplier size), O F&7 &HA (Current Carrying
capacity), aiceamd (Voltage drop) 3fEI

arere 1 249 (Cost of conductor) e & fram =1 wad 4} fvften €t &1 St s 9t aofs

I_ fera <0 g1 © o Hetw wfa w1 wequi fireafan weres % 539 (Cost of conductor) W 3R %t

<1 o wu e # T deer el 6 9 YR % =g AN i—
(i) 37TereT =9 (Fixed Cost)—fRTeft s=ror @mgt A swert (Supports), F [A37 (Cross arms)

4 deer1gent (Insulators) ¥ O] S =5 7@ €, 79 549 (Fixed cost) el € a1 fama some 3
- Hfae & faerEE (Laying), fae@leas (Insulators) 3% % FRW St =49 s §, 9161 =49 Foem 2|
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Gi=Pa el 1 Rt (Absolute Congy |

T Q' E ;’:L:

T G =A [Eﬁnaa—cimﬁ:aﬁqtaﬁqﬂ%i]

e @ W FE e 3 (Annual cost) }

Ci=(:|'+Cf .

= fad |

(ii) =1 =99 (Running Cost]—-—::"l'm fiF &9 W e & et (R) 981 399 Harfyg ‘?T{'.ld{ﬂ;

% o7 S TE (12R) T E, 99 =4 ﬂmﬁ?%‘lmﬂm{mawmnnu)%mw%g
FTi )

feriraft s7ge Wmﬁﬁﬁ%mﬁﬁw%mmﬁﬂtmﬁlm%mﬂﬁ%;

i (J2R) | TR B @ Hﬁ’ﬁﬂ@ﬁﬁﬂﬁﬁﬂl (Low volmge}ﬂ(ﬂl‘aﬂﬁ@ﬁ'ﬁ{niﬂm'_

Iaﬁes)ﬁﬁmﬁﬁmmm%,ﬁﬁmmﬁmﬁﬂﬁl !

ﬁmmﬁnﬁaﬁqﬁmw%mmﬁﬁfu?mﬁqﬁaﬁ#aﬂ%mﬁmwﬁt

e e ot e & T S SR & e 9 A w3 ufte 2§ e

Sreeq | At =3 T |

LE Cj_nca@_ﬂﬁ'q? ; il
Cgu:fzﬂ mf?'(p—!] : [-.*R:J
a ay
Cz =Kil? [EI)
a

|
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|

Ffaa o1 faasadt gt 799 (Economical Law of Kelvin)

S i fros w=Ral A a1 T € R ke 1 e EEA H NEE e i ST
%&ﬁﬁmmﬁaﬁmﬁmmﬂﬁﬁmwwﬁliﬁwﬁmﬂwarwmi
et ST = <EA FE 98 9 el (Economical) i B & st w8 frem = fioe
o= £779 (Economical Law) el il €1 |

vz fram T ATAR AR Gifts HE S (Minimum Annual Transmission Cost) =l ﬁ!!iﬁi[i:
ﬁﬁﬁmmmﬁqmm%mmﬁmmmqﬁaﬁﬂm(ﬁa}aﬂtaﬁﬁﬁm&@ﬁ

=1 FI= =74 (Pa) T9F T4 €17 |

Pa=Pla
£ at=P /P !
mﬁﬁmﬁwfmwﬁzﬁm*a'mmmﬁﬁmm%l 5
i Ks, plt? Fetis (Constants) €l |
- A Kapll* =Py |
= Ca=Pla o (1
#9 Fixed cost ¥ Running cosl 1 feet Fa =iftieh =449 (Annual cost)— i
C=C1+C

=(A+Pa)+Pla
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= C=R+Pa+P/la _(iif)

¥4 Afg 9 T Cost F1 FHa®wer &L & a1 59 =799 aints =53 (Minimum annual cost) %7 fafs

C=R+Pa+Pla (FE=FTT (i) 2)
e % US9E ‘e’ % | T (i) B A9eeH (Differentiation) F4T W
dC A
_._.._=ﬂ — i
da R a?
=g aiftis =g & fad— %E:
R S
Al £ 2
£l Fﬁ=% (i)
a

Iude FHIE (iv) Sicer w1 TS (Kelvin's Equation) Faewmar 21

¥feaw & fror w72l 9% (Curve Related to Kelvin's Law)
g 1 e & Fram a5 el T4 ] 98 9% 96 S FI2 Yo’ 997 91w =y
- e di=n T 21 A s = - ((CL QA O, O, ete ) BT AL T EN T S S

FFEA—
(i) Cr' = A
T M
&
8
g P
<
Cross-sectional area of conductor— a {in m?)
fa=-1.38
Ffeaa & o @ wafem wames S | "

(Practical Limitations Related to Kelvin's Law)

e = 99 9@ € W ¥4 & o’ W 9@ &1 Cross-sectional area ( ST #12) & 999
¥ for Sfeem @1 fam Sugea =@l &1 o fFefofas s §—
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76 A iR =T HSOT U frer |
1. e & frm A w0 TR T Ao @1 sy we w9 g ¢ fored 3w ol W Voltage drop
agar € @ W 9 H dieed FaE (Voltage regulation) =g I § aen 9 AT W Tev0 A
wer ¢
2, Hfeam & M B W IEF F Size IHF R AGH WA F STTER TG A, W‘Ifqﬂﬂm
feriaft @ W e e F WIS SEE 9 e & (Current carrying capdclly}'a‘a’ﬁﬂ |
il

1. W%ﬁﬂﬂmﬁﬁ@maﬁmmmﬁﬂmm[Ccrnnulﬂsscs}ﬂ‘q |
Sl dReiee it fe il d

4. e & frm A g e ﬂmﬂﬁa(Cummdensity)'a@mtﬁm%ﬁ?ﬁﬁﬁ% |
el T g T R

5. TR A YqE e H AR UR A T o 2, Taf gae a8 wtl (2R) @
i@ (Estimate) T <ga Hfed gan 81 |

6. =g A wfa gfe =17 it ghifrem w0 w wfeq = 2, mﬁﬁ;nﬁqﬁzm({:ostpcrumt}m'
A UTF (Load factor) W fivit Far &, <t i @gs & wfdl @ s+ &7 (Generation) & |
wfafda € Tee B .

7. Hfam § wiftas ®m wFE (Metallic sheeth losses) Bt & aﬂiaﬁﬁmmzﬂﬁmﬁi
qaraEE wial (Hysteresis and Dielectric Imsses]ﬁ%ﬂﬁmﬁfﬁﬂmiﬁﬁaﬁﬁ%mﬁm
(I2R) =99 =} s{Ue %9 Bren 2 |

8. ?ﬁ‘ﬁﬂﬁ“ﬁ?[Puwcrfaclur}ﬂ?ﬁiﬁﬁ'éﬁ'ﬁ?ﬁﬁmﬁﬁ[q{wﬁﬁqﬂﬂmm?ﬁﬁqﬁél

9, feaa ¥ Fraw & W 9o 1 A9EHE = € 2, maﬁﬁaﬁmﬁmmﬂﬁmml
({ |

10. I % A 9rE #59 (Load curve) F1 F1W BT gei &, 39 fa eifir v SO TE R S
Tl

dfeas fram & Heled (Correction in Kelvin Law)

Kelvin % fraq & @7 % @™ 91 2R Insulator Line 1 ¥e9rqq &g & gea Conductor '5F
Sectional SFFE F1 AMFA T %A, TH A T A1 W e w9 § L@ 7E €1 9= Conductor |

: . -"ﬁSWIIWHIMdmmmWqﬁﬁmﬁﬁaﬁﬁmmwmsulatmmﬂEﬂﬂﬁ#ﬂ?ﬂ““&ﬂiﬁi

wfaa # 3fa &H 4, #ﬁqﬁﬂﬂﬁﬁlmmﬁﬁﬁﬁhnc#@ﬂﬁmﬂﬁﬁﬁﬂﬁw%ﬁm'
W F1 99T T el 2

Kelvin % {79 # 99 (Kapp's) %8 ¥ firan 36% 1qaR, 9991 Line §6am W ST @0

%1 3 i # fawifam fem s €— |
UF a o Conductor & Sectional area ¥ a4 &l '
TH1 9% 9 Conductor % Sectional area % HAFE! B # i
¥ YR alfte =19 § ged g & aftad 9ed = Pa+ R

R ; Cable €9 9T Cable & Insulation % §ed i q9fal ¢ fS@ ¥9 Constant 71 Tl
za0 o = £
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AT~ Caacag = 5036
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ry = ¥R 979 = +/503.626

= 22.442 AJem® wrfr
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S5ferer T HETT WO TET Ry (69 + 1.3) whir vite &1 e ww 9 7 g
gro it TR T SIS U1 o4 FTR 10% § b vt w7 57 10 ﬁﬂwm‘wﬁm&m
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FE— WS WIS F HIEw W Wy (Resistance)
R=PL_175x10"6x 08x1000x100
9 9
_ 01400

==—20

9

Full Load Current Fes .‘5 =100%1000 _ 5qq tferal
500

Hist ¥ F= ¥ (Annual Energy Losses)
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9

e § S B & SR AfdE =g
P _196224
9 9
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WIE ¥ Fe dezamnd (Voltage drop) = 2/R
a 22 200 = 01400
20224

=28 volt

WY 3—eTvad B 1 fereintet ua fints FHiaer = wegot ad 200 Uferar & U @ 9w vary

T T AT Freft &1 Faer T e (50a + 25) &, FaT 9 =t T2ty & =ner @ ST e
gro ¥1afg Tt @t wima 5 4 wfT fraare emay 3 == a9 geg g9 & aget & °9rEr 10% F5
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a a p — Specific Resistance
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= 2% (200)2 0185 _ 14800
a a
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a a
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(Distribution System)
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yor W 6 = T 99 90 viE d9 96 wifun R o € el a9 #1 STEn g9y @ ag)
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2.2, fa-aR1 fa@=oT woreR (D.C. Distribution System)

1. WG (Introduction)

D.C. Distribution System i A.C. Distribution System ! % # aga 3wt 21 faga 7= zm
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3. ¥ga Rets W ¥R & ISR (Types of Electric Loads)
e feaee W B @S yeR ¥ SR eR —

(2) ¥%T=d SR {Concentrated Load)
b T =u= f5afE 9N (Uniformly Distributed Load)
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1

%4

Wy, |

()

f
i
e w———— -mﬂ'b'ﬂ‘h}ud.
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WW’R ppn-mﬁmﬁxwwﬁxﬁmﬁﬁﬁa

a=(m)? & fes 5 am = AP FZ A

R =) W | faars & A7 W FA A7

L = ¥ Frars F A # $4 wen

r=Cm ¥ oo & a@ F 7w oo w A
W AC W arezamTa = (fy + [ + [3 + 14 + 150
M CD W areEm@E = (2 + I3+ [4+ 1500
W DE § atezama = (I3 + 14 + I5)r3 f (23
W EF ¥ diceaid = (g + Isin
M FG ¥ deeann = Is 5 J

faata B ol Alecardid,

Va =Viac +Vep + Voe + VEr + VG
=(h+h+b+L+Bn+(L+L+ly+Bn+(L+La+Bry+(la+5)rn+ 53
o & a3l C, D, E, F V@ G W 9icgdl &1 9H
Ve =Va =Vac
Vo=W—-Vrp
Ve=Vb - Vpbe
VFr=Vg - Ver
Ve =VF = VrG
| et (1) 9 EHEROT (2) § T € fF U aen dieed @ O Wie faw 9 wEn Hiaw a9
7 g W FaR w9 Bl R

HIE ITEA0T (Solved Examples)

Example 1. T 1000 Tt @it Slowio famiagzt Hae foma siren feaf feamaiaa 6—
wifen fag ¥ gt (m ) 250 750 1000

g (amp ) 100 200 300 .
A9 WEE W F W e S 00250 ¥ fa 2,12 ¥ weia v e g W S

F1 Mo HifeT afg fag A W GifiE Seew 250 V R
A 600A B S00A C 300A D

250 m 500 m 250 m
0.0125| 0.02502 0.0125 02

Vo= 250

I.= 600 A

¥ v v

100 A 200 A 300 A
ferm-2.12
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F—

D,

W—hﬁ&ﬂmrﬁﬁﬁiﬁ‘aﬁﬁﬁ) X

25
Rap = L2

1000

»x250x2

T TR

o AB ¥ 91
a7 BC F w
7 CcD 5 ')

=00125Q

Ry =0025802
Rep =001250

I4p =300+ 200+100=600 A
Igc =300+ 200=500A

Icp =300 A

EES———_M

Vip = IapRap = 600 x 00125
. =75volt
Vec = IgcRac =500x 0.025
=125 volt
Viep = IepRep =300 00125 {
=375 volt '
Vg =Va —Vas
=250-75
=242.5 volt
Ve =Ve —VaC
=2425-125
= 230.0 volt
Vp =Vc - Vo
=230-3.75
=226,25 volt ?ﬂ'[.l
Example 2. o3 ¥ weffm feedioger =1 ip7ed &I Sra wfa dex 3@ Hifee e e
R (sfTEa) 178 x10° Q-m & foras difiw fag A ¢ i feediegey 1 sfuead Sieedmm )
3re B
FE—A 75 100 m et = (S Se) =1 IRy r Q T

A c D E F 8
“Z0m | 60m 100m 50m | 50m

3=,

Im

k Jf 4 L
30 A 40 A 100 50

fa=-2.13
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o e e PR panpe—

macmynﬁﬂumc=%x,

= 04r Q)
W CD 1 %09 Rep =%”

=06r )
YT DE =1 wfedeg Rﬂ£=%xr
1

=r{)

I EF &1 9609 Rgp =20 x r
' 100

=05rQ

UM FB @ St Rﬂg:%xr

=05rQ)
A 220A C 190A D 150A E 50A F g
40 m 60m |  100m 50m 50 m

v i v v : v
30 10 100 A S0 A
fas-2.14
ot & f=-fo arll & =g amelt g = faw 2,14 & femmn mn
foats o $o deeamm,
V=Vac +Vep + Vo +VEF
V =IacRac + IcoRep + IDERDE + IEFREF
=220 0.4r+190x 0.6, +150% r +50x 0.5r
=377r
NYATIER SfiRan e
=10V

377r =10
10

or re——
a=pl 84—
r

0= L78x1078 x 2x100
10/377

et St e mp P T gy o o
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me X

sl 4

p -l 4
[ R
&0 3

fa=-2.15
a=013421x10"3 m?
a =134.21 mm?
(i) W waT i@ WK (Uniformly Distributed Load)—Us 1= fefafta R 9¢ w1 €, 51 fi
F o fagall W T =9 § wifta @ 2
f55-2.15 § = Blodlle Z-ar faws =1 fiver wga e feam w0 2, < o g A %m,
TS TH R (] amp A e ) | qﬁﬁ%&ﬂﬁﬁﬁﬁ#mﬁiﬁﬁqﬂamplnadﬁﬁﬁﬂw
&1 = 5 faas =i Q@ o= | a9 Wi el = 5 5 rQ [
o oo F dfta fag A 9 x e F1 g WM ww fag C 2 |
fag c W =, !
|

=il —ix amp
=i(l-x)amp
i Wﬁ%ﬂﬁﬁﬁﬁiﬁﬁ{ﬁﬂiﬁmﬂﬂﬂﬁlﬂﬂrﬂﬁmmﬁ{ﬂﬁmﬁ}m
> dv=i(l—-x)xrdx .
_ =ir(l—x) dx |
fag ¢ W faats § T deeamn |
v=[Yir(I-x)dx ’

=fr(!.r-5—2J
2 |
fﬁ;ﬂﬁﬂﬁ:ﬁm(ﬂ?ﬂfﬂmmfﬂ}%ﬁqx=rmﬁm |
e faats § deeamd (Vig) |
=f{;x:FEJ !

2 .

-
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@ﬁausm%mﬁﬁm@,%ﬁ“mmm

@) A R H 150 m 7 g@
(i) AfEhad s vy

Wﬁﬁiﬁrgﬁj

Bl ﬁ%’lﬂ'ﬂ'{'r_z
ﬁaﬁﬂﬂﬁiﬂaﬁmnﬁﬁ; po 55

r=2x——o0

R L
1000

= 0.0006 )

r=

faate 1 o =,

[=200m
Ta-(i) I fog § x Hiex 9 <0 W Sreram

V=:'r[.’.x—£.2.J
2

I T it & .
F T By Wmﬁﬁmwm,m%

Hehfaa : 2
: |
£ -
TIfera Tereyor (Solved Examples)
Example 1. % 0/ &y 3

aﬂﬂﬁaﬁnmp:mﬁmﬁ%ﬁa%ﬁ-mw

R 8 W oo 1 1 Pt 27 o

V=2x unm&[zm:: 150 202120 15“)

x=150m
g dreedin,

V=225V
ara:; Wifdd fag | 150 m & gt W diezamm,
= V=225 volt
(i) oot o wafym Fa 9m7,

f=l'><1

= 400 amp
forcer @1 Fa wR,

R=rxl
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e e i o e S ST R R

Sl e 5
= (LN > 200
k=01202
i
“Efﬁ
-%H‘m“mz

=24V

Fxseaple 2. 7% 500 m = fowrn mww w1 wu-wfem feeoo 9 1 amp/m w4, b
= & ow B o 200V W farge vl A i & o it fie mvrﬁig(Fudingpuimm,:?

180 T 200 m ¥ TF v ferh-ferh seeared it el sfewey e e T, gy 'h
o SR 2w 10-SCum W v e ' L |
T fy W WM OV, =280V i
i =1amp/m i

re2x]0% (Wm
l=500m ]
500 m — }
400 m »

350 m ;|
D

——vr | E _|e -
E
| i
i
w !
1 smp'm o e fomfiw E
2% 99° im
fam-2.16
W o (Feeding point) ¥ » Her &9 26 W deeanm F
Viﬂf&-ﬁ)ﬂ'“
{ 2 |
‘L‘}“j‘:ﬂﬂmtﬁ Htlxzxju-j(jmxm_zm}czoﬂj r
2 i
B Vi =1.6 volt 'l!
_?j“.a'#}mm L2 i'5=1"21w-5(5m3350—SSGKSSUJ i
2 !
=2.07 valt ;E
e'
j
i
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() W 5 = A00m B B 1;,.am-zx{rrif_mr#ﬁ-“'f"?."-"'f"-’j
\ 3
.11-2.“‘!0'"
frarw o sl stsrens

G T 5 = =500 m
| velp
2

- 'zlf Gty

xi-mmxhwhm

,%nmsz,‘ln—hm

V=235vel

4. 21 Rt A vey oy o, i wits e
(Concentric Loaded Distributor Fed from both Ends)
T AB UF | Tzt wreh v e v faeew # R o 200 Ml 4 am B wE VWV W

ﬁiﬂ?ﬂfﬁmwed}tmﬂ s fagdl C 2m D= FE ﬁgﬂfpmpiﬁ@ﬁﬂ
waifaa %

Distribulor
*-—MA-L—W——-I-—@ B
Ia (Ta- L) D Oa-le-lo) .
In = lnp
lg = lap
v -
Iz I
farm-2.17

M fF UF faa @ AB #99 wem o fag A W 9% (Feeder) & Iy maﬁmmim
fat® # AC, CD A9 DB Wl § gRm—

fac = I amp
Icp =(Iy - Ic) amp

Ipg =(14 - Ic — Ip) amp
wr o fames A =1 wfedig r QUm A, ﬂtm#mnccﬂmmwmm
Rac =rxlyc
Rep =rx=icp
Rpp =rxlpn

T N R
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&% fos F AC CD 99 DB Wi ¥ across Aezaam
Vac =1a x Rac volt

Ven =(Ia —Ic)Rep volt

. . * i’ﬁl’ti;t;;' :;[L’- =Ic = Ip)Rpp volt

Te-1. yaw Rafy—= faws A |

- 1 mﬁlﬁmﬂmmm%mlvi
]

Via =Vac =Vep —Vpp =Vp

*

Ry,

1

VA =V =Vac +Vep + Vs 1

or VA =VB =IaRac +(a - Ic)Rep + (T4 — I, ~1I

2. fisite Rufa—= oos & <F) fadl = 9o ' Il
ﬂm&hﬂﬁﬁaﬁmwmﬁvﬁavmi

Va=Vg or V4 =V =0

O=IaRAc +(Ia —Ic)Rcp +(Ia = Ic = Ip)Rpy
Enfnpk:snuﬁmaﬁrzmmﬁmmmﬁaﬁ%ﬁzsu».ruu?rmﬁﬁft%zswé'
aﬁimnzhzr:mmﬁi’mmmuﬁhﬁmﬁqmﬁmﬁm@(mppmg;mmgﬁ 1
A TR R 100 m = g8 W 50 amp F
A TR | 250 m =1 g0 W 60 amp
AﬁﬁSSUmﬁ{ﬁm-ﬂﬂamp r
A Te | 400 m F g8 W 30 amp
I TIF I F APRA FR F AR | @l Tifle qen fafvre 7fildg 17 x1076 aom 34
=7a9 deeal adl 39E) fefa T =

A C D E F B

100 m 150 m 100 m 50m | 100m
250V 255 valt

Feeder Feeder

¥ ¥ Jr k
50 A 60 A 40A 30A

fax-2.18

o fF ¥ & U 9 &1 g
=rCUm €

an r=pli—
o
. p=f,?}(iﬂ-.ﬁ ﬂ—cm
=17 x1078Q-m
a:lcml
=1 P'C]U“" m2

|
il
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|
|
|

fag ¥rm

pudT1078x]
! ]x_IfJ‘"“
=17 #1074 C¥/m

- 2 and w wfrs
=2% 1.7 =104
=34 x 10 CYm
gea—ar s frg A 9 1, tftgm 2 g vafee 6 o 2 o Bes & Bt el e
'TFTAC'ff HAT =], amp
s CD H 9/ = (I, —50) amp
um DE H 9 =(I4 - 50 — 60) =(J4 ~110) amp
o EF 8 910 = (14 — 50 - 60 - 40) =([4 —150) amp
i FB #H 810 =(I4 — 50 — 60 — 40 — 30) =([4 - 180) amp
a1a faats & fafa= o =1 wfwdm,
Rac =34x107% x100=0034Q
Rep =34x%107% x150=0051Q
Rpe =34x107% x100=0034Q
Rep =34x10*x50=0017Q
Rep =34x107% x100=00340Q
w4 faate & faftm 9ri o Seea.
Vac =TaRac =14 = 0034 volt j
Vep = (14 —50) x 0051 volt
Vbe =(I4 —110) x 0.034 voht
Ver =(14 —150) x 0017 volt
Veg =(14 —180) x 0.034 volt
“* Va = Vg = Taats AB H drezamm
250 — 255 = 003414 +0051(I4 —50) +(J4 —110)x 0034 ' : 5
+ (I4 —150) x 0017 + (J4 —180) x 0034 ;
—-5=0.170I4 —1496 i_
9.96 - : ‘

R B
470170

Iy =58.59 amp
Icp =58.59-50=8.59 amp
Ipg =58.59-110=-51.41 amp
lgp =58.59-150=-91.41 amp
Irg =58.59-180=121.41 amp
o fag D A 29 ¥ Tt B fall A 7 B | I ) ywfew fag D =Eem fava =
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fax D W i \
= frg A W fawE (Vy) - AD W S (V)
= 250 — {58.59 % 3.034 + 8.59 % 0.051)
=250 - {1.99 + 0.438)
=250-2.43
= 247 .57 volt

5 25 Rl & v Aol W Ofa v v s
(Uniformly Loaded Distributor fed from both Ends at Equal Voltage)

mfmaaﬁiﬁrwﬁaﬁﬁﬁmﬁaﬂmﬁm%mmJampnﬁttﬁatmm
rmﬁhﬁmtwmm:ﬁﬂﬂrmmﬁRémwﬁﬁaﬁmw%%
T (Fed) 1

P
F
E¥]
h 4

dx M

il’2

Feeder Feeder

1 ampere per metre
r chm per metre run

faw-2.19
= 6 AB T & f A 9 x WX 1 g WG farg € 8, o W X TR R gy
FaTa 2 .
faors = T wE =1 }
fomts % Wit T e @ e =i amp/fic !
faats &1 $9 990 91 =il amp
ﬁmﬁ?nﬁmﬁﬂﬁrﬁﬂﬂngmp |

faets & AC Y€ YU T 9gd 9N =ix amp
dx TEE & Y Faga H uW = [E'r—l:r)amp
dx TEE T Y Egd # 9fiid =r dx

# ¥@99 & HAR-TI areearyr (Voltage drop)
=9 x gfedg

dv, =[g ur'x)xr B

1
=
-~
N
I
1
=
R
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P b s S ' . S B Vi 105
W%Mdfﬁﬁﬁmwmragcdmp}
gam:gr;(é{". )d:

VAC'Z%{L' - x2)

Vac =%{Ix~levnlt

HfeTd (Maximum) dieeamard (Voltage drop) #1 feafa—
dVac _g
dx

dVac :f_"[;_ztjzﬁ
edx 2

L BB
St

we ¢ fF ve-fag W deeae |@9ifae (Maximum) 86 % R0, 99-fawg (M) T =0
dreeal @1 fag gom

T4 fag (M) W SR 1 9 Y= B0, il 981 WS §EE 9RE A 9w fagdm frm & s
firerelt 21

ne-fag W (x =1/2) R =908 dezamd

wor=tle3-(37]

s g2
=£ volt

ot o x g0t 9@ fag © W 4iedl (Voltage at C point)
Ve =[V—2:(Lr—x3}]\rnlt
Example : T ¥9F Wiitg, Zar fTe-gm = 59t 100 m &= €1 38 W/ 4 A/m @2 T9H
Y Y SEN T €1 Tk R 1 9™ 0,50 ohm/km ®1 afE 38 faats ¥ a1 0 ¥ OF wuE |egar 6 e

, 1 foeter W atfueran Sieeanm 9@ s
wer—faats =1 el = (=100 m

] e 7 S S e b L e T ]
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106 : _ ' mmmmw
s W Eefm @& 958 YR =[=4 A/m "
fas T o T w1 e,

2x0.5
re Ymetre
1000
=10~ CVm

o TS e | IO S W mﬁamﬁmmﬁﬁﬁm%m—ﬁﬁﬂm%
ﬁm%m;:ffz“

“ Vae =%{b:—x1] 'ﬂ, x=1/2T1 W

i [
8

_ 4x1073 x100x 100

K 8

=5 volt L . T

6. 21 I | S diecarsil W wad i Uitk v wWH 9iRa faeke
(Uniformly Loaded Distributor Fed from both Ends at Unequal Voltages)
=1 % AB U [ Hiex ol fT=-9W 3F &t € S j amp 76 e UF 99F 390 TR | 9y
21 foat= & °F o=l = 9o" r Um € R faaw s SR i v, 9 v ma’lﬁm@mi
<ifea fean 7 €

. I'm > 5

P PR S— (I—x)i———————> B .5

C i

ed VA Ve '\ it—x) |
]

Feeder Feeder }
i A/m (load)

r U/m (resistance) |

faz-2.20 ,

nr o e 5 o forg A 8 x iR 1 ot 0 g e g, C #1960 W4T 4 9,

=it 38 fag W 91 7Am e, fawdia fom F s faerd €)1 o faatd F @UE AC 991 BC
AT FEY: x 991 (I-x) §, THe fqu 9ftg faats = 9ifd &4 F4@ €

faa F @ve AC W Fa 997 9N

=ix amp
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W%mﬁqdmwwm

={x amp

faat® F WUE BC W FaA #gm w1
=i(l-x)amp
faata & WO fag B W & oy gy

i=(f—x}amp
faaE & WIS AC 1 Fa WRw
Ric=mx Q2 .
ferertsh & @IE BC H1 & W9 =r(/~x) 0 £
faate & @Y H deeamE = sma am x ooy

. a7 % '8 AC & deeamm =2+ 0,
2

. 2
Vac( Sftsan) =%vnlt

zafe faas & fag ¢ W g
=W —Vac
Ii:(ﬂfmqug—i’?‘z—z : D
faqis ¥ @S BC U dieaNE '
=i(!—x}+n”“_x)
2

Vg (ftsan) = @ volt

zafee fame & fag ¢ W dieed = Vg - Vae

Example : TF 400 m &1, fgar fee-aw s e Sl fg A W 230 dree v fag B ™
023 diee 1 dieed W F W1 @ #1 9 faats W U 9 faaia R 1.75 amp/Ate @ 3 A S
el A &1 Nfaid 0,05 Qkm 1, @ F@ Fifag—

(i) = dieear &t fefa,

(i) =eH Feedl 1 AH,

(iii) and (iv) A @=1 B fai @ w{u1 =R

ToT— ot AB Tl $el o g [=400m

ir(l-x)? ) ]

Ve(=AaH) = Ve S (2]

:

et (1) 7 (2) §— 5
Vi~ r2 Vi _ir[l’—~x}2

2 |

X =M +.{ w3} ?

irl 2 !

]

i

S

e ST TR RS
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o= ® g 4w owgw Smw v = 230 9
foe= ¥ o B W WoW Sieean Vg = 223 Wi
o= W U 5o R 9w i = 175 amp/m
fomrs & vo= A0 F ¥EOY = 005 (Vkm
fore ¥ o9 w0 W W = 22995 _g1x10-3Um
1000
() FFFE § gom A = fufy 8—
c=Va-Ve 1a e 230-223 . 400
irl 175x01x1073 x 400 2
=100+ 200
x=300m I
(i) F577= ¥ =[=o% Sr=a (Minimum vollage)

2
Vg &= W =5

[ ]

175 0.1% 1073 % (300)
2

=230-

= 222125 volt
ir(l—x)*
3
175 x 01 % 10~3 x (400 —300)°
2

FaE Vi =V —

=223 -

=223-0875

=222.125 volt

(i) fos = fon fag A @ oo 9@ ;
14 =ix =175x300=525 amp

(iv) fom= = fao fag B W o wm |
Ig =i(l-x) . !
i

l

=175 = (400 — 300)
=175x100
=175 amp i
7. e v farg R O W WIRA @ R |
f_-'-'-" : (Cnncantnc Loaded Ring Distributor Fed at any one Point) ]
: i uF fa= | Aefe A afta foe-gm g0y faats, mﬁﬂmwﬁmﬁﬁﬁfﬁﬁm
. afta few-am #i foms F @ 6 w1 F

¥ 199 % ABC U fewam ae faws 2, mﬁgnmmaﬁmﬁﬁﬁﬂ{&d;%ﬁﬂﬁ’éﬂ
ﬂmcmm Ha=Z 90 Iy 991 o 9 9 wfta 2

W
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T i R & ¥I® aR &1 ST9G FI2 $9%d o 9 527 991 A7 F w2 = A whmap 7
aa1 fdtE & A arl 1 90 A Qm ¢ 4 f9F F 9T AB. BC 7% CA TvE =1 2 A Wow

InE

Rap =p22E. or rxlyp
a

Rpe = pﬂac or rxlg¢c

Rea =p 24 or rx ey
a

= i foraees % ool fiag A 9 B F1 SR (Clockwise direction %) /4 amp F1 =70 =%t #1 73
faet® F AB, BC 791 CA @Y=l § 9AC

Iag =1a

Isc =1s - 1Ig

Ica=(Is-1lpg—Ic)=1s —(Ig +Ic)
e | ﬁﬂﬁﬁ”ﬁ?ﬁﬂ. BC 991 CA @vSi § Sieeande (Voltage drop)

Vap =lagRap = laRaB

Vac =IscRec

=(Ia - Ip)RBC
Vea =lcaRca
. =(Iy = I — Ic)Rea

frtate & aeem (KVL) fam 8—
wﬁaﬂﬂﬁqﬂﬁmﬁmﬁmmmﬁﬁﬁmihlgﬁhmumm}TEFI'E:'IHT%T
. KVL 8—

Vag + Ve +Vea =0
IARap +(Ia —Ip)Rpc +(Ip —1p — Ic)Rca =0
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T R [, = = 7 won, fams ¥ ffas vl 4 wio 9 Siecom F1 SRAEE W o
5o = === O =% 7w B 79 C 533 W Vollage =1 w1 wm fiem wwm £—

Ve =V = Vap or Vi = VagRag

Ve =Va - Vap - Vac or Ve - Vac
Example : T 1500 Siex 71 &R few-wm s faaws (Ring distributor) fret farsTgem ity
s wew W TR 003 0/km #1 RS W g A W 500 S w0 seem W WA (Fed) fRmm,

% foems ¥ 5 B 79 C W SeEa §1§ ®iEg)

fomrs ¥ TEE IOF § WY = 003 Sa/feanis

r=2xﬂ.ﬂ3

m

fax-2.22
r=006x10"3 U/m

Rap =006 %1073 x 500
=003Q

Rgc =006x1073 x300
=0018Q

Rea = 0061073 %700
=0.0420

o i faars & 9 AB § I4p = 14 Tt 91 dgn 9w vaifeq @ @ 21 o= foaes % v B

oo

Igc =(14 —150) amp

Ica =(14 —150 - 200) amp

fim =1 faars 4 KVL (fF=® dwew fAaq) 94—

Vag +Vac + Vea
IanRan + IpcRuc + Ica Rea

———

Ay e it werTor v firny,

=0
=0

I LTS .—wﬂ'
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P J—

o o
parercot woTeft 350) » 0092 =0
( _150)» 0018 +UJa = P
00314 +UA i 1740 _ 1933 amp
€ 009

t
. P % v AR # g T [C;::EZL - 1933 amp
forercar % W BC A AgA T
Ipc =1 = 50
=1933-150
=433 amp
farerar 3 A CA B dga T
Iea =1 =350
=1933-350
Ica =—1567 amp
a;l'ﬂﬁ lac =156.7 amp
Vg=Va— Vag
=500-1933x0.03
=500-58
Vg =4942 volt
fag C W dieem
Ve =V —Vac
=4942 + IgcRac
=4942 -433=< 0018
=4942 - 077
= 493,43 volt
TeramoT wE @t |@3e o i
(Construction Feature of Distribution line and Their Erection)
Electrical Distribution

|

A.C. Distribution D.C. Distribution

l

2-wire Distribution J-wire Distribution

Primary Distribution
or
H. T. Distribution
or

ar
H.V. Distribution L.V. Distribution
(MTKV-66kV-33kv-11 kW)

(3—$. 415V and 1-¢, 240 V)

Secondary Distribution
L.T. Distribution
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gRea (Introduction)
Fgn famm = wnwd, Sgw w9 W fAfeS v % fagm IodE (Electric Consumer) 4 Ty

TS h.s R aﬁﬁnﬁ:aﬁﬂﬁﬁmﬁﬁm%ﬁzﬁﬁqmﬂm&m#mﬁ?minﬂﬂm

e v F W FEd § | faae famw uw o weegl w9 @

e T ¥ e 8, ?ﬁmﬁa%ﬁﬂ?ﬁaﬁrm%ﬂfammmﬂmﬁﬁwﬁfmamglm
&5 ¥ fSagdeon == B g, F—ﬁﬂﬁmﬂ?aﬁtﬁrﬁmﬁmﬁaﬂﬁﬂmﬂﬂmawn@
TF T feam s TS R TER 9 A, e R g 9l mﬁﬁmm%v{wm.ﬂ:
..-.ur'f‘Tﬁqupp1nﬁﬂtﬁﬁﬁﬂﬂﬁglmﬁﬂmmfﬂﬂﬁmi
e Toe T IR ST ' ﬁmﬁﬁ{r'nlchlﬂunled]%fﬁmw%mﬂmﬁmh
=9 (Pole) ¥ sw=5m fo&m S €1

fege oo =t == womet (Working System of Electric Distribution)—fFd %y
fogai=T™ (Electrification) ¥4 ¥ fau 58 &% %1 3 2H9t€T Distribution Line ¥ W= ﬁmﬁ
sTavaE o © W fo frefefen w9 e ameE T i

(a) =94 § TIZe =eT

(b) ST T TEE F @™ F vertical TI T

(c) Cross Arms =1 S99

(d) Instulator =7 309" FeW

(¢) Distribution TE3 SI6 =1 |79

(f) Service connection cables 1 Consumers &1 NEH ST

(g) 397 WK T vFl F F9ER TuhEa W RS @np S

SIS ¥ TTEET WEAT (Dig the Pit in the Earth)—agd Wi famo @ &1 & o1 & oy ay
muﬁﬂ'rrq‘iaq:mmﬁ@mmtﬁmhwgﬂ}ﬂ:mi@ﬁ@zmm%lawama:taiaﬁ],
T9meE X ¥ ¥ FR 5% W (Pic Axil) %1 4R (Crow Bar) Td HIS 37fE 1 WA fham T 1
&R T 30 cm x 90 cm mmn@@emmﬁﬁ@mﬁmwaﬂm(mmm.
T3 fem =@ &1 == ¥ S0 fR W FW 3w 9 O aiae 399 A 99 R 9 a9 F amy
foere TE= e T F S A S S I8N € 9 AR I6e A Al 1 Tl F gy
TER TZE ¥ Teed £ 99 TR w09 F1 39M B0 @hd F1 90" HiEA (Dead man Structure) T W |
T4 TU R # A W O WG € 99 99 SO0 A W AS T % "el A SSH W FT i

N T F T F S 9 S @el i TEe 0 1 6 I H HEe shehie SAH GfH F 5w |
E‘Etmﬁ?‘fﬁMufﬂtr?ﬂmE{ﬁmmﬁl‘ﬂﬁ’hﬂufﬁngﬂmﬁﬁmmleﬁﬂm1=|'|11‘611'ﬂ=r¢
FFHE T A ¢ = - SRRTP . _

I LR j%

a0 Hi=A1 AT
faz-2.23

P e A s el
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farereoT wroTIedt ' : 13
worh W e ®, wRT 9 S e fra w2 A e safem mel & A9 = 57 Muffing 1 wEm
frm e #1

TR ¥ W @t @ HE (Erect the Pole)—am 5% 51 % #14 #—

(a) T2 W& (Wood Pole)

(b) ST U

(c) HH= 9r&

™l F Frefafaa wwr B @ B e 2

(i) 2R e fafia (Derric Pole Method)

(i) % ¥4 = faf (Dead Mans' Method)

(i) 2ft= Urer fafir (Derric Pole Method)—3 fafit & =i =1 us 3fi% o (Fel =01 997) =t
werd A @ e &) yafay 39 fafa w1 2 fafe w2 4= fafe ¥ o 5 ol (s wen F
FA) WM 9T G o qu qeEd e e =i ot €1 39 6T § asf w w6 geeegEs a9
fera TR @ SR iRt T aeh @ e ¥ faww e ww #

([} —Derrick Pole

faw-2.24 : 3fis A A de srasrsen

(ii) T= A fafer (Dead Man’s Method)—35 i S s e Sivs s = is S mema &
@z faan il 21 safee 9% 3T 39 fafa weom 21 38 fafa § o5 9w § foem e aeh ) 9E a9
F Fo 2faF ST o= 99 goEgy 91 19E T | 9 96 2 3R T5E F IR A% el $ 9ed 9
1 T feafa ¥ =2 /w9 ©

% hT SEUYUT (Erection of Stay)—Orverhead Primary @91 Overhcad secondary distributor
A=A ¥ srfives, sifm 3it 4ig W o T 3 Fraee fag W wnfya @ v smEeasar F SEEn
% T w1 =99A fEA 9 g T W WA 3 YER § W6 e—

(i) 7= ¥& (Flexible Stay)

(ii) 37 2% (Non Flexible Stay)

(i) =& 2 (Flexible Stay)—3TeT= I F I IZAW &G TFH TEF 1 go H 74l
¥F MR T ¥ AEH W A 3% O3 (StayRod) SR TR F @ A ami e m@BmH T oz ®
T T A 2 A F HIO F IH K FEd &1 IF 0 B AW 30° F 45° 9% &A@ D
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g tqamﬂﬁrm#qm@ﬁ :

o fi

Gc
D :

D c
D« 4

D« /Stay Clamp
c Slay Insulator 3
@ Stay Bow

5‘33"/ Bow Tighthe )
wire - " E

Stay Rod
Anchor Plate or
Stay Plate

fer=-2.25 : Flexible Stay

(ii) 3rT=7 2% (Non Flexible)—T€ @™ & W% 7= 25 Igudvr ¥ T4 39@=d 7 81 9 3 iy
ITHT 0 Tifew) 3 35 & T9 W UF @ 1 g4 G s 2, fame famor 2,26

—_— G
— D ['a
D ¢
N D C
Dc
Stay Clam o
Stay Pole — N\ Line Pole

1
|
Stay Pad {
fa=-2.26 ;: Non-flexible Stay 1

|

Swer =g ¥9A (Fixing of Cross Arm)—Primary Distribution line (650 volt H 11kV) ﬂi!

- @R T ¥ SEHUY & 91g @R T STINEE 9Ig T w1 % €1 $9 Wefed Cross arm # AW R

(i) Wooden cross arm (THgl 1 IHEY =)

(i) Mild steel channel cross arm (§g FE90 GRUT STFE" aTg) ‘

(iii) Zig-Zag cross arm (2¢-¥g1 3737%4 =) I

(iv) U-shaped cross arm (U-3Thfd 38910 3195EY 91g) 2
|
|

e

(v) V-shaped cross arm (V-3T&f{d 910 19eg =)
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([)mtmmmg{Wuudencmssam)~mWmaﬁuﬁmﬁqw%a}aaﬁ
e @ T R S @1 ST @ Al @ F Fpes F e U-amta T o

(ii) 9g FEATT WRUT 37w AT (Mild steel channel cross arm )—%g T991d TR AT =g
A @9 ¥ TP FR F FER U dHRa F T2 Fee F wgEa | v fma a2

(iif) 2F-At 3rquTer AT (Zig-Zag cross arm)—2F1-1F1 SIS g F @ F HIAE FE F
T IFH! T A R U-AFft Fem d T2 Fiez F werEa 4 wfga fFa s 2

(iv) U-3TTEHfer seam 37w &g (U-shaped cross arm)—U-3%d 3500 9959 1§ 95 7591
aﬁaﬁﬁgﬁﬂw?ﬂg'ﬁﬁ}éamu-ﬁm(aﬁmaﬂm)ﬁﬁﬁaaﬂmﬁﬁﬁ#mmﬁa
e &1

U- Shape Clamp

l'"o_

J

d|o

=/

LG

fa=-2.27

(v) V-3TTehic $8aTd U g (V-Shaped cross arm )—V-3&Hfd ¥g $8910 397 =g 91 U-
Ffa e wd J2 diee # HerE ¥ @ W wfid S e 2

AU &g U Tageiraes wafas & (Fixing of Insulator on Cross Arm)—wafis faagm
TE (11000 volt) & @Fi W ¥y =g Tid 1A & 904 3wey =g W fageias w=nfia feg
M ¥ ey wIg R fagmiye frefefad wer ¥ s feg s -

(i) <hrelt faegaia= (Fixing of Pin Insulator)

(ii) =fme1 wred fagEdis =nfia N (Fixing of Disc Type Insulator)
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!hﬁ!#'h'ﬁ‘-"’“*"‘“"“" & ¥ 9 o) fEa am ¢

B .

M =t e ﬂ'rl: TR T (Fiving of Pin Insulator)—Pin Ineulator % ga,

vorltage 1%V wm&mmi,wl{wmﬁmaqwmshﬂﬂwﬂﬁqm ‘-h
!wm:fﬂwmt#tmm%mﬁﬂmmammfmht

88-T0d mm
R‘I-?_

Y AR

fa9-2.28 : Pin type of insulator.

111 mm

i) = yred faga Tow T=nfem FTN (Fixing of Disc Type Insulator)—Dise Ty,
insulator B T 11KV ¥ FF 220kV, 400kV, 765 kV 7% F = 4 Disc F1 ¥4M 0wy
WEE Disc W11 kV %1 String T 70 £1 Swing frgmivs #1 58 F w9 § wew 7@ I

-2

[ =]

insulsior “E

Cup—"= f
:,_.....--- Conductor

fam-2.29 : Disc Type of Insulator

WWW e & A & fFu:ing of Insulators on Pole)—Pole 97 Insulator F*
gy & o p LU w71 299 fE3m = ) med High voltage % fau Disc Inbutalﬂrﬁ!
- Yow yoltage, Medium voltsge F 30 ¥t faga 9% &1 i fam s #1 Shockle Insulator ©
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g -
t w'!‘m
R \ . -
f« op - v CRd
e | o g e
[- . TETE f @
=
AT U wete
il B VL
1 WA
\'o
IR —— D}'ﬂn
faw-2.30

ATEAT W T AT Ud HSrAT (Commissoning and Operation of Line)—751 Testing %
70 G T 3 F T o A f aw 29 F 55E A7 7w (Chief Electnical laspector) #
7% (05 ¥ Hqfem fem w1 BmA & AW F W2 T A7 TEF (Chuef Electrical Inspecior)
g A T FE w4 T vwr=m Anm W it Awen w st B w4 v g e o R
Mcdmf-ﬂmt T 5% T2 frafod w1 g fem e # v 3%= A fEifs Swem w ey
< S AT TS AZ A A A T AER B operate Fow TN Hi

Example~U% fZaw wemdiam faarm ABC % 53 C W 120A 71 frg 2 7 60 A & dgram &)
ZA AT F AFEIE 0.8 T #) AB 1 WAETH (0.04 + j0.08) TW BC F W (0.08 ~ 0. 1262
3k g0 A fag ¢ @ Je=a 400 v @1, @1 39 Ffao—

(a) oot F fag B = Fr==a 3% 799 A% =M
_ (b) 9 fau @eear v F amg T fon v oaf e @ 1y F 9 T 5o wm =
=

(c) fomw % fag A W 7omd A= 7w THET A

(d) V4 991 Iy F 99 F=0 S F B0

y W W,
b . |
A [D‘Mi-;ﬂ[}.ﬂ} B{O ﬂi&rp 12} A C
% Vlﬁhaﬂﬁlc llac*"lc l
F
lg =60 A Ic=120A
(P.F. = 0.8 lag) (P.F. = 0.5 lag}

far2-2.31 : Single line diagram representation.
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118 | | A— _
Sl (u) 0% W =(400+10) ¥ (Reference voltage) |
e % sin A5 = WiaTen
Zap =(0.04 +j0.08)02
G & & BC F) S
Zpc =(0.08 +j0.012)Q2
bnred fiw C T load current |
i I =120(0.8 - j0.6)
=(96-j12)A
_ - |
e & gc ¥ waifeq e (06—
e e (0,08 +0.12)(96 - j72)
BC . ' VeC =Zpc Ic =(
_(1632+]576)
BW® _ v~ +VBC _
f&aﬁ%{ fag Ve *:i:m+jﬂ}+(1ﬁ.32 +§5.76) . |
:[416.31'*}5-?6} (59 =iwreg)
41636 079218 (5 =)
Va;d,lﬁ 36V ay=0.79
iU W 26000 §-300)
| ®) L '_(‘13,.]35}!"#
gafed T Ic
E x M AB | IAB ﬁffﬂt ﬁ]*{gﬁajfz}
| ~ |
| ardl (144~ j108)A {i:- ‘T" ";ﬂ%")
‘ L AT
fﬂ'ﬁtﬁ: §]E
l ]
| it 7 fmﬂ:ﬂ,ﬂ (158)
' afesd T .9535*3'? o
2 : ﬁﬂﬁ P,Hﬁ ﬂd*Jﬂ'n
I ,ﬁﬁ; aﬂr A -;..-"fﬂ' -?' 2}
(o) fT™ " gl
o q{‘lﬂ aﬁ{‘:‘, + Val 5_‘?6} +{]4.4 +j7.2)
. gt 175 4167
faaF *
- R o o
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=(560.72 + j12.96) {(j ¥9)
=560.87<1.324" (Polar form)
V4 =56087V aWM a =1.324° IT

(d) ot % o fqm frg A F) Az VA9 9T [y % 9 FE0 S0 (Phase Angle)
b =-36.870°-1.324°= -38,194”
¥HT, Supply voltage Vyy & Tmae fam wfmors
cosd = cos(—38.194)° = 0.786(log) T T

& &R w9, arftg 9o 0.8 vrEm vRETE W 1S0A W A o v w1 ) 9
ofirane (0.08 +j0.1)Q #1 afe um it W Fe2en 400 V B, T FEm dieew wa S

Sol. A1 AB U fiam = sreea 7o 0.8 wv=md! g f50 B | 400 V F1 Frs2a 941 0.8 svam
pF. W150A %1 3gq 9r & 741 %) 79 Us # fag B W A (voltage)

Var, =(400 +jO) V

fog B W dga W a9,

Ig =150(0.8 — j0.6)
=(120-j90)A

9 T Fel wiar,

Zap =(0.08 +j0.1)Q2
qmeR T Ao (Total voltage drop)
Vap =Z2ap I8
Vag =(0.08 + j0.1)(120 — j90)
=(18.6 + j4.8)V
U % fal A T Supply voltage,
Va=Ve +Vag
=(400 + jO) + (18.6 + j4.8)
=(418.5+ j4.8)V
RO = 4/(418.6)7 +(4.8)°
=418.63V

TATeTeh A ST TR AT HT (Determination of Size of Conductor)—R=TElt fem wonef %
 adAR W UegfAtEm o T e, € S W owEm fea s § e womet |
ot woTTelt % ferg, femga fifn o e @1 AR W9 S0 AW $0 WHE FR Frefaten -

o THeaet Il famiu wga w & WA W &

TG i aduT T arvar—agay quE 9fa @ AT A BW 91 R T sEae =)
FAAA TEA AT (STEN aE WiEs Tgenall I wiwr safa, ver s, § ffh| S s o
85°C T (AAAC) 75°C, 65°C A1 60°C (ACSR) 3fishan JfET a1 I98m o s 24

A gv 3l Sieew fafrm—wiw vollage drop &1 11KV 3R are 299 (Qedray wfET)
F WY, HEHRT W TR H Fifa w0 A wewqel FRE F w9 F 9 9w @, N sfawam sy
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ol : o ' 3 mwmm“m
?s.*-.w.-%;31\-1?{h-wﬂﬂﬁﬁ%ﬁ'ﬂmmﬁ}ﬁﬁﬂﬁéimﬂﬁqﬁmﬁmmﬁﬂ
o= o 3w frw € ok whw SR foE W g o ¢

ey T OiSE TEU—TE feem | FEw § 9wr = R W AR w g

TE SRT— ¥ 1R, 9% 5 9 & f@w = e

siefts SET—=ET ol = www, I W ol e, ST F A U SR sy,
W‘W:.ﬁ!mmufﬁmﬁﬁﬁﬁmmﬂtmﬁﬂmﬁfﬁmﬁa%aﬁam
e TEs T &% TR S | i o f

s O e S e -

(i) 3= =T== (Solid Conductor)—3 3% T Tieher Sww! & =1 €1 &1 ¢ TGS (Multicg,
Conductor) © T8 21

(i) FEER =i (Strand Conductor)—7E: T el 3 7l WaH w1 SN0 & T 5y
=== =77 7O 0 OF I T § o e wee = T 91 a6l 8 99 areed W Wiy
=== % &5 O 9 59 $05 T N 9 S6@ T (Flexible Hollow tube) STe! 1 541 fiy

== §
TE IO ¥ foq Fraiies g5 w1 Y9 e o e—
rtﬁvi g&ﬁ TSt a1 AT = A
. (S=EEpEEiwmess= n 3+ 61 4+ 6n
il ikt i l+3n+n) | 30+m? | (#3040

s &

<= == (Solid Conductor) (7 Wire Stranded Conductor)
fa=-2.32

n T W w8 S A W s =(1+3n)(+ 1)
o n=17"
7= Tl # EE =1+3x1(1+1)
=7 wire
1o 2.3. RROR &=t &1 3mve (faaRor arg=)
A (Preparation of Estimates of HT and LT Lines (OH and Cable))
1EV W fage v 521 W Tz 71 9 & A S e @ fagg S w1 fafe foo
| R T S W e ) e S A fae e @ ausiE o ¥ed (Feeder) foRTE T
. FE o ¥ g e e o €, 9 fE e vew A i i
i) R FE @E—132 kV, 200 KV, 400 KV 791 800 kV
() TEE Fw wma—66 kV 791 33 kV
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(iii) Imafas faaror aa—11kV, 6.6 kV.33kV 37 1.1 &V
(iv) Tedias faaTor @ms—d440 3@ 220

1M KV
11 KWI132 kVI220 kV/400 kV

rUTOGUOUU >'eP UP Transiormer

wafiE T aE ———
000000007 132 kv/200 KVI400 KVIES KV/33 KV
5000 Step down Transformer
s d=ro s ——
Q0000000 ) g6 kv 7733 kV
00000000 Step down Transformer
o famrn e ——

\ Q0000000 ) cc 1ay/0.4 KV
r—ﬁm Step down Transformer

famitas faaon ega ———
mﬁm{l v | v+
TMEE e o+ v v

fax-2.13

L.T. ¥s7 & Tt Fr=fafas anadi = wan fear s i—

wmH At & gof faEvr FTayaEar & F{IET
B EEEEEER S < w5 1 30 T T U F wnw w I =
FETEEal & A9 T =

2, el JUREE

3. |V guemnE T i (HWEE 9E)

4, Hiwel ygE=RE D w9

5. 773.10 mm AAC 915 a1 (2% Fra wied)

6. 3/8.00 mm AAC ISHMA aR I
7. |4-9R 8SWG Gl I

8. V-8 3¢ e

9. 5 mm TegfHan 99F T

10. | &1 OrE ar S =12

11. -HrehA A1

12. & AR BT
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122 | Rt mmmm“%
| 13 | s e

14, [=m 9 TR
15, |t e sgaed

6 |we0 W =S $ WM

5 T F e

18.  |==. sw=, SEK
mm%mﬁﬁﬁaﬁmmqﬁmuﬁlﬂﬁammt— i
=4 IGE NEVIEA R AR
P e R T S e P 3 O, Y ST 3
mmﬂaﬁm%mmmlk

2. |=aFe W E—
(i) 100 m x50 mm x8 mm MS <=4, 1.5 m =
(ii) 100 m =50 mm »& mm MS 977, 2.0 m =0

3. |%fE ()75 mm %75 mm x10 mm U@ S
< 5. we 2fiEE 9 ¥

4 |wvem =g =

5 11 kv i ossns =0 ofea

6. |F =

2 |11 kv === yosenw o ofed

B 6/12.79 mm ACSE =k

9. |7/16SWGG.I. -1

10. |= 92 (5 m)

11, |5 mm TegfEfem @9F a7 3 m W guEERs
12, |9g-an ==

13. |Z®m @

14, |9-mEA ER

15. | =0 ue s [iEd

16. |@=TI T Swien

17. |72, 9eg, "R

18, |=fza Taw @2
2.4. gftera Hfeel (Underground Cables)

1. U¥A1G41 (Introduction)
m%ﬁﬁmnﬁmﬁ@ﬁwﬁaﬁﬁmaﬁmﬁﬁm?l@maﬁw(Dn.-erhmj
e T ferl vt e g § e T gt e WA fwm o 2
Hreeal, TEM F T AETTRAA {chuirements)ﬁa‘ﬂmﬂ%ﬁﬁ'ﬂﬁmﬁ?@ﬁ%l
sfirm e B sreordl € @ $o gued € TER WRIHE F Tgd Sae € W g
¥q 1AM § en gfaa FHad % 9] A fawa F9 @ FeE S0

re e
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2. yfirTe &fae @1 Fie0T (Classification of Underground Cables)

gifres |X=1 9 dreed & anan W fafa= ¥HE F underground cables FT W= W £ wm-
Hfaell w1 FEeE deza A wiad § fafa= R R vt w i e o g A
e W Hfeel F1 &= categories T AT fFm s 2, 3 aam W Hfaer = Fiew 9 =v 3
Fpa T §—

(i) =1 Siee@ &S (Low Voltage Cables) (1000 e 7F)

(ii) == dreean Hfael (High Voltage Cables) (11000 3o @)

(iii) W= Sreea HAE (Super Tension Cables) (33000 die2 %)

(iv) Sfafem 3= dice@ Ffael (Extra High Tension Cables) (13200 <2 7%)

(v) #fofe T3f=m dree@ fael (Extra Super Tension Cables) (132000 Sie2 § %)

(i) FreT e Sfaei— S =1 o Sfwan | kV aeea & 6 e w6 T S
ferelt ¥ W= ) sTravgEar 7wt 21 39y fagaia=l % ®9 ¥ W99 S (Impregnated paper)
%S HIMSF (Varnished cambric), SEFMESE T (Vulcanized rubber) 3fE1

(if) oo Siezar Hfarei—aza FHfac =1 ¥4 AfFwan 11 kV seea & g o o 21 3 S
ST: TR (Circular) #ga1 3WEHR (Oval) Bl %1 378 Standard copper conductor FHiad FRTS
(Impregnated paper) ¥ &€ (Wrapped) T 21 Tl F F SR wa (Armouring) % &3 ¥ =1
7@ (Lead sheathed) Serlt e €1 T8 ¥0R #iaa & 57 % qifam sao F =9 5 59 5991 21 3
7 FEel F Foen favm w9 § Far fH S

(iii) Wafeer Areear Shfaci—37 Hiach = W Sfaway 33 KV Sweeq ¥ 53 G5 o9 81 355
T =9 WRoT @A H war fm S 1 59N I e fagadas 5 56 e =6 8

(iv) e s==r Sreear Sfad—aTs T4 sifusaq 66 kV 75 F1 aresa & o8 o om 21
7 high voltage bearing insulators =1 a¥dehdl gl €

(v) rfefiam wafeer dicear Sfaei—s7 Ffaen & ¥G0 132 KV 91 398 J6F voltage ¥ o
frar STl 21 4 Hfad high transmission lines ¥ ¥4 T 4 €1 §951 HU= Fo a9 TE Ft a9
778 S1E1 insulating materials AP 84 % ST 91 cost I8 3161 €

3, Blaell & TR WA (General Construction of Cables)

gfeTa Shfael 1 54 3=9 dieedl (High voltage) T power 1 T=iid (Transmit) =TT oral £1 4
Single core 379l Multi core SFI WK % € THd € a9l ¥ core 39H H vulcanized bitumen 3T9ET
Fafad S (Impregnated paper) BRT 94 Teq €1 T91 SOo 0 %1 fax 2,34 | wugmn w0 2

98 W@ parts B4 € forg (191 €9 ¥ FEHET T §—

(i) TIE (Core)—YTa e WM: single core AT multi core types Bl €1 ¥ WE: Copper.
Aluminium or Alloy (fi%t 9Tg) % 810 €1 ¥ core T 72an TLHER §4 &1 A suitable shape ¥ a7 ¥ 37
Hfaell % cores T cross-sectional area ¥ Current carrying capacity WU vt sl 81 3R 39 core
neutral =1 % @ ITHT cross-sectional area 3 cores T U FH Tl &1 | IS (Cores insulation)
¥ isolated B F

(ii) H@fea T (Impregnated Paper)—Ffa@ # |4l cores 378 ¥ wafaa wrme g/ 99 T@d
1 365 ferd wra: a1 erdl 19 vulcanized bitumen 3194 varnished combric 1 i s fawm = 21
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Fabricated Tape

50 le— Metallic Sheath

+—— Bedding

] Metallic Armouring
|
Blf = = ol
LT «— Senvi
L w5
il

/ /

fa=-2.34
(i) ifieras T (Metallic Sheath)—70, # 3fit fafir= 3R & sfgid component LR

£ =5 =57 Aluminium § Lead = 757 (Alloy) %1 @l s €1 Metallic sheath i SEC R
Resistance) Bid Tl 98 Ta EaCr

—= =z & & we TETER U § oW F€ ve= waRw di (Corrosive
= carthing 5 S&F S €

(iv) ToT (Bedding ) —Metallic sheath Bkl
Jute. Cotton 4T hessian tape F1 Fi= (Compound) T

-

% o 39 9L paper tape St Ft Fibrous 5
# e =l €1 Bedding =1 9 armouring

1 WE = 718 5% 74 (Reaction) & F4al €1 3HF 9 PV.C. % ¥ § &l Y40 F =1 Fdi gl

(v) ST (Armouring)—Fiaei %1 it e A &fi (Mechanical injury) ¥ =  feid 363

. bedding WA F ST galvanized stecl 31741 steel tape T T W 1 WAM &30 w1 & o8 & waw
- {Armouring) F& =10 21 5=9 T4 (Higher protection) % a3 armouring 1 double TTd g4l EIEd

- {¥i) ZraT JTEToT ( Serving Layer)—Armonng | A F TR T Wd 9gEl w6l T S T fabric

\ material %1 31 €1 £ TH FE AT (Serving layer) FEl S #| 9% cable ¥ THUl SAFFEl S TH
WEH FE 2{ 5% cable @9 ¥ charming and atractive 4 i
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fareroT FoTTERt
4. ghrra Sfewt & fem o fftrar

(Methods of Laying of Underground Cables)

Ffae =1 faor =1 =n wqE fafygl € <5 5 Fofates 22—

(i) W& WUmEl (Direct System)

(i) STqEU HUME (Draw in System)

(iii) 3 WOTER (Solid System)

(iv) & Ud Sl 9omell (Rack and Cleat System)

(i) weer T4 (Direct System)—33 fafa ¥ wq=a S5 F7 armouring. steel tape & F1 I 21
g fafa H Frre fSe@li9a (Paper insulated) 5@ =1 @M 541 9@ 21 395 P.V.C. T0 Tar=q
(Armoured) Fiaal =1 33w fFa s 21

T
E ea i 3 :
= § f,_.-Bnd:;s
.E. - 3
0 .':
23 :
57 o
[ g ol ;.--Sand filings
1 ;
".f.n'rrn.rr.rr.r.r.rr(r.rr:r{rfrr:
Direct laying system
fa=-2.35

= fafg § =197 1.20 metre § 1.50 metre TE &1 G5 595 Base T sand (F1) =1 9@
faerl v 21 5 308 Fiaw @1 Soe 369% 91 3R § <ER a9 961§ = Sae S fHee $
feldt 578 w1 SR =ie R G o § 9 ) Sfeot F A9 1 50 40 cm ¥ =9 76 a9 =00 TE:
Ffae =1 9= (Straight) & fHem Tigw

Ist specification ¥ 379X faf9= Seemstl F1 Hiawi & (o0 998 o TS (959 ¥R 8§ g 91Eg)

(i) 11 kV ¥ $9 Rating 519 cables ¥ o 0.45 Fiex (¥l Siaa =1 e 9&59)

(i) 11 kV H 22kV F == Fi rating I cables & & 0.75 T3 (T0 Siaw =1 =2 =fEd)

(iii) 22 kV ¥ 33 kV % &i9 Rating Ici cables & 5% 1.0 =X (T Ffas =t =0 qiEq)

s Fiaw % fHen =t 97 &5 o, Tiie 5 w= a9 ¢ $ae § 395 99 569 08 F ®=R9
I B S U w9 4 faafa € 9w f)

9T (Merits)—

(i) g% fafa gw= 2

(i) 9% fafa a=i grt &

(iii) g% fafy =< fagerdt (Economical) &4 &1

wiadr ( Demerits)—

| (i) TOH Wer TSSO (Fault localization) 3T=M 8 & €

| (ii) S9! XY (Maintenance) FIHd Hiu= g

' (ii) 3TEHEOT WOMET (Draw in System)—$iael faomEs ¥ 39 fafy § @2 §¢ 7S¢ ¥ conduits,
Ducts, glazed stoneware 39l clay cement tubes § | w13 TH o fom = (4] {-‘ﬁ pipes YS! ducts
(¥R Cable ¥ fe7d) 35 % wa ¥ = femn = €1 O f5f%=a S0 W wubes or ducts, pipes & &0 W
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126 e it w7 HE0T O o,

¥ FUE T I €1 ¥ T8 ¥ Main holes Feoma £ T8 holes | cable ® TiTH pipes ¥ feromy
= $1 W e f5E T (Rope) 39E1 SEER (Flexible) stecl wire T @i 1 1 pipe 1 =
*fam & R =91S (Dia) ¥ ﬂfﬁm_ﬂ'{ﬁlﬂﬁ%ﬁﬁﬁ?ﬁﬂmﬁﬁlﬁﬁﬂq%Suﬂumq
TR ¥ TECE pipe T FW W surface ¥ 0.6 m = W 7o TER 1 wirer sEH T T Pipes T Hwy
W il wE € W S pipes % & F g (0.25 | 0.75 W) 7 @t €1 Main hole W4: 3 sy
T oY = £ e | 99 directions ¥ cable 31 €S W1 W% Main Hole 1 size F1 141 = fir
s S = % 3R TF size SEY duct or pipes F FEm W At w5 £

Enrlh filling

Cables

_—Sand layer

fax-2.36

5, 3FSHOT AU & U7 (Merits of Draw in System)

(i) Ducts or pipe ! S9€ | cable ¥ armouring F EvIFH 76 B T

Gi) 79 f&f" # cable, mechanical injuries | Ff&m (Safe) et B

Gii) 35 ol 3 e =1 wE Gen W sy T e g _

(iv) 79 faft & 4fE cable § F1E Fault 37 9T €, a1 et Network & Hfaret 1 SiIgA i STE¥0&q
i & 9 e = fam @R €@ w1 @ fFn s e R

(v) 5% g4 fafa T cable, {221 (Soil) @1 fiFelt a0 Twmaf= Ugid (Chemicals) % 7 Fh H T
T3 7@ =9 Siaae (Life period) &g Wl €1

(vi) 9% faf¥ direct system ¥ f@erdt (Economical) Wifsw gt 21

=gl ( Demerits )

(i) T€ YA secondary distribution F {7 TG (Suitable) & €t £

(if) T8 & tapping FE F1 W HEA §

(iii) TRH on =1 @90 (Heat Dissipation) 48 =& g1 2|

(iv) S99 &1 cable % life period T 3THT BTeTl 2l

mﬁmﬂﬂwfﬂﬁﬂﬂﬁmmedwwﬁm] Ea Hﬁwﬁﬁrﬁ?ﬁﬁﬁuﬁﬂgﬁfﬁm'ﬂrﬂ
(Costly) Ffaa €1t &l

(iii) 2@ UTTET (Solid System)—%H Ygfd # Hfaei o el T =@ (Open trench) H -
ST 1 57 721 F1 SV (Trough) F1 S &1 e 1 From & 12 trough 1 fargfirt sver e
(asphault) A1 310 = fan S €1 1@ 7% q€ AR SfEa @ €, 79 THE SW 2 e e o
fegn o €1 Trough, cast iron, TFFITE S4a] §@ §8 @HE! 9 991 W@ £
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Sand and
Concrat
[8)
N 00000
NOO0O0000000000AN
NONOO00000000aaN,
N N
N Asphault Compound M
: g
N
Cable =ik o Cable
A \
A SRR SSSRNSRSRNNSN

fa=-2.37

qeFTee (Asphault) T T & 993 % @ cable trough 1 3R TeW 5T o1 &1 35 g 3
s cables %! armouring TE @ €1 Hfad W U (Lead) 1 T4 Havd =91 @l 8

7 fafy & Ffae F1 I9gsa gifis e weM o 2l

qoT (Merits)—

=g vafa ® Frefafes o &—

(i) dfs cables i armouring & T a: TFI cost AF FT & Wl €

(i) 39 faft ¥ cable T 7 sl § qoia: gefem A B

(iii) 3@ T & cable F life period &% W 8

(iv) & & favasig woned &1

(v) 7 fafu & freft wr & @m F o T w2

AT (Demerits)—

(i) e faer it 7 vaft ¥ 957 <=1 9 S 8

(i) 39 fafer & o =1 fa@wo (Heat dissipation) 3= 9 ¥ 7€ €1 @0 €1

(iii) 39 fafg ¥ FIe FHR (Trained workers) F1 HEvgFal 2A! ¢ fo5d 395 &a (Cost) SIT12T
a2l

(iv) 39 9afd ¥ Ffaw & faom ¥ aug stfas o 21

(v) 3E& & H |0 G FUG A1 HF o 2

(vi) 39 TG ¥ fa®mE (Laying) o ST (Repairing) SH1 9CaT % AIEH (Rainy season) H =&
iR o Hea £

6. faey T 9X Bfee @M (Laying of Cables in Special Locations)

(i) Road Crossing—3%®! & 9 ¥ cable T & i} freames & s79a1 R.C.C. WEdl
(Pipes) =1 H’ﬁT‘TﬁE‘ﬂTWﬁ maﬁmﬂﬁﬁ&‘ﬂﬁﬂﬁ?mdtrﬁmml

(i) Railway Crossing—Railway Authorities ¥ specification @91 Wi % HT9X Railway
Crossing WX cables for@™ =1fedl Gmr=m: cables, steel, cast iron 3191 R.C.C. ¥ pipes # faqom 9 .
Pipe formation level ® 1 metre < T&1 =18 791 IH wrack | F7 | 7 2 Hiex =i 0 1@ TN

(ili) Water Main Crossing—39 f&5l water supply mains %1 power cable &RI IR (Cross) femn
W} @ S % & 0.4 met. T gapping T@ W 2
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38 i b i © e e w0 Py

{iv) Communication Line Crossing—¥=T @EH (Communication lines) ¥ T power cahy,
2 Bt ¥ Tl O ¥ Wi Sfe 1 it 0.6 metre ® gapping B =) T communication
e (Disurbance) & W W HE T

(v) FETE O (1n Tunnels) 580 W ws: g Sam o fad ot € srerar

{vi) On Bridges—Concrete (FFR)F = T e (Bridges) ® wEdl % ¥9 o TH! T Ducls T
& # 1= & 35 el T &

w5 ¥ T (Stecl bridges) § W0 H WY ot e ¥ W cables T A A Frovh w4
w=¢ = == (Diamcter) SEETE FEA F FO diameter ¥ 7F (vaiE) @ =€

7 38} & 7 8 (Heating of Cables)
s F WY T TR T 999 I9e SoUen o faeite a ad v W AR e €1 E
=5 577 § 79 TE T TNRS S AV F WO T 0 W@ 2
you ® 5EE S Fen ® oWER W1 9g9 Fetefen el W AR S i —
) FemiTE TO sE W
) T ¥ I Y WSS T se W
(i) FRE F T TR TS SS9
Gv) FeE = 50 F &5 W
(+) =7 (Load) 1 ¥FT T TY99 (Short circuit) 37 W)
() %5 ¥ 577 FF F5 (Total heat generation in cables)
Fom § 79 79 € & 79 (sources) §—
(a) TF® F [IR & Ton
(b) Cable % fogaem (Insulation) ¥ wUdga wFal (Dielectric Losses) & FRUII
{c) Metallic Sheath 3R Armouring ¥ w1
g BRm & awlﬁ sfeRIasar (Insulation Resistance of Cables)
= =9t Sgr 90 Ffaw w1 addd fom st S (axial) R # valEd O 1T
&7 =7 (Leakage current) ¥590 719 f29 (Radial direction) # €1e Waifea g €1
Leskese comrent ¥ TF & 3747 0™ = o Sa9 9 $6E1 Nalgedl agaied Yol
o
¢ Br=fefEe S8 (Factors) W fft =0 #—
(i) Insulstion ¥1 92K T
Gij Fhaw = T W
(iii} Insulstion %1 WA U
() T W
" 77 5 7% Single core cable &
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i,

fr=-2.38
Cable T F&1 41 (Radius) = (TR %)
a1 fF cable F =1 TS FUHS 9o 2
o ¥ A (Radius) =r (Wi #)
2o 1 AEE (Width) =dr (=3 #)
STt SeA W 9 IO &7 = 2nrd (e #)
e e 1 e IR =p S0

dﬂ=p£ﬂ
2nl

. fae @ gegol SRR w1 SRR

R gr = 2R9T
la l"‘ 2nrl

=22 lar
5 Z:rdj" r

=-E— lo r]-"'."
211:1[ 8% on

d
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130
_—L lo =logn]
ri ER E

R=L10g2
2al " n

logp = log h =2303logjo 2
n
R= 2.303p logio 2
2l n

s e w1 Sgees Ry {msujatinn resistance)

R= 3[@210 n_ 23&3p]ng dz
n 2nl d

FFWArT (Applications)

SETETOT 1. T I+ SIeea Hasit el & SHgeie were Fi SRRIswan 910 gl T s,
& WTed ST FE: 1.5 em W6 10 em § 3K 1.6 fiFeh e 3 Rl dgade skl 50000 A a4

TA—3TaiiE &9 (d)) =1.5 cm =1.5 x 102 Htex

& = (d2) =10cm =10x 1072 Hi=X

wogoi Hfaw i T8 (1) =1.6km =1.6x10> WX

#gadsF SRR (Insulation Resistance)
50000 B Q = 50000x 106 ©Q
=5%x10100Q
e g e
R < 2:303 xlﬂg_.-._fg
2l dy
bt o= 2nRL 1
2.303 log(ds/dy) -
2x3 14x10'6 x1.6x10° =2 64x10% Q-
2.303 logyo 1010~
1.5x 1072

TR 2. AT B B SR HAE  HE F: L6Q A 040 B R THH foregied i wedy
FH: Izﬁmai?uamsmaﬂm%laﬁaamfagaﬂﬂmgﬁnﬁrﬂumﬂ S —

1. sfaa goft ¥ gaifsm 8l

2. Ffae waA=R § Hafaw 8

TE—HATA F FE T AT =160

#fae B & HIT &1 90" = 040

1. 8vi § Hg& FIs F AGUY (Resistance)
=1.6+04
=20
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j et ot =
9, FUFII H €T WE H Ty (Resistance)
_1.6x%04
1.6 +04
=0.3202 I

> A ¥ fagely %1 wfig =12 7m 2im
e B & fagay =1 9y =8 7m A
1. Soft # dge fagaae & wfedg

=12x8 _ 4 8 #m 2imr (Megha Q)
12+8

7. FEATR H Hg fagaias =1 wfdy
=12+8
= 20 W 3 or (20 Megha ohm)
FTEIOT 3. TF UHA WIS Fiaw, gt faforead freeq €, =1 fagedas wfa frende o= 79
A
TS =919 (Core diameter) =3 Ttfto
foga'e™ A8 (Insulation thickness) =1.5 cm
ﬁgﬁffﬂ? wfeIe=hal (Insulation resistivity) = 4.5 x 1012Q-%i=x
FA—FHEE & IS F AW (d)) =3 ¥lo = 00Ff=
Ffae 1 T =W (dz) = 6 Tl =006 H=X
AT WEEE (p) =4.5%1012Q-m
Hfae =1 @=E [=1km =1000 Hex
-+ freht Sfae w1 wraga sk

o 2.303 lﬂgmﬁ 3
2nl dy

2
R=2:303x4.5x10! logio 296

2% 3.14x 1000 003
R=49677 x105Q

gl G :
R:ilg EUILIU ﬂ
O Ve

2.303p r ‘.’,.SUQ-E d
R=—Tlogip-=or logip—=
2al gmq oml 210 %

2% (gum aesi ¥ )
n o d

9. fae @1 fafreas (Specifications of ICabIas]
faftear =1 @qd et T ™ ofde w9 ¥ wgem wonit w1 O % oW W oS &
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132 : drega iR =T Heon hh.
STETEET ¥ ) (Specifications of cable means, particulars required regarding the guality of naj
used material in any given project work) T w1 well-wifs fRem FT6 T8 T W i
w1 w &S A ¥ BRees w sEvasS s6F NM-NeE &1 (Giving and taking), i ‘n
(Manufacturing). 55 91 5350 9 F 591 (Preparing figure of map or drawing) amfe o g B

Ura|

10. R¥r<o3l & YT 9T A1 SRS (General Factors)

e g = o ¥ fefmemsh (Specifications) # g Wz, for W RARIEn wme o
hsdietf — '

Wu WS (Firet Factor)—SWaia® 5™ (Actual Name), S=fea A1 (Speaking name), wy 5
{Short name). 8T = (Specific name) 318

fdie wes (Second Facto)—W&W (Type), f&& (Kind), =i (Class), ¥ (Form), fim,
{Section), = (Level), % (Serial or sequence), ST (Division), ¥ (Group) 3!

JETa UE (Third Factor)—3TSR I1 IO (Size), T4 41 faa1 (Dimension), TRHATT (Magnitugy
&5w (Capacity), SR (Weight) i

=¥ WeS (Fourth Factor)—fforasl %1 1 (Name of manufacture), A e AW (Nan,
of maker), SES ¥ S F1 T (Name of the producer) 3l

=" & (Fifth Factor)—TvMI (Quality), F=1 oWl (Low quality), ¥ T (Mediy,
quality), 5% oW (High quality), 31 9 (Interior Quality), Sifgan oTa1 (Superior quality) 3uf

11. Bfee B [aRreasl & geol B fAde= (Description of Cables Specifications)

Fhw ¥ gom fTem & &3 f= snei w faar fma s 82—

(i) Sferer =1 aTeatae 19 (Actual Name of Cable)— e TH ¥ieg Hfad (c.:r.s. cable), =
7ax Wiz fa@ (TRS. cable), SeFEsE 3hegT X Ffae (V.LR. cable), FqHE Fa (Weathy
proof cable), =R *fawt (Flexible cable), WM Ffael (General cable), & e Tt (Oil filly
cable), 79 T8 FfeE (Gas pressure cable) e

(ii) e T WIET (Type of Cable)—ad i1 dieear Hfaw (L.T. cable), 3= Hwe
(H.T. cable), 38 Sreeal $fael (S.T. cable), 3ifd 354 dieedt Hfa (EH.T. cable), 3fd 518 el F
(ES.T. cable) #I

(ilii) Sfaer =T SEEAT A FAT (Voltage Grading of Cable)—318 250/440 V, 440/650 v,
65071100 V. 1.1/11 KV, 11/22 XV, 22/33 kV, 33/66 kV, 66/132 kV, 132/220 kV, 220/440 kV.

(iv) =fae =1 fagardt 9erd (Insulating Material of Cable)—3&@—7aT (Rubber), JehiRe
2fegs 797 (V.LR.), H&faa P19 (Impregnated paper), ave Hfars (Varnished c:an:bric}, Lo
tap, ST FAREE (P.V.C.), FeRSE faghA (Vulcanized bitumen), TR $FAIES ¥T€ TeHd Wig
(Paper insulated lead alloy sheathed), A% Fferi 29 (Varnished calico taped), g HielY FHHARET
F=E TUE A4 (Braided and impregnated with weather resisting compound)

(v) &ga amEaa e uerd (Conductive Core Material)—</d-aT4 1€ (Copper core)
TgEfa= 12 (Aluminium core)

(vi) & STE@Ta ST &1 AT (Number of Conductive Cores)—STH-Tehel 1€ e (Singk
core cable), B-#TE Ff&# (Twin core cable), -8 Hfae (Triple core cable), $o o Ho W
= 'rg &fa@ (Twin-core cable with E.C.C.)
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P groredt : 133
(vil) ToTE o merarr At wifere ari # T (Number of Standard Wires in Corej—
HA—1-3-7-19-37-61-91-127-169 . _ete. numbers.
(viii) =TT AT TS T /T TR AT AT (Size of Standard Wire)—
SHH—0.193-1.13-1,32-1.40-1.626-1.70-1.80-2.50-2.80-3.00-3.55. _ete. mm (diametsr)

12, Ia<es Riven B e, veumavs few & am
| (i) SreraraEt warar & e (Free form Climatic Effects)—9fama et (FfEF) 7 75, =5
_ﬁﬁﬁ,trﬁﬁ anfe =1 W = gzan 2

(i) TH-WET St TOATEAT (Less Possibility of Paulty—rmf? someh =1 13, s st 3
ﬂa;q # FoIEAl 9 @ el

(iii) Tamdte wifsmt e (No Corona Losses)—4ftrma woment, frfiz wam & e &

(iv) Io=1 ARI-T8T &aar (High Current Carrying Capacity)—TrTaft @59 =ers =0 794,
wfel B WA IS (Se) s der d 81 gafad Sfae B -aee g T et 4

(v) WET | Tl &H HEHTEAT (Less Possibility of Failure of Supply)—f&Tiraft Weit i S9a,
fimd omrett (SHfered) 9 oI e (Insulation) 58 T §1 759 2@ W7 (Supply fail) 13 1 Fo=
#A B S 7l

(vi) T GHETE (Less Accidents)—RAaR sonelt =1 a/an, gfima womelt § gz 5 €09 &1
Al 2Iel B

(vii) o FTferT BT (Less Power Losses)—frraft =iz =1 =194y, g Siael § ag0 v
gl (1% - losses) & Bt

(viii) =TT W& (No Interference)—RiNR et #1 TE, 9T Hia Hwead 9% To0E
(Communication System) H =€ &1 @il

(ix) ST AT (Less Voltage Drop)—RRINR Se 51 ian wfivm Hfaeh & e & 99
aﬁ{-ﬁm EAGl _'31 THY mﬁﬂﬁﬁﬁﬂ[?ﬁm%] HIZ T THE wH9E (Inductive reactance) =8 T
& wRo YfITd WoTel ¥ Sieeanda %9 B €l

(x) #18 Sreear =T (Better Voltage Regulation)—fiuit ===t @i 39an g wiaeh §
AN %9 T © s s R gurel it aien qivm wonet w1 dreew fawa Ay g

(xi) FT& F=TaT (City Decoration)—¥RMIt A =i T qirma S wed <@ 71 w5 78
wefl, a1 el H=tar 1 Rl dm 9% wmw €

(xii) SH WA W 3TT8IIT (Less Repairing and Maintenance)—RIqfR womel =t sman, i
WIER B TR W 8

(xiii) FH-WITeTT ShiAd (Less Operating Cost)—RRINR wuiredl i sTan qiea wone #1 W= e
390 M Bl S

13. siiaxes Raew @t 3man, swvswnss R A i

(i) TSIouT TATHIEROT | SHisTar (Difficulty in Fault Localization)—TRIqit Womelt =1 3798,
T Yomeh W M g@ e B E

(ii) 3ter Fresre § wfeTg (Difficult in Tapping)—RRIN wmemy =1 3/, sforma Hfael 9 dwa
W W feu atw frenras ST 99 | W9 (Service main) W WU wEN HiET wE €1
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P | ' gt wierT T THeOT O Py,
(1ii) &% MRV~ (High Charging Current)—friuf wmeml #i aman s Sl & 5y,
TR ¥ ¥ F g ¥ O § TR SR ) wite (Capacitance) W7 s €1 "RuTTEEy It
WorE § @afte WO (Charging current) 1 ¥ fis B € '
(iv) o & SgRAET (Inconvenience in Repairing)—fiRieR womel =t aret, AT womres; 5
e ¥ ot srgEw o R :
(v) Sz ¥ =R (Difficulty in Jointing)—RrafR sreedl ) aiten, ofirm Sfaal ¥ g T
=R w0 v b 2
(vi) TE VI Hiww (High Initial Cost)—RaRt Sromett =it a7de, M Somel H smefe,
T T Oh 8
arere 2.1 : el s wonreft war itvre S wone S gEeT sty

w e Ve fordaft yomet qfFm TR
1. SR (R) i |
2 wE (L) e w0
3. &I (C) - sfm
4, e (2) s T
3. SIEEaE (1Z) s T
6. sieea e EE T~
7. SO I A = A
8. URI-55 & EL At
9. e 3 fefa S ST
- N T (S F) et =

11, fife s - e
12, T e e ?m?\\
13. Y29 A il e ™
14, S w@ R
15. T v \arq\
16. AT 79 FH m
17. T T e m
I8, e — - m
19. T T i m
20. TiMeErT @ FH m
2, %7 e @ m
22. e fare el h
uftedd
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A

— 5. | ¥ wem Bt 8
—""EE'— aefl e {Fault;_ﬁ_\\i\_r_ Sifee

7. g =TT I e .. PR e

2. T (A ——— i

. R Tw pF) | e

31. TN (Use) m = il

GeaT & FTIR SRt &1 oy kb

5
2 {cmsslﬂmt'““ of Cables According to the Construction)

Dwali Cabi,
Solid Cables I
(1 to 66 kV) Prassure Cables
(66 to 440 kv)

general Cable Belted Cable Screended Cable - (j Type 2

Gas T
upto 1kV) (1toB6kV) (2210 lsa kV) ~Cable i, ot
S.L. Type Cable HS.L
_Type Cable yp .S.L. Type Cable
2 TFEE kV) (66 kV) (66 kV)
Intemal Pressure Cable Extermnal Pressure Cable
(66 kV to 132 kV) {Eﬁ_kh’ to 132 RV}
Conductor Channel Sheats Channel Space Channel
Cable (132 kV) Filter Cable (132 kV)  Cables (132 kV)
Intaraazln to 440 kV) Cable (220 to 440 kV)
| Impregnated Pressure
High Pressure Gas Gas C;;Eim }Cﬂbf“ pc:.ahla (220 kV)
Filled Cable (220 KV) (
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nmnmum+mmtmlmnmﬂtﬂmmﬂhmm
2 (Tiowed) T % wEn R ¥ W2 W Insulation ¥ Trew @ 0 & 33F FE (Multices,
s A o 22 9w T feeme geen s wem W P G 9 o vE TR e .,
'&nﬁra:urhﬁ#ﬁuﬂﬁ'ﬂm Tz, Fwerm, wrelifrre seore s St T Hfew w9 gy

Insulation

2. High Voltage Cable—32 ¥ 6.6 kV 7% € 5w #1 6.6 kv & a9 wrerhar Aa® wpm
= vard § 9K % @ R SR (Electrostatic Stresses) F Wrw @ £ ke 78 Ao WApp
== oftmm ¥ 3R O o fedl Rl Tie @ savawa o @ R

e W

wafam
PR T

ferm-2.40 |

3. Super Tension Cable—11000 Volt § SR deea @ wWidyd Shae 7 9l 8, f5a wm |
m@imwﬁm:mmtmﬁmmzﬂmmm&qnan{E]ﬁcmsmucStmss)m
SrEEsl W WET ¥Y | 7 0 Sfew § foge Ouq w1 gew sifus 5g sl

4. e TEER—T7 FaEd & TIGN 22 kV a% 6 W §1 G Faa @ 99 241 H fRamw
£1 8w § wr oiEw 76 € TdE Teee Qi ¥ Ivan § SR UF 3R @ g Tedl 1 @ @
= TF T 99 7 {1 S e | (99 9z aife) | W e €1 Fee i T/ aw e F A iw

T W wiE 919 S few o € wiE vig f Sew = afas v aw €1 o = i W e wm
I ¥ we 5= fem T

Paper Fell
Insulation

Conductor

Outer sheath
ferm-2.41
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(i) I ST
(i L. YT A
() H UoTt w0 ST 3 el # Wi vw Ao off s dorase g wnet o

g o &1 OF W TR K A o farm o §, S smelte 90 on oo o= & mies e

LT BT & 0 TRCIE B o A Hie o Fafen T ma ek g @ o sl @ e
' ﬁgmmhilﬂmﬂ?ﬂﬁﬂﬂWaGm#lm#r?ﬁWh sdfee site ameft o

laddt

(i) S-L FaeE—S-L (3 @iz) Fael ¥ worm wr w1 wifen s & e g few ww d
& werE ) R U 3760 =F B A G w1 wE wmn ety we i g wE e i maf

M @7 TR FCF WA T F g B s e anifen @ w o e =

SL ¥=R ¥Had & fafa= ee—

. ;ﬂﬂﬁmmﬂﬂﬁﬂlﬁmm!ﬁﬂﬁmﬁﬁﬂﬂmﬂﬁm%mﬁm
|

o UIE HR T TS WM e ) TH @929 F Ager E

o T T el ¥ e &

6. AT THAA—66 kV ﬁaﬁmﬁ@ﬂ#lﬁqmﬁammﬁntﬁmmi;ﬁmﬁ

AR wems (ar W Ge) FgaE | giE w0 I8 15 S m{ﬂﬂﬁﬁmﬂmﬂ%iﬁ

W % WYR Saeq & ®Y H 9 99 81 A S SR § i =
(i) 96 | 9O e
(i) & 9 Fae
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e | e s ST 0T TR Py

(i) et ST gR FaT— Fw N ey st B iR A B Y w2 w=en s 1 T=E A ey
sl § oRefoe fen s €1 S = 6 ¥ R R o € ol Fae & wnl ¥ 9 39T gl g
@ T I N A S W Srea Hew ¥ Tue S v 9 f

Qil Channels Lead Sheath

Paper Insulation Oil ducts

Conductor Conduclor

Grooved Sheath
fer=-2.44 - 5 BT B2 e

ﬂﬁmmmﬁiinmlaﬁﬁnﬁﬂﬁﬂm%aﬂiwﬁnﬁqaﬁmﬁtﬁﬁﬁmﬁm
#1 Vaids & I9@ ¥ FROT Insulation 3 Zieal g1 Tea U qreha @ga oI o Sl €1 ¥ Fawi g
FTqifEn aees 66 kV H 230 kV WF Bl €

(i) et YYR Faee—37 Fae H 359 90 W TReE S uw g 18 % S9an SEd ¥ T
T ¥ o fFa s €1 T 1 SAE T 12§ 15 armves #1 36 e % 0% 999 S99 & Fy
MulaﬁanﬂRadiﬂﬁ!ﬂﬁﬂT%ﬁiﬁfﬂmaﬂ'{ mﬁﬁﬂmaﬁmmﬁl

Paper Insulation

fers-2.44 : Gas Pressure Cable

faeor womeRt # &1 (Loss in Distribution System)

faat (Distributor)—3% =rel® faas! we ¥ dgd vie =1 9us ¥ w9 19 90E @
;ﬂﬁﬂ w1l €, Distributor (f@%%) e 1 Distributor voltage drop & #8R W fe=gd & wm
1
Voltage ¥ €N T distribution & ¥R & Eral 2—
(i) Wafae fEaTo (Primary distribution)
(i1) fadra= faato (Secondary distribution)
mefis faeel (Primary distribution) ®&d 33 /11 kV B € 5af® Secondary distribution F3
11/0.4 kV e €I
faea faaeo1 # Primary distribution ¥ @®T Secondary distribution @ ®1f1 Feeder ¥ Heat Loss
(I2R1) 991 Voltage drop JR % THR W Bl € 91 F T Teheilen! 3 R-aa=rant W el 2
: 1, AaATaT g1 (Technical Loss)—aa1a! 811 TEaell § S & &9, IYHL0T, Zrafbem o,
TIETIT Ud AT @A, fame e SR ZREni § g THaE F wRor et €1 aede g
- FER # A E—
(i) = @ (Permanent Loss)—3 ¥1f4 foam w9 91 5 FAUR TH wEerar €, Permanent Loss
Sl ¢l 4€ T Haw o, @ i ek @ afdn w6 H o o f
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faﬁ.tll'fﬂ. omrelt . : 139
(if) aveerrdt BT (Temporary Loss)—7 317 faafta =1 78 fa=reft &1 a0 % =01 791 793 5
e B €1 € B 2RT e 7
2. I aElE w—R -7 JFan o afnfors Fam F =9 § 4 w W f, sl
m_w%,m%,m%,@@ﬁwﬁﬁméummﬁ
ﬁgmﬁammmmﬁmﬁa#ﬁaﬁﬂmaﬁmmﬁ#WMmmtm
- ared B ST F A A Ul A A wE

6. e &Y T TRI&IT (Cable Fault and Testing)

4. wera=1 (Introduction)

dega e 1 S0 R e sfea Sfae & g fea s ) g St o de §
79 @ (Advantagﬂs}%Hﬁmmisadvanmgﬁ}ﬁglmmﬁ%ﬁﬁﬁﬁw‘mﬁm
#7 g1t @ (Low maintenance cost), $7H YemH ! GrOEa %9 2l € (Less chances of fault), 395
ng‘ﬁr%@owvolmgedmp] Hﬁﬁtﬁﬁﬂiﬁﬁﬁﬂﬁﬁﬂﬁﬁ‘ﬁﬂgﬁﬁ%ﬁﬁﬁﬁ
Wﬁﬂﬁﬁﬁ@#ﬁﬁﬂﬂﬁ%ﬁ?@ﬁmmﬁmmmﬂ}ﬂﬁﬁﬁﬁm
pault 31 S € T W @A H Tl e wwen &)

| =g 1 ¥ B9 Hfacl § B9 917 WS | 39 faft witeei S Segg S0l

2 Ffaer | e & WP (Types of Cable Fault)
fareor Tafa 7 Sfacl =t s 4 diY s1gen fafrs ¥R F 939 (Ducts) & @@ s 21
78 FRO1 & % 378 WS (Faults) €14 &1 979 % T %219 & € o o84 9= (Line conductor) 3
B % RO 98 WAl 1 TS A B 2
ATATI; Shfeell H oI YR & YS9 (Faults) 30 §—
(i) Een 99 Wer9 (Open Circuit Fault)
(ii) €% 99 ¥&9 (Short Circuit Fault)
(iii) §-¥<r9 (Earth Fault)
(i) T 99 WarH (Open Circuit Fault)—Hfel &1 =es = S8l § 22 (Break) a1 € 1 38 &9
gel 99 W& (Open circuit fault) Fed ¥ 3W WEIY F 79 TR (Meeger) BT TN T 81 9% ol
™ FHfaw & oL R (Far end) % Wit 1@ (Cores) F1 398 ¥ short FX 3951 §-FHi%a (Earthed)

1 Faulty Point
Tesling Ends I Far Ends
T+ .
_____________ R T
Megger
%ﬂ L
(=1
Handle E Healthy Cables

T s Lt oo T

Ty

fars-2.46 : Testing of Open Circuit Fault
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140 i e : g wifeRT =T HEROT G fo;
T 20 1 T 918 WR (Megger) % BRI '@ﬂi‘lﬁﬂ?%ﬁﬂaﬂﬂﬂﬁlﬂﬂmﬂ?ﬁﬁl‘ﬂﬁﬁrﬁm@qﬁi
Gl Megger ﬁ'ﬂﬁ Jfed (indicate) T # ol W e o= T € A Megger ¥ 37 (Infinite) Hhay
(Indicate) T B :

(i) ¥ T WEXT (Short Circuit Faul))—fe & fafir= <1 (Cores) B &1 5 F 370 dapy
A5 (Insulation) T8 T N fFw FWEw ¥ a1 § T ) #IS (Cores) Tk § 31 910 ¥ M vy,
Tl wg wE1 R Yated o e € R S 1 amE (Temperature) S@al ST ﬂ'ﬂﬂ'i?.gzﬂ
de@ Ju W W @ T TR cable ¥ WY (Fault) T W € f¥ w9 w9 3 (Short circuit fauly)
Fed Tl ;

Faulty point

Testing cable

Ty / ‘
e o o e T

R e 0T,
fam-—2.47

TE I Wt Megger % &1 € wiamr fiFar S &1 3R F I terminals f72 &1 %1 ¥ connegy

& &9 €1 9 TR Y= UrEEiT ¢ 11 % 94 S cores ¥ short circuit fault 21

(ili) - (Earth Fault)— Sfaer & e yeft & wesh % o7 ol € A1 0 € -3y o
e B

T

Hfad e fag
iterm f Cable  (Faulty Point)  IT F
Testing End Jr l Far End
I + s e - To

T Megger N _'_'_'_':_'_“:;.'E __________ N &
Handle l
4 L
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AT g

ggﬂﬂfﬁa?ﬁtcnmnﬂlﬂ%ﬁmﬁa?ﬂtcmnﬂmgﬂaﬁﬂﬁﬁéﬁglﬂﬁﬁmaﬁ
quq'éﬁlﬂﬁﬁﬁmﬁﬁ%m@ﬁmwmnducmrmmﬂm%l

i 1 gE 9T | YT UIgdiT A AR Te, 1-Haummmzﬁélm1~maﬁfmﬁ
ﬁwﬂ@ﬁmﬁmm%ﬁmﬂﬁqﬁmwﬁﬁgm(mﬁﬁﬁfﬂ?ﬁﬁ

it
3_{A}@ﬁﬁmmﬂﬁﬁ$mqﬂm

(Loop Tests for Location of Faults in Underground Cables)

qu = (T wem) 5% 2 2, fwd win g s F fau w2 e ey SHae Fggr il =
frey WIS (Low resistance) 31 F3t Z10 UNifaq idiq @uiaa %1, ¥&19 %1 TIHIH01 Ha1 S ¢

st < wa fafial € S fe §—

(i) Murray Loop Test (ii) Varley Loop Test

Notes : 1

1. T[T ST B 1 THR ¥ Sl (Y-NEr U Tqued W6e) F S B S g 8

2. Ig THe = BH e % faam w w1 w1 g

3. 78 T H o0 G9R FH & o w2 e ¥ afafen v = SiEaa 51 oavasa 2t 2

4, 79 9O $I THel IS Irell HiEd (Single core cable) F H9 @] & S =1 Tanl

(i) ¥ T S (Murray Loop Test)

Y o[ W&V HAUSS-E Hiad & TG 991 -S4 F S =1 TAHH0 HH F1 =49 30w
common & TeH (Accurate) fafyr &1 S 79 1le i wdwam g¥ = foes S 3 wivaiee e
a1, aferd S5 % T W TW Murray Loop Test F&d €|

T 3% ¥ ZR1 e 9 wEr F 3 o e e @ 2—

1. Y-WEr =TI (Earth Fault Localization)

2. ©9 99 WS T (Short Circnit Fault Localization)

1. Y-Weid TATHIHUT (Earth Fault Localization)—Figure ® -3E19 % @S & g §1 o4
e & TAE @1 feamn T 21 a9 0 AB e Hfaa 7m CD Wer A €1 S Hfae (AB and
CD) % ¥ fodi B 9 D =i us fa afadiy =1 aifegss 21 (Meallic link of low resistance) § qeifad
(Looped) =¥ fe=m =mar 21 €1 yftad=ig 9l (Variable resistance) =i Hiael & 9 A 9 C 9 =g fgar
W %, S Wheatstone bridge (W.S.B.) % &[er % folq SH™ITE %% feammies G # =1 fag s
i = )

LiE

R= 3= (Q) wrs § 7 fit 4 o 9% & e W wiaag

X = 3= () 99 § o9 ¥ 99 gU 9o &1 A

S P.Q,R ¥R X = fast #t = yensl F @ o €

o it wger foafa & o= e § T fadn =i fafy —

P
Q
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P+Q _R+X
Q X
aft vaw Fae o gy r 8 @
R+X=r+r=2r
P+Q 2r
Q X
x=—2 xo
P+0
)
P+Q

ofe ST Hiae F 956 [ metre € O Siad & i el ww=ng = wfroy
= =hfae =1 @ Sy ()
“Hfae F HA T=E ()

Now Tier fal (Test end) | Werdt fawg (Fault point) e i Ta
_ e fat | s fag @ @ wiiy

d=
Hfad & Wfd Hiet wit T=E W A

Tz fat
{Far End)

ey fat =Ty wiae

(Test End) {Healthy Cable)
/r"‘

fr= wfirdig =i
— aifiee wE

{Metalic Link of
Low Resistance)
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. (Short Circyj; g sn
ﬁﬂawﬁw%ﬁqmﬁ 2ult Localization)—fs & 5¢ wrr whisor 3 zm
Lmﬂg%ﬁsﬂﬁﬁ?ﬂmmmw_%f‘ﬁm 9t T g-5E =i #WFE
s @ jwd A p g p kS ¥ T YT F9faa Hfaer (Short Circuit Cable)

™ d :
:ﬁﬂimﬂﬁﬂﬁm%mm%i BRSBTS piphg
foret 1 e i Reafy i PR
. §
PLI_R
bl =R
Q+ x“
P+0 _ R¥X:
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hee ' W’Flﬂl‘ﬂmﬂ-m -
‘t*(—Q—]{Rm} N
+Q
T O < S
X :‘J{p.p.Q) { R+X<, 2
o wawe R | v o T W @ }
Qz‘rﬁ&m it A wAreh fag o = whRy
sfaw & ofd fe =it o= F "Ry
deX-
rii
1 | [
T & X'-Tzr Q
i [}':-‘:E]i
X ST AF @ W
a=21[ 0 )
P+0Q

d =791 ETs x —-Q—J
P+Q
=S SFR P, Q and | <1 91 T4 X fault 1 TAFETO A S Tl 2

Hifara S<12{0T (Solved Examples)
fi i 1 4 Hﬁﬁﬂmﬁﬁﬁq—{ i
Examp1¢1-tz$5mmm1.ﬁai’{amﬁﬁmﬁEMm 43
o I e Y O G0E § gfua Siae # GHH @A a9 ST - AP H, TH Hag
E‘:'FW"??1?'-[{mp}mmﬁlﬁﬂﬁﬁqmﬁwmﬁ@ﬂﬁﬂﬁﬂﬂﬁqmiﬂT:F.miqﬁ,}
E’T.ﬁ?ﬁaﬁa%nﬁmﬁ%ﬁﬁﬂaﬁ@mmﬁﬁ;ﬂ|
——

o 1
Pl _
0

’ &s Ffae 51 Fa a=E [=500m
| mmmnﬁwma%:mwm

.+ gheq i § < fag # gl

- Q |g
d=f2f}x(P+QJ

1
=2x500x~
d=2x T

d=250m

el ._.-m_m
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Example 2. 9 T 510 f&dt w0 2 wfigm % v 1000 m 720 290l Hiee, o whae
?ﬁﬂ»"km?'ﬁmﬁw AR AT T2 4T F 7E 2 FaA F g 1y £ A vhem
mﬂz‘tw(%ﬁmﬁmﬁﬁuﬁm | % o | WAt #, 5 S F e 70 e 5t g

Zrqqol T4 @ R g T w0
FA—AT T & A YR aaa shAg pa g 2, &
Zad
-
1=1000m
Ffaet =1 wfa et 3wy
=1.75Ckm
_Ej..mm
1000
£
o 1
it -
Q
g _1
or P+Q -
s e fat & wom fag 7% F gl
Q -
I= :
[me-:-Q.q
-d=2¥tlm:lx'l
5
=2_x_2'l]]
d=400 m
(ii) @16t €U S¥ (Varley Loop Test)

| e §d TR A sveumere Faw F4-we a9 aeuas Ye w1 =Em e # 9w
= i ==l fae % fagrm W oanafe 1 9 39 T W wEwen o e 0w a9 J

yhwifea e o, safed 38 9t oY Wew & " ¥ 9= S el

1. Y-WE TATAHTOT ( Earth Fault Localization)—38 W& ¥ 39Hg §od, P 51T O U o
wirdis € 1 e ¥ aer %t fefa 3 o o vitad|t sfie 5 = geeEtee e e €, S wen
Fae1 & ThemT fat @ <=1 g R
R = @ Sfad & wiaw fat | wont fag o &1 3w Q) ¥ whmy
X = e Hfae & vy fat @ wenit fag @ = s Q) § s
§ = fas wger & faw Q ¥ variable resistance (@G W)
B = 90l =1 Slodle WA
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I 146 g TR ST TSN U iy,
'_ TW K, T K, FE { @ R v § it g € 96 K B S (Two g,
key) 7% K, TFO-T0 F= (Single way key) £
5 gE 3w & e W 4w A of O S (e 3 o ) *WW{F”;*“E‘“]*T%
= v ¥ wfes 28 | T (Looped) 3 famn s &1 forwt 3w & 7R e
= T = TeaEs 91T Aoy ol 9 oae @ f

yaw feafe (First Condition)—= fEamfl $91 (K,) T =S (1) § Fwfeha a0 s %, @ " 5
L\ Ten il & o oRedm Ty 5 =1 ueEis §) €, 6@ <een faw % faar |
! —P+1= R
: o XA +5
P+ R+X +5
o X +5)
x+_5‘,=Q(R+X +51)
P+
x = QR +X) - PS,
k3 _ P+Q
' " fgda feafa (Second Condition)—@ fgarfl Fsil &1 =g 2 § 9wfda fem i &, A o s
| E.,mﬂihﬁ#mqﬁaﬁﬂﬁiﬁﬂmmmmsﬁaamm%mﬁ 4
| o P_R+X
e : 0 5 |
: O(R+X)= PS> A2 4

+1

A1)

eyl ST ST T
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148 e Gt mmmﬂmwm

= Ty wdee ¥ IR ST A S va W s amm v 0 T § e g,
v # e v van W {520 W A wRee y-vften % e ug et s e g
W T 3= W%W'E!

Example 3. §-¥ar & &0 &1 & wa &m Wqﬂwﬁsmunmﬂﬁﬁﬁﬂ“ﬁﬁ*ﬁﬂmﬁ
s s e W e S F T Tl R i §) e 3 ot ) qeneh ST gy
200 7w S0 §1 T wgew el W, WY w o, sh%:ﬁa%wmﬂﬁﬂﬂﬁwﬂfﬂﬂém
15000 7= 25000 B, W Tem fat | W fag W @ ww Ff

To—TaE Fae # wEn [=500m

=200, 5 =1500Q
0 =809, 52 = 2500Q
W FE o,
>r=R+X)=Ls,
Q
2 =205 2500
80
2r =1 x 2500
4
222500 2500,
4 8
e S & Tase fat § wE firﬁ % W g,
_PS -5 4
(P+0).R
_20(2500-1500) 500
(20480)  2500/8
=1000x L x 8
575
L d=320m T
.\\I
(8) foregm yftnma Sfeer woneh wfga & Iumal & o
/ (For Large Undertaking having Extensive Underground Cable System)

1. 7=3 Feeal fez g/ qhem =94 (h.v.d.c. testing set)
2. T=9 d/ezal FFA a1 A7 (h.v. slide wire bridge)
5 3, We™ Ud Hfta A9 (Inductance and capacitance bridge)
B f s 4, ToeZlA% SeM a9 aHE Hfed JT01 T A== (Induction test set having electronic
Fleth i oscillator and amplifier)
5. 1000 =Te2 @men &6 S (1000 V hand generator)
- 6. 1000 =Te2 = A9 WR (1000 V bridge megger)
7. 9% 0E aren fepam g (Multi-range D.C. ammeter)
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|
8. @R v aren By arn st el fArImrd (Muli-range D.C. high resistance rype vnitmeter "-.H
rc]ct..[ﬂﬁlc'lllt voltmeter)
9, ar Fra=F 9T (Current controller rhenstar)
10. T3 GO T=39 (Radar test set)
11, TR F&9 W2 e fafy a@men 7q==a (Resonance type fault burning method set)

12. Henfesr fergst wfierer 7m0 (Capacitor discharge test set)

e & fore 3usT (Apparatus for Testing)

e T % Tla ¥ fre s T fe T E—

1Y Ua TEAY WOTY 3 UL o feT (For small and medium size equipments)—

1. 1000 volt =Tell &g ¥ (1000 V; Bridge meggar) »

z.aiwqﬁm%ﬁﬁmmﬁwm,ﬁﬁﬁﬂﬂﬁﬂwﬁ“mmm
(Galvanometer of low resistance)

3, |-AEHI%TE & TYT T HeEifia (Standard capacitor)

4. =g T0W =ren fTpam e (d.c. ammeter)

5. =g YA aten frpam whda w& fawEErd (d.c. voltmeter)

6. 91 f99=1% (Rheostat)

7. uftEea == @ %S (Change over key)

8. 12 dive 1 =21 (Storage battery)

9. 120 diee =i == €= =1 (High tension battery)

10. I=9 dieea 4T Hehas o1 Heild @8 (Phasing rod)

e &y B T o9 @ Al
(Method of Presenting the Size of a Cable)

WG Fiae F WEE ® o9a w0 %1 = 9w wga fafra §—

(i) AFE 9’ 7= & (S.W.G. Method)

(i) =4 fai9 (Diameter Method)

(iii) I F1 &7 faf¥ (Cross sectional Area Method)

(i) WT¥eR @K 31 T8 (Standard Wire Gauge Method) (S.W.G. Method)—3% &9 | &= (Core)
3 dfed Al (Standard wires) Fl T S AW 9 ° [TEs 991 3790 FH 0F 97 F =8 F1 SSW.G
= F T F T Y a6 W @ e S.W.G. B Fam = T, '

S.W.G. Size = N ORI S WG (sin H)
S.W.G. No. ¥ f&Hl U= a1 =1 =519

Example. é S5.W.G. Diameter ET 3 . X S.W.G. Diameter

6 20 17 4
(ii) =" fafir (Diameter Method)—fae % 999 =1 =79 w33 =1 35 fafy & wrg & afea o

F1 H& (Number of standard wires of core) Tl 3 g § oy, =0 5l o R F =\ &
fireiiiex # ¥ % ®9 1 foraes wefim fear o 21

i = fafa Ffaa F size,

1
1
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150 e T T iy,
e _afem 9 =1 den
faefidiet ¥ fssdt v T = =
Example. -, L -1 T {sraf W mm ¥ §)

4.88 589 439 149

(i) sryweer = 8= R (Cross-sectional Area Method)—firet 3 T 1 59 F1 3 o
fafy & WiT ¥ ool ST F %S F s wE (mm?) ¥ Ao T T R R fy,

i &

g
e o5 = el UF FiE TOE T TTRG-FE F Ahd
Example. 1297, 1868 935 sq mm

TEEl -

I.R+X=|:ﬂf+21}=2r ~

1 I‘I

For Murray Loop Test

[ ]

o

i

7
..
v e
+ (KD
]
|

6. h= .4 X [’ For Varley Loop Test

R P (1
s Sl}[P+QJ(rJ 3

Example—0a 500 m T 1.6 Wieie arefl Shiaet 0T §-Were ®rietor & forg g urer wiem
T 2fUa A ol AT s 79T Y I SAET st gt s § SIS UTeT S=ra SITar g1t
oI T CEGOT ST St &1 GArsil ot 3guTa 3 : 1 3 STard § Bt af Shaer & wheor R A dww
oftae Sitam)

ga—fea ¢ f& 90 =1 Fa =8 =500 m

wfa Hex A r=16 o/m
11000

Ffaw =1 Fa sfaty, r = Sfrfiex sy « T
D x 500 = 0.80

Wi qESl W FE A L =

£.2
g 1

Scanned with CamScanner



e

15%
parer TN
| P .
a1, E;"”“l #1
P+ @i 8
“E___l-'fwﬂ' 4
wy Q)
qﬂwﬁﬁmﬁ%ﬂﬂyﬂ E{_ﬂ{F+QJ
=2%500% L
2 £ 11
=250 m mm
Exampte-ﬁifcmmﬁﬂ.ﬁz5mmnﬁﬂﬂawﬁuaﬁﬁmﬂtﬁw“:;mmt,
ﬂJ,mﬁﬁaﬂﬁﬁw%ﬁﬁ%mﬂ-ﬂﬁ?%mﬁaﬂwmﬂqﬁam“ for 3 g
33 — ﬁﬂﬁﬁﬂﬂmﬁn‘ﬁﬂﬁﬁﬁ'ﬂ'ﬁﬁﬁﬂﬁmﬂS 13 3 farer & T

A mﬂﬁ%m; 2Km= 2x103m
wfa e L -
W%ﬂ-‘aﬁfﬂ wfig O mmmm

h

1 7fa e wfrd 3.3
&y ew FHEa Hh mmﬂ;m
ﬁwwﬁmﬁaﬂ@m@mg ?
P 323 Lot N
ﬂﬂfﬁa'-iﬂl-—l-q_]’ 0 1
g 1
4

+
ot 1 F WaH (R+x) = (ﬂ _fo
h
0° +

=(—5-x2x], 3.5 x2x103J
1000 1000

. qdaor faX | we fag wfeie
.E'=|:R+X}{--Q—]
P+Q

=[2xl=3§l
4

e R & wend fag W
Xh _3x1000 _ 3790 m b

h=—=—7———

no, 23 |

#
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1. Wi, fefice @ ofiw % ¥ s = Fifsm

2. %gﬂfﬁamaﬁﬁﬁqmﬁﬁfmmﬂaﬁﬁmaﬂmﬁmﬁﬂmﬁwﬁmﬁmmt
"I:WT I.?

3. T o9 g1 Ve SR A q@ woreh & wne @ @ b w1 Ao wi)

4. fefgepm & fow wgw eaa fawm =it s i firew & @y <t

5. fefigerem famm =1 S0 (Classification) =ifs)

6. So9 5T TS ¥ Y =9 9NE 2

7. Fefafes W 98w ¥ feopofi fefed—
(i) 9= T EWSE HYE WEET S74ig Hiet
(ii) =1 7T 37eiq WiEH AW (Service mains)
(iii) 9 o=l

8. Sgu viE fawn 1 R wonfedl @1 i S FE-d wonel st s e g
€7 9@ =42

9. < @R 5 @ D.C. Distribution Cable AB S & 1800 m @&t & fag A ¥ 400 m, 1000 m Ag
1600 m &t g W HH: Eﬂamp.lﬂﬂampﬁmljﬂimpﬁiﬁﬁgﬁﬁﬁ@mm%mm
Eﬁﬂﬁﬁﬂﬂﬂﬁmtﬂaﬁlmmﬁﬁmﬁm‘aﬁmWﬂﬁﬂ T FreEd 400 volt
|
(STR—388 V,373 V, 364 V)

10. TF fER 500 m @A fuRT e faaes et woR ¥ wite e T 8 —

A C D E F G B
1ﬂﬂm. 100 m 75 m 1 50m 75m 100 m

In=lac

25A asA 3;& 50A EEI'A Y
fam-2.53
ofz wme =1 fafere gAY 17 uQ-cm %, @ TR 1 FPRY FR &FFa fFan e =ifew, s&fs
aTeeadd 15 volt ¥ &b T 2
(TT—1.4 cm?)

11. U= fEuws few-am o1 faaies AR 1 A 791 B &0 T HA9: 255 a9 250 diee W FHafn
feFam e € =R foe fom & sran wifta fean < € 9fg o & feg ) sfadig wfa e 91, @A
91 B 0l W wem 9w a4 € vd D fagal W deed @ F1)

(FE—V =25132 volt, Vp =247 .12 volt)
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fraTot yoTTeft
12.

13.

14.

15.

16.

UH 600 m T - fgam s A AB R sz T fag A T4 S an Gz pw
430 Aree ) fe@ wem ) A6 21 faarE O dgE 9 F o G e i A

A 9 150 e = 0 9@ fag € W A W 100 amp

C & 150 #zx = gt =@ firg D 9T FEA W1 200 amp

D # 50 TeT = gt @@ fag £ W 2d W7 250 amp

E ¥ 100 H=x # g0 are fag F T 399 W7 300 amp
=fe o 5 T @ wfig 0010100 m B T e F o 5 A 9w B g w=w o A
W IR famg 9T dieEa Fm@ Wil
(TET—437.5 A, 337.5 A, 137.5 A, 1125 A, 4125 A, 426875 V, 41675 V, 415375 V.
416.622 V)
o fir, fae—wm, 3 faates 450 et s € fwd 4w on fe vR & ot Pt E—
tex o 9o fag A €4, 100 300 450
Ao H wor fag ¥ W), 120 140 150
I Weie =TeTR HT FTTE HE AAFA 3.4 T W 991 AAF GG F AGITHG 17 pQ-om
ﬁmmﬁﬁmﬁmwﬁﬁﬁﬁmﬁﬂmﬁmﬂ,mmﬁ@mﬂﬁmﬁuv
21
(SHT—245.9 V, 240.1 V, 238 V) _
wsnuﬁnaﬁtmm—ﬂmaﬂaﬁmwaﬁﬁﬂmﬁmﬁﬁmwﬁ_

Aﬁlﬂnq‘}a@ﬁﬁﬁcq'{ﬂﬁﬁﬂm

A ¥ 300 Ho T T fag D W WK 50 YW

A & 450 Ho T T farg E W WR 30 TR

A & 550 o Tt T fag F T R 40 TEm

A & 700 o Tt @ fag G W ¥R 70 YfTm
forarer =7 fiow farmg A W 256 diee a@n forg B W 250 Siee Fi fagd wem 71 7 § iz swimm =
=R Siee 240 V # § 96 1 ST FIE AAG W4 HU, F=H GG T FRRITHG 1700
cm%l !
(IT—0.666 =1 )

TF THAR AR, fre-am o faae 100 m S #1 $9 W 4A/m F1 UF 9F SR (Load) #)
W AR 90 1 Qkm B a3 A & SF (90 8 U @ 9 w1 dees e #1 E a A
fomw o sifusnay Sieearara i T Hifea)

(FTT—10 volis)

TH 500 m @ freuw g faas % feg A W 400 V s T 1 38 W deE AR
frerEr F— : '

Hieg # wovr farg A | @ 100 200 400

ufeRR § dga uma " 50 100 150

Yoo AT W WedE 1 Q/km ¥ Yo 9gd WR fag W Sieea e

(3TX—374 V, 358 V, 366 V 71 I, =130 A)
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184 | A i W HIO W Ry,
17. & wom ue fee R R ww B A W 400 v u) A o md & RS A A gy
Tt on e TER T

g addm @ 170 370 670

v s o WY 016/1000 WX € worw wr-firg W S frafera

18, Sure wer feow = ek e v wonferi & amifers sl o woest gern i)

19, T=e FT ¥ 3w, 7 FiE S F TN W seow wi

20, fogn v weon & fed AR s sl womeht ¥ il we S 1 fdee Ffw)

21. whre ¥ieE w1 SEAE faa WeEEal

22, wfrs Few ¥ ug o 5w R wew few s @7

23, g Hew ¥ fon R wR-w @ {2 3% sipEm 4 of G

24, &= T woniedl =t fEen tg o W T fafird el wifew

25, %E ¥ VOO ¥ =90 o 91 S w1 Ieea Hif

2. Sfee & fogoie " T0 0 F fou sivw wifim it

27. Sfe = ot § 9 fagaies f5e YR ufiEhiE 2 82

28. T Frz Haw ¥ fogades sy ¥ fad widhe & fafne sfwe, s a9 F9 H S F 5y
T sies IE Sia ' _

5,ﬁ:ﬁa?ﬁm%ﬂnﬁﬁ%mﬁm,%ﬁamﬁaﬁmﬁw?ﬁﬂﬁ(ﬁum
s T

30. Fas F fafis S S S SARW Y T G a0 T fRE FER HN?

31. §fivm Hfaw § ¥Em ¥ 944 & fou, g€ o wien F1 quiE il

32, wfe =E ¥ TerEE @ fed Siaw w1 oEE W g-3 F1 we Rl 9w w9 F fa, 5l g

T fafe = 3 Fifew 7 9 oy 2= fafy @ few TR fi 87

. Ffaw 3 yam e wm e fagedd gedl & @@ 7o €2

, F=fafis gfom Sfae 3 wigw =1 @y fo9 9feq 9 Fifee—

(i) F% wrm e

(i) = T T

35, Sfaw & vA9 %1 Hea w04 &1 &5l #1 G989 7 9o Fifeg)

|
Prw F g W 40 150 200 |
|

1. Ffaw & wdga = wfahesa 94 F0, foaa e w1 e 1.5 om € a9 S & e 4,5 3 2
2235 Hier o Ffae @ wfadw 238 Fm s fear @ €

(IFT—304 2 10'2 -4z )
2, @ qfema Faen 7, ot =ew 9y 030 a4 060 S FgaiyE w3 MO a9 6 MO

i
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FAEET €, WTOR SrE s #) () Sf, i) oed o o5 ofrem s T S st o
wifsnm)

(FF—(i) 09Q 771 2 MQY , (ii) 020 777 9 M(2) _
U UFH BT Hfie, e @ 3 km, W B oS 12.5 mm, B a2 10 mm T

' fergeraes w1 faferez sfirtig 5% 10120-m #, %1 P s 3@ Siraw)

(FTT—156 MQ2)

, @ e (20 km) o= Ffaet ¥ g-5Em w79, Y T A T e F et

T W B —
P=10Q, Q=90Q, 5=25K0, $H=45KQ
@ wiew fR | wem farg a% w1 gf 7 e
(S¥9{—16 km)
T¢I B G-NEr & Geor F U 1000 Hex wen Swgel e, frmwr sy 175 km €, T

3 R e i ST e A ¥ g de S & T T 1 A e g e

Q1 gord Bger F 10 4 79 | F orum § wafw €, 9 Sfae F v 7 e 5 3 S
T T F g T Fifem) .
(FET—400 m)

, EI 9TE 9OE BRI, TE9Y Werd 9| $3d 999, Hﬂmhﬁsﬁﬁnﬁm@awmm—

P =5000Q, 0 =10000, §1=1500, Sz =2400
7ft g T 3t FHfaw wey € S 3T e feame aREm 8 0, a“mﬁmmﬁnﬂﬂaﬁ

fegfa 3 =ifs
(3FT—375 km)
500 Wit TR W1 TH 10Q /1000 Hex wfaiig S ¥emt hiad w1 UE 59 99E TEn 91

' 2.25Q /100 X 4fig arel UF =6 Ffaa & |99 {-Wen + o §E 919 Tam § gwfaa

S B 1 Tge el T gl e #1979 Q1 geei 1 SO 27.5 A9 1 3, 9 wfae F wiam
fa | wE fag % #1 gt 9@ g -
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férga 3u@

(Electrical Sub-Stations)

1.1. 9REA (Introduction)

waa § aga e woTel fER ALC. SgE vl s B ¥ ofi famw fRn S R, faeg
ST T IR ol S ¢ S SR S W SR T ST U Sk a9 Teadl §l 1 Sy
F TF TOF 92 Tead & e A SR fAew w5 e § wF e W faee et 9% aieee oy
STEvaE § FHal 81 TS el ¥ Voltage i wigert & fau D.C., Siaad P.F., Seroi Wy
sfe Fi sTaen 1 WW €1 Sgd WiE S S F fu Svge s S gEwni, 1, R, s
51, U, Insulator 31fE &1 W& fFan s €1

&% (Sub-Stations)—Fo fa¥wmel Fit sger ¥ faw 39 (Voltage A.C. to D.C., Frequency
P.F. k) =1 59 97t T0fie (s 9Se 91 &, 39 S99 g = 6

T3 Sgd Ve F1 UF Tegul e € S w1 aes dun e ° 99 Wl 81 9 30
T+ 390 @M W =991 441 T9ifeu)

TS F W@ 0 F o0 F9 wewmy fag #-

(i) SUF= H T 30 TM W el wfEwm w5 s € i Supply F gfe ¥ wnfiw e am
=Mfet! (According to Center of gravity of Load Demand)

(i) S9F5 Uea SR favaeg e =ity qefe fmml #1 e ae fafee o Tegd sh
wErEE & fou g fGeee =t gean af 76 wet =@

(iii) 3955 F T FH T &9 A w9 =99 T4 =916

High Voltage
11 kV Consumer

Secondary

___________________________ Distribution N
E Sub station Sub station
< B66/11 kV ™, 11/0.4 kV
Stepup|_, | Primary Intel C Distribution
: J LT T TR
®Gﬁ Station Sub sta.ilun Connection M sub station| "
(11KV) 117220 KV "-q 220 KWIBEKY 11/0.4 kV
e Secondary | _ Distribution|
Substation| T ™| sub station

66/11 kv, T1/0.4 kV

I"-‘_ High Vollage
11 kV Consumer

fam-3.1
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el & y

W'ﬁ'ﬂm 157 b
;2. R 3ud=x @1 BT (Classification of Sub-stations)
ferea IUFE o it frefefem whr # fR s -
(1) | @t SAETEHA F AN (According to Service Required)
(2) GCH & TR (According to Constructional Features)
(1) According to Service Required—3¥a# sm=nfa fr=fafaa Sub-station #77 #—
(i) ST 3U&R (Transformer Sub-stations)—79 3TFZ T 47a F 357 voltage F1 Low
coltage & Low voltage @1 High voltage T Fgen sen €1 374 3TH=31 H1 f 77 whr | 7ifga frm smn
§ < fo Freree -
(a) WA TEROT 3US% (Primary Transmission Sub-station)—7% 3Tk S 74 3955 &
o €T ST Sl S voltage 1AM 11kV B €1 37: WEfw WU STRS T i
;mﬁﬁﬁvﬁamﬁrm%:%'ﬁmsﬂmﬁaﬁs:cpupm?rwmﬁwwlmgclazww
200 kV, 400 kV Bret €1 379 SUSH I Step up FH ¥ &Y Step up Transformer Delta & Star ¥ Hare
= Iqgm R S %I
(b) faerarer F=OT S0 (Secondary Transmission Sub-station)—3% Sub-station TF Step
dJown Sub station g1 € it & High voltage % T @l Low voltage % TH H I=ar €) 7% 132 kV,
200 kV voltage ¥ H Tl FEW: 66,33,11kV H Step down FTa §1 57 39931 W voltage & HaleA %
fera AN Star-star-connection transformer &1 94T fFar i 2
(c) Tamtor Iqeh% (Distribution Sub-station)—J§ IT%% HIRE: Secondary Transmission
soltage it & 66,33,11, kV voltage & HH I Step down I+ consumer & IH TE=d €1 T8 T
s feRan S =T Transformer step down—delta to star connection =T 81T 991 I8 System 3 phare
t-wire * T I €M ¥ Consumer light, fan, mator 3NfE % AT supply & #1
(d) feafeim 3ush= (Switching Sub-station)—Switching sub station ¥ voltage ¥ = # 13
e 7€ T €1 9 Sub-station T FEE Sub station T THL Sub staition W Interconnect 37T
Gried voltage ¥ Sirgr sar €1 it 7 Sub station W EHE W # voltage &1 =TT & Tl
(e) 3iTenfites 39e% (Industrial Sub-station)—=% Industrial consumer % fo=h1 senfas wiwd
£ EegeRaT Bl €, Industrial Sub station 8= €1 9 Sub station Separate S?ETf?[LEﬂEE Sub station &1
%14 Sub station Distibution Sub station % H9H ¥l ¥l T ITh=S a9 faator U= ¥ FHaa =0 390
% 7 Industrial Sub station ¥ Indudray = supply, S/=f% G0 S9H= ¥ BE-91¢ T Consumer i 3
supply fe=n =man 2l 1§ '
() smgfy ufiades 39 (Frequency Change Sub-station)=—% fa9 %l SR Induction '
Heating 3115 & SrEmT= 319 4 faer sngfa # agen s €, Frequency Change Sub station el &1
(g) wife TUTH WYY Y% (Power Factor Correction Sub-station)—Power Factor
Correction {4 % AT Receiving end T geaiiersh WHEMd ¥7T A €1 3] ¥R Low Power Factor & -
FOOT HELOT EEAT 941 ViR Ieqred Hl H Ie9 4N WK W AFW NG 0 T TH YW F IhH }
| Power Factor Correction Sub station H&a g1 SR : i : i
(h) dfted=s STz (Converting Sub-station)—39%a W w1 Ieg Hawwr aa faaw ; |
s | 9 R S €1 Wy g R i e, S8 4@ aifsin snfz % faw D.C. w1 savas Lo
il &1 5% &0 Converting Sub station 1 FF o = #) : - i s !
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Ssenay Transfores MR Transmission

CemerEton, e Heavy Industry
Ty w6 9T == a4~ Primary Transmission
Lines 4160V to 34,500V
Power Plan! wafirs w=Te =

E / g
_ G é Distribution Lines
nEMmsson Siabon
. wew 480 V10 4160 V _ Final Step-down
s BV 1V » Transformer
JiA

1201240V

Emy’ Step-00wn Commercial

industnal

Transformer 120/240 V Residential _

fas-32 :

frz=m & o U7 fagA SU5F (On the basis of the Controling Sub-station)—Fa=m § |
s = fagn TIEs freehEs TEN F OE -

(i) 7= wTieE 29572 (Manually operated Sub-station)—37 faga sy § fafaa s9wwh =
o W T5E = e Yewe 30 e a8
(ii) =TIt 202 (Automatic operated Sub-station)— foega 9= W fafaa svsn = |
wraem fa oo fome froh 9 wEEa & A # ;
(i) yE= W= 2U&= (Supevisary Sub station)—3H faE@ suww %1 Fe=o T @
: Sunervisor B & =@ 4
i;{ ﬁquﬁmtwu{—-ﬁmﬁim%wm Sub station T THE F B &—
) fewz avn faga =9&=% (D.C. Electric Sub station)—da% 3963 fF8 W A& D.C. voltage & |
D.C, currer T99@ ¥ , D.V. Sub station FTwA € |
(i) yTEAl 2057 (A.C. Sub-station)—3% 997 2= 59 9 WE S.C. current A1 voltage
e ¥ £, AC. Sub station FEEm £
(i) A.C. 7T D.C. Sub station—73% ¥4 T95Z fIW W A.C. 991 D.C. < 3999 T € AC.
2 HD.E Sﬂb s,Lnun FEAE T

: ' ﬂlll-l# @ G G (On the Basis of Operating voltage)
- (i) Low Voltage Sub station—3 2952 11kV # %4 voltage 1A 395 14 €
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(i) TT WA WA TIHT (High Voltage Sub-station)—i | &V & 46 kv F T72 =% s
%1 High voltage Sub station =73 ¥

Gty 3P T AreAT AT TR (Estra High Voltage Sub station)—132 &V & s00%v =
ez wF TN ITEE P 3RS e b

(iv) Ultra High Voliage Sub station—400 &V # 5% 51 dmzn o 7752 o0 &

(2) TEAT 3 WA AT TTHF (According to Constructions Features)—7% T75=2 T 7
m#mmﬂilﬁﬂﬁfzéﬁﬂ. Switch wight Arrester 5% =t = @em &) 7 =9
el ) T % f A e s B % % TTeTw Hh Rating ¥ Famw #S-8
power 1 demand ag W # I TFT Sub sution F Rating W w3A wa h == mrooE
Sub-station #1 Rating 220kVA. 400 kVA ¥ fimr war #) 77 575 37 3f%2 F Sub-station =% 757 &
i

) heft I9H= FYF (Indoor type Sub-station)

(ii) mﬂé‘gﬂm{m Sub-station)

(iii) 9 % F= 7 T F77 967 (Underground Sub-station)

(iv]ﬁﬂﬂﬂﬁmﬁéﬂﬂmf?aic Mounted Sub-station)

(i) et faega 3972 (Indoor type Sub-station)—37 TTH=1 § T6 T9%To0 &) ITEZ A2 5
sy A I €1 WA 3 I9RF 11 kV @5 fa @ wwm v # S w e gim i e
& 3% 33kV 991 66 kV @ F faw o wwm =@ i :

suF% " B = e 78 voltage WSS 791 ISTET TS MG I ) Iimwt B matE
it w fraa THAA FAmiez e T =@ #)

In Feedar
1 Kv

11/0.4 Kv 100KVA
Transfomer

0.4 Kv

L.T. Switch
Gear

L.T. Panel
Board

L.T. Bus Bar

bblddl

Qutgoing Feeder _
faw-3.3 : 11/0.4 kV 100 KVA 9T 3 JU&= =7 layout
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e 11 KEv 5-1.!;!!:!"_;'
' TPM.O. Switch
4 Kv Bus | ]
| Lighting
i Appestors
?- HV.OCB. [—J
|
! 19704
00000007 P 000000
FUTTTUToN 1 MVA
U"p i Transformmers
Ei LY. 0.CB.
1 Bus Coupler
I—li o LT, Bus Bar

= s | v
N

5.¥ 8 ph
iti-________,..[.c.T.R‘Svﬁh:hesi——____‘___ {{

T==-3.4 : 2MVA_11/0.4 kV indoor sub-station simple line diagram.

b

==

=

TS L TEeE = TOR TS0 S99 ZAK 91 9 8 Of 3% #wd 91 9 e ﬁzmwﬁ-—mmé; |

Z0-=M

- - _ - - -~ - = - -
== = o TASi == 54 5 5141 © O 594 aiegdl = =3 = T EEL=T] R H &
B

11 kV O.H. Line

It
A
J=_ Fuse

Lighting

arrester Isolating
J\/v‘v\mh

Transformer

0.CB.

. v

400V 4 400V
(i)

e

faT-3.5 : Pole mounted sub-station,
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| S | 161 "-*-m_\ .

| griTaft T W T o § 7 F A A5 S (Light Arrester) T AT sm i m s
| g R w fefigegm fars 32 #1799 (LT Copacitor) = 59 2 = = == £
! TERM A Tt s s o T s mE s s e S e i S S

- : F : 5 X £ Nl .
| AEETT F FATEV F TU% 31 TEEE T 9095 B 79% 0% 390 37 B TH IEens B A A o

et A W R LT, 79 © §im Sz, e am vhR s s oo 9 8l

T @ F fEw w9 7, 97 (Earth Fault Relay) 72 S o7 fst 5 = = 2

(ii) =TE{ faga 39537 (Outdoor Sub station)—33 T&1T F a2 Jl BTAT F7F 9T coon At
| 2T & ¥ TUHE FreEa S g S B i

(1) T U7 F79 a1 3952 (Pole Mounted Sub station)—3= 5=7= F 3752 =5 T T
SR TN T IW WEE ¥ TUss I fa vAA 9 Saeasd oE A 31 BY YRS ¥ 39T I I =
&1 S 213 =@ Single pole structure, Double pole strucure, 4-pole structure 5 T EEa T W
gﬁﬁmﬁ'{ﬁm?ﬁwﬁﬂ?ﬁzww F A TE S mar?s*‘m'ﬁmﬂ
(Lighting Arrester) 5 = 27 = %1 381 Pole ™ T.P.M.O. smmhwwi:ﬁ::r#x“:rﬂ
Freeat fR W a1y st fgea fimw 1w = g

VG W o 9 SU5= 21 9 91 %9 HaR! 99 992 W oY 99 2, 99 39 25
3 TR Sz o Zm s9dEE S 99 S 99 F ST 98 99 39es 94 waE O 43 W
F HHO FEY: 25 KVA, 63 kVA.100kVA 7% Bl

wwmwﬁmq@ulerwm%mm%ﬁmmesub-mﬂnpuwa

#1 demand 991 &l 9 =gd 999 AEEN 7, 381 W TH Sub-station F AT =41 E

(2) STETTHTAT U7 ATSTET 214 Ict 59=+% (Plainth Mounted Sub station)—335 395= =1 g9
e T 3fEa SAranien 1 9EL TE@ 9 €1 54 38 ¥R § S99 W UEiEs 7 E9Ees SF0 F
d=T01 7 T o wEm e o €)1 39 Sl W TEeS Ol S ey 91 29 g § A wEm
1 Sl 81 TEET F Wgfs fat 9 T.P.M.O. Switch 841 W= 92 =1 7F1 99 €1 ZiSem 51 =4
Sreeal i foun # 95 Fas § AfEe 951 3T oG 31 999 3999 § TR SYHIT 99 32T, S,
freal Hizt FifE ST = el S 2) GeEE S el w39 = g Fae 5w w1 96 6l
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162
sfiad U AT SR SUdR o ¢ 9T g
(Comparison helween Indoor Sub-station and Outdoor Sub-station)
. et U= (Indoor Sub-station) ot TTEH (Outdoor S’Iﬂm\

1, maﬁzﬁtﬁﬁfmwﬁ'ﬂfmmﬁﬁﬁ,
ooy, 2=, O, SR afe # anwerea O

Indoor Sub station ¥ TR tfirs W &

Indoor Sub station Y nres & W Sewn R apdte,
S, fendel Hiet anft W wem ¥ IR T

F A ]

T U ) 3 R T 6 R fy
¥z, wut, wrey anfy A avEvEE W T v g, W
Outdoor Sub station 1 T H9 Bl &

Outdoor Subs station ¥ A’ TR F) TF i"l‘ﬁ ﬁ‘é . |

Eﬂmmi.ﬁrw:mw%mmh

s
" ]mrtlmh station F1 fwr sl A =@ fem = guldunr Sub station =1 R T 3§ fipg, m% |
qFal 1 :
s | fim= frw = w N sfes @ ) savasa g ) ﬁaaﬁmaﬁmﬁﬂﬂaﬁaﬁﬂﬁmmmi
ﬁ;ﬂ?ﬂ%ﬁﬁﬂ{ﬂsumblc]?ﬁﬁmm ?@ﬁﬂmﬂﬁmwmgl |
& Bl
Y
400 kV Sypply
: 400 kV Bus Bar
200 MVA,
(Y) aoorzzokv  (Y)
(A) Transformers (&)
— 200 kV Bus Bar
200 MVA,
g 220 kV/132 KV g
Transformers
132 kV Bus Bar 132 KV Bus Bar
Zone-A .I. Zone-B
Spare ﬂ 132 kV/BE6 kV
Circuit (%) Transformers @
of Suitable ratings
66 kV Bus Bar 66 kV Bus Bar
Zone-C Zone-D

VY ov vy

@ 66/11 kV Transformer
of Suitable
Rating as Required E.D.

Spare Circuit

far=-3.7 : Different Feeders of 11 kV Line.

1.3. ﬁgﬁ IUSE B H9@ T (Equipments in a Transformer Sub-station)

faga =v= & W@ o Fefaiad §—

e T

Tl

|

'1 1

(i) ar€ ar 27T (Yard)—fagd 39 F1 9% T W@ T A SR, g R, Hﬁz.
T, SEHEEL, AU A1 A1 & S S w1 WHfEa w9 | wifte fRa e €, qﬁmamﬂ

o, 96, 3R, qEH, T, 76 o S |

4: fagd S9e= @ awed uw e €, fame uE: e,
FHSTE ] HeA FOA Al €
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(i) Fra=ror et (Control Room)—F2a 3757m %1 77 70 f305# controling 5 31 S7emm 4a
current Transformer, Frequency Meter, Voltage Meter, Relay &z &1 =rmar = #, Control Room
e 1

(iii) ATIERIAT TR 94T G THT FY (Microwave Room)—a% 4 o8 T or=1 77ea 9 (7o
fagga ST F) a9 IUFZ] *F fema TN 1 AEE-TZE FE '3', Microwave Room F&T #1

(iv) &t = (Battery Room)—faet 379 %1 77 =% formiy defedr 1 wqe wnfom fog 14 %,
4= © Feam ¢ TR D.C. T W gl 2, s wam fram, TSt sz st 3% foe fem 90
i

(v) ROaT 0 279@T GUHayer (Repair Room)—f&33 395 1 a7 wa= fagd 7=, 3997,
I, EE= U0 e gfem 1 50ma el €, sonawen FEaTd @ 4% 9= 57 US ey 9
$ el T A gEeTR @1 fiE e w2

(vi) T2 B (Store Room)—a% &1 famil sqtam ao1 woema Tt Tt @ o= § s
71 37f2 AEYEE HHM HI HAE F T@ WA ¢ TSR TE FET 2

(vii) STTIHH (Office)—aT Fa0 foToF 1<t fozm 3= +1 sfu=r do=t sHiag == &4
@d FT € 3 A9 FrElern F w9 e, ok ok 8w €, s seeE

1.4. forga Iud=I R wgaa gfedl & wreg
(Type of Devices used on Electric Sub-station)
fafir=1 WK & o0 9=l W W@ &9 § 77 =1 =i a1 g 590 &6 —
| (i) aTETEt g (Current Carrying Devices)—aa, T3, V23X, Sia0 S492%, 959 &g
1 s feR T R
i (ii) FraeT 79T F==10T e (Regulating and Controling Device)—3& S5=R 30f% g &1
want fn < 2l
(iii) Tftuer STg-drs gfeat (On-off Devices)
(iv) AT9T gfea (Measuring Device)—3Td A9+ 531 % fou Fefafas suson =1 59m ﬁﬁ'm
A 21—, dieeHiex, e HeRT, SIehie, Sl Hiex, et Hiey, ﬂ'ﬁfﬂﬁtﬁ'ﬂﬁ?{ﬂﬂﬁﬂﬂ
e anfe =1 s T s 2
(v) T&ft gfET (Protective Device) 3= IR =i T 49 F fore wg=, I i@, 37N,
Tefaee wm, MefEea area, afdn anfe = wEm fvm s
(vi) ufRuta= gfEm (Transformation Device)—3€d I =1 ot IEwTR, H2 JWHEHT,
tefrae TR e w1 WA R e
| (vii) ®aT=oT gfE (Converting Device)—odl IRRERR, FAdet, T2, TR, I T2 #
|y femen S 2
}_ (viii) TuTaT faeTa g (Quality Improvement Device)—Si8 ¥ Wit it vt 1oreh SuileH
| o, BfTwRpTE W anfE w1 wEm e S R
: (ix) w{raroT Jfer (Testing Device)—3wa fF Ht 3= = 3 fog Fr=fafaa afed < w@m
Hmm%—mﬁm Hex 3w, e 3%, TenA 3R, R 3w anfE w1 wanT fmgr o =
| (x) TrETafTe gl (Chemical Device)—dea Iff &1 W9 ZrgerRk 3masl 1 Dielectric
iu‘cnglh =l % ©el ¥ WA Chemical 1 Gravity Test, #Igt ST Shfierer (=T a7 =1 W& faHgn s
- Bl
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164 PR g iR o 0
mi'ﬁ'é‘tvllqﬁmlirnnﬂnmnm_ﬁﬁ wrerl 3 forg yapea Tl s & Ty uvE Eey 3.;-‘&
Wi fem wm

1.5 f&qa o % TR 9 IO {Equipments in a Transformer Sub-station)

fege i & © A TS SYRAOH qwn grwnit ) Fafsn w0 90 30T TR 5y
wien S ¥ ¥U W W WY WO AR TF IfR N e wm d—

u'n'!-‘tﬂ'qmnﬁnﬂ—_ﬁ_‘{ﬁm“&ﬁﬁﬁﬁ?ﬁﬂﬁﬁﬁmﬁmﬂf{[ﬁﬁwmﬁﬂ??ﬁﬁm}
7o § 3 @TEET W IER TR € T fadn ofifify § aw an 9 wrae ST T gammn ¢
=T T §, FE 56 9% Y Wn TN YNI-NEIE 9 955 a9 R e Yefultem F 99 a1 w gy
Frm v § = ST o w9 % e s R & s e SR S
AT ﬂh*h%ﬁ%ﬁhﬁ%[

m;ﬁ@mmﬂmm—wwmaqa:aw\mmgﬁmmﬁgﬂﬂwwm
% & fogn Tww Sifes TOw o0 wE SR W) YR WeE e e S

(i) e == (Isolator Switch)—Isolator Switch f&gs 99 1 No Load T 3% 7 4
= & foy vam fo s € s= i ¥ um yarfa B @ A omeEeey e @ 9ied @ Tl e
e Isolator R TER § T T—

{a) Signal Pole isolator switch

(b} Three Pole 1=olator switch

(iv) wfvoe fa=iss (Circuit Breaker)—ft9d fadiom @7 gfF & S Afhe 1 WA 1 SHMR
fefz % <fioe = @1 79 == T & fou s@m e o §1 et sfteg g 7 O T2 goe
o ¥ o T T g wate e 61 3 vitey faders e uRee & 1w i wE R S e
Frawr frafz & <foy =1 =0; 9@ 29 T

(v) TR (Fuse)—FI7 ZEET U6 AR o &1 fd a0 & €6 S e 8 T80 HE € 9
STEET UIE W VR TUE] § Te5 aTedl A F1 3R OOl S €1 99 § 9w ateedl Al i ain
WIT T 1 HS SR 9T € % U W9 9% 9 NSl o7 §1 Wumelt Thell W e T T g
v o W o e 5 o we 1 0wl f@ F Wy o wdm e s e

(vi) 7&fl 776 (Protective Relay)—fagm <m o sfq &g | U0 =l e % forg el fA =
v fom wm #1 ZiEeER 51 160 ¥ 9y e F @ el i@ w8 s R el

(vii) ZIHETET (Transformer)—ia e 51 T 97 dleeal &1 3o afeedl Y Fofed FM
T 710 Step up Power Transfamer 1 ST feva SIa1 & ae faato1 37hws1 W Areedl =l Step down Y
TrawE oW fav 9@ €1 J0MVA % % ZIEGHL 9@ fAafeea wfas (Oil Immersed Naturally
Culled T == 2oy 2imwnf Fgd €, ¥4 foFu @md €1 10 MVA @ @ifgs Ziaeni 9 i viafaa
LA

(viii} BT TionfaEe (Current Transfarmer)—S gionfas gsemad ar 9fteg | @ s ¢
T T BT A= a9 W99 I947; 9H UH, 9, FEmet o el a0 oarn geefadl 5
T T2 w1 I € e yam A g § #9 9m WE a4 79 deed) 96 9999 T Ry 96 E

tix) Tawa wfionfaz (Potential Transfarmer)—S500 Aee ¥ 4% deedl W g9 91 A0
TUIS F1 FUSHE 1 W e F94 F fem fawa ftonfas wdm feu s €) g9 wen fava aftonfis &
BRI 9 dvE % WEwm g9 T4 S A6EA €, (99 g1 T4 e &1 AGA fRa S € a9 54 g
- F%9 Az F O W wE 1)
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Powar Transmission

A. Genaration
B. Transmission

P T in
Transmission - -
Substation L_/_A"

il Disiributicn
: Substation
C. Commercial & Industrial D. Distributicn

Business Consumers / v

/ ':‘ Distribution Autormation
zeh g

F. Residential Consumers

fa=-3.8
ﬁwqﬁwﬁﬂﬁ:mm?ﬁmaﬂg@wm%mﬁﬁmﬁ%amm

Sl %) FUEE ITRE F Y6 99 AR 6 URE § HAwa el §

{x}wmmm—qﬁqaﬁmmwﬁawm’mﬁﬁm%w?ﬁﬁﬂ

TR T U, AreTHiet e 3 e w1 S A s #)

) O—
e L w7, ferdrT
s, (S) ' g, s oo
: W
:
L b e e
—0 o—» i
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Barman W TS 5 AN SRS h-i*m%%‘
AT | o

\ .‘i. el b . =
e W T TN W Wk i
ma.tn;mwmtm-\qﬂmtm
T
My 5 Ty
| . v M-y fa,
' Emmma B O ———{\)—0 g—o s
S o
fogn Toies
e —0 O—
T —0 O—p
.. Y. %oy 2T
——{\}—— o—E B —\ )0 o——T5-
e O
—0 O—b

fow-3.11 : wy wftww & Ry woies & warg
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: (Powar Factar)
4.1, WRIEAT (Introduction)

qrar=aa: degs o w1 FeanTs, e e P s o W s A den # P wee ol wfler
'ﬂﬂmtrnwerrncmf}m sreafirn ey & g B wive S prwewry sy, ark Aoy afl yrafiers g
;ﬁrttafnﬁnmmtﬂmﬁmwmﬂi wrafie fret et offey TR (Low lagging power
{ipctor) 7% fordt prarreres dvn &) wiln Py wfer qoves W wreow wm w A s # e afia 3
| ofrl @ o P wreon v wifiws qoTR o FAE W s B & feen g s s o
Ay & sl W

(. 3TRY, arafie awn sfrarh vl (Apparent, Real and Reactive Power)

amraret vifeRr (Apparent Power)—Semerl = gftgdl § s aar areew & vt apea-ge apl 8
AEe (V1) =1 I A (Apparent power) g ) v o volt-ampere (VA) 7o ot T
WA Td MVA %

At e (Real/Active Power)— el s witael f sl sifss 2w offm e (Power
hetor) F TURE W ArEafa® A FEa € TH VI cos § W TR w1 vEeRl e e (wat),
freiraT2 (kW) 31T Hmeme (MW) Bt 3

2. wifereneht ity a1 wRfreR® oifd (Reactive Power)

T i (VI) 99 SR F Ao % 9 IO sind 9 Vising W, wfewres ofm wwa @
wW#1 T VAR, kVAR T MVAR ¥ @it #)

vftam TuteR (Power Factor)—¥8@1 freafafam wem & wiftwive fem o0 wm #—

(1) afira fFa (Active power, VI cos §) 91 n4rEt AR (Apparent power, VI ) & 37TR %1
wfE U wEd €

i s g e g et i .

wfiFa W (VI cos $)
SR e T = g
(2) Wi o, Soft uftae § sl (R) @9 sfams (2) w1 s §
ety P.F.ug

(3) W et (nifs TurR) | SieEar wfEgw (V) a9 SR wiEW (1) % W= FE0 (Phase angle) (6) #
T (cosinge) 14

_
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168 Ay nifas N ey
il BAys (Power Triangle) ‘EQM
W1 cos ¢ (Active power) (STEas o)
Dl.:t ,-,-_A
VI sin &
(whiramdl wfem)

(Reaclive power)

fa=w-4.1

wifem B (Power triangle) & Hﬁﬂﬂﬁ?ﬁqwmvﬁﬂmaﬁﬁvﬁqmm%
F9=r Ties o= (Power factor) &I Yfiwfim us anyw § wafwa f&an =1 9an ) ey
. . _ =rafash wifsd (Real power)
wiea Tons (Power factor) = = S
_ Wl cosd
i
s PF. = a1 s9= Al wiw @ arafas o & 99 8 Feife s o g
sfaemal Wi (Reactive power) M sin ¢ S & 9ifsrd 191 (Power triangle) il &8 gy ey
2, & =29 3 93 A Power factor 1 WM dgal 3 W@ 8 4 Reactive power T Y
(Magnitude) gl t @ o TuTie (Power factor) Sl HF Hdl € Td Reactive power =1 qftamy am
@ Power factor %1 9 <bgdl Tl

watt or kW, (Constant) .

Vﬁ.ﬁ1 ar k\fhﬁi

VAR: or kVAR,

fa=x-4.2

3, o= wifdm ot & BRI (Causes of Low Power Factor)

e gfe 4 f= ufe 1o aga aftEre g ) W SiEnfs & 8 Swgm ufe s 8 @
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WW ; "fﬂ a,

= WTE M (Combined high inductive load) & Fmm war fazr w2 smar #) fre war % 5w
e FrAfafaa §—

(i) forega F9eR= W sepa ZraRledY # qews i (1) P ot s w0 wE ) e w6
ar 3w 87 | rowhl w1 v T w2 S d)

(ii) 3 vy, Jafre et dhor si siifiss $ifn w2 frey gt ol (Low lagging

power factor) T w=nferd & &1

(iii) Wren freen w o frem wfEd A st I fF g Ay S s aw g ma A

Fre1 TEW B B W 3 < gt el Ta § BeereT g 8w (f, ) 75 ¢ e me 9
o 7 g 2

|

|
|

(iv) forpe Tvstoll @) = & o SfEf &= ¥ Sl F s wam F wnm w1 62
A & R e e § ZEEni # a T F e w @ e el 8
fafir=r wer % &ea WHT &q Wi o @t S

(Limit of power factor for different types of loads)

S. No. o1t (Load) I T[T (cos §)
L. gfromfis 05507 7%
2. I A2 0.8 % fr=y
3. S wizal 0.6 % 0.8 7
4. ames A 08 5 &=
5, wiaea o 0.4 %067
6. TE A 04F05 7%
T Hifgaq o ' ' 043067
8. firafa o ' 04F05a=
9, e T _ 0338057
10. wrg deed 0.7 & fr=t
11. T deeA 038057
12. tan 9 A 055 0.7 7%
13. e A THIF
14. Hiae aw THT
15. TegwTEl HIeL (3=9 |ETE)

|16 qeawrel afeis (F=9 |HwHE)

4.2. =1 wifd Ui &1 W@ (Effect of Low Power Factoar)
e SR 9iee § g e U Weeyul g € W e w el s 8 —

P=Vilpcosd (for single phase supply)
Fim B
L =
Vpcosd :
! P=43 Vilpcosd (for 3-b supply)
J3 ¥ cosd
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R L A T
mziﬁﬁﬁﬂﬂ@mﬁmﬁﬂmﬁmmG-‘]mmqm%ﬂﬁﬂmmmtn-q,,;

=

s
I o {at constant P and 1)
cos ¢ :
fir T IO TS WA WOy W A ot P aff e oft stweam w9 @ wfem o §
@ Festatee-Ufgax faior (kVA rating)—
kW = kVAcos
kva =2
cos ¢
kVA = (at constant kW)
cosd
L cost in Rs. e k¥4 oc —1

cos ¢
=z ¢ f5 e feiae (k) T i T & W fereiiaiee. Qat (kV4) 1 1+t =g ¢
T V4 ™ Fref@ oft frge ST (SR Alternator, Transformer, switch gear, cab)e
conductor wire etc.) F1 Tea kVA Frefto ¥ @3 | =g w1 B
i) Fesirane e (kW -output)—
kW =kVAcosd
: kIV ccos ¢ {at constant kV4}
=p & i SR k74 WOoRR T & W | AW 1AM SR e €1 FRfee T AR IO W gy
e, S—ete, T ok = Frfa (kW 3 4. P) T9 € T €1 IR 2a S 92 Wt

(iii) &gw wed & gifrEt (12R-losses)—Fret wife T W I U FEE [IL - ]a; o

cos
g <o T e A 2R W w1 A e a s ¢ ford o ¥ R W FH S
I B 1 UReTeEE g ST sy S e ¢ S o s we % w9 T (kwy)
45 &9 =1 ged 9% 9 €

]
cos ¢

2
and IER nc[ 1 J
cos ¢

Ip o

(iv) ST (Efficiency)— - Fre1 nife TurE T2 J2R-losses 3(4F € & H0T e oot gam
aen g faw gem &1 91 w2 S 2
(v) TFZATTA (Voltage Drop)—f7= ¥iffa 1o W 8R WA 316 €4 % FROI, TR q

; -:. . e 4 (1Z) &1 =/ s sl ag o 7| gftomreEey Al fati (Receiving ends) v
A FH rE e g

e e e o P —
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F ._i._
cos §

(vi) Are=ar P (Voltage Regulation)—&9 wifss 7o 5 == am faaom =g § a3
(1Z) fHE T % wrew, ez Frme g T

P
and | ¥.R. (Voltage Regulation) = [Z = !
| cns¢

(vii) =morenit T ¥ET (Size  of cunducmr}—-—Cost Conductors in KEs
(A) o (kVA or I}:c[ 1¢Jmﬁﬁwmmﬁﬁaﬂﬂﬂﬁmﬁﬁ{kMWﬁ?ﬁﬂﬁﬂ
COS5
mwwaﬁmm%m#ﬁﬁémﬁmﬁﬁ%mmw%w&ﬁ
AT F1 ST FE 87 (A) Fga ¢ ad Fre v e w fage g 9w e § e 99s
&1 Yoo iy = F 9K F A0 TS BT HH, T, HEUIIA @fE T w1 ge9 wga o ¢

6. 3Ta Tfad<T UG & 1 (Advantages of High Power Factor)

ST & ¥ =it T § 999 Wi T § frefatas we i —

(i) 3= vfEm 7o | =R w0 9F FH 8 9 ¢ f9EE Sga 5=, Sug=, su==i 7w STl =i
frees S & S 2

(i) 3% TR v W A S A v Fiew T & T ¥ de @ aw wn 6w
s =4 wfea o J WafhS aws & Fria e w1 37950 55 86 9 )

(111)mmwﬂmﬁﬂwwmﬁlmﬁqﬂm{kwm?ﬁrmﬂ
S 21 TEY S =1 feeee frfa 9g o

(iv) 3=9 Y U F HRO fEEE 90 W OAE FH 6 G 8 TS S awy e e &
Fedad (JZ) FH 8 = gl

(v) 5= AfF Tor § Faacor qa1 HeRoT e ¥ St PR (Voltage regulation) & st gsi 1

#
(vi) ¥4 vfe T 991 feR kVA R T/F (TFASFR) &1 feiae (kW) sm =g st § S9iq
aR (kW) URYT 7 1 &ar 9¢ st 8

7. Fr=1 ifdr ToTT Bt AHAM (Avoidance of Low Power Factor)

ferel e 1 Tehe g 1 T Rl f St ¥ wf o ¥ e W ey e A R
faferd gr TR T a8 —

(i) FoaehTet Wl w1 wEm S —AEiE 4% ¥, 3o Al § =™e W afa st qeasre
el 1 WA W, U 0 1 TR W (e S Hhar @ i geree W & ufed 1o 9 SaeE
T YT | ST qe aitafda R o weRe #)

(ii) T AT TR ATE FUSTII WA o6 WANT gR—IAF Wil & =X aw WX F =g e

| AT 3Tl el Wil S 3TaT wE Ar AR a2l w1 WA S § i s ) fafse fmm
A #1 AT A0 Highl W ST i S -3=E # A S SR 39S sifafie Hed i =i
ftn F wam WAt At @ Aer A = WA w1 ag- IO i R o a2
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i e wiftw T WA U Py,

mi}mﬁmmﬁﬁma&g%mmmmﬁﬁﬂﬁm#ﬁm |
Yo X ¥ e ¥ 9 TEES UK F 9 (/) w9 fe W gw € ol 78 S ¥ i
=1 v T w2 R 39 W FEA {1 QR TEEhR F wis A sawt g ¥ W W e =iew 9 5
o FC § O ¥ v T ¥ T0 gYR @ S

(iv) T TR e ¥ R 9w & war grr—aikdfi 83 # D.C. ¥eM % AU qraay,
= TR ¥ ¥ wEEE W § WA W frswre e @ v w5 i T # S fhy
mfmmmm%mmmmmmmwwﬁﬁmmm
& B

fred—F= v 7w # 99w § fou o € fe ol &9 ¥ WIH ARl 5
sﬁ:ﬁa,ﬁnﬁ{,'ﬁa@mﬁw@mmmﬁanﬁﬁamiﬂﬁ}%mmmﬁm
=5 SO Y9 [Ses mied w ved v 3few eum ¥ e = ew

4.3. = wldw Ui Hoew @ faftrat (Methods of Low Power Factor Improvement)
= iR o SR 9 E TatEl e i—
(i) =itz sfyeds % ¥9m &0 (By using capacitor boosters)|
(ii) =&fes =l & wam &0 (By using static capacitors)|
(iii) TeI=I1 Heltal & w9 & (By using synchronous condensors)!
(iv) =e Wasiita ®ed % arT 81 (By using phase compansated motors)!
(v) FE SEFE & ¥4 g (By using phase advancers)| 2
(vi) 3== wfew Ui% HIEl % AN BRI (By using high power factor motors)|
() Hariiz srfaass = W49 /T (By Using Capacitor Boosters)—

ik

ch Cf{
c, 3 ion of stati
S { v | i, | e o
b (
fer-4.3
= TwE fa9-4.3 § wefif =fts daifa 51 € @ &t 90 § g X & @A F Nee
s ()2) T2 o < @ o weraEy ifed IO 9 W @ i T 1 slecs T[e 9
o B S €1 WA F e wfaed (X2) B 90 ' 9 Fern w1 ¥ fou, s @t it fe wer 3
: T F A E—
@ TEd uffam X =Xc vafes wfaema
oy =2nfL

Scanned with CamScanner



Supply § Yo— T 34

Bo— O™

forx L] g

I :
T&-4.5 : Vector diagram

V = diee ArE ¥ ufiehen Sgd WR See

Ic = U wees o wfeemen Saifta amm :

p = VIR TOTHR WA | Iee Ot uees o sfaeen 9 T
1> = W TOTF HMEA F v Wma W A wiimen WR uwRn

U e SRR

Scanned with CamScanner



174 e il SO Py,
¢ = ot o ¥ JEE R O W Sen S
&: = it wss X GNiem WG 0T 1 Fen R qE ¢o < ¢ TR cos 2 > cos ¢y
Constant 37 a9 Current ST0 YR T Power factor 1 53/ a¢ g F9m 91 4€ 7913 &
fre wifs wufts sfiads o& @l oo w6t gf g
(ii) =feres HaTisi & WA 810 (By Using Static Capacitors)—

v o |

| Cq
/ i P
R o— = -
- * il 3-¢
Supply e s Load
Bo
f&=-4.6 : Delta connected static capacitor.
iy
y% f
Yy Gs Cs T
o e U
RO - .
3% 34
S =
i R M Load
Bo—
e

faw-4.7 : Star connected static capacitor.

} T ( Advantages)—Eifae Gafisl gr01 v Tors SN & Frefatas o9 £
() 798 Fe T ([2r-losses) i e gt

(i) Tifis Hafa e & 9= w2

(iii) ST STLEI0] =99 TG el B

(iv) ¥9% WaIeA H fodl ween 9 eaft 7 freerd €
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W{q) 7 Staa-wre Fat fewm afus 2 2 e
(vi) A af fargaerra 2 7
(i) geahTet denfiEt % WA g7 (By Synchronous Condenser)—

T

Iy

r o - >
34 L 34
supply *

L

>

AN
Ty
8
B
2
7

I
| 1 Vector diagram
3-4
Synchronous
Motor
fam-4.8 fa=—4.9

ST fo9-4.8 ¥ gogeicl G % AT B/ (Power factor) WS 10 Swigs 51 99 92y
fiFe T B1 TEH 3 — ¢ FasRd Hiet i oA % AR Gl W age 9R F 9 9§ gy e
T 81 9 ifa Infea faserg [t = fei W Serd 9 € 99 9% geasTel SO FEand #1 (An
over exited synchronous motor running on no load is known as synchronous condenser) @ 3% G2t §
e HES # WE € ufem que F ggn € S 5 Suiea wiew fa9-4.9 ¥ e &
YV =diee a9 § dfawen e fadi w sieifie W) Sezan
1y = UfeR A H fasera Hiel =it sfasen g/
I =i Ui deneA % qd UftrR § Afaeen S 5K gw
I =Wife T[T HYEA ¥ wvEn it o wfawen Sirife SR S
¢ =i TR SwieE | qd e U (Lagging P.F.) &1 <iH &en Sl
¢ = Vet TUrR HeEA F qvER o IR F AfE OIS w1 T wen &
k52 ¢<¢L
ERlicLed cosd >cos .
T (Advantages)—
(i) FE=pg bt & Seem Fa= g0 afE o =1 T=oaER aiafda B o1 9o € s19iq 3od
TWEH S qen 3T e o gRal § s A W v €
(ii) wgul o= & faret +ft fag 9T dicea w1 TOHER W fer TEn 1 9% € 34 949
deeal frams e 2
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176 mmmmwmm
wim {Dmawbacks)—
(1) T= Wi o s o
() TES STeam whyn W ol o € _
(iif) TR foremsdtr ww €, 30 Hie 9 qeain frafer 8 o W A Syl i B i ¢,
(iv) s B % free A e @ fefy ¥ @ ve R 9= R o9 2
(iv) e wiwentite wred & W& gry (By Using Phase Compensated Motor)—
: Fon wivaiia Jedl %1 ¥4 % % Power factor T FgTa 1 Wehal ¢l el FHen AR Het finy
em, e, AT s, s et T W W whE o Ie A € SR T gy
SafE &3 3 e wiE T S R dRd § WA WS el w v R SR gy
T T IS FHa S T STV 59 WiEl $UsavH Al &1 swen 3 At € g
(v) S SIS & WART §RT (By Phase Advancer)—

R B . K.
ik ﬁU IDE

1 Frequency
Converter

S|

B

£
th ] L \\
ase Slip
/ Shaft s b
] advancer ; rings Main exciting motor
couplin
ﬁf"g‘s Hobic (Load)

fe=—4.10 : Power factor improvement by frequency convertor type advancer.

Ui f99-4.10 Fon AUFENE ZW Power factor improvement &1 81 THH U mafa wfieds
e FE FUERE F1 W TOF G9EA & fau sveav Bl & @ wdfsa a1 g% vewn
W & T 5 T2 feey @afe W 6 e 9/ S99 9SF il €1 §9 3UeeyE HIET % 37T, Yo
‘ﬁm%g#ﬁmmﬁmﬁﬁaﬁﬁﬁm T (S 95 O AR e e @) % wE o e

I FUEEH F ATAN Fell FHEF 8 TER e T—

(a) 4l 9rEd @enl FFR (Series type phase advancer) 51 309 Fveer, Ut FUeeA Tl
oft F gt = w1 £

Scanned with CamScanner

TEh A Twe s



:: () red gt e AuH) (Shunt type phase advancer) F=1 T8 F7zem i % w2
Ao # S €

(vi) &=t yiferr TuTeR ATeft il & wHrT gTT (By high power factor motors ) 5% 7% s
areft A 1 WA w0 Power factor 1 [mprove 5T 51 T §)

T3 e drm  Fre R RS AT i S frem d, g e, et T
afz F M 3w sEm # fEW oW @ oFR TTE = A A s # g gemenn @ W
ﬂfﬁzﬁm@wﬁaw#ﬁmmﬁaﬁmm%mwmwﬁﬂgﬁﬁwﬂ
gl 2

i VAR ForEet (Static VAR Compensator)—UF Tif5F VAR #5927 % w31 SCR
& AN #) Y fog M arws F Frafm g ot fowes vz $fazr =1 e SVC F Thyristor
fes faam wa ¢ <1 fiF fager 91 Frafad w1 21 Thyistor F wrafn Fi sy &0t @en » 77
A2 T Frafara T £ it 37 YHR WO FU 9 F WA § waw e ) 3 ey wey #d ae
& Sl v <1 @ Frafsa fEm s a%@ 2

|

waonana0a)
!
Bus
Fixed C e Thyristor
capacitor
Inductor (L)

fa=-4.11 : Static VAR Compensator.

SVC &9 ddiem F =wo1 # 1am 21 o et 38 5 siife 9w wiafsasis vfe a7 Ges
ferar &1 e wrer S QOR X1 €1 TR s T fRT W W SVC = 75 T i

(1) Thyristor Faf=m fluset (TCR)

(2) arfi fass FHiafget (TSO)

(3) = fius=x (SR)

(4) Thyristor Fraf=m fiuaex fese daft (TCR-FC)

(5) Thyristor fera $3fHeX-Thyristor faf=a ftus=z (TSC-TCR)

wfew VAR Sa=gaet & @19 : (1) $897 9RYY €139 T 0 H=207 87941 F1 T340

(2) 39 womelt =t aifore fem @ gawr fmam

(3) 397 fre frufy 3i sreardi sfea deew =1 fafEa

(4) T g araw et W gun R sk s wee wn e sk fasew aman § |gaw A0

(5) Rfew VAR &HET & 9@ *iE 9o am A6 § iR wF i i s F sagarias
% g0 s aifergfd & ferg @ @
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RO T S | - ;Wﬂhmmw%
“xample—U T & 12 amafT 11000 STCEAT & WSS # 100 kV T ury g g n

W;Wm%?ﬁ;a;wﬁgﬁwn\wrFﬂmr} Unil?mﬁgﬁ%m !

{C.pusmmma;'rﬁm?ﬁn‘mﬁ?(anﬂﬁﬁ-(“)mmmﬁrﬂ“iﬁ!ﬁﬁwgﬁ

—ETE viE O W S arce
E—IF® wen s W W ee v 11000

3 43
110 x 1000

oy SR ='——3——E"E
llﬂxl?_ﬂ
W __ 3
seea 11000
N
_110x1000 3
T 11000

=10t S W wen
3

=T Foeon ¥uE "5} Iy =

TreTE Wowd 90 Sew Ig=Itand
_10x06 _7.5 ;3

“JBx08 A3

i 7.5
== = I=Fxﬂ.ﬁ 10

R Hﬁa‘i‘fﬂ'f, Z:|=¥=-—_——

__ 11000 _10+j7.5
10-j7.5 10+j7.5

=704 +j 528 T
Z, =1 59 FH=0 § Ry =704 Q TE ¥ia"E Xp =528 Q 7
(=) Zoit ¥ dafed | 1 9
=1 &=
J "
. . 1
T 2nFXg  2nx50x528
=6.033x1070 Gz
Uit g =1 fifa (Rating)
_ =312Xp x 1073 =3[1§ N %T x 528 x10-3
156.25% 528
T 1000
=825 kVA
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. ) =21714x 106 F
mﬁ!ﬂﬁaamrﬁaa;:ﬁquﬂf:muﬂ T e Az St
=31gV 21072 sfirmret faeiy sz T

=35 23 11000
-—32‘ o 3_
A7 g5 <107 =825%vVA

i) W ¥ 21 ¥ < v wnfer 2 sty
I

Cﬁ -_-73‘_:?::
: 1

135
= - e T
7-.;'. -Jixlei:;xjﬂx“m}
=0.7238x10°% %=z
Ca=53_21714x1076
3 3
=0.7238%x106 F
éﬁrﬁ!ﬁiﬁaﬁmﬁamﬁqﬁmzmvmﬁ- -
33\!?.5!{11{!:[’ 3
V3x3

=825kVA

o ~ cos¢ = 0.8 Lagging, Ir =50 Amp
A e Vi =400 Volt
e o =1 smard whm = YOVLl Lya
1000
~ /340050 .\,
100
=34.64 kVA

gegsnlell Haiiia g mew g T wfasrl of| 9==
= Torell diee Uftrm ¥ gogee dwfits = et = sl o «sing
=kVA sind "fawrd fFrel-daee ofigm
=34.64x 0.6 =20.784 frer-aee Wy
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150 Wﬂwﬁ%mm W
Example—TU 50 HP 3 phase, 400 V 50 Hz Induction motor 88 wiaye =3 Taray
W= gt uﬁﬁﬂm%mﬂ.?swﬁﬁwwmﬁaﬂ?ﬁ*ﬁﬁﬂ:aﬂmm g,gs-ﬂiﬁmt%
Tt Wafts dat o enftar wan grit? afy weanler &6 w1 €A () e, wr i) ﬂ%&“t
_ HRET output __HPx 746 L]
i ey Motor Input 3 VI cos®

>~ Motor full load current

50x 746
yi =78.53 Ufigy
J3 % 400 % 0.78 % 0.88

YW =1 $EUFR 92% (Working Component)
I, = I cos¢ =78.53 % 0.78 = 61.25 TR

¥4 cosédy =0.78, T8 ¢ =38°44' T tan¢; = 0.8020
T4 cosdz =0.95, 79 $2 =182 WAl tandz =0.3288 -

ToeT HUE 9% g YSE SEERl 91 (current)
L: =er{r-ﬂn¢l —{ﬂ.ﬂ¢'2)
=61.25(0.8020 — 0.3288)

=29 Amp (TfAFIT)

0 T 9aA I,::%A qE1 V=400 Volt
i 29

-t
CJ_ZRFV J3x2x3.14 x50 % 400
[C4 =133.46 HE|

(i) =R G 1, =29 TR T v:%%? Volt

N - W
"TOnFV  2x3.14x%50x 400
= 400.4 HF

Example—Ug a2t 86 Wiy g&ar i 500 MP el & U wfaeenite dee IR 9T 7o}
dee | T 0,75 TyerHl VifeR TOTeR Tt 1 aitunTHt yife TUTeR 0.95 YEITHT W 9 & fo
et HeTfEt # feheraies TTaT ufaee &TaaT sl ST Sl qel Yedeh SErTfisr st anfiar am
@ity afe—

(i) Henfs &1 SeeT § "aitad fear <l

(i) Fanfix 7 =R | garfed fear s

TA—WF fad f @1 | @ areed 440 Volt 3- 50 Hz i ¥ Supply €1 7@ Full load W

Input power
_H.Px0.76

PR

n
_500%0.746 _ 424\
0.86

P
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o TR nih . 181

R

_— _—
i — ]
1] &

o cosd1 =0.75, ¢1=41°35 . tand; =0.8873
cus-‘j:z =0.95, ¢2=18°12" .. tand =0.3288
fren diee UTR fufaza & deafia = fafor e
' Qc =P(tan0) —tan@3)

= 434(0.8873 — 0.3288)

=434 x(0.5585 =242 kVAR
(i) =S¢ TIeE H Haifta =t enfiar

b c x10°

=

" 242x10° 1342 HF
3x 2x3.14 x 50 = (440)?

(i) "R ¥ Haem H 9uiE St e
CS___"Q{;xlﬂa
wV2

» 242 % 10° 3972 HF
2% 3.14 % 50 % (440)2

L

UFATA Al

e TR EYNEA | S T AN €2

iy vfem TUTE & SE-SE | HROT GE §7

fag@ & e =l f= wifsw o 9§ =0 wif &2

A.C. system ¥ f=1 wifsm o & -1 @t @i €2

e e ¥ i s dene | = | 22

faem woTen H W IO GuiEE 6 = savaEd gl 82
mwﬁﬁmﬁﬁﬁﬁﬁfﬁﬁwﬁ?ﬂﬁﬁﬁmﬁﬁrﬂmaﬁﬁaﬂhmﬁl
qegmTelt Hefsl % wEr B v U SeeE R TR g €2 i s /el
wIfed 10T =1 QU areit g ) diga § oo f@fag)

T HTE 1 Y T a3 o fafv= fafi s avis i

fefafad o dftra feooft sro gfea fafae— :
(i) weaTerd wr oftaw # sezar 3R gr % =t § FErat (Phase difference) 81 Tl €1

(i) T T ToTR TiE WAl Jrewerdt wfE o T €

(iii) ¥ R U S SYHEmaAl H SR T 0§ e =)

. Erefefaa o § 99 1 —

(i) foey i TUTeER WO STEERT B SR S/ wefea € #
Gi) Fre1 oife T WX e @ wes CHeyYaen” g )
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i) P iR OISR

A
@ e e & A s 1"'fii
vy B iR oI TENO ) ® Arerm s da/feta’” fm

o fors e o W wen e A dge o ot a9 &
iﬁ}ﬁ!‘{eﬁ"ﬂ (kW) % fou fes ofm T W sl faq v {ky&)_qﬂ‘h

s i T

w12 () T, (i) D, (i) S, (v e, (v) 3, (vi) 3=

R
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a3 .
5T Bd FH3T &0y
{Revenue and Energy Loss)
R T P e A e R TR R i o T A S S A o Sy
1.1. IR wrEraeh (Defining Terminology)
Al (Energy)—T4 FT4 1 40al w1 Sl ®wad €1 (Capacity of doing work is called energy).
g8 ¥ Y 7% L w1 ot ¢ o e E—
(i) fawa =i (Potential Energy),
(ii) 7fis 911 (Kinetic Energy).
(iti) =ga S (Electrical Energy),
(iv) &Eg 91 (Thermal Energy),
(v) TEMEf" S (Chemical Energy),
(vi) faferror = (Radiant energy) fE 1 T8 E T U Wliwios 750 ¥ =9 %0 8 v

A% A~EE 7 @ (joule) T Foll @ FHAET ¥ AT ) THAT T T T w4
B ¥6: ¥ %€ 994 ¢ 1%

“Fetl @ w7 AN B @ S
(Energy is a work and work is an Energy)

Sl HIRUT ST FoA 1 EGTIT—IHH] I FeAl & W0 F T F el S w1 i T
aet il ¥ € argen e w5 =9 =y T F I

VY FY Q R qe9d S 1 (HaeAtqa (Economy) | Bl

Tt WOETOT T frgra—Ee % SR S0 % 9 9 IO B 9 € it 3 @ s 9w v
¥ H gE 9 § FUria § ¥ehdl 1 According to the law of energy conservation theory **Energy
cannot be male and cannot be destroyed. It is only transformed one form to another form.™

F GOHT—ad W H9 "a9T F Hel HY FA B T B HH HCN A9 S0 H ITRE R
o A 9 21 38 fordl wor =t S 39 ¥ FE ¥ TS ¥ TRW W6 R W uwan g w6 S
dada & gr fd * 1wt 21

Note—ared & S @1 | Ua 40 == 1 F9 w4 51 &= it sfy -0 & 4=
ol oA W @ a9 oY Efa w1 T o= fGeed ®1 36 ¥R 2w F anids e 8 =
weeergol Fray ®) gafee TR SR 3 S & & W1 SN Tee NeR fEma d)

FHl g AT S HUSRT (Energy Storage)— 5951 I478 1 & HUT HT1 § T@ € A 301
ATl TSN T IFH 3 IvAm fFm 1 wF; SQ—awl F uwa § wom ¥ w9 w60 569 A
e g W 3HA fam I O, SefE | sl won, seen, gitem, e ok @ oEE ST

HEIAHAT AT TTEEHAT (A wareness)—SHEH! 9004 FHHRI § § 4= Tl 5 w9 iy e w3
RVl
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m[fﬂmmllmmmﬁmmﬁ%mﬁtﬂﬁﬁﬂWﬂﬂ‘ﬂﬂfﬂﬂﬁﬁ?ﬁnﬁt
WU (Conservation)—FH&T Svyg F&T W= &l | I
T (Improvement) —SE1 5% QUR T Sl A g € eralq 3=ifa =0 s 1 Team 3,

1.2. SO & S5 W& (Energy Conservation in Kitchens)

v ¥ T & dew w ¥ fa sre i s Sl wfperd - H A gy
¢ s SgEE T I SEE TR g w1 S FT 30% T $F SO R T Ry,
wa €

e ¥ S 990 & $9 599 frEfata §—

@) ¥ T § W B TS SO TG a0 el Sa § e T SEYE gy
5 =2 761 599 S5 T 31 = =99 16 S
Gi) o, T, TAEE F G A F1 TEE ¥ 96 $9 9 (9T & ") T E9 i i

firll 2 B, S, TS S T TEH A UER @ 79 "o e T H O 3 gy

20% TF ¥ 69 s § 994 o g
(i) TS, Ww, Hewl, Uhar e Aol ol Thid 99 398 I &1 A= AETEHdl FATER B

=ifen sy sus T8 € Sifew 3Y Jug 9w S S F a=a ol 2 .
(iv) TE W T ES SO W IAC WOH B WA 7 S F Al H A B e g

=51 =1 990 WY-99 e Wi 59 2
(v) T TG 999 S5 & a0 Sl o T TG SET THY 9 991 S ol S 9w ort )
(vi) T TEA F A0 TR $HH WE S W 6 F wme-u 9 F o a=d g €
(vi) TSF T % G0l = WER § Herwd T 9 | 15w =@ie
(viii) TEE § W59 5% Ul 916 TR gee H1 € A S =@

(x) TR 9k a9 e faw; SR—owg), S St w1 W@ w1 8, O ge-3ed e

T 1 @ am w0 =en
(x) B TEA F AU gel o § wel W UEiE g o g 98 W Her HH S TG F

TgiE A B 359 1 a9d @ 91 95dl 8l

1.3. FaRa farga HXET (Domestic Electric Conservation)
sTeeT T1eE, T, ghe, fGam-TE afg sEEE W W O, 28 w5, 9El, $, 6,
| e, e, T, T12Y FoR, UH FEEIR G Aga 9§ e SUSTon w1 WA a1 1 @ €1 99 S

/ =9 ¥ T99 o 2

o w9 fage 51 @9 99 0 & 399 FEfdiEd e—

TR B s i S s e

Tl § WEfas WET F1 9t a9 g =ife aifs feq § FE uE @ AEedEd J

Y% @iga F9 { ¥ FOH 9EW F1 A@EEa 52
(i) ETEE ARG 9 WFfas g F1 HYfEq SE B 9ifet @fF T 999 7w Ud W
wiEfes arg waiE T § 39T B TRiee WEfas a1 vd v % fo srerity R §

- foEel o UveeEl w1 AfEd SER] B SR
(i) SEvEE SRR A F6m w H dw, 6, de, Fer, e, wa wvEr, g el dem

: mmmm?{mmmhﬁlnmwr

(1)
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qrorea T St g 185

(iv) fae@ & 3w o sl @ g 12 el aF Ian Fed @ Hiaa T 5 A o
% aifw form +1 wma v gefz 219 1 TeaEE w9 w2

(v) STErHE SUREl F HAN 6 SER W aaeped A A A T S g ¥ w5
am?ﬁﬁmﬁmmﬁ@w@mmﬂmﬂﬁmm‘mﬂﬁ?m
CEnlauil

(vi) 39 % diew ¥ et @ T FT % o faga A % = 9 HE 919 A S ane
foraa fagm =1 7= 2t 21

1.4. 99 e F FF1 F9 (Energy Saving in Pump Set)

U™ ¥ FH TEAT (Construction), SHIFEHT (Design), FfoF! (Manufacturer) F HITR 9
#2 % WHR & 9 8 T B A ygEa Yo A FEw S 9 F 0F B9 o 2

T B H e # gue F Fefatad 399 e—

(i) = ¥ =1 o 9 Hgg MER T TG HE 6wl

(i) v ¥z ¥ grit SR g gt o Afawie =1 9490wl

(iii) w1 “fesm St 9w F9 - Tt T anEd)

(iv) 9 ¥ % gt %1 gq @@ § @)

(v) = TR T G- = SE

(vi) f9=E & fou aemE =1 fmin fea =g o aw =1 9 oeies e =)

(vii) 3= TEio g8 & ngfe 9 H2 =1 999 i)

(viii) TS & smavasa sgoR oqfa OF =1 TEM SO0 SR T =Y 5wy § Ue S
R 7 a1 wae= $ fore seuera Aids '

T F ¥ fagn F o 9=, S99 e SUS o B € 3T WO 5 B W 3% e
s H YU T S =Ry

" H Fel @aHa F fou Hefeafaa s —

(i) HW A A NN TN AAEYEE Y a9 Y@ i 92 551

Gi) = H s | sfas amde wHe e (ISI) W ¥ o IUFAOH w1 @ AT H3

(iii) ?ﬁﬁﬁquﬁ,mﬁmﬁwﬂmmmﬁm

|
(iv) S % o stfs | s e wiRa= S au weRa= 23a ¥ 1 ¥an =%, |iw
] SeTT SITUE A9 WY UF WHE B 2

raferdl # Hotl wade & fore smueea Al
(i) U=IHd FE=m & fog ge e =1 wEn w52
(i) FEW T F ®E W, T 96 TG 8 MHids NS =1 8§ 990 53 :
(ili) 39 WHR F G GE F AR AEEHE @ G S $ 9R aaased, S, 9@
e o= 9 == 38 =1 99

(iv) A9 B, S, 98 AR & fae we o ' 8 SR S A9 91 920 = enfg &
Exd
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186 ‘&gﬁmﬁiﬂ'ﬂ‘ﬁmqﬁ%
(v) W.ﬁm,ﬁﬂﬁﬁgﬁmﬁmﬁmgﬁﬁﬁﬂﬁﬂﬁ,m&ﬁm?
TE W @ o T S w9 e
e § a1 9ot & foe oRadha Ade
() rEieE A YET I € N A T W O w9 e | 6 g SR AEN Ty,
Eadl ;
(i) =g FH % tE, faefel 9 JvmeH S g T W
(iii) mmmmﬁ,ﬁmﬁaﬁm%mﬁﬂﬁmﬂmmmmm%
T, AgE 2 e T 3G Hi
(iv) 9 § To O T, ST a1 SURC @1 Y Hed gen A Bie!
F | Fa1l HaeH & fow s Bl
(i) SRER e, U 9 TR TEE WA € wR W JEE S FE S A
e €
(i) o = S o I e ud 39 wedi A o w0 ¥ fog gee FEl
Gii) o & T 92 ST 5 wusn, Skl g e €1 gatag Sfed SR A1 IS A w5 ey 5
& E =
(iv) SR saE 1 FRiar S e S g W w0 S @ S Hwl
(v) ST S W W A UE ITEm # e e F ar A e F S i
FEitad B
ol § Fail dadq & fere oRad-ta fder
() foag =i § <l 9% weE @ faga SO ol & E F S, FiE TEHE TGEn g
et g 1 ToEAr ok € o g
(i) T S e st e, e =fem a0 S S ey % 9vE A 7w, i §
ST Sl F IOE F F FRO E Se wWR # ot gfE At R
(iii) @ aan 99 1 A (Leakage) 7 81 <, FfF Tl oifw ol @od el 2

iy &= # ol Hae & fore s e
() HEel, Gl % AHR a9 3T G F1 TR % R T AYE A9 F T T H =T F
(i) T e H ISI W el G2 died o AN fHga i 9 9w (10%) 99 w1 HA S R
(iii) STl 7 TeTE € A s 2EY, e T-He & A wi
(iv) TRt F 9 feaE g, S99 Hafad Hufdet &1 € W w{

SN &7 3§ Fa1 daelq & fore uRad=a e
(i) 99 H2 % =9 (Installation) ¥ FR-aR iada 7 &<
© () W emEvgea d afus uE @ war, e el 1Y % We-9g BUd H 9 J6ee
TEa § aidfd S a9 BHE Sl € &I 9dig ST ¢
(i) faEE A F WA (During the roasting) ¥R fE9 & ™M W foga =t ogd &1 #@4
! - T A w
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gfR=™ (Introduction)
e F2vE | I faeiedl, 92 3R e Teas wa ST, SEtes wiEd 9 e & S faee
% 3= IR R S SErEd 9% vaTdl 2l .
ferstett =2wmT gr0 g Sl 1 360 (units), SYSIFTaT =1 fafta =1 ¢ s F =g Be T4 T
&1 fool S2as o F9 ¥fave units (3FEAT) @1 (Loss) & =t €1
o Tt siR fesfiegem wif, 9 T & < SwErTalel g g el H1 Sl @
o TEMYA i ferdiegym wfi— .
T 39 Wil (KwH) — Sqsi=r gra fean - s=if fae |
Tt T2 (KwH)
o T &= Fi R fooredl &7 F T FUSR FE TAT @ €
o TifyE T & 17% 21 W, feedi=gem wifF &9 50% Bt 2
o Ty 2k fergdiegyr il € SHR i 26t T—
(1) WA=t 1A
(2) TR aeh-ishl B (AEETE €1)
(i) T=n-t=nt BT—
° aﬂﬁmﬁ,ﬁﬁﬁﬁ%m.m}mw,mﬁ,m-mwﬁ
faeror wigm i TEwnR § gEwE IR § SR 6
o THihl I TWEFTE: 22.5 % 3R 48 Yeah At w @d fisf s § ot = & ¥
R favdt w2
o e faen weml o Wt @it el feieny @ s feepmm § € #1 S@E
Zrafer ik Sv-Zrafiee aRy Fae FO TEAE T S 30% T S0d 31 g6t e @
mﬁwwm%mmmﬁmmmﬁﬁﬂﬁﬁmﬁw
A u
(i) TR WR F TR T e W gfe 3 Avanfim R ste S Sete G e gl

(iti) <@ faewor § < wify Suftafa Bt €, 39% 99 = ToE T e o 9@ £, Fad 9gd
B % w9 W w9 R o1 9o €

AT B4 S WHR i B e—

(i) ¥=rR 2 (Permanent Loss)

(i) @7t 21 (Temporary Loss)

(1) Tt B (Permanent Loss)—d® &1 f5==m 9= 911 &+ SER & agel, = w1
FEeldl ¥ € B Faw T, A iR FEweeR F 0 (Charged) w0 3 =19 w4 2

TRl 71 faeen ead # uwh-Hed iR uw-feE ¥ 9 d §1 T TyE weR @ asAe
wfai § <1 fF Transmission Line § MR ==t et €, s fF e §—

(a) HRMAT 21 (Corrona Loss)

(b) =& (Leakage) B

() Wﬁ'ﬁlﬂ BIF (Dielectric Loss)

(d) 39 |Hhe (Open Circuit)

(e) TP ITHVI S SER H9A | v g ¥, S8 R, deedie, SRt it

() 9 ITHTW S Control Panel ¥ W= fFr = €, 8 fier, withe seht 3Rl

100

Scanned with CamScanner




188 . g i S

(2) srearedt @1 (Temporary Loss)— et wify faafia =1 8 fasredt (Eltﬂtﬁﬂil}'}“ﬁma;m
IEEE O & s mmmﬁﬁﬁmaﬁmﬁmﬁﬂl%%mﬁmmﬁﬁm%;%
ﬁﬁﬁ;iaﬁaﬁﬁﬁ%wﬂ%%ﬁﬂﬁaﬁhzﬂﬁﬁ?ﬁ%

(a!ﬁﬁﬁi%ﬁﬂamm%ﬁaaﬁmmmm{Cmssncﬁunmu}qﬁ%m
TS SUE v

r=F

A
Insulation Resistance R=-log, R
2al Ry

S8 W R = Resistance of wire/Conductor
¢ = Specific resistance
! = Length of Conductor
A = Cross sectional area

(c) 3= Voltage Level ¥ &5 § S (Heat Loss) &1 €1t 2

(d) ia=re1 &5 (Impedance Loss)

(e) Contact Ressistance & {0 &1

FEATE! Bl & GO SHOT—aS-1a o & T SR feeEg §—

(i) =i f5aC% WEF % FRO (Lengthly Distribution Loss)

(i) SEEEE T9 F11kV S 415 Volt T Hi 7o ¢ & ¥ fa@t T 7R (Scattered Loag)
¥ Feed ¥02 & forg &=l gft % fawaifta (Extend) foa Sl 1 ¥ Wb Arfior do
weEs 9 fadas famw o 92 99 W Radial T 96 €, S @A 50 R i@ 9
#1 IftoTa: High line Resistance 83 ¥ Srvr 398 3= [2R € €t 81

(iii) =T &30 F Sub Transmission IRV 3R faawvr Yowe ®1 datad (Hap Hazard) 9fg,

(iv) 11kV &R LT @53 & 9199 4 g€ 99 | Iy faegeeson

(2) f&a70T 71129 & Z1aaie STers STEN F ET—Heael F1 AHR U a9 voltage fam
% f&70 Standard Conductor % kVA x KM #9815 18R W g1 SIF1 =& T 907 SR W faat
(Scattered) ¥ € 3T 3% HAWAR W Radial Feedar 3R Feed foFal STl &1

(3) Installation of Distribution Transformers away from load Center—Secondary distibution
% fgdtae faaror yoned # Distribution Transformer Load Center @ TX 21 & fra@ Susi= Sl a:
F9 voltage W14 £ £

(4) yrafy= = fgdiae faaor yonet & freg wifes ToreR &1 T (Low Power Factor of
Primary and Secondary Distribution System)

(i) @fwia LT faqo Affz § smd 92 Power Factor 0.65 ® 0.75 @ &1 21 Low Power

Factor 3% Distribution Loss # &1 4MTer a1 2
P =VIcos¢p Walts

For Constant Power and Constant Voltage
1
cosd +

TIe

o et o
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foqu U Luad%?m’ﬁ-' Power Fac[ﬂrﬂ?qﬁ'a‘FCurrent drawn =1 919 32 2 & 79m =%
1 =TT (current) F o & wnfw Zm Z1 39 W @A Power Factor % F1771 =7z
Loss Power ®! Power Factor ¥ o7 F7% %9 71 1 TFa@1 #1 @37 Loss 5 Shunt
Capacitor F WM g0 w9 fFA I Twa 7

(ii) Shunt capacitor F1 33/11kV F Power Transmission & Secondary side o 77 fagrm =nF
¥ fafa= fageli ¥ <z = 5@ 21

(iii) feet faeor gomedt & fAW Capacitor bank 1 Optimum Rat:ngﬁﬁﬂ?ﬂrwﬁ'ﬁ#ﬁ?
kVAR ﬂﬁmma—r{i@?ﬁél

(iv) oo SRt 3 $9 IR Factor F1 33 T 1 T 3 Aifies 399 ahwT ¢ Hit 59 TE
Line Loss 1 $1 S 991 ¥ K& 9% 918 ¥aits § 9§27 &

(v) I F safFTa T F1 9igHt Power Factor F1 IR &1 Hiw & SUR W 157 Loss
4 & 9% q% w9 € A 2

(5) AT FTETH (Bad Workmanship)—3&R FRITR! % Feag wwa —

() U= FEHI &2 TY Distribution Loss &1 f&wn ¥ wewaqui gfa= et &

(i) Joint frerell v1ft THaA =1 U HW €, $AfEY Joint F T H =Fa9 T@T IieQ Firm
connection JFA¥=d T & O Proper joint el G511 =1 WS (a1 w0 Smeg)

it afty fasel =t =1f9 =1 el ot =0 9 999 & foe == 96 3% S =1 oasmes O 959

w1 fae < =g
(6) ST ¥ Phase ST 3 AT sl Load T ftarfa & @@ =3 (Feeder Phase Current Under

Load Balancing)—
(i) FHator Fonel i WEA SHAEE g4 990 § § TF a9 900 Hihe 5 919 99 Sqe § §
(i) B 9V Hged W o S0 % TESl S %9 voltage IHGET =4 I =9 & =g
voltage drop ! Hgeid Hidl €1
(i) ST Ry W T i i TRE T €, 9 Bist B o=E $ 2E Sqied $9
(iv) RIST =W STEge e % efm iR fafs= stadr & s = & 5= 21
(v) THIST &I AR 9 Heeid WAl a1 € o= =10 SR 9RET 10 F 96T B 71 35 90 A
Het & A9 Hgert e S | W §UE Heeet WY 99T 9 THEF w5 €6 I9E
dre I & fau wiel % =" afafea figg ot = 95 s=ws & 950 6
(vi) dreew A 3R o ¥ ST R WSt = e
(7) Load Factor Effect on Losses B+ UT WY 0T &1 THTE—IESF ¥ faaet Hdreq [ faq
3t Htem % SRR FEed Tl 81 SEEE SYNE AHGR WO F 999 § 39 I=9q9 fEwe ®t um
F @I HA 1 WA AEEHEE qES 1 S SHGR W IESE a9t S 9E F1 9 W uEe 3
& Current Leveal famm wfdm & qoam 8 wafas = € @ &3 fGuet S @@ 1 56 s fog
T W TEA 9 fauet #it T wy el 3 gnn 9 S8 THEE e
(1) LnadvmatnnnﬂﬁLnadFa:tanW?aﬂ(ﬂﬁﬂﬁﬁﬁWmmﬂ
fau gu fivee 598 ¥ sima W
I |G T SR O @i

Load Factor =
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(i) Load Power Factor ¥ W83 | w9 fasel iR 9 & THEH &l fﬁﬁmééﬁxﬁ

Feeder ¥ Feeder ¥ W ¥ w2as w1 21
(ii1) gﬁﬁ‘fﬁ%mﬂﬂ?ancrmWﬂﬁ.annd Factor ¥ g 3wt € 3T B

1
s B0 ged fefter v w1 svEm sevee ® O 9Ed F SRE fEee §1 ny
Wﬁmﬂ%mm%mﬁﬂﬁm%l‘ﬁﬁElectriuWatﬂrSpacq
Heating Air Conditioning, f&=1€ 3R Pool Filter Pumping|

(v) 550 SIS § WY g faue susisw w09 SyEm % S e weEd a1 U e

SR F w98 fage s wifve w0 % o seEiael # ool 3 @ §
SR SErEE S TS &6 F W § uw @ Wet 99 999 399 UK HRE i
oo =01 =1 o =X gedt 81

8. T&@¥oT TEwHT & &R &1 90T (Transformer Sizing and Selection)—

() & TEEE OF gEEE 49 F U CRGO FR ¥ fia Fe1 & feg dfan =i Winding

1 4N U €1 THAT TEETE § Load T 981 No Load =1 <M1 €t €1

(i) iR Wi T TR0 % YR W ZEEN S0 e Load % W9 UiEfid €6 7

9, ASFATHI B4 & 3= SHRIT—

(i) LT Somet ¥ 67 =207 % =19 s/@mm 9) fGare =% gga 91 S SR a6 g

(ii) Tl = &0 ST E

(ili) e FT1 AR

(iv) sEm Heed fofe, fam @ et st famor casni darfea 80 2

(v) ﬂﬁﬁﬁTEﬁ?ﬁWW?ﬁIt&gcﬁTlnductive load mﬁ@mmmﬁﬁﬁi

(vi) T &= H S0 9 F wgen S %1 @0 o

(vii) RO & F =hit, Air Conditioner and Industrial Load.

S92 St =i 0T (Input Energy Calculation)—suaififal &1 ui@er &5 & |4t T amam
fratn fasell W Hiex 51 T9 <1 § TG w0 S sEvaed 1 freatad sieel 9 5E WYE ain
Fiet F T1g U U % ©9 § UF wed F fe@m 1 5 foan fm—

M 9T Input TS (33 KV @ET, Incoming point £1)

Ms T Input (11kV ©E4, Incoming point £2)

Mg T f53f@ Output =0 (11 kV 129 Output going £3) a1 ¥18¢ H 7€ Input TS =€) +£2 +£€3

Fize = faaror TG 91 AT F Al § Input T 1 WISt 91 HEER Hiel HiETE A8l
Tzt TFEUE Sl g YSiEd $992 s9e | o o g 2

fasT 7T (Sales Caleulation)—TU 9= 49 § famt @1 faa 1 7 9 #in a=tud faa 5
T F T fasifa wafe ¥ FE | SudE 2 =ua w6 S S # Ses @ o g6l 8
R THE TmEw H@n s fa wite € \F foa 5 ded uEs 9§, #9dieE oAel 9d,
e/ SHIEE FHF9H & AUN T 5, THeN 9 49 F fon 3@ = famufad, S=5+52
H= 71 famrm ZIET SR TR F Al ¥ fasR =1 o i aaft F I I wiet ZEEET 5T
T fFu T B IUEEET B mE He F 4T 3 W 9 AFdl 2

(iv)
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fafer T et (Billing Efficiency)—fafeim 2eaar s % 970 51 UF a0 ¢ 3 23 3 sl =
¢ S IIAE h fae (S THEn AR s fam wita €) F A o T f A e =
oAl R T g w5 svEm w0 9 g —

maw:ﬂmﬁﬁﬁﬁﬁf{wff
Tl Sl (KwH)

WG 94T (Collection Efficiency)—3 SUsiia &1 59 ERI ITHIT H1 914 aren =1 F TR
. fom e s #, < wiex e ik s @ S S F SiweT | W9 e 8 e F a
@1 SN T St 3 foqu Frmas s g Fifa 2% F 29RO 10T F 9 S € weiis O 940
@f“‘ﬁw‘%,?ﬁﬁfﬁqaﬂrﬂﬁ%mﬁwﬁ'@aﬂﬁaﬁmmﬁﬁrmﬁmmﬁm_ma’m
faet 1 T @ ufer =5 g e s ¥ 9w T 2 fams aRomEsy ST 3 il €,

|% TEE U F AU B UF WS & [ TF Uhd ) T4 €1 SUNE # o9 (68 A
T S} v zar 1 A QTG F ST FF WA F A GEA L

o e
faet =1 Ofw (F99 |)

T U= i &F (AT & C Loss)—36aia a1 =i 1 5 O faee o) 5= fHaee $590
A T o o Uw o wem F AR A SR iR Ee W e O wE s f1 S == 5 me-wg
TS 3 Aol § 999 #1991 7ER oEd ¥ 95 T, 9 Sifaer 98 vun fewm 5w § 9w aeaa
H 91 T, S Hed a9 fafad == 7 o5y, TH1 e € T AR 41 AT & C Fi Wi S
3 FHftiae wm F fon dfara e €, e Toea € 9% 91 o0 wnsl = 9 o 9
ZeFToel @ ST FHfdfEe wTe wer Wi €

TRYY i faaror yonferdi 3 Wt NaTe % SR9 G SNl Sufterd € e s

o "% fesmza

o TEH ¥ IqAmM fru w1 96l 3YEHU & fafey

e -ZTh ALY T :

Iqg HIIE a0 o fou 99 €9 9 10% 9 15% =1 9w ¥ 2

AU JRaTT—F9 T oF e ¢, S 9i=eH aihd & $E9 399 8@ ©, 3557 9o

HUE TEl =

=il AT g
Y39 & oo
FAFHIE fafem
AT TeTea OB
HH A%® Tt
iR it #fts woam SR wfemd
= ®1 TR o & 9% qead feumsn o fafoemst & wwoo 3ev= B wretE 9 wee afnieas e
T FH F4 T A HEd w6
34 © 9 TP U Tl ¥ WY AW 4 9 39 JHAA F (@EF $W F13 F 60 anatas 51wt A
TE WA W g ¥ AT&C 1 oaR W fEd o sfteefy faeo, S§8 w2t s DTR fAac
TEEET anfe § A9 S €
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AT&C =(1 - fafem T « 9UE Tem) x100
Fafem 2am =_3§ﬁ?-311§12{1'{\\’1ﬂ
T Input =t (KWH)
= _ F@ TshiHa afi
HAT THA = —
T g = fage e ¥ ST yaw | U 9 G 3R 4+ SEerE ¥ it wy
aifvileds BlH = F 814 — TE-id1 it
F T = TS F x AT&C T
AT&C T59F F1 6 9 1 TR TS ¥ q67 §9 § T g e—
(1) T et ST il iU wrienl 9 foTar Wer—sRdg 9o 39 ¥ O Faes gy,
Te © 5 $ive TSl | 9 died G g o W svsie dex e = swee TS0 st
o fem v & S e g ot Suviis Sl 9 ge orem #
(2) Fequi AT SrEwST—IEferT Yonel Fi Hin sk F 6 AT § T AR T Siwy
fruifte = & forg wam =11 ©, WOOTRae T 100% & siftss =t dne gal & S e B S9ET )
(3) sfavaw=ia dis w6 RIgH & START—=2T TUFHH, o9 faea @1 wre feFies b w
S i e Wl faadl w1 ST e aerEH it 1o S i eae vl Ster % A sy
=& T
() Tead = UG ar tiadT—as § J2as o1 gy a1 yiesT 99 WSy yoe
SEET 74 5 9 o
(5) Fead SIFEIY TRadT—asd Toas yHia § Hege 78 € sdifoe aiafa sefy F dhe
% TeREE IRadT W 9K ATC &9 ®1 T §f faen ffg w1 =i 2evaw 2

THifcdl 3 9 B9 & fere g Rl .

(1) SUi=aT HeT UTahi St S:iua arrEr ot foar smar §—3e o o &7 q9g] 359 3Efy
% T ¥% v ¥t o == @ (UF WEH & & §) W9 2

(2) Ffequt awrar W & SHheT—el w9 ¥ SUYR 9 H P TET H A G
TENE F3d1 £ AHGE 9T SUEEY S-S fafei gHHE SThE T AiE = wet 2 9 faafa w0 o
T 56 v £ o RureeEEy §9 99 U & fOu wEl TUw el Wi T Y T9d B T
HeMeFrl =1 92 9 F1 &R0 59491 & fF fd SudeE & e 5@ & goee 992 % w9 § 60
T3 %1 W & stferss pram @fFa 2R € T fafer GEEEl S gfaarsi F gd § @9 § ORACLE,
ST, CC&B % Wt AN SEA § IS €

(3) stfavania e war fafadt &1 STam—uHiiE €9 9 i @i &1 fiufy ok ds o
FERM F fou wrew @ wra w0 F o 9 w@ie 1 feafa & fau | Tead = srera weifes Teed
R a1 51 81 g =1 arafa (oF WER & T 720 W) LLF €19 @1 Hee & Wiy His o (kW)
T T 3= ol =5 a1 S S 21 STHER W e HET Hafged 91 B fuae dis e 9
R it %1 avdn F g UREie YR T6E SEAFT 1 SEn R s )

emm faqoy syl & fou @ well 199aA & fa faferal s9dam =6 &) =iy faaor o &
ST STE wqum & Fww drE YaTe @ Mg e giwa 21 den 9 v o sta S 9H
I e o e 1 < S ) W @ @ T G €, Rl susin @ da o $) a0

192
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e T St groT (o
3 1 U B[ €1 760 THR A B e a9 e % 35ge F B 3 e e
=t & U JHam ¥ st & faw gugs 74 2

(4) Fzadh @ ufads ar wfadr—afz & ¥ Jzah w1 #E W 7 o 5 S e o
sonelt ¥ THY W 3 w1 w1 aavasar 21 o S9 aaisd 33 gfEds = faan feu e e
s, e sftomrerey wem qEEE w1 Awe @ I ¢ ST FHeY G2 a5 5 A v
wafed sfesis H1 e w0 2m

(5) e Ffomiy & uRad—drF Tt wiet 5 § feam T4 ¢ 39 599 & A A2as
FIFHTR TE FHal 31 A% Wret F1 Yeadh wFpries Freifa wwa safa 5 vt wgem & @ we w
ZIAHER F] e fom 79 8w 1 9 Jead FiteTeE TRadd 999 S Gudh %17 ¥ o 81 5

o SlHg W FA | =R fma s i
# T § TEd g0 W Qe adAtat AN

T 39 Rafy & weq Iwgaw e geant
aTfoTiTe; JorarT & frefor & fore Sga altel &7 yEa ST O § 7 S 97d 71 58 T3 F
feT S fafan < wepan €1 7% a0 AT&C FHEH H1 0 T TF §3e1 21 39 YHR I9A Seit G

Y ot R % F9 F0 % fou & ¥ wrfart w0 SEE @ S S g 3 SyEifa # ATC 3
@i feaft & R W W S 30 ar aqeE = foig &5 3 =8 99 78 2w
000
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APPENDIX-I

91RP 9K aIE® SR HoTen

; (Power Line Carrier Communication System)
R e S SN T A S v A R ORI VG SR S
wRea-1 (Introduction)

TR T FRax F73F%A (Power line carrier communication) PLCC =1 H&H T 39 A
EER E €1 9€ Power transmission line 31 High voltage T3 Extra high voltage T=R0T T § Iqga
=% § Communication i 19 ¥ T=fig for = & formdr forn o o=xor og9 & 59 il w
et W@ EEt 999 (Receiving circuit) &1 S99 & &1 €

¥4 =759 § PLCC ¥ few 352 ama3f¥ (High frequency) %t fram-graeha 7011 (Electromagnetic
waves) ¥ YAF TE TEF WIGOWE 991 F Al ST F avawa gedl 8 fade W d 7w
Power transmission line # Tgg ¥ ¥ a9H dow = ¥OUmo fin (Sending end) ¥ R firt
(Receiving end) 7% T fodl 5999 & WE=1 9% €1 9 System SHI B & AT vice-versa  aik
Yo fa W Sganit Pmmctcrwm@'gl

Power Line Carrier Communication (PLCC)
TR weT | watua wegel fafa fEd R High voltage W= S IYIM Communication

purpose ¥ foq /a1 € PLCC ol &l
sgat (OR)

PLCC is defined as :
The term power line carrier is used to represent the entire process of communication which uses

high voltage overhead power line as the means of transmission.

tio weto o Ho (PLCC) & &TH (Advantages of PLCC)—

(1) WraT &e | 294 g4 arenl =es (Conductor) e 1757 e &1 &% (Area of cross
section) T12T (Thicker) ¥11 & forges F0 fa=a (Signal) 1 SETUIA (Attenuation) ¥ Bl 2l

(2) PLCC % High voltage insulator ®1 a9/ & Tt i 37 aMERY ¥ Leakag 107 T&dl 2l

(3) 9Tt =Ed # A F9 uH-gE @ Ae-Ae TEH €, T WA Cross-talk BM Y FOHEA
T THTE €1 Wl €

(4) =@M 4 @A fagE F1 FHd @79 @d 8 S e

High voltage transmission line & 9 Communication signal transmit F34 ¥ fr=fafaa sl
Al T fomrd I9Em § @1 99 Apparatus 1 AT T@ S AEYEE €

(1) 9% High voltage transmission & T4 Telephone apparatus T8 379 Aferaa st Teel & R

T F A o F fon wae § wwd €, O g e s g g

(2) T i W & Transient operation a1 Abnormal condition; 3/ Switching and surging and
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qfort T ATER T WoTred) i o8

ather phenomenon; e Corona, Ferranti effect T higher harmonic M Transmission line =%
performance T a7t BTert #1 59 Wt F1 AvETd Communication signal 1 & =4 | Fwiam =5 #
PLCC (Power Line Carrier Communication) 1 A4 telemetering, power line protection, tele

control 3MfE ¥ foFan wman 2

R TE SRR wgfrdee o Rl

Frefafas @ wr 3t fafiri g oa $fem sofaee § swm 5 79—

(1) Fixed Frequency System (2) Wave Change-over System :

(1) Fixed Frequency System—Fixed frequency system H Fe-3#&7 H1 ¥ grofaizn e
S-S5 Frequency 9 & =T 21 39 System 5 5/ 5 | it 2 " f, 2032 3 FAF S, fa T3
@4 F e /5, f6 Carrier frequency &1 & &4 1 5% fo 21 =9 & wF =9 Allotted carrier
frequency Ft 1 ) werw w9 F 7% Carrier 31 Demodulate T 377 =9 # Modulate 79 ¥
A1 T Process weirm we 3 =12 TER 371 W T # PR ot e

Advantages of Fixed Frequency System

¥ R % System ¥ U & 9¢ UH (G T ONGR Transmission #1 # fo5g fF Signal F1
Reception 3721 &M € WeM X S/ s % & Signal T TS F13 & anast wd 71

S/s S/s S/s S/s
f; fa f5
L e —
‘ 1 2 3 4
Y
+f—— T A L -— :
2 fd fe
a1

(2) Wave Change-over System—38 ¥&R % PLCC system ¥ 21 Carrier frequencies 1 4
e S €, <1 fewmsi H 91 5/ 5% d@= 4 3l Carrier frequency, transmitting end § f; 3R f2 9
3941 Demodulator purpose ¥ Receiving end ¥ Calling station 7% qEamEt 2l
f1

.
-

4 Bassscomessesesed 2 3 4

il
e i

f2
fas-2
Transmitter T Receiving and calling station T Carrier oscillators § 92 1&8 ¥l 99 Receiving
station =1 #HTel 1 Wt €1t ¥, I9 WY Transmitter carrier oscillator & /> frequency TH Receiver
carrier oscillator | fj Frequency S9eTed Tl €1

PLCC & IRt &t faf¥ = @& N® (Various Technique of PLCC System)

PLCC % SYAM &l S@d g4 Gl 3 T8 NhR it A1 Ierarel 1, fagd o o1 I94m qam
F WY 3721 161 € 3N 9 a1+ &H S ¥ Wa f SyEe a8 W e

(1) PLCC system 31 3981 Ground wire % §% fifa 7 fomii % Communication signal 3171
Frequency signal H Interference | {[If&ﬁi El, GIEE TH T & I9EnT =Ed 1=l TEl HT Fha 4
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- - , T
() RLOC systean %7 ST Insulated ground wire ¥ T B Rl i Porm,

wge s =8 wEw R Avenuation  Signal ﬁ:::qg:m:? wm 8w a-q;:ﬁq:q?-;:
ST Sumenasing control telemetty T NS |
RO Supenasing Fmﬂundftﬁwndurtm'a?mﬁmeﬂmﬁ;%%

tmﬁ} PO T e & ve Tt & 0 ¥ Insulated T T 76105 5 907 v -y, Ty
RO . ) !h

BT e t_"
Jwﬁ? PLC hand 1R SRAE ¥ ¥ R ¥ Interference &M R

- e R Line W B ¥ Losses 9 & 81
:;1» = Cross talk B F TR (Possibility) 9 @ #

T i S e e A
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APPENDIX-HI

farera wely va a0

(Electrical Fault and Protection)

g1 (Introduction)

A S F Ieares ¥ St s9Am (Utilization) 7% fafe=t 551 = T579 35573 (Accessories)
¢ SYFI (Apparatus) ¥gF {54 919 81 39 3990 & 5aq (Continuous) ¥ (Operation) = 7
BT S &1 79 sfisay gaa & IE0 S TEd 2

W % Haq NI § 3 9 S 6 SiaS ¢ 397 §37 9% 9 f9gE 7 § wmerd =
T HTa wrEd w9 & wwEE = g g

@S (Fault)

T4 fogm o= ¥ 309 917 e SEWra IRISRET (Abnormal conditions) fFe® srw e ==
1 ¥EITH W% (Momentary) 31991 T4 (Stable) 9 § wwifad & 2, frgm w2 sram 3

#ga W& &1 @01 (Classification of Electrical Faults)

aE =
(Electrical Fauilts)
- .
=t wery FETE WE
(Permanent Fault) (Temporary Fauit)
I—1. = O
2. gt sfaow w25
3. 5o 3=a Se=w W=
v v
|aiaa ¥ FHEEET w2
isymmetric:at Fault) {Asymmetrical Fault)
43— 1. Three phase open circuit fault #/— 1. Single phase open circuit fault
2.  Three phase short circuit fault 2, Single phase ground circuit fanlt
3.  Three phase earth leakage fault 3. Two phase short circuit fanlt
4.  Three phase ground fault 4. Two phase open circuit fanlt
5.  Three phase corona leakage fault 3. Two phase earth leakage faolt
6.  Three phase balanced overload fault 6. Composite fault

I Wl 1 faater ferag 8 —
Tt Waw (Permanent Fault)—U8 W fa 30— 81 & W faem o= =1 w=iew st w9
3 afera €N € U YR Feem €1 A wo fage o= ¥ we e T8 g €
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Jo ; _ dgn vifen w5 TheTer o s,
srrmrell UETS (Temporary Fanlo) B8 wite @ wire s 3 forn fge oo o 399 02 8 0
Wy oTe © e 7 ynwd w¥msveR B

woitre Ve  Nvemetrical Favlny- -5l wEm =g iy witg § o) sufifa & 29 & 4
S (U ondiotins) ® 93 5 WM (Current) =1 W9 0o LGl 4]

srersfits TN (Asymmetrica! Faul)—-3momfin we fon wers € fomt aufiefe o 593 & 4
seew® © wre W U (Current) 1 915 3RTEE B

wmm (Open Circuit Faul)— 577 fingn 7= 8 feefl ot si@® (Conductor) ¥ T
g oew v ¥ Y F W IS [ O W gen ftag weh wea &

Wﬁwﬁﬁiﬂpmfimthuh}%m‘qﬁﬁﬁ:mﬁuﬁﬁmmﬂ'ﬁm'ﬂﬂmmﬁ
s # o T T WOSEEE (Voltage) 1 1% we wrm €1 feedl W ufras A @en 9iue wEm ees
2 5 ToE RO WO | W O W W= 3 F90 (Loose connection) B W 3ms
Sparicine

#rg R FE (Shon Circuit Faull) 5w firga 71 & 2 = (Two conductors) % 3
o ¥ O TS TR W ey vRow W ww §

ey <her ¥ W § IS €3 ¥ W WR9Y (Circuit) F WA (Impedance) T @ ¢
fock ¥ T ¥ T¢T W 9K (Current) 1 W FIE TG WA € 791 99 URGY F Aeal W U 3
s

et o fogE O 9 SORTS O IS BN W W@ SR AW wEIsi A e Wes F1 S
¥z=, fegee= (Insulation) 1 Fail tanil g

«-¥Ere (Earth Fault / Ground Fault)—f5=i fage 7= & =g 9 =1 9 (Eanth) ¥ 0@ &3
& T TR YO W §-TEE FTY §

= WO ¥ IS 69 % e AR w1 yaw et @ Ground ®1 €1 W1 € 991 SR W WH
e Wy v

¢-FEN TE= TR W W@ SRV Se & fagedes w1 fawe €A (Failure of insulation of
conductor) T o8 wos =1 ¥ 7= & fod@t afss 911 (Metallic part) 9 € ST €1

8701 FETE (Earth Leakage Fault)—f5+it faga o= # 9rete & s @l fagd T9F (Insulation
of conductor) ¥ S 9 ¥ TOE TH F SR fagd 90 & A0S §9 F 9w FEled €F F w9
zro= ST B §-670 eI ¥%4 £

T-477T YO T IR T W ¥HE v fagedies @ oifve €9 § @ g, ST WA e
me Fovm 7 om0 ¥59 ® Insulator ¥ @0E €A €

=fere e (Composite Faull)—=fm% ¥ sranfia wem =1 U 99 ¢ 9fing ;e A A€

; - 3 wiow vav & Ve T4 U € fagd o= 8 T9E 99g | I o B
e ®&—1. Open circuit fault in one phase and shon circuit fault in another two phases in three phase

fh | sysem, Trwea 5T H T FE GeN W94 FEE qan 37 € wensl W @y wRwe ¥

Y
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3. Two phase short circuit fault and one phase ground fialt in fheee phase syt
Ay weior wafy § & sl ¥ oy oftwey ol A A Al e F g

H P G p— _--.--.—-.,g_-.n._-.--.-.-.m-_.._.......
s U it e
B— e Gk
#
v
a2

3. Two phase open circuit fault and one phase ground fault in three phase system.
4 w7 or Frwelty wafy ¥ & wensh ¥ mow oftew v qar de A wew F LR (Earth
fault)

Re KF K o
Yo XFX °
B o- —
;p
Pas-3

4. One phase open circuit fault and two phase earth fault in three phase system.
1 Helra woTel § U el gen 9 uY W aen 99 §-wan
R XKFEX

Y

; 3
;F

dga wa @ Rl o1 voo aRE wesf

(Single Line Diagram Representation of Fault Cﬂndltmn}

Uehel T UE (Single Phase Fault}—
1. TEHTT ThHell Gell 99 WS (Single phase open circuit rauh}

R

Y
B XKFX
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2. Uaet el Y-uiiee Wi (Single phase earth fault)
R

Y
B

.||H|,,_Ln/“‘

g

6

3. Uehel &ell @Y URUg WEIW (Single phase short circuit fault)
Single phase system ¥ & R4 Y219 TEl g 2

&= WS (Two Phase Fault)
1. fi=em @ uftuw wEh (Two phase open circuit fault)
R HKFX
Y XFX
B XFX-
fa=-7
2. Tg=mem 1 | uiioe ye (Two phase short circuit fault)
R
: 5
8 F
feas-8
3. fgmen 9-wgw (Two pha::se earth fault)
R

4, Tyer witwsy wEw (Two phase composite fault)

R HKFX
Y
B
SF
fﬁﬂ:n
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= el war™ (Three Phase Fm:]t}—l—-
1. T et T UfUg WS (Three phase open circuit fault)
R ;

MK F
Y HKF
B XK FX—
faE-11

2. T welter o1y 9™ WeId (Three phase short circuit fault)
R
v 3

B

3. A shelte HH'HE.N‘ (Three phase earth fault)
R

7
: S
: i’f“
‘ﬁﬂ::a

4. ot SHeite |ieT S (Three phase composite fault)
R HKFX

¥

; b
5

fer=-

7= @ fagawaar ik wiRe w® vl @1 awE
([Effect of Fault on the Reliability and Stability of the System)

ferslt fagga @ 1 favawriaa (Reliability) 3t Tfa (Stability) W Sg@ W& w1 @gd sifaw
TE el ¥ 9¢d WeIY % "gd W a1 W favaseiad a9 wnihe g2 €

@ WY % Fgd W ufu" W = wgdl @ e 9Ruw % wfedm @ wfdensr (Reactance or
Impedance) & FM W WS @ (Fault current) 1 HH ==2a1 €1

=ik
f-

e o 1
: &g wam
A WS o YETH 9
3 e et
mﬂﬂﬁﬁmﬂ
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w | _ S wiferr w1 T 0 P

Gicil TEN WA o .
uftgy wfe=ma
am e « ufige wfg=n

9: %uqnﬁﬁWWﬁmﬁﬁmﬂﬁﬁmwmmil
Note— =7 & o Sun 7= =7 wandt w0 9 FafEa 53 ¥ g 9@ 7= A9 A Reactor
waim frw = € fed g viey & wfiamw =g ot &
ﬂuﬂﬁm#wﬁ"mﬁ%mmmm%mmmfImﬂ
m'ﬂﬁﬁﬁwﬁml 3 FEW -&XU YN, §-%er, gen 9iuy wern a1 @y 99y weni &
== 8 W foge v 1 fovewEae W e wed v
Stability and Reliability at Fault
Earth leakage fault > Ground fault > Open circuit fault > Short circuit fault

dga &= @ WM IRRYURT (Abnormal Conditions of Electfical System)
TS disgmed THES ST % fSE@ST (Insulation of conductor) ¥ Fail g€ f& 1 391 ¥
ﬁﬂmmﬁﬁaﬁmﬁaﬁﬁﬁgﬁﬁﬂa@aﬁmﬁwﬁﬁﬁw

CIEIE :II:'*; E ] ﬂ‘ l:'r.]
¥ FE=S fﬁﬂﬁm’l IR ISIEEn %—

1. = Se=a1 (Over voltage) 2 T*Efl gl (Under voltage)

3. a*‘.'f? ST (Qver current) 4 =g9 9 (Under current)

5. &% z7gf¥ (Over frequency) 6. = g (Under frequency)

7. 3a @fe" % (Over power factor) 8. =7 wifs 7% (Under power factor)
9. #A 9R (Over loading) 10. @m9sR" gfa (Temperature rise)

11. ¥==ea 91 =i (Unbalanced load condition)
12. fvde wisa ¥E® (Reserved power flow)
13. 795 =1e% &1 #Hfa=rea (Over speeding of primemover)
14, Ffaargs =G (Over heating)
7ZE TFTTF WET (Open Circuit Fault)—f&H! S wife Nl &1 w19 T 1921 U 9§ e a0
= W © wgE §E 51 PR 9 € O 99 gon 9ug W6 wed 8
e Uivod Yerd & @Il (Causes of Open Circuit Fault)—
1, W= A=A % S0l 96 % Hed g4l &9 §H & HI
2. weE W T, ZeA Az i w1 & Fwen ;
3. @faum & =R 9eE & fT9e §m % S
4. == W Hfae 99 g W GAE & FHR AEF 96w & g2 M o SR
5. 9 #0F g2 & A9 394 d o W AeE 6 g2 91 % HRo
: 6. AFE & 954 W f@d HAeA & WA 9H & SR
' w1y uftaa y=Ta (Shon Circuit Fault)—f&H fae@ @=2 & <1 @1 91 7 2w =e& (Conductor) E
T F S A ggd & S e g0 9 #1 @y 9Red 6 wed € fed faga o # o wftee
WM A HeA 4w EEE T T, FiE A g1 AE S & 0 wEe | Fga s 6 o g i
| s T g foge s )
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fore]er ST W TRTOT i
e qﬁwna’rq'&?mnur (Causes of Short Circuit Fault)—
|, TS gt F WO T TAR AT °H 2 F wE
9. 13 ATeTRl & A" UE W R W wrma = werh F e
3, ot e faaror @Al # (Transmission and distribution line) %1 #sH & s it i 5 =2

A & HI| ‘
4. TR Srafin (Internal wiring) 41 ST (Cables) & == # = S0 (Insulation) 5

¥a (Fail) ¥4 &% 1| i : ,
s Cable 941 T/ T 359 9 & WBE # g T9F (Insulation) F 23 & wr
6. TR Hfae B wrel % 4t e, fOTEe, 5 W o o i F v F s

y-AaT vd Y-aRol W&l (Earth Fault and Earth Leakage Fault)

fipeft drepa = © ferell Siifea =@ (Live conductor) % 9 (Earth) ¥ 937 % F1w 3071 %arm &
§-¥Er, SrEfE SHfaa T % 7 (Earth) ¥ #if+ &9 § §29 F FH0 3 W29 F1 §-507 (Earth
leakage fault) Fgd ¢
g-5ETS TE - &ROT AN & BROT
(Causes of Earth Fauit and Earth Leakage Fault)

|. frelt =Tereh W 354 WeR H 39 F9 @1 Insulation F HIT F BRU §-NEW I T

2. w=reol qen faaeu e (Transmission and distribution lines) ¥ 551 &3 917 (Conductor)
it 3T = (Support), 19 A (Cross arm) & &g 9&dl, ¥, Y59 H1 SH1 e $54 & FE0 9-T2W
&l €l
3, forell T =Ters & U W T 91 WEsh F aeed 9% g § Y%y g ¢

4, feht wmg =rer A @ fagai® (Insulator) % B0 39 § §-&70 W29 BT €

5. forsli =TeTs 9t & Insulation & JUAT @11 WX STF1 fagaiss =2 (Insulation resistance) %
7 W F HIOT Y-&70] ST Bl B

6. Wi el # fagaea & AT 9 9 49 81 F SR 547 ¥ I 6
#ic &0T UG (Corona Leakage Fault)

ferelt faea o= ¥ R o1 & Sy S % SEvSe § WeW &9 (Direct loss) TR &0
WY FHEl € §9h BRI {9ga F1 agd 21fus &9 & 9ar € F998 §=191 (Transmission) T3 B Q&
(Efficiency) Il T2 STl €

ffie &=ur W&l & BRI (Causes of Corona Fault)
1. TET STEThl F Gledl (Voltage) T ga Ao a8 9 & HRM
TAEA HeTeh] 1 TREH U o a9] e &1 3541 r H1 HIIA FTR 92 I 5 HRON

HTeTeR] 1 Wde 1 FHAMA B F TR
el % S AIgHUSE WTeT W SNEa (R, U, S, FE) 990 96 S0 F 9g 91§

=W

et f
TG WeTeh & 9 Y gl 92 91 % SR
6. T Aol &1 THANU Yaen 81 % SR

LA
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204 ' Auge il ot oo v fapr,
afur a‘}_fﬁ WA (Over Current Electrical Fault)
o 3m 7 (Flectric system) ¥ fdl o wre X Wi W W wga Al A7 S H Ay
S5 wors F 14
T T ¥ O H T T F SR e Y wga i faga wfmal o Sieear (Voltage dropy
fmﬁﬁmmaﬁ%mW{Cnndudur}ﬂﬂﬁ?ﬁﬁﬂﬂm%l :
sfeury 33':‘[ WaIS & BT (Causes of Over Current Electrical Fault) ‘
). = S % FR 2. = wfdm o F SR ﬂ
|

o —— e, 4 i) 1 "

3 &R & FEO 4, FRA &R0 WS F S

5. ¥y WRYT W ¥F FR 6. -8R0 YR % FHR

Highlights—

o TEEE S W A G0 A 96 e Ward R (Faulty current) 1 GRHIT (Magnitude) 7 |
s faeaas (Phase displacement 120°) ¥9F &1 €1 ‘

e T8 S0 (Faulty current) &1 Hi54 (Limited) 73 % fog 999 & Reactor H1 Sl o ¢ ‘
fsms S9g = ¥ (Impedance) FT9 a7 St £

- m«“?-‘lz ¥erT (Symmetrical fault) ¥ 3T9&T STAf (Asymmetrical fault) = HPIEA Sifirm
T 1 |

]

g7 YN ¥ 59 FHEA €7 !
A7 WO = WS TG0 A S i)

T wn e Tm e AT TR S R

sefen vare 58 Fed €7 tow diea =3 st

g TG YEW ¥ T £7 ¥ S799 € F 9 F €2

75 Iue e 5 e €7 9% F9 S ol €7

5218 = € €7 7 5 FRY 3 39 f 62

g-w70 7e T8 Fed 22 9% 9-3m 3 fem y=n i 9 w2

fafes= w2 =1 faga @ %1 T49 (Stability) SR fowaeHiga (Reliability) T 1 9919 ggal
&7

fog 7= & w21 um =1 Wi w0 F fae ¥ 39 fe S g2

. fr=fefan v =1 ‘vee oA anE ¥ uefia Fifae—

(i) TE= e Een ofrgg wer

(i) fe==n = gitog wem

(iii) or=mn 52

(iv) feFen =g 9frvg w2

(v) TEA Fe -2 A7 UE Tl o g wer|

(v) freen 719 frey w2

e

L

]
-

Qa0

o e e
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