Al SS9l &

A Ollame g dd gl
A o1 gt

1 eollaxa




gl W1 5> g1 ST sl

Al 3 Jagald| Dllane A 11 J9ll | Olllama g gl Al s gsd
+ 8l

18142 Y

tie syuall chud esmn sus gl ol Jesal Leie
Lelads Loy Jogmill illazme cligsany 1551 48500
Gillasd | Glalaiel doe e eall 561 211

pllall o=l dama ¢ 55 samd

sgllall ¢ 13Y Goluw
el Skl U1 syl Jemy o
le b 1Y 5 gyl 2398 | CB o

ke | Jilugd

+ 3yl | Qlllate

L Jemall 2 gl cullasa e dical yd Buce Lo 48500

-00 _



gl W1 5> g1 ST sl

i S gl Slane g 1 g Gldaag At il S 593
deddl

dgx e dgxdl )y DY (leas I adeill asllazma (e 50 ye<a | Bl Ja) Cdla,
i @ Jal das e LAl e el clidy e g 5T dacusie g I Lasasd piinill sl
s 2 il Ll YT ) Jm Lol culal e e E 5l reall Jail dag bai 5 5,0
2 5L Hge e Al dn,lpdl adlall e ldlg da Sl dBglan o ahn Les coln Al
el gy LI (e @iy dasndl dloy e a0l e L] @i agdlall ol cpe Juliill .cadlon ol
paadl ollaz ey (8,03 dasdl Llgd e agadl (aadd (65509

g5l Olisnd pe J A1 ¥ gmay o pad 1 35l ¥ gma (o Luskal collasmll o3ia (55
IOV 9 LBl 5 5ganTg alalgally

Air-insulated outdoor /g JLs idgyall cullastly @ yaig sl pall 2 ool cullazma o LS| @
Sllaze corpoly Loasdl albhsll ciygb Less aub JHlass clgll Lle Lgd aaiayg Substation
Gas-Insulated  HLatb ddgjall culdastl ey Jylass HLadl S le Lgis o qiay & alas i 5|y

.Substation

-



gy gl JVLLY saadlt]
i S g9l Silana gt 1 39 Sldanag gl il S 593

Transformer Substation gl w&d gl &ilae

Qldazl | ¢ 192

s 9 Jad puzid o A8l el il Al 2 Ll aaie (Jogmidl cillazs JidS
Sl Jgo Il e dus (e dunad g D3UaIl J31 agad! ad s callasmll ods e . 350 yeEal| 23U
Slilgy Sl 2 cllastl oda a5 o adall (b pelis of g Gl 51w llgi ]
gl pads illazme o agadl gy cillazma e 9 pygill of Jadl daglas
b lesm dndy e st S dagill callams @y
Transmission substation (adl cillaxs -
Distribution substation sjsil wlaxs -

Taglailly day 31 dol s e o1 Jaull doglad Ll 2 of adl gl calazma ()3 (a1 cllams L

Sl adsidl g (e aganl ad)g ism ddly cludslliday,y o cillasdlois dadsg 450 ye==]
Jlen V1 3500 e a3 o Alglall culaliall g corulizn i55l0 5 ddle byt

cllgia! (e oyl ibbyesstl Jlaa Wl 50,0 2 LA @i due yall aysill llaza Lo
Aunazis wbigias G Adldl 80 ligie o dgnll (ads Gle Jaad Eos
Air- o130 U gpall ellamlly ey Luoglss Jo¥1 ¢ cllasdl ois cLady olieedy olidd as g
Lelindis Gllall el g1 2 lall sgandl s g (9525 JIntl o2 2 .insulated outdoor Substation
SFg 5la e Ladd oty Lalie L1y callazms (gd Lol callasdl Lol Lt Jyall L0l 28l
Gas- HLab Ugyall callastl Jewdg J3lass ( Sulfur hexafluoride oyt anysls usl )

JInsulated Substation

gl gy cillazs @
aai i3y sl Al ya e 5yile Jall doslad bl e gl gy cillama 3
Lalis 39ea comd il llame 20 5,0l wlyd @ - daidl Gle wdlall ge amdly Jsaill Lal
allaeY @iy Lwadl u=ss ((6.6kV, 11kV,13.8kV,20kV and 33kV ) el ¢55 Coun
seea¥l Sl Tan e alsll cre gLl LAl Gysm by alpll CSLal Jals J5all Lganl o
o yilin gl ey @ 10 iyl 2L yesadl LN Luagy bl (395 i o s Leo

-ovV.



sl i Busgdl VALY paadill|
Al w1 gt Oldare e 1 g Gillama g ol Al oS 592

/—
750kV, 400kV, 380kV, 220kV, 132kV,110kV and ) izl of ille ssex ] culsill g
ol ¥ yma e 5 lalsll 1 oS e 353 el yolall ZEMS @Y goma dacl sy (66KV

2 ol el s Balidl Joboy dadl e dgaill 5508l P e Jaill agr dpasd @
(A1) e

nolindly Blenll LSLyesall pbolsalles ()31 @lygms sue Glo alamll oia Gy
o2l dlass alalall Jrgeid agadly HLadl a¥ gma g (J3ally) Jundll 450, gt

2000
A5 gl 6 il

WY
1000

Powwer per circuit }

500

200

100

a0

o0

JEL Adlies

Transmission distance E

10
10 20 50 100 200 500

AR

Aol b el Jaill dasd il wgadl Hlaal s (4.1) gl

-O0A .



gy gl JVLLY saadlt]
i S g9l Silana gt 1 39 Sldanag gl il S 593

dgadl paas allasa @
s ellgial] aalyy o JLELY e of dazll SEI Caylall 2 sl (ais cillame o3
ol Lblsa Ja daglas LIsao Hlalyy dlal 3blie T Lelio 3blis of Huw e 3Hle o cllgill
e Ayl Al s Lol paasdl cillazs 2 dagio wligias ] agadl pads @ 13l aga
e Blall ayeil lie abisics JI agadl padsy allaaldl ola 2. .0 el Gblia JI Joudl
okl 30 3o gkl gl (aasdl cillase Calides 1 dwis ] edbles
EEV-EN D ENRV R SN P U E PRI N PP PR T IPUIE Y DRSS JENTLRSVER (RN
sl chsiwe JI ol paas o¥eme danlsy Al sgell aid gl
.(33kV,20kV,13.8kV,11kV 6.6kV, 380V and 220V)
ol 5 Junally lesd! cilidee Jody by conmd agadl (235 Lle cillasdl oda 9 juaidy ¥
=il el lidac g

ol dlae CILIgSe

u.“-i_” ..L@a._” 3).@}? d.q.‘ﬁj Z_J.u\.ui QL‘}&A Jl dﬁj_‘:ﬁd‘ dazxa ij&.ﬁ Catinl Lu&naf
onasidl agadl syl Jedig Lgals gy Ty
(UJLC. .J.g:-._” ZJ.@}T ) ool :\-J-UJLMSM Q\.ﬁj&l‘

Step-up or step-down transformers dgxdl paast gl a0 5,08l Y g -
Bus-bars gl plend -
Circuit Breakers and Relays eyl 5 )50l abolgd -
Disconnect switch and grounding switch o GV g Jmdl e -
Voltage and current transformers Hledly ugeell puld ¥ ema -
measurement and protection instruments oobatly Dlesdl shgal -
(Ladzill agadl 3gxl) Ll elbiseall

Alert and protection instruments Byl s Dlesdly HI0Y 35gal -
Batteries abybdl -
Earthling systems dast) oyl -
Control systems @Sl iyeal -

-04.



Ay 1 5l o HEYE i)
Al s Jagadd| Oldane e 1 g Gillama g ol Al S S

i5le5s g dasl ale Hlaie: (4.2) Yl

-



PP XENT MY ekl
Al w1 Jagald| Oldane e 1 g Gillama g ol Al S S

Dimensions in mam

¥k
fc |
% Section A-B
|
| s il st e
FA00-=T=GR00 = 1 3300—~
. )

Fig. & Substation with withdrawabls circuit-breaker
il g5l T euaai(b) Special layout for single busbars up to 145kV

Y



gl W1 5> g1 ST sl

i S gl Slane g 11 a9l Slanag gl Aili S s
L 3 a9 )4 G ¥ g

2 aalymy  blesall wslly Jadl Leshis 2 Lell) poliall e 5yudll c¥sme yan
5 gl c¥smar gl illame 2 Ll 3553 Eon LAl el dashaill (e Laline cilygious
@¥sme ol paadIl ¥ il ailbh=e 2 gl Generator transformers afgll ¥ gms
5504l g alusi¥l Jlee o @YV gl @uenal caliy Less Distribution transformers x5 44!

Laays 3k gl g5iue 5 diiall

sl Jsmar e JaI1 dga J) A5l dg (e gl gayd sl J1 5 rilis Juo sl Sy
42 800KV J| Lavga Jumy Less cllasdl yaas 2 SO0MVA ¥ gl (e g9l 108 5548 gl
Power transformers s yuatl ¥ gme (4o
il yass 36KV Holin ¥ Laags 9 2500KVA 9 SOKVA o Lo Lgijud 79l a9l ¥ gme Ll
M (aasell dgall iyl dssid Llun ellgudl S a8l yesatl 28laY e gl la £ 565 5y
Jacgill agad! i€ e

Osfmis Lagin el cligsy Lalilly LalanYl Ll Juoss Bb c¥emdl ailax e
2 Juosidl 3y o9t .(Delta A 5id) Ly 5T (Wye Ysiy) desd jehadl M5 allaill 2. S gl
Gyl jayy puho S0y g LAY (AL Juo s dapyls o puss Jol B e ¥l
o sical dBy 7yl gy 3l gy gl 3l sy (11 51 5-1-0) 6y Lgaly Tygili) CaSLalll Juus 55
JEo Jiad Eom @il Sl ons Lgl30l ilslad sue @@, Jies eladl @By (e @iyl 2a
Colie ugme oladl 2 30° of delidl oylie olodl 2 11=11x30°=330° :Jtie ) 30 © sglas

¥l 2 sudiall eMs sl @al (4.4) Jemidl cn (el

=Y



Tl o Bk MSYE Skl
i S g9l Silana gt 1 Jagl| Sliana g il il S 5

nZ 1t Ny TECECET

223 ﬂ_gj Va5 |
/i Im

pyn| !

Jodl 2o suaiall oMo sl @ai:(4.4) =i

@ «w¥s=a oy Dry-type transformers fols w¥omess wpdll Gob o ¥ gl Caiwas
29 (4.5) J==2) Oil filled transformers cojll 2 5500 w¥yma 9 (CoFg (9)lm4;5Lall
Loglall 6,591 Jilousll (nms 5T Jpally opitl] anbiod daeu s o3l Goplo e Loy @l eo¥ yma
2 Lolustial sV ol 25 gaall c¥ gl yaaig Silicone fluid Bled! assdid! fia 3oyl

A



PRI REART ST sl
il S Jagaekd Gldana gt 1 39 Sldanag gl

=

de)gealt gl sl ;,Hm il k)

Trgfe Trar™ pwawsformeerr dry baond wer by
bant BB prancss - 0 pradecy of sadlalnnsval
frstwen i batth devipn sted mawafactaring.

gl sy
ol sl Jadd mal

£
]
&
o
) e

o

ca3ll Heehe Joma s (4.5)(Q) =i

g



2.1.3!)."3.\#3." B¥. 3 &t oaadll|

Al 3 Jagald| Dllane A o Jpall Sillaea g ol Aol S $o

gy Las wdlall G 5Huall c¥sme dolag Lok esadl a¥ gl 55 Ay odi )
103 Jedl I s 551yl ‘_jj}?\ ol wla\.?.i.l\ Jes=a ) g QALall yoad  Jladg Julessie wuyd ﬁUb_}
sl I sl U305 Ge 5ylml e U5 2 Lalid g cajlles J3L1 darasll s
dagd| J15,ad) Ja s copdl ol g Jeadl Olyax jue g Jodl I 1 copll Laudall i pls
u.‘.c ).ca\.u_” o;\.b C.«.:Gj (J})l:."'” Ja:t:'c.“ tn é)‘)’j‘ JJLJ.” 3)\71)_'):133‘).“ ﬁUal ﬁ..&i’u.uﬁ (_,:UL;J‘
@)ﬁ (P H\.D.nl” iala u.\.cJLU ;“9?” P 33\_{}.’ 3\4»5.@3 Cjb.n cLuI' less dlndia ji d}:n.“ guba
45 (u) d&.ﬁd‘ %ij.a}m V= Eg)b_'a-._” JALCU‘ selass Y

ey Ll Jomd ! g3l o3l Lunpdall 28 ponlly L5€03 ¥ 555l eV gmass 5ynsall ¥ gall
srt das slsdl 5T sUl e iy pae 5 ol 6l Jali allsi 1 Jsmnd! 25l e
2 Gl Al e Jomll Jals copll Ladall Gyl Gl adtiay wy il plss 13 .53l
Lie .ONAN: Oil-natural, air-natural cooling iwdall Liegdl of Non-direct flow &l
aapcdl allsy i direct flow ,aldl Goanl alls eve®d L5gill 79lye 5T copll Lrias alusial
OFAF: Oil-forced, air-forced cooling & yunsl!

5900 e Lo ol clapll e cubeially gl syl olad 2 Lol 356 ¥l alusil
e 2 bl g Jemdl daw Sl wyall sslass an, forced circulation 4 ,aatl
oI 1 (ailas

Jﬁ)} 3\.41_')7 Y ujéﬁe ay yal saUa.u (Cu“).né) Jj‘j.‘_d\_’ 3)3.@.;.“ a‘ﬁ}‘mﬂ ..L’J-A:l-” é)la caual
A Loy adseiadl sopall allsy Jf a3

;.uf.s'l..'l.u.ﬁl g Ay —

oo " . " .
hue gl g 2 gl el

el (A all

-



gl W1 5> g1 ST sl

Al 3 Jagald| Dllane A o Jpall Sillaea g ol Aol S $o
Gl | eyl syl
300°C 2 iysles 5i J37 (Flash point) Jg=i dbazs Bl | O

300°C ;yo jussi (Flash point) Jess dhazn Bile | K| Jo¥1 G,
s3dmma pie Jooi ddadty Sl L | (ot daing) EEK

(Natural Convection) calily sy, all s3exi jue cands 3oz | N

(forced Circulation)call! yie sards 38059 oy cdl 33gai yue L ynd 359 F| S,

(Directed iod,dl ailalll jo yiloe 3800y auycdl 33enT yue Lyenad 595 D| (et idD
flow)
Air it | Al caa sl
Water W | W | (il dagny)
(Natural Convection) euls 38,5 N ol sl e
(forced Circulation) iy 5 54s F| (awatadd

re¥W eIl e daniad! Yol e Sl
. Oil-natural, air-natural cooling _aub s19a9 saud coy wys : ONAN
.Oil-natural, air-forced cooling (5 b 159 aub coy wys : ONAF

OA 3oy tom Calizes allad aneiod sumidl @LY ) cilss Loaw Lile (bl 13 ael

ONAN spuad) allailly cdue ol 20 S5 wopdy codll jsaie 47 Lle Joad| caimy plss 0!
U35 ODAF, OFAF J| g, s FOA 3ay9 ONAF muni I FA e, deailly cllass
Multiple sastie @l @ ¥l (o 2 Jemell sy Joad! 5 s ol 3205 allsd s
ol i Les ONAN/ONAF (Lol oda 2 apuaill ooy Jaddl gyl allad Cows ratings

2 LTy el gyl Jiads sie 2aLis] 550y adall aay ! sie Gunalal 5,03 Jymall

- -




Ay 1 5l o HEYE i)
Al s Jagadd| Oldane e 1 g Gillama g ol Al S S

Power Transformers — Selection Tables
Technical Data, Dimensions and Weights

Oil-immersed three-phase
power transformers with
off-load tap changer
3150-10000 kVA,

HV rating: up to 123 kV

= Taps on
HY side: +2%x25%
® Rated frequency: 50 Hz
B Impeadamca B-10 %
voltage:
® Connection HV winding: star-
dedta connectson
alternatively available
up 1o 24 kY
LV winding:
star or dalta

Fig. 31

7200 1600 Z2800M1850/2870 1070

3150 8.1-36 3-24 4.6 28
4000 7.8-38 3-24 55 33 B400 1900 3200/2170/2840 1070
BO-725 3-24 6.8 35 10800 3100 3100/2300/3630 1070
5000 9536 424 6.5 38 8800 2300 2550/2510/3020 1070
&0-725 Hi 80 . i _12:m 3300 NS024803730 10740
90-173 5-38 88 48 17800 BI00 ABBZI00/540 1605
5300 123-3% 5-24 7.7 45 ny0 2500 2550288000 15065
50-725 5-24 93 ata tsaou 3700 3200/2650/3080 1505
20-123 5-36 1.0 -139uu 6600 ATBOZE00/4540 1505
BO00 12236 5-24 9.4 54 14000 3300  25B027703530 1505
50-725 5-24 1.0 56 15800 4200 375028504000 1508
90-123 5-348 1256 62 21500 7300 4BBO2EI0A320 1505
10000 16.2-36 624 1.0 16E00 3900 2670/2900/3720 1505
50-72.5 G-24 125 65 -1&2130 4700 408027504170 1505
B0-123 536 14.0 72 25000 -aam A870/2800/4810 1505
Fg. 11
S rmera Pesr Engnoonng Qude Trarsmizzer & Diatrbution 414
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one-and-half circuit breaker bus abls cawmiy asly a3s8 cound .
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m Three different service positions: closed, open or disconnected
m Visual indication by position of the grounding switch
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On-Closed/Off-Open and live Off-Open, disconnected and grounded
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Fig. 132 Central structure of raditional protection and control
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Compact central
control unlt

including RTU functions

sSadll 524 4 | Control
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The compact central control unit can be located in a separate cubicle or
diractly in the low-voltage compartmant of the switchgear

Uiaia sl b gl Al Sl S Rasal 458 sl (Salll i 5 o5

Flg. 133 Decentralized structure of modem protection and control
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Section A-A

GIS substation jLiL dalie Jigsi dasl a)ladl Jemidl: 4.25 Jesiall
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Subsation with double bushar
and cabie connec tions

@ @ ® @

Bay with double busbar and cable
connection g3 gusd (D Busbar with combined - :
connectar and earthing switch
syl s @ Circuit breaker
il Jyae @) Current transformer
2l d~e  (3) Voltage transformer
& Juaill 28 (B Line disconnector with
ol ke earthing switch
oy all s s (B) Make-safe earthing switch
wli ks, (@) Cable sealing end
oSaill da gl Control cubicle

. Gas Insulated Switchgear for substation 3Ll Jyall cld ddasl Jendll milas :4.26 <=l
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Busbar with combined disconnector @)' }ﬂ\ Olaiad
and earthing switch u'é:’,)m‘ C\Jé.e 5 Loadl) . -

Voltage ransformer

3 45 Q) ot i Bl @ py
Cadll 280 a5 (@) Disconnector contact A*'j’ Ll Tﬂﬂ % ﬁ?ﬂ”ﬁg
ool #Uke uads @) Earthing switch contact - P-jﬂ\ b | @ Tomiosl o
Jol @ Barmier insulator e U ® Bamer insuoter
Sl palie B Transverse assembly
A priusall element
@ @ © 2@ @
_ ' ®
i i

Sl 43K
Line disconnector with

cable sealing end

Circuit breaker with e S J gnae aa bl adald

integrated current transformer eedilh Lalss (3 Contact pin

Jiadlt fu:&.u L).»wx @ Disconnector contact

e gl Cygan ddje (D) Arcing chamber 0228 glihe (ue3s  (3) Earthing switch contact
3 Joall @) Barrier insulator

Sl Jsaa @ Cumrent transformer e - :
’ o o\l 322 @ (B) Support insulator
Joted) @ Barrier insulator . SN Jom 8 LSS (@) Plug-in cable connection
éﬂb)%‘@i\ Sl e\-u @ Hy d.i'aui’.:: oparating el J e Jpa s -uﬂ (@) Vottage transformer connection
mechanism o= Flie cpds  (8) Make-safe earthing switch
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Symbols g,

Temperature, Cycle s,5.1 5,0yt inyn: T Ampere or area isLull o ,uei: A
Voltage per phase gl ugs: V Capacitance il : C

Line to line Voltage Ll 44> : U  Diameter, Distance islot! ¢ ,hatl: D
Reactance ilelatl: X Voltage of cell it idsdl g E

Admittance i=sled! 1 Y Frequency s @ f

Impedance iaglatl : Z Farad si,la : F

Angular Velocity w3l ic ,u @ O Conductance ilwisll: G

Ohm a5l : Q Head, Henry )1l « ¢y H

Efficiency s.lasstl: m Current Lol : I

:Step voltage s 4lasxtl ug>: By Vector operator il Zel :
:Soil resistivitydus 5 Zue gill Zaslall: P Permittivity of air « /s, iolew : €

The o3l dsmpad Guaid doledl s K Relative permittivityi! i lead! © &
geometrical factor
The correction factor mu=aill Jolos: K

Q)Lo}su JU.‘ J\:CJ‘ Ja.u.ujln : IG(pu)

Inductance @dt ; L

Length jJglatf : 1

. ) Mass itisstl : m
The average current in =~ gdull a1

the grounding system Speed ic il 10

The Lgaadl oyl csge Jobo ¢ Ly Active power dLall 5 a1 P

length of the conductor that makes up Number of «¥¥1 2 Clla¥l sae i P
the grounding system

poles

Reactive power ¢ ilelatls,astl 1 Q
Resistance isglatl : R

Radius glecdi o1

Apparent power iy,altals,asll ;S



