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. Service continuity

. Interruption

. Service restoration

. Frequency of outages

. Duration of outages

. Gas insulated substations
. Air insulated substations
. Risk of failure
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1. Normal operation voltages
2. Voltage stresses

3. Spark gaps

4. Chopped wave

5. Air clearance

6. Switching over voltages
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1. Self restoring insulations

2. Non — self restoration insulations
3. Insulation breakdown

4. Environmental conditions

5. Insulation ageing
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. Back flashover

. Preinsertion resistors

. Restrike free

. Temporary overvoltages
. Surge arresters

. Spark gaps

. Protection levels

. Safety margin
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1. Insulation coordination
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1. External insulation

2. Internal insulation

3. Self- restoring insulation

4. Disruptive discharge

5. Non- self- restoring insulation

6. Insulation configuration terminal
7. Phase terminal
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. Neutral terminal

. Earth terminal

. Insulation configuration

. Three- phase

. Phase- to- earth

. Phase- to- phase

. Longitudinal

. Nominal voltage of a system
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1. Highest voltage of a system

2. Highest voltage for equipment

3. Isolated neutral system

4. Solidly earthed system

5. Impedance earthed neutral system
6. Resonant earthed neutral system
7. Earth fault factor
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1. Continuous power frequency voltage
2. Temporary overvoltage

3. Transient overvoltage

4. Slow — front overvoltage
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1. Fast — front overvoltage

2. Very — fast — front overvoltage

3. Combined overvoltage

4. Time to crest

5. Time to half value

6. Standard short duration power frequency voltage
7. Standard switching impulse
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1. Standard lightning impulse

2. Standard combined switching impulse

3. Representative overvoltages

4. Preventing devices

5. Protecting devises

6. Lightning (or switching) impulse protective level
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1. Performance criterion

2. Withstand voltage
3. Conventional assumed withstand voltage

4. Statistical withstand voltage
5. Coordination withstand voltage
6. Coordination factor
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1. Standard reference atmospheric conditions
2. Required withstand voltage

3. Atmospheric correction factor

4. Safety factor

5. Standard withstand voltage
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1. Test conversion factor

2. Rated insulation level

3. Standard insulation level

4. Standard withstand voltage test
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1. Actual ratio



Y s, L5 g LIS (cSlan] — Jof o

259 Jloel (b3 g8 41 3)l90 (12905 (S g 4 (Gl on 00 0)LS) il
025 JWge o bglss -
) . =
Jypaze cas p Susly -
0dd (g yoe Job (b 3 Bile 0 e -
(505 sl Jelge plo -
8 G J a8 (S (el it S rlion 0903 3590 e ©yg0 4 5 ) calps ol ST el ol
dply Sluwbre pll s 1y ol odel vy

238 Jlosl 5 (e Ll o pd (mlin (izen (2)B (agile 3)90 5

b (e mhaw ol -o0-Y-)

925 4o (Uw) @le )bl Joos slajlly 5l as goome cp sigalatdl Qbwl | cunl 0jle (b (ble gaw Sl
Sloads 031> iddey jlidyge Jezd sty adS dge Juols liseb] &S

e 48 355 oo ] (g bl oo e sl Wy STin b Joleo & ¢ gyle salls oyt Ll e 5
Al L8 3590 (03> )38 (S ) Joods S5 51 1555 b Jolee U 3,1l

i by o (635l alovgy U b cbllae bl (elyy dlogspo 9051 (sloslly ol piomod 5 lises] 3,5,k
(S5 4l il sledsesl g (Sogl slogef] Jlio lsie ar) 0,5 oo ©pge0 L5 5590 g

Gile (sl 3l 0550 45 s b g S e L g Jaow slajly ()adod gl 451 g oolital 550 Joos slajg
Ogbiste (g JSB S L Ll 3)90 Jooui SWg zge S5 b (g0 JSS b sl (e (Jgbo g 5B 4 5B (e 4 56
Dgd o agpe Ble S5 gladasine 4 dayly pl 13 (655 prenad &S Wigi O]

Ly 1353 45 B985 oo bl V== 5 5-¥-) (clatty 15 0 ) Lo (sloflWlg ) 51 (6955 40 oo Wy ke

Bl pj polie (gglue
A Sl oo KB )b 93 p2 a5 Al d 5li 550 Jeodi JWy -
203 0y L 3)90 Jeoo Sy il (Slite slagge JSb (Sl jlo 390 Jeod sy & > > -
0903 s oy
agi
slas GialS &y e g5 ol 5l g Lled el )b 5o 5kl Joods 5y S S 4]y jli 3550 Jood Uy A 3o Sl sl (S g (]

(ke dxrlye A=T=Y oy 40) 235 0o (Bpen (ol (ol aw st 4 (wlior & (o3l oo (slajlg

1. Dispersion in the product quality
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1. Up & down
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1. Alternative test situation
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1. Resonance
2. Ferroresonance
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1. Sparkover
2. Active gaps
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1. Steep current impulse
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1. Ferranti effect
2. Moderately extended systems
3. Extended systems
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1. Truncation value

2. Gaussian

3. Weibull distribution
4. Energization

5. Re-energization

6 . Phase — peak method
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1. Case- peak method
2. Trapped charges
3. Transient analyzers



$98,Lid slotug yo Ale Kaloa £

Fiszped
Thee-Shoys o Cne 2atan

A N A L IR HIE

i [-RRY
T ]

1T 3} mding

Mol wl zrmpmred a1
~E% Qg

SRR LS L

* (& (@ (O

bd dasxe (43,5 S8 b g0 jlad g Cga ar bad 5L sledl )3 WS G b o, 3 Y 59 ddls! adgusre ) -Y UK

O 4 B iy SlS] - I
ﬁl)‘;’"V\—Y o)l.o._.«f: IEC J)l.,\)L_a»] D u_.myu 2 u,a_.o) 2y )l9 d)xa L;lm)LJs asls Jlo..ol é’l’ .))91)5 le)) L9, S5

LSL“.A > u_.uy)) )_.b) LSJ‘-"Q)') Y )LJ} aslsl )J.)Lsz.o 0.39.)_7:.0 (\—Y) JS;»A ;u_.u)m LSL.Q.\.QI) SO u‘y_c LY) wl W)

V2x U
NE

el 03905 Llod 1 a5y a8lis] oiS yeuns (sl ol b el JBT a8 wsb o (o30mi0 Slue ulis g lalllas (slue o (V-Y)

S j0 e 4l GleMbl \Snigns £98g 4 S8 Ol )0 e g 5B o sl (1S &S a3 0 L 1

oo Gile Sl Lajlly Lol L] 4 als ol o Ca (o35 G lyis & (sliee (V) JSS
5Ly a8lsl yiolie odga e jl il s 510055 )48 odlatul 5y50 45 b aiily jlwdline 5 S5 S ojlul & wiley o
3 9 655380 Slalllas epslite nl (sl il Jos 4 gl (ppg0iga0me ca Wlgi o Lol o 355 0 jasete
RPUIRTAPES
IS 51 U polie) oy 4y 518 (gm0 ¥ 5Ldg ddls] yolie SaS ay &+ +VV=Y o)lous IEC )ikl D Cawge 3illao
e Olyiee |y JUl lad saome (3903 5180 9 (3,518 51 (28U (e 0 5B B pme (slailly LN el @ jg @b (VY
ol tales 5 by S

So- 3B gy -

o, =025U,, -1) "y
U, =125U,,-025 (0=Y)

c,=0.17(U_, -1)
(*-V)
U, =1.13U,,-0.13



£ hle (Kolad dg, @ Joas o (95) s od))giwd ~ 093 Jucd

:LQ;] ).) 4.;
wy)) Cuns> cu,u:v) 4 )lB Ls..\ao).) Y )U9 aslsl )IJ&A ZUez
Cadgs sy o) & 518 slajly adlsl Jleis! x5 mb jlxe Bl il 1O

Bl e Cug a2 i) 4 B sbjWy LN Jleinl @595 @l oad oy jlade U

56 4 516 slajlly Aslol - o

a jL8 5Ly Lol e 0955 4 (ble by canl i 3)50 (Bl el S 56 @ 51 lajldy ddlal b5 can
9 25 Oy ile ladasuin 4 drgi b lulb o oy dlaod S QL] il olus (e 4 5B adlge 93 4 56
5l 4k ol Gl alaxd

3B a5 g adls) Sy alad -

S samd Ll 3a8 adasd )l )18 08 Jlade pSlas 3 5 4 51 Ly adlsl aS” des o L Ty Sloj calasd -yl
ol L8 @ 56 5y aslol clial S @ il o SO iSUlies Joos gl 3 a8 canl Lile laiol)] alS (¢l i
SasS 2lop Jolgd b banps ople Gile )l )ke 2b@le 0er il o9 glalie il o)

oo 4 318 g adls) Sy alasd > 51wy 518 5Wg adls) -

Cl (S Lol 0398 o0 1 & 51 5y adlsl Sy dland &y Cans (5858 5Ly aBLSl polie 4y e dlaxd oyl 4 S
o Sl ol JL5 a5 51y a8Li] pands 0950 51 e bnjls o Lo ile Joow gl 3 oSl ke o yilT ol
L e s 6 305 83 S lind e 3,50 13 85 (55 s bl 1 e lomle iz 5l e sl J ad
L (e 4 55 5Ly a8Lal Sy gl 390 5 oS (it alaioma )3 16 ) (535 ol b (slacumy b odg: pdls Custo 4 )M
S 50 3Ll ) (5 ety Cundy e 4N

D Cowgn ;D 595 a0yl alasd g5 4 3lxie pdlie polo (lacuns ¢ 5 4 B (clajldy a8lsl o)lol cladastin
o Juoled sl im0 oo lgl alS (gl aS oud (£ S dont Cuvgm (pl yd WWlodds &Iyl £ VY=Y ol IEC 5l
03y 0 (slon Jolgd (glyy ey aaled L8 ay 518 5Ly adlsl o b Joles il yole B ymo Ly adlsl AT (g5Wg 00, )
slacsa )b | (sl B 4 51 Byme Wy Bl ol B+ 5l 3550 L Jolae (slajtly (sl ofg o T (53U,
D9 Cyeand el 00 )] Gy (pl 10 &S (Glogud 4y 318 4 B g e s 18 5Ldg adl

(Y=F) IS )0 Dged cpaand (paoy 4 515Uy aBl] 5l oy Oy & g5 oo 1y (guo ) ¥ 51 4 516 5Ldg adls] jlade
u.)‘ LSYL{ La B 0 ULM; |) Oro) )'lé 9 )'lé L )'lé L;lmjws a8l Koy Y )g..)un Ox ui“"" Lglmc;‘.:..\.\d )l L5|0.59J.>m

S olais



$98,Lid slotug yo Ale Kaloa €

)I J_.«olo- Up2 );.)Lsz.o) )LS 4 )l9 Ko Y )U9 asls| ):.)Lfbo SoS LY FeeVV-Y o)La..is IEC .))‘..\)l..w)l D Cawgar d)ugn
|y JU] LS 54 oe 53905 5MB s 5 3,5 ) 51 (o8 316 4 5 G yme (slajlily 8Ll Jlain] mjsr o (Y=Y 9 V=¥ S
ol aled 25 by <SS & (i

Sw- B by -

(¥-¥)
U, =125U,, —0.43

{cp =0.25(U,, —1.73)

S - Camdg JBg) -

(¥-v)

{cp -0.17(U,, -1.73)

U, =1.14U,, -0.24
gl > &8

gy >y &yl a0 > Y 5Ly a8l jlade [Up,

Cudgr oy 6jl6 4 5B (lajlly BLSI el @95 @b jline Byl o

..\A»LL;o gy Gum> ;)b 4 )b Lglm)LJs 485! JL@.&I 1Y @l’ 03 o4y 4 )lm :Up¢

20
A Q
i
4y 1o EE—
Lz
1.0
1.0 20 a0 4,0

Lbo I:l:l.u.fl_
o5 & 51 g 51 a5 08 Cund b (gla5lg Lol o 0 Y palie cp G 1Y-Y UK

o Wy Btz
31> 6l ym0 0 Wy Jold g 0ad sboml suome (3903 )18 b (3,5 )18 G 53 9 ALY (y « Jsb (slajlg L3I
SIS 5y 46l Sy e S Tn o S (Sl 55 Al oe K3 BLL )3 55 3y WLl g 6Ll S
M8 e 4 S8 Brle 4o Cuad (38055 Sl lil cod Job (Bile g 039 SLuSs an)M (Gl ()l 00 5y

DySiee

1. Synchronized



FY hle (Kolad dg, @ Joas o (95) s od))giwd ~ 093 Jucd

9 @Lb So D9 )IJ._EX LgL.mjlﬂs aslsl U2y D .).:‘yL;o u”iu),.c dh’w:““:‘.“*’ O Lo L;}‘o d’l“ ‘JB Oi] L
Dy )3 5o Al b 4,3 3 (gl o 0 Jgeme Sy o

Sy Jlosl rej 4 B sbgale alie Jgol S il b 5Uy 4Ll 1al5)90 5

LWy adls! gl saui 4o 8 pdlio SSTas >
My L 0,88y 5l ol 5Ly aslsl (gl oad (0,8 Jlade piSlas sl osis Jlesl 1 K8y dlavgs blis s ]
5wl @ )le dazee 13903
Ue[ 03U ol p )IJ.QA )Jl)) ooy & )lS )U9 48| Ls‘)’ -
s s e gLy My by 0jlilen el 93 45 93y 45 S+ VI=Y o)l TEC 5,15kl D gy
Siloas
S 9 5Lk S )3 903 518 ) ol (e 4 165U 8Ll Upt o oy o Jlade il (Jobo 51y LSl (sl -
550 8L > 5ot Jgeno Wy cilie 4 S
SHO5 4 bl 53 52 53 18 Lol 3 ol gt (3.5 (ol 2 Jsbo Sl L) s 5o iy )
ljome ©pgo dp Cond p3¥ Same (3,5 515 51 (23U Jsbo (slajlg 4Ll S ((s5l5e some S B2)b ) Wlold (49,5

(opm 53,5 a5 5 (3.5 o) 995 Blod b oila 3l 5,5 4555y 511 35 58,5 i o

s g0 Byb g s 51 LU slajllg adls! -Y-Y-Y-Y-Y
sbajlé > cdge Ly ALl e (6l oy Wy 51 5y peess dlalys o L g 958 ) A5 e b (olag 4L
oo LS 00 S sliie 90 yo g oo Dbl osd s 8 55 o)l poynn Sy 4 e 4 S (g)lade jl cuiSiL g Wil
5 blyy e as 1cd8)S 0l e o 1y iy sddisbu] (slaildy Ll g o e g 3B e ooty a8l 4

:355] s Ust G ymo 51y 8L51 (el g pie e yiSlios 51 (gl Sabablono elayasss ol oo

stﬁ

s 5kkU, = (2k —1)x 7 cdgsls (d-Y)
s oad Byboyr Uy =2x U2 S SgghS (#-¥)

! V3
il ooy sls o s kgl o oS
Ll (sl lo gl 5 J1is5 4’ (olmpotuns g (tanbion |y on0) sl 51 (26 (slajlidy 8Lsl L (g3tg 0, )0
V3L obee L5 (e sllad s (albpinms 0 39 85 a5 3 eitilyiso (S5 Sy &y 003 nj b i
GBS 3 50 5 0l plosil 5Ly ALl el (a9 00 Jlade s (slis i (lgiee |y ks (Siplod Bt (il (sl
Al a5 313,90 Ll (sloaials go8y Jlazo!



$98,Lid slotug yo Ale Kaloa A

P8 Comn ¥l ySasS polie 4 duome (13903 )18 b (3,5 I il (86 (slajWy 8Ll axsliy T (535 03 5
u_.e‘b- LS)"‘"L\’;‘ 0)49; ,\;)S)l)s Iy .))yo B & LS"'“""‘JLfo s uAM) L.B)]G)J9 L‘a}-)l ‘-SJA-’L leb)us asls| c..\....w‘.: 04

Al 3,55 g 05101 len 4 Ll ials

Hb il 1 W5U g5y adl] Y- Y-Y-Y-Y
9 05 by slajtdgaslsl a8 I (55 03, 5| olbpiams » b ,b (ilobis 1 b 48 Cud b slasldy a8l
L}J‘ ) ‘LSD)‘H ‘yx ~:‘: 2 A & “qM ‘5‘)].} Ailodds .)9.}.7{.0 wy)) Y }l )A.i>9§ )J.)‘.{bo L doe 039&3 )IM))

S dolss L3300 Jobo Jl bglas b 93135 sl il jgausl s el )3 0319 3Ly 4L

3B 9 955 93 Slodl 2 (I35 51 (U oLy adLT - E-F-Y-Y-Y
029 b dn Al (o) ol 4 390 olajlly LSl 4 e g e (SiB b S gl sl (S5S
WS )8 42g5 )90 alioe pj (S3S sleslles
o )5ige (3luiloly slel > alad -
29581 S ooy a8 b ygilagiadl 5 S 08 puabline by glad plin (ygomen 98 g0l Slesh > glad -
Slye
sl aly Jia 1y gl g ol oSme o gl sl ygile il s 5 pugh slooysS 3, Khos g GiuS -
S8 SLSSL (S5 5 5k 86 S LI S5l -
S8 LS slrjgid alwg il g -
£33 (5 Lol Ly Lo JLls oL 236 by las o) sl cslasl o g e 53 o 1nalS " a10x0 sl pogd
(93 3300 pug 8 2506 (claa S eolisal 1) 5 593 (S jlas (slajlly 45L31 g5 4 ke ol (Smn Nidigey o0
S Slojng cllasMe fosd o) e (S35 GBSSL ofage) (F1B SlocSSl (3903 18y plRin )3 el 2 0gMe A3l oo

(Anles axxlyo Y=F-Y-Y 1 ) ] Jos & (sl oo j1 & 51 glajldg 8Ll b))

&5 o b diclo sjlly adlsl —0-Y-Y-Y-¥

dislio Codygd (sladygs y jl S ol L adslo lajldy adlol o iaghs Vee 5l 15, 5) sl bl L slapions 3

godg s s Ble 0 e dbul a4 B S Cunl Koo slojluil @ diclo by & Kin) Nad o b B sla oola 4

(] y9d S s b 5 adlsl adgi wyp Cas Hlaidjg0 Jore | 8IS ol &y aS a0 7y (clalold 00y p L

1. Arc furnaces

2. Current chopping
3. Restrikes

4 . Restrike free



£4 hle (Kolad dg, @ Joas o (95) s od))giwd ~ 093 Jucd

5 Sy el b a3ty adlol il o asiysSen Yoo )y ks 4 diclos slisl s g iy (slagloj &S bl §

.).);L;o )19.4.9)..9 LQ(] )I’YW9 odg )|3)95){ Lg).o-b w.o.b‘

S i U sl 5 W9 adlS! 3905 dgaome —1-Y-Y-Y-Y

s SilS sl Lol (3905 op3gie e &S sl Jglie s Bg) Bl 55 oy (slacoslio 5l o3lid
S OlySe wa l) oaiiS glad (laabaioes (gjlge bnjgimn )y Sl oliul § (19,500 (3305 (ygomen gy plo 2900 )
Sy 48 eolitul 3y50 (1 g guiS ol SS9 las 305 HlB 5l U sl 8Ll ydgadagae

sbacls g9y p oxlo Bl 5)ls (o pSpia 0 4 Ngd oo Juate bid claaibl 4 & (45058 90l SWy sl gilejgiunsl 5
abie (aw ay bdoion by I (00 A8 Gl b sy alal pplpli vind oo sl ks (350330 1 e ) 56
WLigas o 9o lad 3g03,l48 5
S i b g5y AL Jolie 3 clin Cagn o8, 51 03l Y- Y_Y_Y-Y

L bt ) oS cod b slajldy a8lal Jlioys cblis can glpien ) (aln Jools (g 8 st sl y53
LS| D500 dgae jolaie dy b S8y oS Jloj D50 dngd AiSS pl 4 b o D505 03] clawgio CBgo (slajlly adlS]
e 51 55352 Lokl ol (San L3 a3 njldy 45131 i o cuss g JUisl bghas (slal 13 035 s b sl
4y L8 5Ly Blal aiels 18w (gl S8 &S 3905 (153 Gl (IS P G lgie il S ol 3 o all
e Ha ol les o0 39400 (%0 CgolsS s ) 28y (0U SWg il 93 390> 4 1) (S SgshsS’ o ) (e
5 s 3000 13,5130 5 (90585 I (536 48 cerd b slajWg a8l 13,5 3900xe (gl I8 ST (510 KBy oS o
5t 1S s U elaglily abls] 53,8 3010 (el IS o 3 Lol cdizauns aslio 5 5 5901 (sl 58
g8y cIl> 3 52) w3l (8 3)lse 51 5868 s gl aiels 9o el ST e 4y dlas (9,5 By g (0j slalas
Al ol i (Whoad (lpe (g Sjgo 4 &S (oglas ) las

a8 gl dials 48 Wig oo 5881 5l ol sges a1 e S dume ()b g (905,08 5l S (clajly a8l
dlgo  Jod pé oolall 598 dastie Cus 4 by 385 05181l EMbl ¢ S s 0418 cpl slp anl yolglSY B+ /0 g0
395 3 olar goe Sl gladlej pogas 0 H8aST (sl S8y o (gl Sinly Sl g a2l55 wre iz SlEas]
S 9ol cnlipogdls 3g0i Jlaidyo (5l Glgicse g 0392 52l S s L slajlly Lol )50 55 aimd o (i
SIS g5 g JS15 35250 B3t 9105851 s alolh 3929 5] 20

e 8 38 (oL S50 5 5148 390 Angi il g Sigd e o (005 4 g0 & Logas 1n S5
dy90 oM JyuS oy & 31 SUg adll Mo > ¥ jlade o pd Ve 3l iSe S i B aiS Coid b (gl adlsl g0d900
g () 3 A 1Sy ey 4 B (Glis e ply 93 09 4 il e B 4 5B slajly adLS] xS 1,8 ealitl

A dalgd S5 (dled axalpo VYT iy ) (gglis o b (e 41 56 adlge 93 51 516 4, 516 5L Sl



985l lpiny 5o Hule  Kialad Qe

9 28155 Un=Ups in 55 Bli s Joles (35 & 1 o pmn 55 6] (sl 00 03 e 5S>
23] 0l 0y o b S5, ibilis o ol 93 b Joles o 5,5 e Sl 6 & 5B (clajldy aslal el
S jSaeS 45 pliS a (il 0ud pand £ VY=Y o)leds IEC o)llinl D Cungy gillas a5 (656 & ;6 cla3ldy

Dg0d cuad il cpole |y (6505 oS8 (e WL jli3)90 6S2sS B & U (slajly adlal S1.asl s
9 3L 29— (S S & a2 gl gl oo S el b slajlly adlal J S cagn LSSl edliil 3)lge 418 )0

Sges Ul 158 5l ) (grlie (oM (533 ST (lop el
A5 s by g5y ABLST Y- Y-Y

W 51 e disbo glajlly adlsl - -£-Y-Y-¥

D> (St 1) Jelss 42 il g5y €3 5 ey o dislo slajldy 5L
Cony & e (lgn bolad diclo 3)Sles -
o 2 Jte Loghas 515 0305 ysb 41 g ol g el
aiclo 3y95 p alasd 13 (o)l poyeg SWg (clalaxd Hlade
13) Ly 45l ol 395 o cymass (395 0155 Jole oo S 35 b oy 3 sl el slnglly a6l cuslig

)lye (B 3 352y il b Al o S5 sl ppolie il ol ile (Simlan 313,118 Ls (gl Ysano (555 Clié

P adaly ool 5 S oleMbl uay iallh wlie 558 polie 4 ) diclo slajly dblsl ately cusl S b bIS
ol 0as &1y £+ VY=Y o,leis IEC 5 libiwl F Cavge

Sl 9 488 1155 (oo e ladibl 53 0508 (il )3 SWy lalaxd e ((Job g 56 & 5l Bale sl
il 5 1y S0 lgn b clacsole e g3 5 508 S 5y BT S 3905 1058 plyices B & 6 il
e (ol 5 55 L e 9gm iz oo e e o () b 3905 05 005 (em3 |y il bl sl
Do i8S a5 el o e L 45 @8 (IS, Wy slalasd

adclo pudiwn s 95 o I

6O @ygs y alad > aS dgi o JUSl b3 1B ool 4 ddclo puliius 353y Cage dielo | Cblis piuw sls
Al By Wlgs s 1y (515002 5W 51 (5ylade p2 56

D9 oo 48,8 a3 5 5 Gygo 4 Job mle SO e Abl p> @ yuE lS )5 5Ly ]

et Sy 3] s (glelad ppalio ol atslo ISl slagy duls -

1. Substation layout



0 A Shke v S pu sl e dad

Syl @i 95 garme Ygane Uy Lol slaadlhe 5l Lilisue Sl 5 (ol bl slbs Jlsl obj)) -
il ol
18 853 Uy (slabad jlade 5 ddelis Uy BLSI ggerme luly (ile st 5 e -
adlio 93 51 5l3 3)90 Egerme (e Caa Hlanil )90 slad 25l 4 3)Shas e Jlosl -
@) il 5 allpe G g Spre (e 4 B el jWg LS L Joles ddslo 455 50 allpe G 4 ggerme (S
oS Sl 0ad pasude gy dalg (pej 4 5B (o) pope JWy Sl e )8 LS8 Sy adhe 29d (smand
G yno g L] il ) cblin i (sl (gl o Casl ine oy 2] ol caslio Blgisa + Y oy Sy Ll
2 o 4B gy jWe Ko /Y 5 Wbl SO o) 4 s Byre disls Sy adlal i b o (Job

a8l 5 bl 53 ogne 4,

S 33 (G wod
a0, 3 1y @8 il 3 5y I clabasd Jlde Sl 48T Naign 0 £ (556 g9y p el S p sla o
wiclo g g gacmo by Jslas sl so b ymo Jobo alicls 5y 3Ll dnany gl & Canl _stme 5y ool 18 Lls Cillska

Bl 500 ably 5> gSae )My )3 (e JB (old e Sy Sy g ALl S > Byxe

Wl 5 g5 juulS 1 onil sty 4dlsT Y- £-Y_Y-¥
iy J513 )3 Bsas s Jobo b Jladl 3o ) (53005 85 a3 0 & (ol 25 o L 558 (slajly <L
Ol i 3950 (oo > (2B Gale & (Slej a5 b slajly Lol rizmen 8 lix (1Sl L 5 et gt &

2035 (agmman xen) (L pslme (b Bale 59y 32 (oudy SLUES 4 odie Wlg5 o (albodsy Cniz Mubioe o
Olee 1y Gyre jUgadlsl zae IS Ll Saled dolie cqn bl wwl Jlog iy adlsl pl caub 4 3]
i & el ool a5 o Jl oul b 25 s (Y01 g50) 3kl dislo 4y s JS5 L ol

235 Cglasno dagl 4y 00 Jlosl )5 (sl Car 4 s 1
Ygane lajlily a8l Jud ool Sy o Lol sl atadly (58 o ) 5 55 & Wil Lol Sy e ST
& Ld 5l oplply D9b 0 3gamme ol 3590 din 4 Ll Cuen] Wil o Dbl dicls Lwgs 45 cunl (g polie jl 1Ko oS

.(*/EXUS
AN

LSL.J.A)J wy))) Sl UL‘) JJb )J) f.ﬂ.}.} )J.)‘.ﬂnl:d)m )U9 48l dield a5 o um

Cudgn ¥ o (w98 g IS (S5l -
g ¥ iddome (wgd b S S5ul5 -

1. Decisive parameter



985l lpiny 5o Hule  Kialad or

PR Ol il dag BB 5B Gl Gl 59y 2 48 e b G308 slajWg L3I losen g4y Jlazs] aoslix
sl e (lailpd iz Cod NNign o0d E585 & (o) 4 JB lajLly ALl I 55 5B 4y b (lajldg ALl aS a5
oSy 3y A3LSN (ol asliz 21315 oolisul 3)90 (lajWy BLSI (yix Cunenl qw)p S Gl ) 398 2900

235 o Moy (63385 Slom) p plosl Wl Bl alslo 45 g0 Joodi SWy

K¥e) W ‘.: LsLb)ws asls! 8959 0390.: g9ux0 -Y-£-Y-y-¥
1 oslatwl el &S sl sla e 350 dgazme (slan bglad Cuwlio sl b g5 o 1) ddclo slajlly ddlsl 484
daclo jl cblas o LS‘)% culie oo 9 Slaws ol 551 gla ool 4 ddclo osldlo 3 )95 1 LS‘)% -
sile Bl b bz g by e aSud uiliel a3 S Sl sl -
Lol aeld 135050905t 1> aw Slodd cuad by (S35 0 &S oo pSd8s b oodd o) slrgil o)lge (S
©)gbre 3 (Sl ogd el Gl e bl pl (i g2yl b5y 1) bty 4 (6399 dislo slajld
roewwen u.uuo9 LY LS"'“""‘JLfo ).u uaob <\.>9) ‘UJl)‘mﬁMQ Lol AT w» l.: 4\.4)..0 C‘}p] .)l.?u‘ Ui Al FLY J‘"?‘“"Lf Cony
b pials adbate (pl )3 (125 (98 £58g Jlenl B 23,5 Bglane Gy jobmo (slag p (S o) 097 g il jl e blis
S L 9e33l b fog Cunglio 4 jamme «SarS by iy aasiie b dome (B W81 slaadS) (S5 Sl

D905 39350 (008 9 (9,5
555 s by 55y AL Jllo 5 sl g U yoSE s 51 53Wiasl — £~ E-F-Y—Y

)15 (St ) Jolge 4 45 Casdd b (slaglily adls] Llia,d oS5, aliusgy o ol b clslis
5ty il zge IS g atels -
2Ry bl dasuie -
2555 J o by gae JSb g Al -
blis o S S b 5 zse el -
(Haled a2y Y=V IS5 @0) (ypej VL ol cblis o9 g 9 X85 (o aloll -
Cony & Juate bolad (290 (uiliel g olas -
8 odlizl 3y90 b3 28 4 (ol 4l sladlys b olnyeSSy dislo clajldy ALl blisys cllis cus loges
205 (0
elolS Ve b yalshiS 00T (55 03) 13 Un b (sloptisas slp -

oS Vo b yual gl Vet IT (6319 03y 13 U b (slpsamms sl —



or A SBke v S p sl e dad

45 3903 Gao unlise bl ol (b 455 Gl e 1 55 xSEy o))l esdadss slagl e & el
)5 )15 s LB e3gioms 15 st bilite ola 3l (slajtds

85 3903 255 Canl (B Vgomo sy )3 035 sl slo Sy g (sl Ca &) ot Gl 651 o 2
bi gl diclo @y zoo doyd O Joou Sy Joleo dwy o Comy a4y &S ()l 90 B yro ddcls Ly adls] asld
Se o8 e85 i b 58 1) Jlenl plead Gla (6551 S e sl (Jb il b il Cany @ Juate oo
il oxd S5 45 iz J Sl S i3

Cblis Cov 55 g 588y o dholb Gl Casl yixe o] (558 oo o o S8 S Bl (gladaseis
4 alols ol GRlBIL jas 4 oad Jloe! JWg 4Ll Ciids)d § 995 00 505 ol sl 0 obienl 3 CBlis (JalS 4y yoxie
5 158 o alold o9y 5l 6 BT osaiblod can a ol by bl SR S8y (Bl o I 5Vl gl
Sl ecnlogde 3,58 )15 b)) 350 52425 ALl 53 et yalls clajlily L] Condy il o Cblis o6 3425 e
ajWy Lol (iludgaze oljee (b)) plSn 035 Jadpo o (Bl slaaastio g ) 1S5y Jib 5l (36 ]
oo «olen Jolgd (gt 518 aT (sl S8y sl 90 Bl S8 VLA Jobo @ tanlioe Jobo (nl 158 Loy
9 8Ll S8 VLSl oo 4y S8 Jgbo g 08 5laid o Wl oo 1058y 0D Sl Blge STy

Sl e Jl nl b dges dlatul Glgicee pj by, l cblis cod sas Jore )3 Bpee Uy LI 1 o) (o5 51
Lo vzl 350 G cedil S &Shp 35 18 eolitul 5)50 blinl b st 2 kg gileysiuily cbles
223)5 (655 )5 iy Lol 4y prie Canl (Ko 35Sy
U,=U,+2ST U, =22ST (V-¥)
U,=U, U, <2ST (A-Y)

gl jo a8

gohS iy b yo 51y abls] atals Uy,

CgohsS’ ooy diclo 45 790 Jlieyd 155 (bl waw 1 U

9 4lgySee p golS cons py (Jlasl 0 90 o 1 S

295 (50 (e ) Al jl &S ddelo 450 g yow loj: T

L

T=C (a-Y)

ol &S

e bl o (Y=V) USG50 od 00 lis Juoled Job L g (Yrem/pus) o co o =C

L=a, +a, +a, +a,

1. Lightning flash



985l lpiny 5o Hule  Kialad of

slbd E5 i g S 400 Jale olgn bhad dielo 5 Sloe oy unbioo Jlosl 55 zge b plis
Ol SaS a4 lei oo |y Gy 53 B yro diclo 5Wg adlsl alely Jlas! x5e5 g QLS Camy JB15 53 i aidydy
b KB 5 5005 Gole 3,5kes oy 5 alod bslad 3ge 5L, e il bokas 5, Slas 8,5 ko, Ly )35 5Ly abls)
S 5+ VVY )l TEC 5,5kl F gy > clalllan ol plosi] 0555 3505 s g 4l zgo JS 5 aiely bl
T9° Loold u.u.x: ‘DK& » LS"'“"’“JLfo ).u )U9 a8l T J.(t\w Le) u_o.;‘.; Jo.?v uiwu‘s ‘LF‘S .)LQ(uw g.g) U‘?"C LY ol 04
Cusl pSae ol (loj —dy (iomie oS S -9y Gile 5 (25 Gile 959093 09 4 EpSee (nl 29 4B Jlaiyd Byxe
el Can] Bl il S oS 51y ALl Ky jolie ) Loll G ypme aiels a8 w3l b5 jI S

BLS1 Sy e Joleo Gyme $Ladlsl aiels 1 g o391 nb gl ol dels ale gl b 55 Gale b sl ol

9dge 45,5 15 5l

O E .

LA LS 4

¥

A
S ——

I PP PR Y [W-E L |

e T e T
Az el T g g, e mzla gl
oFE ¥l S

L i R N L

oA FFon

i M pealal e =y

Sl 8,5 41,8 03] 3590 jadd Sy Chlis Cun o K8 S 51 ool SLd Y=Y JSG

u))}v )IJ.QA k.g) ‘.) 9 Jl.a.ol 64)9) [RW) ol )IJ&A l.) )Jl)) d)m diclo )U9<\9Lo| Lold le).) 099)&.0 )IJ.QA )451.)& !
bl S92 90 (Sl oy 3l ool sty

Lol .Canl (5399 Ldgaslal aisld yiolyb iy yions ol 00l Cunad (6158 1 gud &S Gy | olrciowd b w4y
RS g puS8 e alold 5 (£35y5 §g ALl s yol)ly oy yioge igus o Cladlne 1y S8y dliwgy &5 Slacun (gl
Do dalgs cbles cou

£ o 85 sl e ol ol bien IS lgn Las (5 0 g8 ST gy Lubul Uy L) 45 g0
oo b (g5g adlsl & yomie Wlgi o Wled 355 Jlasl bd 4y Cony | asine dlold ) ddclo & a8lge 10 LS (g09)9
Cud oy zgo 03l 5 et e Wkign o £68y W i35 O olien @ aS (6,505 daxie Shps )5 dvg B

Sy dinlgd L1y 6 pSas8



00 A SBe v S w2 sl e dad

CAJ..C LY cu.w.: )91.790 T ).) 45 L.Aa.ul LR uo)s FeeVN-Y O)l.aw} IEC .))‘..\)Lw)] F u.\.u}u ).) oD <\§|)| o.)L.u L)""9) ).)
9 Cang (yo Alold J8las 1V 0Wg0 o0 £o8s 4 ISy (wsd 0N Wy (po A8 > 4 (> Al Cuoglio gl
P9 bl Cuny & Juate glgn bd 5l sl S Jélas 295 (LS (B oy 4 ke Wl e oS (laielo 3)65 p dals

wlML}Jb JJ.) AIQJl))I ‘Srp cpw.u A’LS‘)?)? 4\.4)..0 d)x.o C}AW»)}f..\A L.,wu}u » X W) ¢\§|)| u‘.?uaoy d.}Ua.n

1
S = - —y
® Kco(Lsp +L) =)
R
L =—— \-Y)
ka
:LQ;] ).) 4.;

23,5 oo gyl (V=) Jgaz 51 45 0392 s (K .m) G B8 (oo <ol 1Ko

sl o sy Cony & Jailo 2lgn b3 el Jobo i Ly

390 (iS5l £ b Joleo ol sl J) (36 (S8l ogh €3 oS 0351 Gy &y e (2l b 5l (rand Jobo i Ly

RO (%/ear ) Il osSKae (sline ol by 51lg adlsl 23550 &5 iRy

Gl 015 Bl Gy jgbro )3 2o ad Jgbo I jt0lS” (it (Sl car o5 Jlo )3 (2l b3 7955 €55 Rim
(39850 o V(V+ - kmuyear) clue p Yoons siol)ly )

Al Sty (VoY) alasly 5148 (6399 425 90 gl s sl o Gy & 2l b3 S ) i oS ABlge)
Jils U jblie cianl o bgbad 3aas 4 3080 48T el (0l b 59 manndl Gy 4y o brglad slaes 43 W5 oo
e go (BL Jhe p3 hadiclo Sldlsl (> (See lagg s (58,5 iy b oS Wgd wid)S Jlayd bolad I ool

gy Jald duuloe L 3 Laly 5l ddslo 51y 8Ll G ymn e (V=Y) dlatly j (Vo=Y) daily 6,81 |

A L
U =U_ +(—=x Y-y
® B (n Lsp+Lt) 0v=Y)
2
A=—r Yoy
K,C 0v=)

wla ol gl el (V=) Jodo ;3 A yielb Jlade g o3 (=Y b =Y) o & Juatie bglas Jlis 1 sl j> a8
SN lapwsd £989 3V 98 Sl 3y90)3 sl 0ad W)l (e & LSS g8 Su 458 L) Jlaml ks 56 slageola
Sl ecib salgs Jin ) adelo slajlly adlol jl gty ol wielo S i )98 0 0 &2 S ) Ui 9 2

Dy o Sl 4o olulp A Co o e (Joghas >



985l lpiny 5o Hule  Kialad 01

lo2 bobd gloil gl A giolyly 9 Ko UgsS (atlymo <uli V-V Jou
A(kV) K, (us/kV.m) PRI-AN

€0 - Vax " @b S

—

Vooo Vo x Ve b Jub

YWeoo s x N Bk b aw Juib

—

VWe oo JEX Y. whowa b s Jub

W5yl co U g5 adls! —0-Y-Y-Y

CuSd Sz ) B Gale b oy J31 50 Lad 5o b b pgsin 5 Ses dawlgy A5 )lhae G b (sl 8L
(295 blB )3 S oyt Cany 313 )3 1y ol s 2105 g0 g sl 3929 (18 39580 o S0 S
& Ygano gl (ol loj 5 Mhion GinlS it @0 bojlily LS) Jud oyl atels (Sivyy e sy 2315 (L33
2 Gl See rizzed A5 law cud b lajldgadlal il Gl A5 el b clajlgedlal alie (glodgase
il S92 55 lord e ySomge i 2 (AU VL L o awgis Uy S 55 slagile il

lp Casl olyar by Soo oV I S Gloy 0 o Sy Jlaie b gy I3l b SWgaBLSl £ ol gge JSG
Olej e D9 gn JUid 20l gn 3 ynl8e S 31 VL 2lauilS 3 s & olaglogi bl Sl loj ol lnosisS gl
5L 4y 3y Ll atals im £ )b i ol 5o Lol 0391 agt oo ¥ 51 a8 055 s ced b (slnglily a8l pols
g Jpan BB Coigy /0 4 ol yiShe talS Sl a8 2905 (558 g 2l (St Sy tal)] g 008 b
sob 4 &8 Lo (olygileystuil S oo )3 S)yj (ndge oy LSl 4 orie canl (Son lajllgadlal pl (Jl> ol b
02)S (g0 e 4 4y e

5 €00 SIgadlal o alawly & (s5ile)sindls o) |y of St (35 Gale b slacany S5 )3 s 53
Ol )l (K Gy J313 3 s Joro 9 JB ale b Cuny 4 e JLadl g9 4 JUgedlal aials 5 JSUb amd o )3
3l e g 315 )3 55,0080 Yo 1 gl il 3 ol g 039y e slajly i VS b slaatels (gl)ls lablpedls

b jlgadlol (slolug cusl 0ads Jate (5515 Bale b Cony 0 YL jWy alse s SH L &S (s slaaibly o)
b i cov Ll A 5Ws plp VO U Sladieh 5 52K Y U 50K /Y odgaote 0 slba Wil 8 saimd L
age Sl (e join Wajlly Lol )3 zge S8 (Jla cnl b 2g algs jgade S8y Al jues cblis (IS
3 g SVl ol 3 335 Nagmees S lanits Caa 4 glsiud s Shgames » (Sip B cleis
gy cpl 5l (S5 0ged odlatwl Wlad )3 )18 1ol 5)50 38 Cldllas SKoS @ &5 (6,500 (0Kl abls o o,

A8l LS (3 s Ay & (1S 5 (1S s 15

1. Part — winding resonances



oV A SBle v S sl e dad

2 pols b g3 cwlie (g 5bod bl a1y 5 3945 3591y KlgF oo B ymo 5Lgadlsl s s (slajldgadlsl oguas )
oo slajlly bl 59y 2 (6B A5 Jl i b slajlly ALl oS 39 0 Hlanl Sl ) b s 39390 disoj

sl dnslyg el

‘ﬁdb” Lo Jwé' )wg -y-y

il Joss glbduasuio V- YY
b o 3 s (g S 1 35 140 (5 Lossba 55 ol ol 1,3 JUl o i 3 lge S 55
At Ly 1) e ymeS Sl 13T slasg il olaws lale aSlsys el winlgs s iily a4 (oS e Jleel b aS
5 s Mo §) Gale Jsb 55 Canglio il o Lial3El 550 OIS 01l & e b Bole Sy 3 S8 i oS _alSin

Db oo 0350l oSS ¢ 598 oy b o IS (3,10 93 laodla y3 48 asul o3game 1) S8 ()lake
DXg oo E59 4 hD gob & (eolol Alsyo dus 3 Sl
bl b dais G 55 4yl (ygemlioge -
Loy 2SIl 3ol pgmslisgn JUIS o (s pals -
T lSing 4l K & pra i 5 g Sl as e -
H5lasle Jolge cpl a8 glilleos ) mle § pSllen Jood (goaaie Jolos
Hosl g )M 5 ol loj ke oo JSB sy -
9 a3 390 29Il pslme (sladg ySUl ((Kempd b (Ked (S8l Gl iale > (S0l e g -
el sty
ro9e S San it 329 9 39290 (AL Ll S by wl> @l B il g9 -
S osile sl bl oy g (SolSe ot ¢ Japme Lulid plo g )lib s a2y rile (Susd Cundy -
3y Copad] (613 el (San 55 4LBIS 5 ple & od Jlac! (glo i
0306 9 53 aw B pleond T (i o ile JSB -
la"‘)“" ‘O‘il){"ﬁm o M‘? OMLJL"&l LS)L‘J9 U gy JS“’ 9 ‘\“")M’ 9 Ls‘)?)""i'” u**")i O 19‘&’ > sl
Gk o5 SN a3 3 s cow Jlael 25 M 5 e S fathn |y S Jaod 35 o 5
50l )3 &S Lok o gloy) o2 0lil (gon bl 4y ol il Isn S oot (sl alitles] (gl iSojl]
1ol ool £+ 05 +=Y o)l [EC

Vo Oyl dapy -

1. Charged particles
2. Self — sustaining discharge
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1. Metal — enclosed gas — insulated switchgears
2. Chemical degradation of the insulation
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1. Critical time to peak
2. Tree phase metal — enclosed substations
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[1]IEC 60071-1, "Insulation co-ordination- Part 1; definitions, principles and rules".
[2] IEC 60071-2, "Insulation co-ordination- Part 2; application guide".
[3] IEC 60060-1," High- voltage test techniques- Part 1; general definitions and test requirements".
[4] IEC 60099-4, "Surge arresters- Part 4; metal- oxide surge arresters without gaps for AC systems".
[5] IEC 60099-5, " Surge arresters- Part 5: selection and application recommendations".
[6] IEC 60505, "Evaluation and qualification of electrical insulation systems".
[7] IEC 60507, " Artificial pollution tests on high- voltage insulators to be used on AC systems".
[8] IEC 60721-2-3, " Classification of environmental conditions- Part 2: environmental conditions

appearing in nature air pressure".

9] IEC 60815," Guide for the selection of insulators in respect of polluted conditions".

10] IEEE Std. 1313.1," IEEE standard for insulation coordination definitions, principles and rules".

11] IEEE Std. 1313.2, " IEEE standard for the application of insulation coordination".

12] Andrew R. Hileman," Insulation coordination for power systems", marcel decker Inc, ISBN:0-
8247-9957-7,1999.
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