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Abstract

Tﬁis project presents the maintenance and design and layout of the installation of 200 kV
and 1500 kV Impulse High Voltage Generator. Installation and testing of the 200 kV Impulse
Generator are moved to the new place to inspect , fix , replace , maintain and test following the

IEC Standard Publication No. 71 and IEC Standard Publication No. 60.
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Rl = ANUATUMUHYHUINAY (wave front time resistance)
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2.3 VHIAUSIAUNATDY
y U b
ASIABNVUIANSIAUNARBUTUDYAUSZAUNTAUIN (Insulation level ) UUAD A

(K% o a ) Jd A v 3 9y ' o
agfiuszuuussiuziuegnsaviotaady q lldou wiazdsumazimuanias
1 < 5 4 =
JIUAINATELYRIAULDS 8619 IsAmue191H1ATgIuAINA (IEC Recommendation) Faiifui
[ < 1 a @ T

gousUveIu q Uszmadumdudensoanasnusgrndnelssmea  IEC Publ.71-1976 :
Insulation Co-ordination Part 1. I@MIMUATZALUTIAUNATBUATNTIITZVUTIANTIGADEN

W 3 929 18uana 13 lumsen 2.1, 2.2 uag 2.3 Mudau

a
319N 2.1

VATFIUNIRUIUILAY 1kV <U,_<52kV

Highest voltape Rated Rated
for lightning impulse power-frequency short duration
equipment {m withstand voltage withstand voltage
{r.ma)} {peak) (r.m.3.)
List 1 List 2
| 8 kV. k¥ kY
a6 X 40 10
7.2 40 60 X
§2 &0 75 28
17.5 78 95 18
24 95 125 50
36 145 170 20




Lists 1 and 2 to VDE 0110 or IEC 71-1 ( selection of lightning impulse withstand level in
relation to degree of risk)

Um maximum continuous system operating voltage ( rms value between conductors )

AN 2.2

WATTIUMIRUIUTEAD 52kV S U <300kV

1 = 3 4
Highest voltage Basc for p.u, values Rated Rated
for e lf..:.- lightning impuise power-{requency
equipmient Um A withsiand veliage short duration withstand voliage
(ram.s} {poak) {pezk) {rms)
kY kY kY 13%
32 425 250 95
728 s9 328 140
123 L e RN, 185
145 R P A e 550 2%
us_ N4 O ~J)ANED < 750 —2s
%0 160
\\\-\L\
\ 950 395
~1{050 &0

In this range lightning overvoltages are the prime consideration when selecting insulation levels
123 kV , also for existing networks with Um = 125

245 kV , also for existing networks with Um = 250

Note. If more than one insulation level is indicated , the highest level is to be selected for an

earth-fault factor > 1.4.
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Men 2.3

WIATTIUMIRUIUTZAY U_ = 300 kV

i 2 3 4 ) é
Highest Base for p.u. L Ratio between Rated lightoing
volage for values Rated switching rated lightning and irmpulse
equipment V2 » impulse withsiand switching impulse | withstand voltage
U (rms) Umﬁwk) voliage {peak; withstand voltages (peak}
m W
! .
KV Ay p-u. kv i KV
dng L33 850
| M ———— TS0 —<
127
&
B et 248 — NN/ 0
\—— —
3.47 880 <
| — 2.86 —
1.24 2
362 ——t—g 256 s R > 1050
\\m-
3.2}
950 ~<
gonid ANSIE |
o 1.24
v N =
420 ——r— 343 i 1> | RIRT7S
\\ /| !
(- ’/ -4
1050 —¢ .24 : .
it T e SN
A T/
Az
s ——a < b |
\ 136 5
N 275 —— 1175 / .21 1 > 1425
/ 1.19 i
/ ‘\‘
// : 1.32 &
1 N
2.08 1300 P > 1550
/ N 109 /
oo
/ y
/ /N 13
/ .38
/ 126 b
765 625 ¢ 2.28 1425 WPLS 7 1 800
\\ - 1.16
o
N 248 1550 < 3 125 1950
\
\
\\. \ 4
N i 21060
)
\ I 2400

The Table is based on the assumption that in this voltage range switching overvoltages are

the prime consideration when selecting insulation levels.
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= A v A 9 = 1 A
MR 2.1, 2.2 uag 2.3 awnuniussauildlumsnaaeud 3 odeae
] 9 1
1. Power frequency withstand voltage fio msmﬁaummm’nu@g”lmammuﬁa
' . v
useu Irlihnszuaaduiigendiinadszina 2 i1 (uSed1na1Hae1 Um 2400kv ) U1 1
Wnnanudlna 50-60 Hz
2 Lightning impulse withstand voltage D N1INATOUAIIUANNAINUDY 1AUD I
1 v a v Jd & ]
RuUABIIIAUBNWaTgUnAUTIH

3. Switching impulse withstand voltage AB AITNATDUAIUAINUYDIRUIUADLLSS

v
[

oA el 4 a A aa [ 1
fuduiadgladuaiage (nadeumwizglnsainfiffaussiuldan 200 kv uazgeni)
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flalian

3.1 wSesfuiiaussduBantad 200 Alalaai
wsesduiiaussduduiadilflunisnansuiluves PASSION VILLA Tasiidau
Usznevfidsndwe Ui
3.1.1 nSesRuiiaussusuRad
3.12 m3eedalszy
3.13 gaauqu

3.1.4 aufualszautius iy

3.1.1 insesfuilausduduWad ( Impulse Generator ) fifedmuagail
- Charging Rated Voltage : 200 kV
- Max. Output Voltage 1.2/50 LLs
(depending on the load) : 180 kv
- Max. Output Voltage 250/2500 Lls

(depending on the load) : 155 kv
- Rated Energy: 5 kJ
- Number of Stages : 2 Stages
- Charging Voltage per Stage: 100 kV
- Stage Rates Capacitance : 0.5 WF
- Rated Recurrence Frequency : 30 sec

between Following Impulses :
- Generator Inductance : 15 HH

- Related Humidity : 35%-95%



- Working Temperature : -10°C to +40°C

dautlsznouveunsessutiadunad

1) Main Capacitors

- Rated Voltage : 100 kV-DC

- Rated Capacitance : 0.5 UF

- Tolerance on the Capacitance : +10% -5%

- Deviation from the Average Value: 5 %

- Rated Voltage A.C., Continuous Duty : 25 kV rms
=3

- Loss Factor (Tand) at 25 kV mms: about 5:10

- Partial Discharge Level at 10 kV mms: about 5 pC

- Max. Inductance : about 0.5 BUH

- Working Temperature : -10°C to +40°C

The Quantity Supplied is 1 Capacitor for Stage.
2) Charging Resistor for L.I. and S.I. Wave
- Rated Value: 25000 Q2
- Resistor Inductance : 5 HH
- Thermal Capacitance for an Impulse
each 30 s: 2.5 kJ
The Quantity Supplied is 1 Resistor.
3) Front Resistor for L.I. Wave
- Rated Value: 12 Q +s5%

- Resistor Inductance 1.5

k5

- Thermal Capacitance for an Impulse
each 30 s: 2.5 kJ
The Quantity Supplied is 1 Resistor for Stage.
4) Tail Resistor for L.I. Wave
- Rated Value: 150 Q +5%

- Resistor Inductance : 2 UH
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- Thermal Capacitance for an Impulse
each 30 s: 25 K
The Quantity Supplied is 1 Resistor for Stage.
5) Output Resistor for L.I. Wave ( 2 sections )
- Total Rated Value : 100 QF10%
- Resistor Inductance : about 5 LiH
- Thermal Capacitance for an Impulse
each 30 s: 2.5 kJ
The Quantity Supplied is 1 Resistor for Stage.
6) Front Resistor for S.I. Wave
- Rated Value: 12 \\X2 £5%
- Thermal Capacitance for an Impulse
each 30 s: 3 kJ
The Quantity Supplied is 1 Resistor for Stage.
7) Front Resistor for S.I. Wave
- Rated Value: 12 Q+s59%
- Thermal Capacitance for an Impulse
each 30 s: 2.5 kJ
The Quantity Supplied is 1 Resistor for Stage.

8) Trigger Capacitor

- Rated Voltage: 100 kV-DC
- Rated Capacitance : 850 UF
- Rated Resistance : 900 Q

The Quantity Supplied is 1 Capacitor.

3.1.2 15940A1l52q ( charging )
wsesdalszydludiad s i wssqanseuaass  ievhnssalszyldiy
3 - o ' a 'Y £ +
unicapacitor 9} aarluudaz stage Taglius AUy ( input voltage ) aﬂu 220 Vac. 1182
] & P . Y ° v W
TsugaiGoanszue (rectifier) Fufuuuy full wave $11% Diode 2 d2  Fauadudiu

Al 1 s o o e ~ \ L4 é =3 A\
Tungdaz cycle laleaudazdezsimssailszyldnuahdinesudazdr Feaihdmesuq
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s [} s o Y s a T a 3 d' s A' as 9
azdezasaynsuium fifaussduniqu 2 oh Meduidussdunssniiesalseyld
o & o A w A o A v A o da a &
ALATNNUUANLATBINUUAUIIAUIUNATDANH U

v b 4
Tagnsssnlszyliden muadsil

- Feeding Voltage at 50 Hz: 220 A%
- Output Voltage : + 100 kV DC
- Output Current : 100 mA

dauilszneuveunesdailssy

1) Transformer

- Primary Voltage : 220 A"
- Secondary Voltage : 48 kv
- Rated Power: 600 VA

2) Rectifying Sections
- Rated Voltage: 150 kv DC
- Rated Current: 225 mA

3) Diode Protection Resistors
- Rated Voltage: 100 kv DC
- Rated Resistance : 15 kQ

4) Doubling Capacitor
- Rated Voltage : 50 kv
- Rated Capacitance : 245 nF

5) Measuring Resistor

- Continuous Rated Voltage : 1000 kV DC
- Rated Resistance : 200 MQ

- Tolerance on the Rated Voltage : T 5%

- Connector Type : AMPHENOL

o o v o > 3ok
3.13 ﬁ’Jlﬂ‘lJ‘lJS:’,qu“lNllNﬂu(Capac1tor voltage divider )
a o a o o § @ @ v Y i a J
aihdines Tamed lueeSvimimifudafavuanaszzlssvewssduniiavud v
4 o A o a o Jd o 1 . [ &
ysenveunsesiulanssduduiad Tasdynuinldszanaelids oscilloscope Bafinile

menaaglatudyauuaz vy
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ﬂ']ﬂ'\"‘lﬂﬂﬂ'ii'«]am%ﬂhlm@ﬂﬁ UNNAAIU

- Rated Capacitance : 4200 pF

- Rated Voltage L.1.: 200 kV

- Rated Voltage to 50 Hz: 50 kV

- Rated Ratio: 230.5

- Connector Type: LEMO RA 4250

3.1.4 §aIu9N

é’;mnqmzﬁmﬁw‘fmmﬂumw‘imunﬂathwmwm' saudTAIII U YBADE
Funoumsnaney Buduailonus suving 220 Vac. $1figa charging voltage Tiaude
Shushfmuanussduduiad

14
dmunuiidedmunadail

- Voltage : 220 V - 60 Hz
& Bhasey . Single
- Power : 1 kVA
RO RO
Rt ‘
& S
RU £ By [——{—' C2. divider
N2 et
\ R
Rhc e g
R gt
+1- ——
Rm J
s L

51t 3.1 2esnTeeiuilaus siuduiad
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inseefuila lihnszuansa
STULNTIIUA
anudumuntnay 12 (lightning)
anudumundenay 150 O (lightning)
andumuiaussdusailizanszianss
Y [
ANNMUMUINI32Y
9 s
ANUAIUIMUIDINYY
a Jd o
aihdnesvan
a o a I
ninneinthsaes

mMihdmes laanmed ey

6000 {2 (Switching)

6000 {2 (Switching)
200 MQ2

1450 £2

100 (65 +35) Q2
0.5 UF
850 pF

4200 pF
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4 o LY o
3.2 m3sanutianssduduway 1500 Alallayi

v 14
tdulszneundiaydde il

3.2.1 1A584AMIALA

3.2.2 1n5e4dn1lszy

323 deunu

usunad

3.24 gANTINANNIATYIU

o g [
325 ﬂ?!ﬂnﬂizﬂuﬂ\u!

590U

4'4 o Aa v A o o a9 o [ dy
3.2.1 IATBNNUUALTIAUBUNA Y ( Impulse Generator ) UYDAIHUAAIU

Nominal Voltage :
Generating Voltage :
Static Capacitance :
Maximum Charging Energy :
Charging Voltage :
Wave form : Lightning

: Switching
Polarization :
Trigger System :

Operation :

T X o aA o o€
ﬂ?“ﬂ?ZﬂﬂUﬂBQtﬂ?ﬂQﬂ“uﬂf’)lﬁ‘{ﬁﬁ

1) Insulated Stages

2) Unit Capacitor
Nominal Voltage
Test Voltage
Static Capacitance

3) Damping Resistor

4) Charging Resistor

45974

1500(1200) kV
1200(1000) kV

0.025 LLF
28.1 kJ

W kv
1.2/50 s
250/2500 s

Positive / Negative

Needle Gap
Manual
11 stage
20 pcs.
75 kV
100 kv
0.5 UF
10 Q
30 kCY 95
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100 K2 2 @
5) Discharge Resistor 91.1 €) " 90 a3
6) Matching Resistor (5+75) Q 1 A7
7) Divided Resistor (0.5+0.5) Q 2 A7
8) Shunt Capacitor For Wave Form 2000 pF 1 a3
9) Discharge Gap 125 mm. 20 @3

322 m?mﬁﬁﬂszq ( charging )
wSessatlszydudaad s lilfhus sqenszuaass iievnissailszaldiy

unicapacitor 1A A2lunAaz sage Taoiinssduyudi (input voltage) iy 220 Vac. 182
(] s P &£ A s o v v
TsgaiSoenseud (rectifier) Fuflunvy full wave 31§ Diode 2 @1 sireuddUY
4 v Y o Y 9 a 4 ] [ 2 a o o
Tuudiaz cycle laleaudazdazshmssalszgldiuanhdneiudazdy Femhiaesua
ar 1 LY ° Y a Q =S T a g d' o ‘ﬂ' cv s/
avivzdeeunsuiwih lfifaussdumingu 2 i ifatuidnussduneeniedalszqly
o A o oA w A fo b D @ a @ da a X
funsesfutianmasesiuiiausduauiadannui
. b4
Taansessailszyflidauilszneudsd

[

¥ A Ao ::i’
1. wieuilas 1 ya ANNAALY

- Primary : 220 Vac.
- Secondary : 60 kv
- Capacity : S kVA

. a b4 9 :’ o/
2. Rectifier ¥HATSUTIIAIIUIBUAIGUTUU
- Peak Reverse Voltage : 250 kv
- Nominal Current : 50 mA

AAawv W

3. Pulse Suppressing Capacitor 2 f finfaael

- Nominal Voltage : 75 kv
- Static Capacitor : 0.1 MF
- AR THMUAHTUTZALTIAY goo MQ

3.2.3 dauny



19

drvauezimiifiniugumsiinunnesauesnes uduaasdazvewdAny
Fupsuntmaney Budwatiounseiuving 220 Vac. i¥hilge charging voltage laloudl
Hudrtmuasussduduiad
danuguezilszneudie
1.Voltage Controller 7.5 kVA. 1 4@

dwsumuauussduinelifunsesiuiiaussduduiad

a J

2.501995

- IR AU IAUNTLUAATIVUIA 300 \%
a Jdar [ [

- UIRBTIATAZYDIIN ( Gap meter ) YUIA 100 mm.

- @afutiady I trigger pulse 10 kV
a da [ a

- HIARTIAUSIAUNSEIAAALVINA 80 (160) kV

P
- gunsniduq

3.2.4 NIINAVNIATYIU (Standard sphere gap )
Ay Y A o ' o
nyanamnasgudl Biedlunise (load) vevsssnaaey lagszdmuamussau
Iq Yt 4 @ !::‘ F4 Y 9 '
wsaantldiuenamu Tagawssnmsamniiaunsom ldnadunsidmeass
9
Fusaant 50 % ualunnlfiasnaunsemanzuns A niHiIue1AYeINTe
] v a LY CR) [ Y
AaINATEIU 1ABE19AI 1 TABAANANTIAUILIAATIUATUBINIAIZINIY 25 kV/em
[ 3 1 [ Jd 1 [~ v -z -
suiudusdesmsauswunsaaiv lsfaunsomaniu 1dnsng uandlszes
¥19U81 stand sphere gap 9 ABIABANABITLILHIIUBY spark gap VBUATBARUTIALTIAUDN
Wadaie
NAAVBINTINAUIATFIY

- Diameter : 1000 mm.

v 1 [ Y 5 DI
3.2.5 mmuﬂizqumusaﬁu ( Capacitor voltage divider )
a o a d o 9/ A o v v a4 a 3 9
ahdies Thamed lamesimihiidlud lavuauaz gils e assduinaiuaiu
A e v a o Jd [ PR v o - a A 2
yeenveAseefuiiausaruduNad Taodanud lAvegnaslilda oscilloscope BANIMHY

o

enaasgatudygyauazvinalaY

be

A Ao @

a o a 4
a1th%iaes 1amed 1aes UNNadsll

- YUA 1600 kVA
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- HV. Capacitor : 2000 pF
- LV. Capacitor : 100 -LLF [ §0:- UE

with matching resistance 75 LD 1 @
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& 3 o W Aa 'y a d
Tune UM ITnSeanutiausIA U uWad 200 1az 1500 Alallan

:J N ° [y o d d
4.1 Yunsumsifnsasnuiaussuduvad 200 flalladi

I o Y VY
1. Wareifawsnines 1.G. | 1ug load center B4 iitesnunm

2. Daweifawsnned HV 1 Tussmuny uaaslugilii 4.1

U 4.1 urauaesausnines HVI Tufesmunu

Ia & Ay Y 9 A ehud S Y @ g
3. Maweidasnnes Q.1 idunigaiuauduiadioumesmes udrduaiag

Tad F.1 uaz F.2 awddy
4. A9A1Y Probe Channel A 19101 CH1 veseaa%alaalnl ndinaaiasuussada

TaaTad ez ldnalszanm 15 3% 18 1da5 e ldsedszua 3-5 ud
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a Jd a o a 4 -
5. 1ila Power adadveansufia@es seounseninsuRuaesidllsunsy Window

=
3.1 Gousey
LA o 2
6. suiianandloAou Program Manager ud2duniianan leaeu Vesda 91017

Uszana 5 Tl szdng Tilsunsw Asgiin 4.2 uaz 31 4.3 awday

: e - Program Manage
File Options Window Help

m B om E
ars

Games StartUp Applications  y4n  NI-488.2GPIB
Software

51l 4.3 naasleneu vesda iiverdng Tsunsu winSDAC
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o & 9 4 o = o A 4 oA &
s "ﬁ\iﬂ'lﬂuu'ﬁu'lﬂﬂﬂz'uun1ﬁqzﬂﬂ 44 1“ﬂﬁﬂ7| ‘L!ugﬂﬁi AUUIH UAN IVaed

51 4.4 uaaanmudissudg Tilsunsu WinSDAC

o 3 9/ 3 o = 4 Q’l iy
8. nmmﬂuuﬂmﬂeﬂmumgﬂ'ﬂ 4.5 Ivtaan Acquisition

""" ‘passoni 2 Villa - WinSDAC

PASSONI & VILLA

51 4.5 yamanydennsihnuveslysunsy WinSDAC
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9. urirveezudasdagUfi 46 aA0% Setup —> Open tAenuAudoyaidesnisidla

u

uZanand oK ndammiuald Setup —> Modify

Passoni & Villa=WinSDAC S [Data Acquisit

‘Close Test Cycle Setup Data V|ew Earameters

31 4.6 nammtheensiamveslisunsy WinSDAC

@ { < 3 o { v {
10. #AI9NTUABN Setup —> Modify #1989z UUATTUN 4.7 ududena a1 q awd
ABIN15NANDY
T < [] ) 4 Q’II H
- #1 Expected voltage Tidanilu 2 miweassdusailszgiids 3ganiugu

9 o v a o Ay
- Impulse Type MMM uallszinnussAUdUNadNADINITNATBY

Att. Int. = 100

Att. Ext. = 230.5

9y
Polarity 1a8nauavswniaunnndsuilawailsy

Window Time (A8n AUFIAYBUTIAUBUWAT ( Switching = 5 ms , Lightning =

100 Lisec , Chopped = 10 [sec )

Expected Current 180 AT HIAYDINTIAUBUWA ( Switching = 200A , Lightning =

0 A, Chopped =200 A)
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311lsunsu WinSDAC

[ %

1 4.7 uaras wdaA@EeN Setup —> Modify Mayuns ve

: Lo "B Y4y 2
11. wasnniunisesziu Azl 4.8 1¥aan Start

- WinSDAC - [Dat.

raers ;

4

“to choose commands SRR ;
v w3
51l 4.8 naasAwanlsan q Hasdr 13 uTdsunsy winSpAC



Facle =
12. wiheeeziuasgili 4.9 Iiadn oK

=

Passani & Yilla -WinSDAC - lData Acquisition]
C|ose TesiCyde Setup Data View Parameters

Dlsabled;
Vi e ] anlage
[ st |[ Graph "H Ch1 ”_, Ch2

“Press ALT to choose commands o S T T
g*d"n 4.9 1139169 Waveform Data HAAAA Start maﬂﬂmnm WinSDAC

{9 20 | : .
13. ¥119892¥UA331T 4.10 1¥1/aa Emergency Switch 1/a@ Earthing Switch 1ngna
v A o U 4 a ° o wa v
tjuifuas ;Sumsiusaaiii laonatly ON udunTeen ez Tagoa Tula sesundiesling

o iy A A
UIAATIU ﬁu'ﬁ]ﬂﬂ&’!&ﬁﬂigﬂﬂﬁuﬂﬂﬁﬁﬂ@

=T

Close TestCycle Seiup. Dala/ V'ew Parameters

PressALTtodmoose‘wma»ds' SR T
;ﬂ‘n 4.10 !!ﬁﬁdﬂﬂﬂﬂﬂ@ﬂ’ﬂﬂﬁiﬂﬁﬂﬂi Tﬂsuﬂin WinSDAC f13958m3IusAaI
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@29819719711 Lightning Impulse 1101 125 kV fana1aq sasie 114
2 o EA AL i “ias
1. Adn OK #AINITY AN Start iNeisuNInIwsAa1 9¢1lsng laszdenufends
v 9
317 4.9 1¥adn ok A iy
o ‘3 L] {
2. Tilsunsuszuaas laezdenufendudagzilii 4.10
9 9/ v 9
s LY N Sl v 9 [ = @
3. waanINTuINAIMIA ) mhdaaunu Az 4.11 Asil
v z T W << 2 v A : ;:id’ Y T =3
- fi1 Charging Preset (M1funA3 wrils vesafiae 13 1uTdsunsy lunil awdaedief
B 125/2 = 62.5 kV
- 1 Time Interval (AU 5
' " @ A o < = > et
- f1 Shot Number 11111 (lunseinfuusaaniiiensude)
9
- aemsu Sphere Gap iUl Automatic Control
3 1 5 { Jd t
- @961 Charging Speed i1 Fast Tunsaif tusaa121d Taaviianinandi 100 kv @1
>
vesnlidudiunuy Siow)
L a J a
- 1/aa Emergency Switch Tagmisnyyunwauvesadadaru luannduuniin
- 1/a@ Earthing Switch Tasnaifudias
A o" v, 9 & < o [ wa
- Fumswsaad lagnaijy ON uduadesfszsinu Tassaluia

[ d d L
4. waannwsaaniaseldna Emergency Switch 614

© e von 1454 AY SPeR SR SR DATIE e

AQICEA T (OMYEIR

Maaih, (RIS

L adipbel B Im Cmadishal SPLET Lo W Lt ] EMIE S

CECE @

31 4.11 ud@as control panel YosgANILAUIATBIRUTIALTIAUBLTAT 200 ATaTaav
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Y8R5 19
v @ o v [} P LY 4 a o o
_ Asuszdudadiuladunilauesdnissounad luisinaaey #sel¥ 1l Ground

E4
stick Avstlszannase nazlumsludnldmisdszemandilyl 2 au

. b4
A 1 lueuienzyiinslas Aeena Emergency Switch a41nATY

T 4 3 a o = i v
neuvzlamwsainesvsiyanruaunnais 1dlaadad Mains Oscilloscope AU

CH

- pstlamses 19 OFF wesaamsmined Q.1 neunditlaafad F.1 uaz F.2 99ndao
ynade

- dievinisnaneuas e sudesuda desdlawsnines BV uaz 1G. 11ug Load
Center E4 ‘Vgﬂﬂ%&

Hyminudeanaznisud ly

& 2 o i
1. lunsdiidaTusunsu Vesda udalsing laesden ufien Fuudsgili 4.12 1ida

9 9
amduasuadas 11l

Failed ta reset Oscilloscope.
Check the power switch

51 4.12 nrasmsianaialunsAeseadalaalny

- anngivimsitlessagalaa Tadudane li
- @529 19Ty 18910 Divider 191 Probe 1AZ1A probe 149198 a%a Taa Tal I1de

Channel Rg1funse 1
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- natly Utilities idassadalaa Ini den GPIB/RS232 SETUP udaassdsde 11ld

Remote control from iien GPIB
. P=)

Parity (@8N none

Stop bits @en 1

Baud Rate 18N 9600
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:1 4 o A A [y} d
42 Yunsumisifassanufiaduaduing 1500 Alalaan (S IFNUUUY

Manual)

1. fuumusausalssy nngas

V = e/mN
Tﬂtﬁ?’l e = Generating Voltage
n= snauvesnthdines

dwiuaSesiuiladuRadiuy IVG*1500B 1 =08, n=20

2. #1 Generating Voltage TReng1/dt 4.13 Fuflunslumasnuduiuiseniauml
#%84M1INATBURY Generating Voltage miter A umlfideansnaney

1y 412 mun@i desmsnaaeudiszoziunl 40 mm. 9218 Generating Voliage
@AY 112 kV udai lldnumamssdudatlszyluaunslude 1ez1d v = 112/
(0.8X20) = 7kV uaziinats liRnsanluded o

3. W& A NO FUSE BREAKER 11§ ON waea'l¥ (SOURCE), (MANUAL) #3®
(AUTO) 1az (+) %3e (-) Aa

4. wanadad 1Al (MANUAL) naea i (MANUAL) fia

5. pATAAY (P.C.) $rweussduduiadozniaonhlaudeimsduanslaonasa ln
®Hn58 ()

6. naaiad (R.E.D) Aa¥159 bar UUAI8A15TY (Charger) srduadiaieing
medszefinauvdong

7. nALjl (ALARM) muesﬁ"mﬁauclﬁvf{ﬁaé“lun?nmﬁmﬂﬂﬂmaanmnn?nm‘;”'mﬁ'a
Hoafusuasoerninai g

8. Taaiad (mA) Heysuiimed R (x0.1) nazmsidoulinasI¥nszud charging
10UNT1 50 mA

9. AA1jy (ON) nasaId (HV) Aa FazswTamme ldilahdines fmed V)
terasTaaNia0 charging Fasdeainisd iyl Idmandis e 18ende 1 1danyu Variac
JrunsedulWigamd snnaEnnaumsdedu nindedudnduife 7 kv ndwniu an
1J11 (OFF)

10. natly (CLOSE) tietiuszezvesmhia gap WimnzauTasfinsanldnndu
n51W Starting Characteristic #4317 4.14 - 4.15 (ABuaziinsiusaa1i ¥ OPEN unal 143

v ) " . =3
$2e2UNNNITLIZA Starting Characteristic 1AN110Y
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/Jﬂ}' : L //"
/‘M Spheve Gap o

g@% IF/Q_S‘ h(}V@f Vo i-ta?e, ‘!;-.-‘! Y
1O C20°C l3mbax) /‘/

P & a,w(n.j (V) | —cw/
L 2 i 2 ; 5 !;‘;/‘;’ /ig x f/)— f"r
ord v i3% /38
e e s 1
P, | yso | g0
SN 25 G
70 WoRal . 24
A0 | 2488 268
HG 28%  wrZ
1201 &y g |
130 | 342 | 342
{sge | 366 | 368
: 1 /50 X | 390
Ve il © XN NT 2/ ISESENSNe G iyl L
e : = mo | 438 | 438

G dan = vam AN is80 . ,A,gé_z.-w_seé_z_,
- Sop_| &0 15ra |

NN E TR S o2 T e

; ; S0 | suS | 435
N7 9 | 980 N B89 | 675 |

““}“‘[ R S 300 |5 | 70

o s - i _s_n____./_aﬁfg. Lig
. . o 160 | o i

: 450 | 1200 | 160
5o anE s b e - PO edd L0
Bidis Cosnoel Eanh b /)&0 |.£230

it i e Yot e i i =

2 4 e H | G i 1 i S $ores i : ».-Jv._,..‘_i._ -.4 _1 BN .;..n.._._.:.
; i ¢ ! ‘ i : ! ! : R

: o : R ; : Sl b :

3] o5 i . . 2 : 8 p : : ? ‘; s

: i Pl Pocant g i : Rl

4? ’.,risﬁf',, = [ao zﬂo i 300 @0 5'00 Jdd Cotol ) Qgﬂ‘ 3

gﬂw 4.13 nﬂﬂuammmauwuﬁ segzunUfunsadunsaag (‘hm‘uﬂa Sphere gap YUIA

mumug{uaﬂmwmﬂ 100 cm)
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i d
A%
PR

H i

T

v o

g 4.14 n9MUAAS Starting Characteristic M Uus suSMlszquan

9 s
nnns mdseniluuswudalsey uuauswfuszezuny nndwssdusadszoi
doamanaaey IWmnduawnenszezunilfimuzaufuusesfusalszy (19n51 Break

down) 151 ussaudailszy 10 kv dauavdulu) sz 1dszezunilszana 12 mm.
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R e s e i

Bl Y

o 3 5: R B 5
: 35.?5{1.250-'. w2 .20 A | IS @0 Lo - 60 o

511 4.15 nawluanas Starting Characteristic g msuusudalsyyau

v
anne wnieadusdudatszq uwuewdluszazund anAuseiudalszg
ddaantmaaey Wanduamniiewszezunlsnzanfuussdudalszq (i

Break down) Ly ANTAUEALITZ4 -20 kV Adaaasule) azldunillszann 16.6 mm.
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mm.

80

I

| ) S R

70 ik

T3l el

Jo S )

60

= s Sl |
| L

50

| P T

) 1 i

40

| ] !
gl gyl

30

{2 ot e
| R gl

20

et G S

10

| |1
J5 | gl

— 1A liy

sl 4.16 asluamsnnuduiussznissduvesdimesuazsozuni

@ & A N S AT vy g4 A S
11. lumsiaszezuml iswinmisssuiladunadinsesil1dlasusiniinesia
s o,: 1 t:;tu [ 9 d'
ana mm. MU de - voltage AnTummnIfIafion 18101 4.16
13U 4.16 qundan lRanzezuniidesnisnaass 91319 4.14 nag 4.15 mnu
1 o { d @ 3 [ {4
20 mm. 92 1A T2an 010z 4.16 Uz 5.5 Toan auiu szdeeiliuszozunil Aijw open

3 U [ ia 'y [ 4 < a
W3close JUNTEINAMITUNTIMBTIA WA 5.5 T2a% Spark Gap fiezinamsiusaa1al



UNN 5

msneislaeid hldwmsuveulfifmsnaceulniwssgs

5.1 szazvhaieanuasasy (Safety Clearances)

Taglnaudrvuiavesienlfiiansnaneu fineziuegfiu

- yupvews R uNaTBugaiitewlfiAnsnaneugnesnuuyll

- é1u’:u§uﬂmqﬂnsﬂfnﬂﬁau Wy $uuduveuniesiuiiaduiad wie nile
nilamageufiiundsuuumman iy

- 3202 air gap Wozsvovlasadonieldih Fuflugatiafy uazezdeeinszeri
13118

- gilnvesntsmadey uaznnavesiagelnsaiignnadey

JufiftindntuemeszosiadmiumsmaneununmusssduBRad Y

FTAUUIIAUNANL YYIGAT1TUYIIAU lightning impulse meifeg'?iﬂszmm 6-7
MV seozviuiteninnlasadofigesmsfiudueiuiudududuns Wunase s
Taann q 52AY 1000 kV 9L dpInIIILoLHINRUBY 2 AT AU lightning impulse
flashover 111819 rod-planc gap 78 V,, = 500%d tiie V., fwihaiiu kv naz d imieiiu
was wai Taoia Tilezdedinismaneuiuy 80% veq 7 fi5zo21 19381374 rod-planc gap
fu 2 was Taqiigamaneuszaunsanuuseduld soo kv, udd14 gap siinpuiiszoz
¥ 2 Ayt fezamnsonudenssiunaneufiganinle

LaNITFINIUNITNATBUA J8U5IAY switching impulse T2AZY 19 d A MTUMS

naweud w1180 d=MV?) Hufie szo¥1e 4 mas# 1000 kv, uaz 16 was 2000
KV, . Tuns @14 Paris ¢ formula 1NOMISZO2H19 d Y89 rod-plane gap ATAUATS Y=
500*d™ 9214 d =3.2 wasd My 1000 kv, uag 10.1 mAsd MY 2000kV,_, Tunsiifi
NATBUIUY 80 % Y81 V,, CFO ( Critical Flash Over ) 5282419 d fid0an15A0 4.6 11A3
dmiU 1000 kv, 1Ay 14.6 mAsdEMIY 2000kV iiie 14nawszezvfienuaes
foudraunsasainelnsainaseuludenlfidms 18 Fideserfoszavriraitonau

v v ¥
asansvesginssinadeusiiaduilszneudls Taosy hivenansisazidealuiiil
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v v o d ; [ v a (O
52 Mmsnedadadumisvesglnsainaaeunazinseielumsiauseduenad

d 4
Tagmslilaniasdluaes
v
Tumsiavinaueildge veaussdusuiadiiu mnseduuseanigaunnidn wasey

.
A 3 a v

1 ] s @ 9 a v J
Tu994 2-3 kv AazarunsaaganasiufingUadudyanaduiad 14 Tasms 14ouiadesd
a - A A o oA o [ Jd’j 1Y @
Falaalnil Guiluniesiiotangneenuuuindmsugalseani lasaniz uaaudunisia

v a o d 1Y v 1 ' < T
vinausssuBuiadgen q luszdunaiwios kv nse Mv msdaailaoassdountulyla1d

é 1 ] a ) v ) a 4 A ] 1
FedwIngjrziouiiniiialagld lawmed lunes iereeinamsanay

R SR

U151 MIIANIINAADVUALNITIA

~ <2 v @ o ] A ° alla o o
51# 5.1 uaasfams nediiadwmisveuniosduiasuiad (G), gunsalfign

9 1

v o & A ' 2 o o X :
naToY (T), A188111 L (lead), #49:0A1AMUAIUNINOYAMTId 1M TY damp oscillation H3©
o Y do o [ Ao A o a = "
Bmthidinanssuadaiseslunsaindag niegdnsalinadoufadonie (failed) iazmy
@ o b P 9/ 1 4‘ 1 o 3y o a
#2111 CL(connecting lead) #sagldlumsaeionssnineginsaingnuadeudiiuliamed
J 0 v o y w [ a
luaes D vzgniir lldedhfuasasnsesiiodasie q wu seadalaalal (M) nieludes
AIUANAITNATOY
A Y L~ v 9y [ —Y da’ [ o ' 2 A o 1
weldmstaiuluedregadosuiuduiniu msdanedumisveunasssiiodadig
o w < = o i o av g
q uazaeihdyananasezilu gl 5.1 woewnsdumiinmsiaveslamaa luaes
1 4 o a [ @ 4 g yd T 1T a
THoguenisrsveuniesiuilaus iy uaz Jaqignnaaeuidue MMM 1zIMINd0A 1
Y @ A o a a J g [ v A [ 2 ° a a
w3 143 mfuaees o TagnaseuiianisddmsenazddennduiivlldunTosduiiauaza
d o L a 4 [ ' 3 ) 3 Y
Tuses wliTaamed lunesgnna (loaded) Tnsussduanaseussreaedaii L inlvins
[ @ e e d 4 1 a
Javuaveaussiuduiadaniamaon lana1ess

a v d

{ d @ @ @
s1lfi 52 sz Temninnlunsinneesmsiaussduduiad Tasmnizmadenld

o kY

o 5 a é
MYUDINITAIUAY (control cable) LATHUTYYIM (signal cable) Naooengalad Inids

a Y ! % d’ 9y = =S o =
uﬂiJi‘IffﬂfJLLﬂu’i?ll (coaxial) Iﬁﬂ‘ﬂﬁ]%ﬁ'ﬁ)\‘illﬂ?ﬁ‘b’ﬁﬂ@ﬂ’]\‘iﬂ
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1. Potential divider
2. Control signal cable
3. Ground loop

(2) Ground Inep in npulse emzasuring spstems

i 1. Fatertial divider

: 2. Trigle shislied cable

3. Outer shield enclosure

4. Inner shizlded enclosure

. Temminating imgedance

6. CRO

() Eenpulse measuresments using enubtigle shisld enclosures and signal
cabie

i ] ! 1. Control rogen

e

2. Prakreading eneter
3. Oscilloscope
4. Centrol centre

. - S ] $. Rectifier for enpulse generator
e B ot || Egs o 6. Impulse generatar
: 7. Vltage divider
b i— 8. Test object
= L 9. Sphere g2
Rl (c) Lapaut of am empulse testing Laboratary with
it comtrod anil signal cables

51 5.2 29vsvRImEmuAuIAT A Fayanuveansiaussdusuad
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53 mynedaginsaladudeul filimsmaaeulvihusags

53.1 in3esufiausediduiad 1500 Alalaart
sngeiluiadefimunzaunsadinsmszeziuiteniwilaea
#t(Safety Clearances) Y0UA3BIAUTIA 1500 kV e
dmfumSessudaussduduiad 1500 kv Iudemaaeumalnfusegeey
isznaudag

- generator 1500 kV 11 stage 28.1 kJ

charger +- 75 kV
- shunt capacitor for waveform

- standard sphere gap diameter 100 cm.

5.3.1.1 sTasHNAHIUMINAasY lightning Impulse

annssman Tasldaums impulse flashover 11819 rod-plane gap fe

Vg, = 500.d (5.1)
1500/0.8 = 500.d
d =375m.

iselffazszvhaieagad miunaaey lightming impulse 11U 3.75 was
5.3.1.2 sLEsHINEIHIUMINATY switching Impulse
pnmsf I 1ae 1% positive 50% switching impulse voltage #1MSUTZ 8
Y14 2-8 m. A4QUNT Paris ¢ formula

V,, = k.500.d" (5.2)

1318 k=1 MTU rod-plane gap 93 14
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V,, = 500.d"°

NATBULUL 80% ¥BY V,, CFO(Critical Flashover)

1200/0.8 = 500.d"°
d"® = 1200/(500x0.8)
d0.6 o 3
d = 625m.

1 4 b 4
Tasmsfruaruniassasieiiss 1981351 Impulse Generator (1a¢ Shunt

g Z4 " iy
Capacitor $il8Q3282 clearances Y8ININATBY switching impulse uduTuszozfinndu il

E 4
S as -

dmSudemansufiivinadn  1azBNNINITNATOUNUY switching impulse 13 1A711A15
I3 9 b 4 [
nageuiuseRugeqtissasumin daiuiiesinsnAae switching impulse 81997
d‘( d 97 A o Y o Qs a a A 9
wdeudoelnsalseudrniedveniues Tasgilnsanndlieinsziinisdadenonld
4 1 J S = 2 (Y
aunsandeuingldhonezazaniy  F9l¥szosusd lighting impulse FUIAU 3.75 (as

o é [ L . o = n:i o 1
ndnan ez 18R Uy switching impulse Ranzavi 1dUszana i 880 kv
Vb/0.8 = 500x(3.75)™°

] k4
9218 usedvfitusaanl 1&geganiiiy 884.05 kV @94 charger 1usza
o Y =2 ra
useRutisouInde lida
14
#1131 Sphere Gap diameter 100 cm. 32 1N1IAAAIAINNIATFIU IEC

Publ. NO.52 tuzih 13degn 5.3
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311 5.3 naAIILEL Clearance Y84

anmmamﬁumug{uﬂnma D I¥UAIUAT

[



41

A13197 5.1

1aA9A1 Clearance around the sphere gap

Sphere diameter Minimum value of Maximum value of Minimum value of
D (mm.) A A B
62.5 7D 9D 148
125 6D 8D 128
250 5D 7D 10S
500 4D 6D 8S
750 4D 6D 8S
1000 3.5D SD 7S
1500 3D 4D 6S
2000 3D 4D 6S

f15191 5.2

yuwdansiu ldgeagadiegesitensenay

yaduiugudnaie D seozga931e d e hitfiu Faussauldgaga

AWATFIU (cm.) (cm.) (kV)
2 1 30.7

5 14 65.5

6.25 3 79.5

10 5 123.0

12.5 6 146.0

15 7.5 177

25 12 275

50 25 515

75 36 750

100 50 1010

150 75 1440

200 100 1840
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TaB91nM15 N Clearance around the sphere gap wld
minimum value of A = 3.5D
maximum value of A = 5D
minimum value of B = 7S
e D = @urwguéna1aues sphere gap = 1 m.
S = szezunlnnga = 0.5m.
ot z1dsree
min.A = 3.5 m.

max.A = 5m.

min, B = 7x0.5 = 3.5 m.

5.3.2 In3panutaussduuNad 200 nlalzan

5.3.2.1 szEEH NN UM TNATY Lightning Impulse

sinmasn Taglaunishi 5.1 11814 rod-plane gap 9214

V,, = 500d
200/0.8 = 500.d
d = 0.5m.

i 1¥zeerinisegad i unAael Lightning Impulse ({4 0.5 a3

53.2.2 sTasHNEIMIUNINATDY Switching Impulse
1% positive 50% switching impulse voltage @ 1% JUSZISHN 2- 8 m. 910

aumsn 5.2 9214
V,, = k.500.d"°

1o k=1 15y rod-plane gap wld

V,, = 500.d"
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NAABUUUY 80% Y8 V,, CFO (Critical Flashover)

200/0.8 = 500.d"°

0.6

d*® = 200/(500x0.8)
& =05
d = 0315m.

mislFssevinissgadmSunaney Switching impulse i1 0.315 was
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15191 6.1

ﬁﬁNllﬁﬂ‘lﬂﬁﬂﬂﬁﬁi'm!’}uiz“'i'lﬁ!ﬁﬁﬁullﬂ%i%ﬂz!mﬂ

UIIAUCV) szozunil (mm.)

aded 1 aveft 2 adeit 3 Aundy
0 1.52 2.54 2.02 2.03
1 438 5.16 4.58 471
2 532 5.20 5.40 531
3 8.90 8.42 8.16 8.49
4 11.60 11.32 11.48 11.47
5 15.10 15.10 15.10 15.10
6 19.18 18.68 19.06 18.97
7 22.34 22.06 22.80 22.40
8 27.06 26.00 26.78 26.61
9 31.18 31.84 31.48 31.50
10 35.66 35.70 36.00 35.79
11 41.00 40.20 40.90 40.70
12 4472 44.70 45.02 4481
13 48.94 49.02 50.10 4935
14 53.64 53.66 54.30 53.87
15 57.32 57.10 57.20 57.21
16 60.18 5957 60.42 60.04
17 62.72 63.00 62.80 62.84
18 64.46 64.32 64.88 64.55
19 65.52 65.68 65.68 65.63
20 67.34 66.80 66.84 66.99




56

NINUARIANNANRUS sEMdeusaa UL ATy asL Ny

3
=

80

LK) )
=t

N

70

|

N

60

N\

50

\

40

e R S D
Tl

30

\

20

\

10

O
fmymy
RERE

I— ATy ,

1 ¥ @ J 4 o
30 6.7 nsvluamsnwduiuTssnassdunasssozung

a d
ajtuazdnnz

vmsdutiumsud lunsesduiinduwad 1500 AlaTaay mnsoud lu'lduredud

=

Hauilse N]ﬂJ!WEN‘ﬂ?] maﬁfauw'lummmuﬁ"lm"lﬁ'!w msu]aﬂ'uuﬂﬂuuawmmaa‘un oy

o

ﬁmmmmaﬂmﬁ uag aﬂnsmauqan myetisulszana line Tausuuamalunisudly

o

51 ma“lwnwmmanmmummfﬁwm"hl



57

¢ o v a o & a d
6.2 nsesnutiaussaudRNad 200 flalla

6.2.1 Haymuesuemasil¥u gap uas ground device
ey

1. az‘i"aﬂ"”wwun1n1gﬂ control #4111 auto 1AL manual Jun171 Ty sphere gap
1510971 sphere gap Iiamsalfuszez 18

2. lifenAT A9 ground device 1510931 luiiaues ground device himmisadu

2 e
Yunamumae1a

Innevauvgueailam
aunguesilynim 1
d <
- UBIABSIAON 19 8short
=)
- PLC |d8
- Switch #9971 PLC ¥8auainasl5y sphere gap (o
aunguesilynin 2
- coil Nd lulinves ground device G
- magnetic contactor G
- PLC 1flg

- Switch #9971 PLC %84 ground device 1y

msaniunsud v

D.

1. N15a529981 1 de motor taanse i Tagnisileu'ld 24 vde 1usimesaesin

-~

<

k4
6.9 #a1l31n 91 de motor UMM Idawilnd nyuldWesmaudunazamiduuign 34
b A
annsodailguiil 118



SW.

]
I

TS <M (PFIXED

31 6.8 naasasesnlFlunisnaaey motor 15U sphere gap

511 6.9 nansweiAes1l5Uszerri1eud sphere gap

> < X A : p
2. MN15AT29FAI9951 WO N 1 magnetic NTI1U coil ATLAN ground device HATNATBY

Taonsfleu’ld 24 vde 19191 magnetic umunMaI918910%A control A331/4 6.10 Hatls1ngn

e ldawlnd
SW. AC220V
Sl &
coil
ol control
uvde T Tap et e
1

51 6.10 naneresnlFlunisnaneu ground devices



59

9/ 13 v
3. fatfu mmauesilaymidimiesgiegfiya control TWAWTUMITATIVABUIIVTYA

control Taed 19899 ngiievaunsosiiieg 1 ya (311299592 19011 Italian 8T110)

wanewe) Tudauvealilsuasuassitauves PLC ligwnsanswldiiiesnn lid

a 4
Tﬂiuﬂiu mterface !‘i’l"lﬂﬂn‘l‘nlﬁﬂi

cOntEG
unit

power
moclule

motor

groundg
device

gﬂﬁ 6.11 box diagram HAAINITH NIUYBIEA control

Mmemnoy
[
ifp i of
; P $ op P
device port CPU part dewice
push bottom swz mangnetic cortactar
limmit s relay

SE1500

31 6.12 naaamanNITINNUYes PLC

T@g PLC §i input 2 slot L1 output 3 slot Taguang slot 923 I LED uaasan1uzega

710 6.13



60

GE PR A12385672 | AIRPI45678 | A1R345678 | AIR345678 |A12345678
Fame Qf
seqies9 (-3 UEAT' B 12345478 | B 12745678 | B 12345678 | B 12345673 [B 12345678

. INFUT | INPUT | OUTPUT | OUTPUT | OUTEUT
ot U [ BT Mo I (6 g o o = SLOT4 | SLOTS

31 613 dautlszneuves PLC

SR A

3141 6.14 4aAs PLC vaaganauny

4 < v e ) @
2 Lﬁ@]ﬁi')ﬂl%ﬁﬁ‘lﬂﬂm\ﬂdi)iﬂ’J‘lJE}ll ﬂsmmmwmm emergency switch e 1
input ¥84 PLC ¥1A39711M51450udniniiay
9 d' U 3 &' T
- naaeulHnTswalsngil sphere gap @ 1150150 1A%V auto 1A manual 1A
ground device fa iy
~ a Jd o ! ] .’ a 4 u’/l
- 1leNATIAY 8nUAZTY ground device 131021 TuaAIan UL input YBIAIATI
wosfa ud IHudAIanIus output 11 /d 9911 ground device Tida Feagllgd Tufidyyn
. b
I #1e0n910 output port T1/Fa311 ground device 15111'111'1831 output port ¥nTuBI99ITE 59
o o a a [ 2 'Yy 99 ¢ = a A a v
Wmsdunlasusot idufy slot 7 i8I v 1909 port vuRBIRY ground device aunad hii

awsaadauvilu slot1deadu 18 issein liamwrsondly program d991u PLC 18( )



61

21139 program 910 computer #A 2 131§ program N15%11971U Y89 PLC) Hazfiin1sdeany
douaua
- naaIaddunazilan ground device 1510931 ground device a3 0911971 1daw

ina

31"’71 6.15 U®AY ground device YOUATOY

¢
MINEING) UATINUDINITAINBY ground device H 1195 ( himsaduadld) vevi
< . 2 \ . ¢ d a
M35a5395ANa 1nN19 mechanic Y84 ground device 1AY limit switch WU WAUMANTIAILAY
lufinued ground device lilAnfiudtaueamses Feinsdsuldveesnin Seaunsald

au'ldamlng

6.2.2 flymasalilsunsa WinSDAC
tlym
1. ienanidi lens uveallsunsu WinsDAC 1iie 19911 921l51n g Dialog Box

PR
Error YUAS31/9 6.16



62

Failed to reset Oscillascope.
Check the power switch
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2001/10/03 17:10:33
: 20us/div
¢ (20us/div)
NORMISOMS /s

=Filter= =0Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00v Main : 10K Mode : SINGLE
BW © FULL CH2 : -0.03v Zoom : 10K Type : WINDOW IN
Delay : 0.0ns
Hold Off : 50.00ms

6.23 gﬂﬂﬁumaﬁu%uﬁa&%m i Generating Voltage INY + 400 kV

=h.

1

A4

Stopped

2001/10/03 17:24:51
20us/div

¢ (20us/div)

NORM:SOMS /s

=Filter= =Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00v Main : 10K Mode : SINGLE
BW © FULL CH2 : -0.03V Zoom : 10K Type : WINDOW IN
Delay : 0.0ns
Hold Off : 50.00ms

ci 2 Qs ey ad ) 1 oA = T W
gﬂ‘n 6.24 gﬂﬂauusmuauwaﬁ%m N Generating Voltage (110U + 600 kV
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Stopped 3 2001/10/03 17:09:11
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=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00v Main : 10K Mode : SINGLE
BW @ FULL CH2 : -0.03v Zoom @ 10K Type : WINDOW IN
Delay : 0.0ns
Hold Off : 50.00ms
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Stopped 2001/10/03 17:29:02
CH1=5V 20us/div
DC 11 © (20us/div)
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=Filter= =Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00v Main @ 10K Mode : SINGLE
BW : FULL CH2 : -0.03v Zoom @ 10K Type : WINDOW IN
Delay : 0.0ns

Hold Off : 50.00ms
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3 o n o A o @ o =
uaz 20 kHz 11aedya w910 C Divider (MenTn135139) udriadyanai 1dnia
taten

IS a o
S, llﬁﬂﬂlﬂﬂﬂltﬁz’)tﬂi'\%‘d AGNITNANBY
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signal
generator

scope

o

g

e eunyIel

Se0)Ie

51 6.27 uaasresnlflunsnan

WaniInaasd

ganadeumedyY M C divider

3 2001/11/07 15:27:38
CH2=50V : :  Smsydiv
AC: 10:1 I > 4 z
. W Wi 5SS . G QA D X9) 20 - DORM2UPKS /o
™ — <
2r ! i
_4-——"‘: ._n.-—-—'—‘ ‘—w-—-'-- b R semmm—
=Filter= =0Offset= =Record Length= =Trigger=
Smaothing : OFF CH1 @ 0.00Vv Main : 10K Mode : AUTO
BW @ FULL CH2 ! ————=—— Zoom @ 10K Type : EDGE CHZ 4
Delay : 0.0ns
Hold OfF : MINIMURM

517l 6.28 namsdyau1d917153A910 Signal Generator HAI1WA 100 Hz

Volt/div 5 V Time/div 5mS
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2001/11/07 15:59:09

4

ol

Sms/div

=Fiter= =0ffsel= =Record Length=

=Trigger=

Smoothing : OFF CH1 : a.00v
BW © FULL CH2 ! =we—aea

Main : 10K
Zogom @ 10K

Mode : AUTO

Type : EDGE CH2 4
Delay : 0.0ns
Hold OfF : MINIMUBM

31 6.29 naasdagnadn lWenarsianindumedaygo divider inwd 100 Hz

Volt/div 5 V Time/div 5 mS

2001/11/07 1533152

1ol

Sms/dv

NORM=200KS /s

=Offset=
0.00v

=Filter=
Smoothing : OFF CH1 :
BW © FULL CHZ2 :

51 6.30 uaasdygnudl ldninmsdasndaemodyan divider 12130 100 Hz

=Record Length=
Main :
Zoom :

=Trigger=
Mode : ARUTO
Type : EDGE CH2 4
Detay : 0ons
Hold OFfF : MINIMUM

10K
10K

Volt/div 5 V Time/div 5 mS
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Stopped ] 2001/11/07 15:42748
: : CH2=SOV I E : : 50us/div
AC 101 18 : i : (50us/div)

z = Tl I : REEE MNORM2(MS/s

f ¥
i)
5
&
B
&
&
4

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00v Main : 10K Mode : AUTO
BW @ FULL CH2 ! —=———— Zogom © 10K Type : BEDGE CH2 &
Delay : 0.0ns

Hold OfF : MINIMURNM
31 6.31 nansdryanudi 14v1n153R91n Signal Generator 18127210 20 kHz

Volt/div 5 V Time/div 50 LS

Stopped L] 2001/11/07 155457
3 i CH2sS0V i : : I Spus/div
AC 1001 : : o (SOus/div)

& P
E’_‘:]
2

C
)

{/
MEE
vt
o]

(\
C‘:]
&
B

=Filter= =Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 @ 0.00V Main 10K Mode I RUTO
BW @ FULL CH2 = Zoom : 10K Type : BEDGE CH2 4
Delay : 0.0ns

Hold OffF : MINIMUM
3 6.32 naasdaygai lRnmsTanndudmedyans divider NNMD 20 kHz

Volt/div 5 V Time/div 50 LS
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Stepped | 2001/11/07 15:56228
: CH2=50V I : : . spus/div
AC 10:1 i : : I (S0us/div)

NORM:2DMS /s

=Filter= =Offset= =Record Length= =Trigger=
Smoothing : OFF CHIT : 0.00v Main : 10K Mode | ARUTO
BW [ FULL CH2 fp=se———= Zoom : 10K Type : EDGE CH2Z &
Delay : 0.0ns

Hold Off : MINIMUM

51 6.33 naasdygai Idaimsdaninlanemedygin divider iMN1A 20 kHz

Volt/div 5 V' Time/div 50 ULS

a d
ﬁ?ﬂl!ﬁx’ltﬂ’ﬂzﬁﬂﬁﬂ]iﬂﬂﬁﬁ@

=)

o v oA A A o = =)
nnnsnaasseziiu 1didfinaddide 100 Hz JUadudyaufdatemes il

¥ 20 kHz sznungladudygranlme

(3]
a ‘:y -~ Aa dy 9/ ld' d'
AITUARAINGU 1158 HAINIUHBBNIN LANAITUDY

=1 = ;1” d‘ d‘ »
'mfmmmmﬁmau‘lﬂmﬂgﬂﬂau‘naaﬂmmn signal generator

[ :/I = 9t :‘ d' ISy a dy s a g d'
muu%mqﬂ"lﬁammmnqwznmmwﬂmﬂummmﬂﬁmmmmmu FagUaauuse

v o a

R~

S A2 =

v a o Jdd A o B, O [ 3 =2 A a ::’
ﬂuanwaﬁnnflugﬂﬂaummaquwﬂu AIUHIIUANTUARINIUYDITUYUTIRNAYU BIBT1UN

o o

INMIFIIAVRITETYYIN
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MINaaRLTl 6.3.3 N1NATBUANUMUNMY Switching (Rs)

Saqilszaed

1. iNeNATBUAIIAIUMY Rs 1iBe91nTINUANS 1A

ginsai
1. Variac 0-220 V 1 iy 1 M
2. DC Voltmeter 1 al
3. DC Ampmeter 1 @
4. Bridge Rectifier 1 %A
5. aalildeses 5 1du
6. Tertuiles 1~

FunsumImaaes

1. #92993A331I7 6.34
2. HounseduIvihaszumrasudrgaaudumu rs Jasnszuad lduazus i I
7h181ae7% VI-Method
d a Jo 1 9
3. 14 Tevudimes Tamanuduniu Rs

[ a 4
4, !ﬂ?ﬂﬂ!‘ﬂﬂ‘ﬂ!!ﬁ%')lﬁ?’lgﬂNﬁﬂ']i‘lﬂﬁﬁﬂﬂ

——| Rs l——-——

G

Ao
N

511 6.34 nranseshlflumsdanudiumniu rs
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Hwan1Ianaaod

2% VI-Method

15197 6.3
HAAAWTIAU 1AL ATZUAVDY Rs
ussau Inih
an 40 80 120 160 200 240
aiala (v)
aszua W
T 1.15 2.35 3.55 4.70 5.90 7.10
Ma’ld (ma)
o ' ¥ PR AV V2-Vri1
SuIumANNAIUN IR 1A = =
Al 12-11
]
80-40 200 —
Rl = H—— Y _selta W1 R4 = e 19D 2 33.33 k(2
2.35-1.15 5.90-4.70
0-80 240 —-200
ry = L2802 Al N D )= s S Lashg ()
3.55-2.35 7.10—-5.90
160-120
= S-S5, 37 7% N3
420-3.55
ngﬂ = 33.33x4+34.78 - ¥2)3 kQ

5

Tae Tovtuiiaes

anudumuniald = 38 kK

agluazimaizvinanimanss
nn1sNAasteztiy 18319 md1unun 1491001534 1ae2% Vi-Method 92 18481

M v o o s & A 9 ) 2 o q ¥
ﬂ?]ﬂﬁ1uﬂ1uu9ﬂﬂ313ﬂé"}8 Tammmm QN?]1ﬂ!ﬂﬂil'Iﬂﬂ'li!!ﬂﬂi'l’]‘ll’l’]ﬂﬂ’)'mﬁ'lu‘n"luﬂ\i‘ﬂ']c‘ﬂ

Hnaaansumin @ umuauieonseau T ld



77

Y o 7 74 = o "
6.4 MIINATBLIA3BISUNAUSIAUBNN A 200 Hlallan neumsnasude

Yagilszasd
4' n':l o A @ a o ¢t 9/ s A [ [
1. Menademasesiutiausiuduiadiaunsaldnuldamlndnse i ndsen

ANTUA 1 FBUUFUATDY

gilnsaimsmaass
1. Storage Scope (Yokogawa model DL 1520) 1 !H?EN
2. niteulaq isolate 1:1 1 a1
3. wruAad 1wy
4. melnsy 1:100 1 1du
Funeummanaa

1 o/ d’
1. A92983A931% 6.35
A a &, A =2 o g v o
2. AamTesnoufiames(enadsuinansznuveniIsiusaa1l ua i lAdeeu
NABUNUADS)
v vy 9 L4 v
3. nAnBINAMTIAY 125KV uaz 170 kv Nednwnnuazdaan 7l emMwnsFauaust 35
ohm, 65 ohm 1182 100 ochm AW IAL
o o o <R d' 9
4. Yamsiaunzidiufionanismanei 14

a a o
S ﬂﬁ(ﬂjmfl‘lJL!ﬁ%'J!ﬂi'l:"Nﬁﬂ'ﬁ?lﬁﬁﬂQ
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enetayR Y

Scope

Isolate
Transformer

3 i H o A v a orimd” a -4
31 6.35 2nsildmansuniessutiaus sauduwad 200 AlaTaa

WHani1Inaasy

Supply
DOVA

‘1%’) llidﬁuﬁﬁﬂim Ro Sphere gap

(kV/state) (mm.)

62.5 35 24.0

85 35 36.4

* 62.5 65 245
85 65 36.7

62.5 100 24.2

85 100 36.4

62.5 13 24.0

85 35 36.4

= 62.5 65 244
85 65 343

62.5 100 24.2

85 100 36.4
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Stopp8d 2001/10/03 19:00:34
: CH2=100v : : : 10us/div
DC 100:1 : : : : © (10us/div)
5 i : S oL L
o : §
2_:EM ................... PP s e S e SR S i
=Trace2= High 436.0v R/ /55 buty 0.0%
=Filter= =Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 : ov Main : 10K Mode : SINGLE
BW : FULL CH2 : ov Zoom : 10K Type : EDGE CH2 %
Delay : 0.0ns

Hold Off : MINIMUM

6.36 yuafuusIRUBUWATTI Anseiudatlszg + 62.5 kVistate R,=35 O

=n.

i

Qo

Stoppld 2001/10/03 19:02:50
: CH2=200V : : - 10us/div
DC 100:1 : : i : (10us/div)

: i : NORM:100MS /s

........................................ 0% ..
=Filter= =0Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 : ov Main : 10K Mode : SINGLE
BW : FULL CH2 : ov Zoom @ 10K Type : EDGE CH2 {¥
Delay : 0.0ns

Hold Off : MINIMUM

{ 4 v a @ T { v ow
U1 637 gUaduussduBuadii Musedusallseq + 85 kvistate R,= 35 O
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Stopped 2001/10/703 18:45:15
: : CH2=100V 3 : : : 10us/div
: : DC 100:1 : I : : 1 (10us/div)
: : : : i : : NORM:100MS /s
ggw ......... ......... ......... .......... ot ......... ......... ......... .........

CH2
: : : Level
CH1 ;¥ EXT LINE - = - -0.016kV
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : ov Main : 10K Mode : SINGLE
BW : FULL CH2 : ov Zoom : 10K Type : EDGE CH2 £3%
‘ Delay : 0.0ns

Hold Off : MINIMUM
517 6.38 j1aAuus sduBURadIA Ausedudalsey — 62.5 kVistate R =35

Stoppdld 2001/10/03 19:06:17
: CH2=200v L : : ¢ 10us/div
: DC 100:1 ] ] : I (10us/div)
appr— DL AN e IS i) G L il e ds
=Tracez=_ High 0.000v @ BRed giomm o Dty ==
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : ov Main : 10K Mode : SINGLE
BW : FULL CH2 : oV Zoom @ 10K Type : EDGE CH2 §§

Delay : 0.0ns
Hold Off : MINIMUM

{ 4 v a o o oA v W
511 639 gladuussduBuWad T Nuseiudalsey - 85 kVistate R =35 O
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Stoppd&d 2001/09/03 16:39:17
CH1=200V : : ; i : : © 10us/div
DC 100:1 : : : 1 : ; : (10us/div)

: : E : - NORM:100MS /s

=Tracel= High 448.0V Freq —— Duty 0.0%
Format | FileName | AutoFile : I To
BeMp 200KV OFF TopMenu
=Filter= =Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 : ov Main : 10K Mode : SINGLE
BW : FULL CH2 : -0.3Vv Zoom : 10K Type : EDGE CH1 &
Delay : 0.0ns
Hold Off : 50.00ms

=h.

6.40 gilafuussiudusiadihn Nusedudalsey + 62.5 kvistate R,=65 ()

31

Stoppdd 2001/09/03 16:42:04
CH1=200V ; : ; 7 T 10us/div
DC 100:1 : ; : ; J ; { (10us/div)

: : : : : : NORM:100MS /s

=Tracel= High 624.0V ~_Freq —_— Duty 0.0%
=Filter= =Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 : ov Main : 10K Mode © SINGLE
BW @ FULL CH2 : -0.3v Zoom © 10K Type : EDGE CH1 4
Delay : 0.0ns
Hold Off : 50.00ms

=D.

4 v a v d " oA v W
6.41 yunduussauduiadie Mussdudalszy + 85 kVistate R,= 65

31
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" Stopped q 2001/09/03 16:53:46
CH1=200V : : 20us/div
DC 100:1 © (20us/div)
: NORM:S0MS /s

iC

5 : Position
Position To
-adiv._ | 0div_ [ +4div -1.0%div
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : ov Main : 10K Mode : SINGLE
BW : FULL CH2 : -0.3v Zoom : 10K Type : EDGE CH1 4
| Delay : 0.0ns
Hold Off : 50.00ms

517 6.42 jUnAuussfuBuWade Aussdudaisey - 62.5 kvistate R,=65 O

Stopped ¥ 2001/09/03 16:58:14
CH1=200Vv : : : : S0us/div
DC 100:1 : : : : : (B0us/div)
f @ Ao\ § P NORM:20MS /s
i SER i Y - ¥.8)-8E1 ) 4 AL X : :
A “‘ /’,.l"’—‘“""" : 5 5
acel= High -8.000v = RER L e e DUty e
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : ov Main : 10K Mode : SINGLE
BW : FULL CH2 : -0.3V Zoom @ 10K Type : EDGE CH1 4
Delay : 0.0ns
Hold Off : 50.00ms

{ 4 v a v d T { v W
51 6.43 gUnduus wuBNTAdHHY Nusesaudaisvy - 85 kvistate R,= 65 O
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Stopp8d 2001/10/03 19:19:44
: CH2=100V : ] : : © 10us/div

DC 100:1 : ¥ : : © (10us/div)

: : i : NORM:100MS /s

=Tracez= High 436.0y .  Freq -—-= Duty 0.0%
f : : ; CH2
Level
0.020kV
=Filter= =0Offset= =Record Length= =Trigger=
Smoothing : OFF CHI1 : ov Main : 10K Mode : SINGLE
BW : FULL CH2 : ov Zoom : 10K Type : EDGE CH2 %
Delay : 0.0ns

Hold Off : MINIMUM

U7 6.44 gUnAuULssduBUWAd YA Ausedudailsey + 62.5 kV state R,=100 O

Stoppdd 2001/10/03 19:21:35
: CH2=200V ; : i o1 10us/div
DC 100:1 : > ' LES ©  (10us/div)

: : : NORM: 100MS /s

=Filter= =Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 : ov Main 10K Mode © SINGLE
BW [ FULL CH2 : oV Zoom : 10K Type : EDGE CH2 £}
Delay : 0.0ns

Hold Off : MINIMUM

! y @ a - ow ¢ oA v W
UM 6.45 JUaduussduBNiadfr fusedudalszy + 85 kvistate R=100 (O
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Stopp8d 2001/10/03 19:13:17
: CH2=100V : I : : T 10us/div
DC 100:1 : I : Pe © (10us/div)

: : : NORM:100MS /s

ar Tl LG Sy S o Dbk s o e e s e wie e pedBitiths g
I : : : : H : : : :

=Tracez= High 0.000v i Freq =-—= [  Duty =-:-
' : : CH2
V/DIV
100 v
=Filter= =0Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 : ov Main : 10K Mode : SINGLE
BW : FULL CH2 : ov Zoom : 10K Type : EDGE CH2 4§
Delay : 0.0ns

Hold Off : MINIMUM

6.46 JuadumssuBuWadihrh fussdudaiszy - 62.5 kVistate R,= 100 O

).

51

Stopp8d 2001/10/03 19:11:09
g : CH2=200V : B : : © 1 10us/div
DC 100:1 : ;? : ; © (10usi/div)

: : : NORM: 100MS /s

=Tracez= High 0.000v e R Dusy =
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : ov Main 10K Mode : SINGLE
BW © FULL CH2 : ov Zoom : 10K Type : EDGE CH2 £¥
Delay : 0.0ns
Hold Off : MINIMUM
d' A v a o "o Y v @
31 6.47 guaduussduduadir Aldusiudailsyy - 85 kistate R,= 100
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JRneviNan I TNAGDS
. » -9
vinnsnaasausanainsugiladuiirilundazamsdu (edhuinuazay) nas
v Yy ¥ t 4
uAnzAne WIS FauAUN swwud1 AseAuNTIAU 170 MadaunnuazdIal vean s newinm
e ¢ A i Y a Yiliia ' &
Fdauausl iemsiusaarliaiedunsufiuaesezfaentssausu iaunsaldemld &
a ) 2

AUNADVAATINADNTTN VYD EMI (Electromagnetic Interference) 41} 2 HUY ABconducted

naudnit i) uag Radiate (tns =9 183NA 0 101R)
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q o A LY o/ < % o
6.5 ﬂ'li‘ﬂﬂﬁi’)‘lllﬂ%?]ﬂﬂHuﬂuiﬁﬂusﬁlﬂﬁé YU 200 ﬁiahtm mamsﬁﬂm

[y d
Jagilazasn
v 9y
1. nageuinTeandsmsaadinldaulanie b
2. rivenaneugdyanaglatuus suduiadlszinndn q hldnSsuieudvinas

g1u tazthwannamsnageuulFlumsiinsandfudgudly

gunselfildlumamaces
1. 1nseanuiiasuwad 2 stage 200 kV, 5 kJ
2. uruAnd
3. ¥89INNIINANUNIATIIY (standard sphere gap)
durhuguina 25 cm. (HelFlummaneugadufwinuuniuda)
4. Printer
fumeunimaaes
aeuft 1 naneuggUatuussdusuRadd i Sovuz@uaiy (Lighting Impulse

Full Wave)
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Ro

CVD

B sife

51l 648 2vmareuaSusIAuBIRadFURTUA AT

1. ap2gesa gl 6.48

2. adegiaduussdudusiadlassinisdasu Ro =35 Q2,65 2, 1002 Tay
. y 9 9
NAFDLN UTIAUTIIYT LINHAZYINY VBT I

3. ffufinran1snanes ua Print wagiladu

4. aptluasdnswinansnaney

moudl 2 naasugzUaAuIsIR LB Ada3A% ( Switching Impulse )

R350hms R 65 ohms

—

g
G Cf gap CVD
o e s

7171 6.49 2esnareuaINNTsAUBNTad Uat Ul dnynzaduda
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1. nlasu R0 12 Q dlu 6000 Q naznffou Re9n 150 L iy 6000 Q
v P
2. A9 NIANFIUN 6.48
3. adngilnduussduduind Tagshinisuldoun Ro=35Q2,6502,10002 Tas
v ¥ ¥ 9
naaeUi 15IAUNII 1IN 1AL TIouYBITY I
4. HuNINHANIINATGY LA Print Hagllady

5. agtluaziimswinansnadey

aB Ui 3 mﬁanagﬂm‘%umaé”uf‘}uﬁnﬁ'ﬁwh Snuazaduda ( Lightning Impulse
chopped Wave)

1. wiaou rE, Refunpugilis sfusuiadsndudni

2. AereesamgIlii 6.49

? o b4
afegiadunssduduiad Tasaaud 1539uneda 1an oz TInuvedyg

e

4. fuNNAANITNANDS I Print wag LAy

5. agtinziinsenansnageu
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o

310 6.53 uaaanswigdaduussduduiadh Ansedudalszy -62.5 kvistate RO = 35 O
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o

51 6.55 aswluaasgiladuususuiadiem Auseiusailsyy —62.5 kv/state RO = 100 2

= v A
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INTERNATICNAL ELECTROTECHNICAL COMMISSION

HIGH VOLTAGE TEST TECHNIQUES

Part 1: General definitions and test requirements

FOREWORD

1) The formal decisions or agreements of the TEC on technical matters, prepared by Technical Committees on
which all the National Committees having a special interest therein are represented, express, as nearly as
possible, an international consensus of opinion on the subjects exarmined.

2) They have the form of recommendadons for international

use and they are accepted by ihe National Committees
in that sense. j

3) In order to promote international unification, the IEC expresscs the wish that all Narional Committees should
adopt the text of the IEC recommendation for their national rules in so far as national conditions will permnit.
Any divergence between the IEC reccmmendation and the correspcnding natdornal rules should, as far as

! possible, be clearly indicated in the latter.

E PREFACE

This standard has been prepared by IEC Technical Committee 42 High Voltage testing techniques .

The text of this standard is based upcn the following documents:

Six Month's Rule Report on Voting
42(CO)0 42(C0O)41

Full information on the voting for the approval of this standard can be found in the Voting Report indicated
in the above table.
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HIGH VOLTAGE TEST TECHNIQUES

PART 1:
GENERAL DEFINITIONS AND TEST REQUIREMENTS

Section 1: General

1 Scope

This standard is applicable to:
— dielectric tests with direct voltage;
— dielectric tests with alternating voltage;
— dielectric tests with impulse voltage;
—- tests with impulse current;
— tests with combinations of the above.

This standard is applicable only to tests on equipment having its highest voltage for equipment U, above
1 kV.

This standard is not intended to be used for electromagnetic compatibility tests cn clectric or electronic
equipment.

2 Object

The object of this standard is:
— to define terms of both general and specific applicability;
to present general requirements regarding test objects and test procedures;
to describe methods for generation and measurement Qf test voltages and currents;

— 1o describe test procedures;

to describe methods for the evaluation of test results and to indicate criteria for accepiance or
refusal.

Definitions and requirements concerning approved measuring devices and checking methods are given in
{EC Publication 60-2: High Vcliage Test Techniques — Measuring Devices.

Alternative test procedures may be required to obtain reproducible and significant resuits. The choice of
a suitable test procedure should be made by the relevant Technical Committee.
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Section 2: General Definitions

3 Impulses

An impulse is an intentionally applied aperiodic transient voltage or current which usually rises rapidly
{0 a peak value and then falls more slowly to zero.

For special purposes, impulses having approximately linearly rising fronts or transients of oscillating or
approximatcly rectangular form are used.

The term “impulse” is to be distinguished from the term “surge™ which refers to transients occurring in
clectrical equipment or networks in service.

3.1 Lightning and switching impulses

A distinction is made between lightning and switching impulses on the basis of duradon of the front.
Impulses with front duration tp to 20 ps are defined as lightning impulses and those with longer fronts
are defined as switching impulses.

Generally, switching impulses are also characterized by toral durations considerably longer than those of
lightning impulses.

4 Characteristics related to disruptive discharge and test voltages

4.1 Disruptive discharge

In this standard, the term “disruptive discharge” (sometimes referred to as “electrical breakdown’) relates
to phenomena associated with the failure of insulation under electrical suess, in which the discharge
completely bridges the insulation under test, reducing the voltage between the electrodes practicaily to
zero. It applies to electrical breakdown in solid, liquid and gaseous dielectrics and combinations of these.

Non-sustained disruptive discharge in which the test object is momentarily bridged by a spark or arc may
occur. During these events the voltage across the test object is momentarily reduced to zero Or 10 @ very
small value. Depending on the characteristics of the test circuit and the test object, a recovery of dielectric
strength may occur and may even permit the test voltage to reach a higher value. Such an event should
be interpreted as a disruptive discharge uniess otherwise specified by the relevant Technical Committee.

Non-disruptive discharges such as those between intermediate electrodes or conductors may also occur
without reduction of the test voltage to zero. Such an event should not be interpreted as a disruptive
discharge unless 30 specified by the relevant Technical Committee.

Some non-disruptive discharges are termed “parual discharges” and are dealt with in IEC Publication 270:
Partial Discharge Measurements.

The term “sparkover” is used when a disruptive discharge occurs in a gaseous or liquid medium.
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«flashover” is used when a disruptive discharge occurs over the surface of a dielectric in a

 The term )
: r liquid medium.

lgaseous 0

z'rhc term “puncture” is used when a disruptive discharge occurs through a solig dieleciric.

tive discharge in a solid dielectric produces permanent loss of dielectric strength; in a liquid or

" A distep . 3
; dieiectric the ioss inay be only temporary.

. gaseous
42 Characteristics of the test voltage
teristics of a test voltage are those characteristcs snecified in this standard for designating the

: The charac
£ voltage excursion that define the test voltage.

. different types O

42.1 Prospective characteristics of a lesi voitage

ective characteristics of a test voltage causing disruptive discharge are the characteristics which
ive characteristic is

: The prosp
d if no disruptive discharge had occurred. When a prospecti

j would have been obtaine
" used, this shall always be stated.

L 422 Aciual characteristics of a test voltage
E
* The actual characteristics of a test voltage are those

 test object.

which occur during the test at the terminals of the

L 423 Value of the test voltage

The value of the test voltage is defined in the rclevant Clauses of the present standard.

3

43 Disruptive discharge voltage of a test object

alue of the test voltage causing disruptive

The disruptive discharge voltage of a test object is the v
Clauses of the present standard.

discharge, as specified, for the various tests, in the relevant

4.4 Statistical characteristics of disrupiive discharge voltages

ect to random variations and, usually, a number of observations must

1y significant value of the voltage. The test procedures, described
Information on the statistical

Disruptive discharge voltages are subj

be made in order to obtain a statistica
in the present standard, are generally based on statistical considerations.

evaluation of test results is given in Appendix A.

4.4)  Disruptive discharge probability p of a test object

ct is the probability that one application of a certain

The disruptive discharge probability p of a test obje
disruptive discharge in the test object. The parameter

prospective voltage value of a given shape will cause
p may be expressed as a percentage or a fraction.
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442 Withstand probability q of a test object

The witiistand probability g of a test cbject is the prooability that one application of a certain prospective
voltage value of a given shape does not cause a disruptive discharge on the test object. If the disruptive
discharge probability is p, the withstand probability ¢ is (1 - p).

443 50% disruptive discharge voltage Us, of a test object

The 50% disruptive discharge voltage is the prospective voltage value which has a 50% probability of
producing a disruptive discharge on the test object.

444 p% disruptive discharge voltage U, of a test object

Tie p% distuptive discharge voltaze of a test object is the prospective voltage value which has p%
probability of producing a disruptive discharge on the test object.

445 Conventional deviation z of the disruptive discharge voliage of a test object

The conventional deviation z of the disruptive discharge voitage of a test object is the difference between
its 50% and 16% disruptive discharge voltages. It is often expressed in per unit or percentage value,
referred to the 50% disruptive discharge voltage.

NOTE — If the disruptive-discharge probability function (see Appendix A) is close to a Gaussian function, z
is correspordingly close to its standard deviation.

4.5 Withstand voltage of a test object

The withstand voltage of a test object is a specified prospective voltage value which characterizes the
insulation of the object with regard to a withstand test.

. Unless otherwise specified, withstand voltages are referred to standard reference atmospheric conditions
(see Clause 11.1).

4.6 Assured disruptive discharge voltage of a test object

The assured disruptive discharge voltage of a test object is a specified prospective voltage value which
characterizes its performance with regard to a disruptive discharge test.

S Classification of insulation in test objects

Insulation systems of apparatus and high voltage structures must basically be classified into self-restoring
and non-self-restoring insulation and may consist of external and/or internal insulation.

5el External insulation

External insulation is the air insulation and the exposed surfaces of solid insulation of the equipment,
which are subject both to dielectric stresses and to the effects of atmospheric and other external conditions

such as pollution, humidity and vermin.
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59 Internal insulation

insulation comprises the internal solid, liquid or gaseous elements of the insulation of equipment,

Internal
d from the effects of atmospheric and other exiernal conditions such as pollution,

which are protecte
pumidity and vermin.

5.3 Self-restoring insulation

2

Self-restoring insulation is the insulation which completely recovers its insulating properties after 2
disruptive discharge caused by the application of a test voltage.

5.4 Non-self-restoring insulation

Nou-self-restoring insulation is insuladon which loses its insulating properties, or does not recover them
completely, after a disruptive discharge caused by the application of a test voltage.

atus, parts of both self-restoring and non-self-restoring insulation are alweys
me parts may be degraded by repeated or continued voltage applications. The
the relevant Technical Comniittee when

NOTE — In high voltage appar
operating in combination and so
behaviour of the insulation in this respect shall be taken into account by

specifying the test procedures to be applied.



-1 © IEC 1989

Section 6: Tests with Lightning Impulse Voltage

18 Definitions for lightning impulse tests

1.0 Definitions of general applicabiiity

These definitions apply to impulses without oscillations or overshoot or to the mean curve drawn through
the oscillations and overshoot.

8.1.1 Full lightning impulsé

A full lightning impulse is a lightning impulse which is not interrupted by a disruptive discharge (see
figure §). See Clause 3 for definition of impulse and 3.1 for distinction between lightning ana switching
impulses.

8.1.2 Chopped lightning impulse

Achopped lightning impulse is a lightning impulse during which a disruptve discharge causes a rapid
ollapse of the voltage, practically (o zero value (see figures 7-9). The collapse can occur on the front,
it the peak. or on the tail.

-NOTE — The chopping can be accomplished by an external chopping gap or may occur due to a discharge in
the intemnal or external insulation of a test object.

18.1.3  Value of the test voltage
For a lightning impulse without oscillations, the value of the test voltage is its peak vaiue.

The determination of the peak value in the case of oscillations cr overshoot on standard lightning impulses
is considered in 19.2.

For other impulse shapes (see for example figures 10 e-h) the relevant Technical Committee shall define
the value of the test voltage taking into account the type of test and test object.

B.1.4 Front time T

The front time T, of a lightning impulse is a virtual parameter defined as 1,67 times the interval T between
be instants when the impulse is 30% and 90% of the peak value (points A and B, figures 6-9).

8.1.5 Virtual origin O,

The virtual origin O, of a lightming impulse is the instant preceding that corresponding to point A (see
figures 6-9) by a time 0,3T,. For records having linear time scales, this is the intersection with the time
uis of a straight line drawn through the reference points A and B on the front.
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18.1.6 Time to half-value T,

The time to half-value T; of a lighming impulse is a virtual parameter detined as the time interval between
the virtual origin O, and the instant when the voltage has decreased to half the peak value.

18.2  Definitions appiicable only to chopped impulses

A chopped lightning impulse is a lightning impulse during which a disruptive discharge causes a rapid
collapse of the voltage, which then falls to zero or nearly to zero, with or without oscillations (see fig-

ures 7-9).

NOTE — With some test objects or test arrangements, there may be a flattening of the peak or a rounding off
of the voltage before the firal vol:agz collapsc. Similar effects may also be cbserved due to the imperfections
of the measuring system. Exact determination of the parameters related to chopping (18.2.1 to 18.2.5) requires
the presence of both a shaip discontinuily and a special measuring system. Other cases ure left to the relevant
Technical Committees for consideration.

18.2.1 Instant of chbpping

The instant of chopping is that at which the rapid collapse of voltage which characterizes the chopping
first occurs.

18.2.2 Time to chopping T.

The time to chopping T, is a virtua! paraméter defined as the time interval petween the virtual origin O,
and the instant of chopping.

18.2.3  Characteristics related 10 the voltage collapse during chepping
The virtual characteristics of the voltage collapse during chopping are defined ir terms of two points C
and D at 70% and 10% of the voltage at the instant of chopping, see figure 7. The duraticn of the voltage

collapse is 1,67 times the time interval between points C and D. The steepness of the veltage collapse is
the ratio of the voltage at the instant of chopping to the duration f voltage collapse.

NOTE — The use of points C and D is for definition purposes only; it is nct impiied that the duration and
steepness of chopping can be measured with any degree of accuracy using conventional measuring systems.
18.2.4 Linearly rising front-chopped impulses

A voltage rising with approximately constant steepness, until it is chopped by a disruptive discharge, is
described as a linearly rising front-chopped impulse.

To define such an impulse, the best fitting straight line is drawn through the parc of the front between
30% and 90% of the peak amplitude; the intersections of this with the 30% and 90% amplitudes then being

designated E and F, respectively (see figure 9).
The impulse is defined by:
— the peak voltage U,

— the front ume T,
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— the virtual steepness S:
S=UIT,

This is the slope of the straight line drawn through the points E and F, usually expressed in kilovolts per
microsecond.

This chopped implfllsc is consicered Lo be approximately linearly rising if the front, from 30% amplitude
up to the instant of chopping, is entirely enclosed between two lines parallel to the line EF, but di ;
from it in time by 0,05 T, (see figure 9). P S hnel B byl dspitacec

NOTE._ The value and the tolerance on the virtual steepness S shall be specified by the relevant Technical
Committee.

18.5 Vol:ageltime curves
18.3.1 Voliageltime curves jor linearly rising impulses

The voltage/time curve for i{npulses with fronts rising linearly is the curve relating the peak voitage to
the front time T,. The curve is obtained by applying impulses with linear froats of different steepness.

18.3.2 Voltageltime curve for impulses of constant prospective shape

The veltage/time curve for impulses with constant prospective shape is the curve relating the discharge
voltage of the test object to the ime to chopping, which may occur on the front, at the peai or oa the LaIl.
The curve is obtained by applying impulse voltages of constant shape but with different prospective peak
values (sce figure 11). A

19 Test Voitage

19.1 Standara lightning impulse

The standard lightming impulse is a full lightning impulse having a fr i -
' g - ont £12 d a ume 0
half-value of 50 ps. It is described as a 1,2/50 impulse. ; v/ g i

19.2 Tolerances

" If not otherwise specified by tiie relevant Technical Committee, the following differences are accepted

between specified values for the standard impulse and those actually recorded:
Peak value 3%
Front time 130%
Time to half-vaiue *20%

NOTE 1 — It is emphasized that the tolerances on the peak value, front time and time to half-value consdtute
the permitted differences between specified values and those actally recorded by measurements. These differ-
ences should be distinguished from measuring errors which are the difference between the values actually
recorded and the true values. For information on measuring errors, see IEC Publication 60-3 and 60-4.
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with some test circuits, osciilations or an overshoot may occur at the peak of the impulse, see figures 10 a
10 d; if the frequency of such oscillations is not less than 0,5 MHz or the duration of overshoot noi more
than 1 s, a mean curve should be drawn as in figures 10 a and b and, for the purpose of measurement,
the maximum amplitude of this curve is chosen as the peak value defining the value of the test voltage.

overshoot or oscillations in the neighborhood of the peak, measured by a sysiem according to IEC
publication 60-3, are tolerated provided their single peak amplitude is not larger than 5% of the peak
value. In commonly used impulse generator circuits, oscillations on that part of the wavefront during which
the voltage does not excced 90% of the peak value have generally negiigible influence on test results. If
the relevant Technical Committze finds these are of importance, it is recommended that their amplitudes,
measured by a suitable measuring device, as specified in IEC Publication 60-3, are under the straight line
drawn through the points A’ B’ (see figure 12). These points are taken on the verticals of, respectively,
e points A and B determuicd according to 18.1.4, the distance AA’ being equal to 25% and BB’ 10 5%

of the peak value.

The impulse should be essentially unidirectional, but see Note 2.

NOTE 2 — In specific cases, such as during tests on low impedance objects or on UHY test circuits having
large dimensions. it may be impossible to adjust the shape of the impulse within the tolerances recommended,
io keep the oscillations and/or the overshoot within the specified limits or to avoid a polarity reversal. Such
cases should be dealt with by the relevant Technical Committee.

19.3 Standard chopped lightning impulse
A standard chopped lightning impulse is a standard impulse chopped by an exiernal gap afier 25 s

Other times to chopping may be specified by the relevant Technical Committee. Because of practical
difficulties in measurements, the duration of voltage collapse has not been standardized.

19.4 Special lightning impulses

In some cases oscillating lightning impulses may be applied. This offers the possibility of producing
impulses with shorter front times or with peak values corresponding io0 a generator efficiency greater than
1.

19:5 Generation of the test voliage:

The impulse is usually preduced by an impulse generator consisting essentially of a number of capacitors

~ which are charged in parallel from a direct voltage source and then discharged in series into a circuit

which includes the test object.
19.6 Measurement of the test voliage and determination of impulse shape

19.6.1 Measurement with devices approved under IEC Publication 60-3
The measurement of the peak value, the tine parameters and the overshoot or oscillations on the test
voltage should in general be made with devices which have passed the approval procedure referred to in
IEC Publication 60-3. The measurement shall be made with the test object in the circuit and, in general,
the impulse shape shall be checked for each test object. Where a number of test objects of the same design
and size are tested under identical conditions, the shape needs only to be verified once.
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90.1.2 Withstand voltage test: Procedure B

Fifteen impulses of the specified shape and polarity at the withstand voltage level are applied to the test
object. The requirements of the test are satisfied if not more than two disruptive discharges occur in the
self-restoring part of the insulation and if no indication of failure in the non-self-restoring insulation is
obtained by the detection methods specified by the relevant Technical Committee.

90.1.3 Witastand voliage test: Procedure C

Three impulses of the specified shape and polarity at the withstand voltage level are applied to the test
object. If no disruptive discharge occurs the test object has passed the test. If more than one disruptive
discharge occurs the test object has failed to pass the test. If one disruptive discharge c:»_curs in the
self-restoring part of the insulation, then nine additional impulscs are applied and if ro dis;upLive discharge
occurs the test object has passed the test.

If any deteciion of failure in a non-self-restoring part of insuiation is observed with the detection methods
specified by the relevant Technical Committee during any part of the test, the test object has failed to pass
the test.

NOTE — Thi ed d Ameri i ; ) ) .
Proccdurc?ls procedure corresponds to an American practice modified so &s to be statistically equivalent to

20.14 Withstand voltage test: Procedure D

For self-restoring insulation the 10% impulse disruptive discharge voltage U,, may be evaluated by using
statistical test procedures described in Appendix A.

These test methods permit either direct evaluation of Uys and Uy, or indirect evaluation of U,

In tie latter case U, is derived from the Uso value using the relationship:
Um'_' Uso E\-=1 4 32)

The relevant Technical Committee shall specify the value to be assumed for the conventional deviation z
of the disruptive discharge voltage. For dry tests on air insulation, without any other insulation involved~
the per-unit value z = 0,03 can be used. :

The test object is deemed to be satisfactory if Uyo is not less than the specified impulse withstand voltage
The following test methods can be used to evaluate Uso:

a) the multiple-level method (see Clause A.l.l) with n>4 voltage levels, and m > 10 impulses
per level; : =

b) the up-and-down method (Clause A.1.2) with m = 1 impulse per group ana 20 useful appli:
cations. =
A}

To evaluate U,,, the up-and-down withstand method, with m = 7 impulses per group and at least eight
useful groups, can be used.
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[« all the cases the voltage interval between levels AU should be approximately from 1,5 to 3% of the
esﬁmated value of Us,.

902  Procedures for assured discharge voltage tests

The procedures for an assured discharge voltage test are similar to those described in 20.1 with the
gppropriate changes between discharge and withstand conditions.

The reJevant Technical Commitiee may also specify other procedures for specific test objects.
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Section 7: Tests with Switching Impulses

21 Definitions for switching impulse tests

91,1 Switching impulse

Aswit-Chi’}g impulse (as distinct from a lightning impulse) is defined in 3.1. The characteristics of a
gwitching impulse are expressed by the parameters defined in 21.2 to 21.7 (see figure 13).

Additional parameters can be specified by the relevant Technical Commitiee when considering specific
fests-

1.2 Value of the test voltage

If not otherwise specified by the relevant Technical Committee, the value of the test voltage is the
prospecuve peak value.

1.3 Time 10 peak T,

The time to peak T, is the time interval between the actual origin ard the instant when the voltage has
reached its pzak value.

1.4 Time to half-value T,

The time to half-value T, for a switching impulse is the time interval between the actual origin and the
mstant when the voltage has first decreased to half the peak valve.

215 Time above 90% T,

|
il‘he time above 90% 7. is the time interval during which the impulse voltage exceeds 90% of its peak
ivalue.

l

1216 Time to zero T,

'

The time to zero T, is the time interval between the actual origin and the instant when the voltage has its
_arst passage to zero. .

}pcciﬁcation of the time above 90% and time to zero instead of the time to half-value is found useful,
or instance, when the form of the impulse is dictated by saturation phenomena in the test object or the
&st circuit, or where the severity of the test on important parts of internal insulation of the test object is
‘onsidered to be highly dependent on these parameters. When specifying a switching impulse, only one
¥t of parameters related to the waveshape is generally given. The particular time parameters defined
iould be clearly indicated by reference, for example, to0 a I,/ T,0r T,/ T,/ T, impulse.

NOTE — 10 213 10 21;6 — The‘from. dmfation for switching impulses is sometimes alternatively defined in
the same manner as the frout for.hg}'xmu%g impulses (18.1.4) or in a similar manner with cther reference points
and muluplying factors. For switching impulses with time parameters as given in 22.1, the time to peak is
between 1,4 and 1.8 times the front time. ;
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w1 Time to chopping T,

4 time to chopping T, of a switching impulse is the time interval between the actual origin and the
gant of chopping.

b Linearly rising impu!se

¥y definition of a linearly rising impulse (applicable to both lightning and switching impulses) is given
§18.2.4.

" Test voltage

$1 Standard switching impulse

,:xscandard switching impulsc is an impulse having a time to peak T, of 250 ps and a time to half-value
f:of 2500 us. It is described as a 250/2500 impulse.

F Tolerances

¥ 0 otherwise specified by the relevant Technical Committee, the following differences are accepied
reen specified values and those actually recorded, both for standard and special impuises (sec Note 1

12.2):

Peak value +3%
i Time to peak +20% i
Time 10 half-value +60%

acertain cases, for instance with low impedance test objects, it may be difficult to adjust the shape of
e impulse to within the tolerances recommended. In such cases other tolerances or other impulse shapes
v be specified by the relevant Technical Committee.

i

NOTE — The disruptive discharge voltage of long gaps in air may be influenced by both the time to peak and
the tume to half-value of a switching impulse. Therefore it is recommended for such test objects that the applied
switching impulse be characterized by its actual time parameters. Larger tolerances in the prospective time to
half-value may be allc:wed in the case of a disruptive discharge occurring before or at the peak.

=3 Speciai switching impuises

o special purposes, when the use of the standard switching impulse is not considered sufficient or
Yoropriate, special switching impulses of either aperiodic or oscillating form may be prescribed by the
¥tvant Technical Committee.

NOTE — When a discharge is initiated by a leader in air from a positively—charged elecaode, two irppulses
may generally be considered as equivalen:, when they have the same peak value and the same time interval
between the respective two points on the front at 70% and 100% of the peak value.
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1.4 Generation of the test voltage

switching impulses are usually generated by a conventional impulse generator (see 19.5) Tkey can also
be generated by the application of a voltage impulse to the low-voltage winding of a testing thnstormer
(of of a transformer to be tested). Other methods of generating switching impulses can be used. for
example, involving the rapid interruption of current in a transformer winding, ;

The elements of a circuit for generating switching impulses should be chosen so as to avoid excessive
gistortion of the impulse shape due to non-disruptive discharge currents in the test object. Such currents
can reach quite large values, especially during pollution tests on external insulation at high voltages. In
st circuits having high internal impedance, they may cause severe distortion of the voltage or e;/cn
prevent a disruptive discharge from occurring.

7.5 Measurement of test voltage and determination of impulse shape
The measurement of the test voitage and the determination of the impulse shape should be made as
gescribed in 19.6.1 and 19.6.2. Note that although IEC Publication 52, 1960, gives no information specif-
cally related to the measurement of the peak value of switching impulses, measurements indicate that the
sphere-gap can be regarded as an approved measuring device fer switching impulse voltages

3 Test procedures

The test procecures are in general the same as for lightming impulse testing and similar statstical
considzrations apply (see Clause 20 and Appendix A). Unless otherwise specificd by the relevant Techni-
«al Committee, the conventional deviatian of the disruptive discharge voltage for dry and wet tests on air
‘ msulation, without any other insulation involved, can be assumed to be:

z =0,06

. Correspondingly larger voliage intervals AU may be used when applying the multiple level or the up-and-
down procedures.

NOTE — With switching impulses, disruptive discharges frequently occur at random times well before the peak
In presenting the results of discharge tests made in accordance with 20.1.4, the relationship between disrup(:ive:
discharge probability and voltage is generally expressed in terms of the prospective peak value Howlzvc'r
another method is also in use in which the actual distuptive discharge voltage for every impulse is' measurcd:
the probability distribution of the measured voltage values js then determined by the merglod described foxl
Class 3 tests in Appendix A.

4 e U I e
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Appendix A: Statistica! Treatment of Test Results

A.i Classification of tests

Disruptive discharge test procedures can be divided into three classes for the purpose of statistical
evaluation.

A.1.1  Class 1: Multiple-level tests

In a Class 1 test, m; substantially equal voltage stresses (e.g., lightning impulses) are applied at each of n
voltage levels U; (i = 1, 2, ..., n). While this procedure is usually employed with impulse voltages, some
tests with alternating and direct voltages also fall into this class.

The test results are the n numbers rm; of voltage applications and the corresponding numbers d; of disruptive
discharges at each voltage level U;.

A.1.2 Class 2: Up-and-down tests

] -

i In a Class 2 test, n groups of m substantially equal voltage stresses are applied at voltage levels U;. The
voltage level for each succceding group of stresses is increased or decreased by a small amount AU
according to the result of the previous group of stresses.

Two testing procedures are commonly used. The withstand procedure, aimed at finding voltage levels
corresponding to low disruptive discharge probabilities and the discharge procedure, which finds voitage
levels corresponding to high disruptive discharge probabilities. In the withstand procedure, the voltage
level is increased by an amount AU if no disruptive discharge occurs in a group of m voltage applications,
otherwise the voltage level is decreased by the samne amcunt. In the discharge procedure, the voltage level
is increased by AU if cne or more withstands occur, otherwise it is decreased by the same amount.

Where m = 1, the two procedures become identical and correspond to the up-and-down 50% disruptive
discharge voltage test.

Tests with other values of m are also used to determine voltages corresponding to other disruptive discharge
probabilities. The results are the numbers k; of stress groups applied at the voltage levels U.. The first level
U; taken into account is that at which at least two groups of stresses were applied. The total number of

useful groups is n=ZXk,.
A.1.3 Class 3: Successive Discharge Tests

In a Class 3 test, a procedure leading to a disruptive discharge on the test object is applied n times. The
test voltage may be increased continuously until a disruptive discharge occurs or held constant at some
level undil a disruptive discharge is observed. The results are the n values of voltage U; or time ¢; at which

the disruptive discharge occurred.

Such tests are made with direct, alternating or impulse voltages. Tests where disruptive discharges occur
on the front of the impulse fall into this class.
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re 6 Choc de foudre plein.

Full lightning impulse.

A7) Choc de foudre coupé sur le front.

Lightning impulse chopped on the front.
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Figure 8 Choc de foudre coupé sur 1a queue.

Lightning impulse chopped on the tail.

Figure 9 Choc coupé ayant un front linéaire.

Linearly rising front chopped impulse.
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NOTE = Determination of the impulse shape by calculation fiom the test circuit parameters is not consideced
{0 be satisfactory.

19.6.2 Calibration of a non-approved meuasuring device with an approved measuring device

The procedure usually consists of establishing a relationship between the display of some device related
(0 the test voltage (for instance the maximum charging voltage of the first stage of the impulse generator)
and a measurement of the same voitage performed in accordance with 19.6.1 or with a sphere-gap, used
in accordance with IEC Publication 52.

The 1¢elationship may be dependent on the presence of the test ebject, of the sphere-gap. etc. Hence, it is
jmportant that these conditons are the same during the calibration and the actual test, except that during
the test the sphere-gap may be openea sufficiently to prevent sparkover.

For tests on objects with self-restoring insulation, the calibration should be made at or near 100% of the
test voltage. For tesis on objects with non-self-restoring insulation, extrapolation may be unavoidable but
such extrapolation shall be made from not less than 50% of the test voltage. The extrapolation is only
permissible if it can be shown that the test voltage is proportional to the related quantity.

19.7 Measuremen: of curren: during tests with impulse voltages
The relevant Technical Committee shall specify the characteristics of a current flowing in the test object

that should be measured during tests with high impulse voltages. When this iype of measurement is used
for comparative purposes wave shape is of importance and the measurement of the absolute value of this

current may be of lesser importance.

20 Test Procecdures

£ 20.1 Withstand voltage tests

| The recommended test procedure depends on the nature of the test object, as defined in Clause 5. The
relevant Tecknical Committee shall specify which procedure shall be applied.

In procedures A, B and C the voltage applied to the test object is only the specified withstand value, while
in procedure D several voltage levels have to be applied.

20.1.1 Withstand voltage test: Procedure A
Three impulses of the specified shape and polarity at the rated withstand voltage level are applied to the
test object. The requirements of the test are satisfied if no indication of failure is obtained, using methods

of detection specified by the relevant Technical Commitee.

NOTE — This procedure is recommended for tests on degradable or non-self-restoring insulaton.
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Exemples de chocs de foudre avec des oscillations ou un lancé.

a,b La valeur de la tension d’essai est déterminées par une courbe moyenne (en lignes
pointillées).
c,d La valeur de la tension d’essai est déterminées par la valeur de créte.

e,f.g,h Aucun renseignement général ne peut étre donné pour la détermination de la valeur
de créte.

Examples of lightning impulses with oscillations or overshoot.

a,b The value of the test voltage is determined by a mean curve (broken line).
¢,d The value of the test voltage is determined by the crest value.
e,f,g.h No general guidance can be given for the determination of the value of the test

volta

ge.
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Figure 11 Courbe iension/temps pour tensions de choc ayant une forme présumée constante.

Volage/time curve for impulses of constant prospective shape.
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“Maximum permissible amplitude of oscillations on the wave-front”.
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Full switching impulse.



NIARNUIN Y

IEC Standard Publ. No.71-1993.

Insulation Co-ordination



71-1 © IEC:1993

INTERNATIONAL ELECTROTECHNICAL COMMISSION

INSULATION CO-ORDINATION

Part 1: Definitions, principles and rules

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization
comprising all national electrotechnical committees (IEC National Committees). The object of the IEC is to
promote international cooperation on al! questions concerning standardization in the electrical and
electronic fields. To this end and in addition to other activities, the IEC publishes International Standards.
Their preparation is entrusted to technical committees; any IEC National Committee interested in
the subjsct dealt with may participate in this preparatory work. International, governmental and
non-governmental organizations liaising with the IEC also garticipate in this preparation. The [EC
collaborates closely with the Intemational Organization for Standardization (ISO) in accordance with
eonditions determined by agreement between the two organizations.

2) The formal decisions or agreements of the IEC on technical matters, prepared by technical committees on
which all the National Committees having a special interest thersin are represented, express, as nearly as
possible, an international consensus of opinion on tha subjects dealt with.

3) They have the form of recommendations for internationa! use oublished in the form of standards, technical
raports or guides and they are accepted by the National Committaes in that sense.

4) In order to promote international unification, IEC National Committeas undertake to apply IEC International
Standards transparently to the maximum extent possible in their natioral and regional standards. Any
divergence between the |EC Standard and the corresponding nationai or regicnal standard shail be clearly
indicated in the latter.

Internationial Standard IEC 71-1 has been prepared by IEC fechnical committee 28-
- Insulation co-ordination.

This seventh edition cancels and replaces the sixth edition published in 1976 which dealt
only with insulation co-ordination between phase and earth, and the first part of the
first edition — published in 1982 - of IEC Publication 71-38 which dealt with insulation

co-ordination between phases.
This standard constitutes a technical revision and forms Part 1 of IEC Publication 71.
IEC Pubtication 71-2 (in preparation) will constitute the Application Guide for the insulation

co-ordination of electrical equipment.

The text of this standard is based on the following documents:

DIS ' Report on voting

28(C0)58 28(C0)60

Full information on the voting for the approval of this standard can be found in the report
on voting indicated in the above table.

Annex A is for information only.
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INSULATION CO-ORDINATION

Part 1: Definitions, principles and rules

1 Scope

This part of International Standard IEC 71 applies to three-phase a.c. systems haviug a
highest voltage for equipment above 1 KV. It specifies the procedure for the selection of
the standard withstand voltages for the phase-to-earth, phase-to-phase and longitudinal
insulation of the equipment and the installations of these systenis. It also gives the lists of
the standardized values from which the standard withstand voltages shal!l be selectzsd.

This part recommends that the selected withstand voltages should be associated with the
highest voltage for equipment. This association is tor insulation co-ordination purposes
only. The requirements for human safety are not covered by this Standard.

Although the principles of this part also appiy to transmission line insulation, the values of
the withstand voltages may e different from the standard withstand voltages.

The apparatus committees are responsible for specifying the withstand voltages and the
test procedures suitable for the relevant equipment taking into consideration the
recommendations of this Standard.

NOTE - in |EC 71-2 Application Guide, (under revision), all rules for insulation co-ordination given in this
Standard are justified in.detail, in particular the association of the standard withstand voltages with the
highest voliage for equipment. When more than one set of standard withstand voltages is associated with
the same highest voltage for equipment, guidance is provided for the salection of the most suitable set.

2 Normative references

The following normative documents contain provisions which, through reference in this
text, constitute provisions of this part of [EC 71-1. At the time of publication, the editions
indicaied were valid. All normative documents are subject to revision, and parties to
agreements based on this part of IEC 71-1 are encouraged to investigate the possibility of
applying the most recent editions of the normative documents indicated below. Members
of [EC and ISO maintain registers of currently valid International Standards.

IEC 38: 1983, /EC standard voltages

IEC 60-1: 1989, High-voltage ‘test techniques - Part 1: General definitions and test
requirements
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3 Definitions
For the purposes of this International Standard, the following definitions apply.

3.1 Insulation co-ordination: The selection of the dielectric strength of equipment in
relation to the voltages which can appear on the system for which the equipment is
intended and taking into account the service environment and the characteristics of the
available protective devices. [IEV 604-03-08, modified] '

NOTE - By “dielactric strength® of the equipment, is meant here its rated or its standard insulation level
as defined in 3.32 and 3.33 respectively.

3.2 external Insulation: The distances in atmospheric air, and the surfaces in contact
with atmospheric air of solid insulation of the equipment which are subject to dielectric
stresses and to the effects of atmospheric and other external conditions, such as pollution,
humidity, vermin, etc. [IEV 604-03-02, modified]

NOTE - External insulation is either weather-protected or non-weather-protected, designed to operate
inside or outside closed shelters respectivaly.

3.3 internal Insulation: The internal solid, liquid, or gaseous parts of the insulation of
equipment which are protected from the effects of atmospheric and other external
conditions. [[EV 604-03-03] g

3.4 self-restoring Insulation: Insulation which completely recovers its insulating
properties after a disruptive discharge. [IEV 604-03-04]

3.5 non-self-restoring Insulation: Insulation which loses its insulating properties, or
does not recover them completely, aftera disruptive discharge. [IEV 604-03-05]

NOTE - The definitions of 3.4 and 3.5 apply only when the discharge is caused by the application ot &
test voltage during a dielectric test. However, discharges occurring in service may cause a solf-restoring
insulation to lose partially or completely its original insulating properties.

3.6 Insulation configuration terminal: Any of the electrodes between any two of which
a voltage that stresses the insulation can be applied. The types of terminal are:

a) phase terminal, between which and the neutral is applied in service the phase-to-
neutral voltage of the system;

b) neutral terminal, representing, or connected to, the neutral point of the system
(neutral terminal of transformers, etc.);

c) earth terminal, always solidly connected to earth in service (tank of transformers,
base of disconnectors, structures of towers, ground plane, etc.). ;

3.7 insulation configuration: The complete geometric contiguration of the insulation in
service, consisting of the insulation and of all terminals. It includes all elements (insulating
and conducting) which influence its dielectric behaviour. The following insulation
configurations are identified:

— three-phase: having three phase terminals, one neutral terminal and one earth
terminal.

- phase-to-earth: a three-phase insulation configuration where two phase terminals
are disregarded and, except in particular cases, the neutral terminal is earthed.
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- phase-to-phase: a three-phase insulation configuration where one phase terminal
is disregarded. In particular cases, the neutral and the earth terminals are also
disregarded.

- longitudinal, having two phase terminals and one earth terminal. The phase
terminals belong to the same phase of a three-phase system temporarily separated into
two independently energized parts (open switching devices). The four terminals
belonging to the other two phases are disregarded or earthed. In particular cases one
of the two phase terminals considered is earthed.

3.8 nominal voltage of a system: A suitable approximate value of voltage used to
designate or identify a system. [IEV 601-01-21]

3.9 highest voltage of a system: The highest value of operating voltage which occurs
under normal operating conditions at any time and at any point in the system.
[IEV 601-01-23]

3.10 highest voltage for equipmert (Up,): The highest r.m.s. value of phase-to-phase
voltage for which the equipment is designed in respect of its insulation as well as other
characteristics which relate to this voliage in the relevant equipment Standards.
[IEV 604-03-01] :

3.11 Isolated neutral system: A system where the neuiral point is not intentionally
connected to earth, except for high impedance connections for protection or measurement
purposes. [IEV 601-02-24]

3.12 solidly earthed neutral system: A svstem whose neutral point(s) is(are) earthed
directly. [iEV 601-02-25]

3.13 impedance earthed (neutral) system: A system whose neutral point(s) is(are)
earthed through impedances to limit earth fault currents. [IEV 601-02-26]

3.14 resonant earthed (neutral) system: A system in which one or more neutral points
are connected to earth through reactances which approximately comp_ensate the
capacitive compenent of a single-phase-to-earth fault current. [IEV 601-02-27]

NOTE - With resonant earthing of a system, the residual current in the fault is limited to such an extent
that an arcing fault in air is usually self-extinguishing. :

3.15 earth fault factor: At a given location of a three-phase system, and for a given
system configuration, the ratio of the highest r.m.s. phase-to-earth power frequency
voltage on a healthy phase during a fault to earth affecting one or more phases at any
point on the system to the r.m.s. phase-to-earth power frequency voltage which would be
obtained at the given location in the absence of any such fault. [IEV 604-03-06]

3.16 overvoltage: Any voltage between one phase conducter and earth of be}ween
phase conductors having a peak value exceeding the corresponding peak of the nighest
voltage for equipment. [IEV 604-03-09, modified]
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NOTES

1 Unless otherwise clearly indicated, such as for surge arresters, overvoltage values expressed in p.u.
shall be referred to U, x N2/y3.

2  For any insulatica configuration, an overilo(tage is any voltage across its terminals higher than the
poak of the power-frequency voltage existing between them when all phase terminals of the equipment are
energized with tha highest voltage for equipment.

——

3.17 \Elas\sification of voltages and overvoltages

According/to their shape and duration, voltages and overvoltages are divided in the
following classes (see also table 1):

a) continuous (power frequency) voltage: Power-frequency voltage, considered

having constant r.m.s..value, continuously applied to any pair of terminals of an
insulation configuration.

b) temporary overvoltage: Power frequency overvoltage of relatively long duration.
[IEV 604-02-12, modified]

NCTE - The overvoltage may be undamped or weakly damped. In some cases its frequercy may be
several times smaller cr higher than power frequency.

¢) transient overvoltage: Short-duration overvoltage of few milliseconds or less,
oscillatory or non-oscillatory, usually highly damped. [IEV 604-03-13]

NOTE - Transient overvoltages may be immedi'ately followed by temporary overvoltages. In such cases
the two overvoltages are considered as separate events. :

Transient overvoltages are divided into:

— slow-front overvoltage: Transient overvoltage, usually unidirectional, with time
to peak 20 ps < Tp < 5000 ps, and tail duration 7, < 20 ms.

_ fast-front overvoltage: Transient overvoltage, usually unidirectional, with time
to peak 0,1 pus < T, <20 us, and tail duration T, < 300 ps.

- very-fast-front overvoltage: Transient overvoltage, usually unidirectional with
time to peak T, < 0,1 us, total duration < 3 ms, and witn superimposed oscillations
at frequency 30 kHz < f < 100 MHz.
d) combined (temporary, slow-front, fast-front, very-fast-front) overvoltage,
consisting of two voltage components simultaneously applied between each of the two
phase terminals of a phase-to-phase (or longitudinal) insulation and earth. It is classified
by the component of higher peak value.

3.18 Standard voltage shapes
The following voltage shapes are standardized:

a) The standard short-duration power-frequency voltage: a sinusoidal voltage witn
frequency between 48 Hz and 62 Hz, and duration of 60 s.

b) The standard switching impulsc: an impulse voltage having a time to peak of
250 ps and a time to half-value of 2 500 ps.

c) The standard lightning impulse: an impulse voltage having a front time of 1,2 ps
and a time to half-value of 50 ps.

NOTE - More detailed definitions of these standard voltage shapes are given in IEC 60-1 (see also
table 1).
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d) The standard combined switching impulse: Combined impulse voltage having
two components of equal peak value and opposite polarity. The positive component is a
standard switching impulse and the negative one is a switching impulse whose times to
peak and half vaiue should not be less than those of the positive impulse. Both
impulses should reach their peak value at the same instant. The peak value of the
combined voltage is, therefore, the sum of the peak values of the components.

3.19 representative overvoltages (U, ): Overvoltages assumed to produce the same
dielectric effect on the insulation as overvoltages of a given class occurring in service due
to various origins. They consist of voltages with the standard shape of the class, and may
be defined by one value or a set of values or a frequency distribution of values that
characterize the service conditions.

NOTE - This definition also applies to the continuous power frequency voltage representing the effect of
the servica voltage cn the insulation.

3.20 overvoltage limiting device: Device which limits the peak values of the
overvoltages or their durations or both. They are classified as preventing devices (e.g., a
preinsertion resistor) or as protective devices (e.g., a surge arrester).

3.21 lightning (or switching) impulse protective level: The maxirnum permissible peak
voltage value on the terminals of & protective device subjected to lightning (or switching)
impulses under specific conditions. [IEV 604-03-56 and 604-03-57]

3.22 performance criterion: The basis on which the insulation is selected so as to
reduce fo an economically and operaticnally acceptable level the probability that the
resulting voltage stresses imposed on the equipment will cause damage to equipment
insulation or affect continuity of service. This criterion is usually expressed in terms of an
acceptable failure rate (number of failures per year, years between failures, risk of failure,
etc.) of the insulation configuration.

3.23 withstand voltage: The value of the test voltage to be applied under specified
conditions in a withstand test, during which a specified number of disruptive discharges is
tolerated. The withstand voltage is designated as:

a) conventional assumed withstand voltage, when the number of disruptive
discharges tolerated is zero. It is deemed to correspond to a withstand probability
P, =100%;

b) statistical withstand voltage, when the number of disruptive discharges tolerated
is related to a specified withstand probability. In this Standard the specified probability
is P, =90 %.

NOTE - In this Standard, for non-self-restoring insulation are specified conventional assumed withstand
voltages, and for self-restoring insulation are specified statistical withstand voltages.

304 co-ordination withstand voltage (U_,): For each class of voltage, the value of the
withstand voltage of the insulation configuration, in actual service conditions, that meets

the performance criterion.
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3.25 co-ordination factor (K): The factor by which the value of the representative
overvoltage must be muitiplied in order to obtain the value of the cc-ordination withstand
voltage.

3.26 Standard reference atmospheric conditions

The standard reference atmospheric conditions are:

temperature t =20°C
2 =101,3 kPa (1 013 mbar)
— absolute humidity  h =11 g/m3

ao

3.27 required withstand voltage (U,,): The test voltage that the insulation must
withstand in a standard withstand test to ensure that the insulation will meet the
performance criterion when subjected to a given class of overvoltages in actual service
conditions and for the whole service duration. The required withstand voltage has the
shape of the co-ordination withstand voltage, and is specified with reference to all the
conditions of the standard withstand test selected to verify it.

pressure

3.28 atmospheric correction factor (K,): The factor to be applied to the co-ordination
withstand voltage to account for the difference between the average atmospheric
conditions in service and the standard reference atmospheric conditions. It applies to
external inculation only.

3.29 safety factor (K): The overall factor to be appliad to the co-ordination withstand
voltage, after the application of the atmospheric correction factor (if required), to obtain
the required withstand voltage, accounting for all other differences between the conditions
in service and those in the standard withstand test.

3.30 standard withstand voltage (U, j: The standard value of the test voltage applied in
a standard withstand test. It is a rated value of the insulation and proves that the
insulation complies with one or more required withstand voltages.

3.31 test conversion factor (K): The factor applied to the required withstand voltage, in
the case where the standard withstand voltage is selected of different shape, so as to
obtain the lower limit of the standard withstand test voltage that can be assumed to prove

it.

3.32 rated insulation level: A set of standard withstand voltages which characterize the
dielectric strength of the insulation. 5

333 standard insulation level: A rated insulation level, the standard withstand voltages
of which are associated to U_ as recommended in tables 2 and 3. :

334 standard withstand voltage tests: A dielectric test performed in specified
conditions to prove that the insulation complies with a standard withstand voltage. This

standard covers:
— short-duration power-frequency tesfs;
— switching impulse tests;
- lightning impulse tests;

— combined voltage tests.
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NOTES

1 More detailed information on the standard withstand voltage tests are given in IEC 60-1 (sea also
table 1 for the test voltage shapes).

2 The very-fast impulse standard withstand voltage tests should be specified by the relevant apparatus
committees, if required.

4 Procedure for insulation co-ordination

4.1 General outline of the procedure

The procedure for insulation co-ordination consists of the selection of a set of standard
withstand voltages which characterize the insulation of the equipment within the scope of
this standard. This procedure is outlined in figure 1 and iis steps are described in 4.2
to 4.5. The optimization of the procedure may require reconsideration of some input data
and repetition of part of the procedure.

The standard withstand voltages shall be selected frem the lists cf 4.6 and 4.7. The cet of
selected standard voltages constitutes a rated insulation level. If the standard withstand
voltages are also associated with the same U_ according to 4.9, this set constitutes a
standard insulation level.

, 4.2 Determination of the representative overvoltages (Urp)

The voltages and the overvoltages that stress the insulation shall be determined in
amplitude, shape and duration by means of a system analysis which includes the selection
and location of the overvoltage limiting devices.

For each class of overvoltage, this analysis shall then determine a representative
overvoltage, taking into account the characteristics of the insulation. :

The representative overvoltage may be characterized either by:

- an assumed maximum, or
— a setof peak values, cr
- acomplete statistical distribution of peak values.

NOTE 1 - In the last case additional characteristics of the overvoitage shapes may have to be considered.

When the adoption of an assumed maximum is considered adequate, the representative
overvoltage of the various classes shall be:

- for the continuous power-frequency voltage: a power-frequency voltage with
r.m.s. value equal to the highest voltage of the system, and with duration corresponding

to the lifetime of the equipment.

- for the temporary overvoltage: a standard power-frequency short-duration voltage
with an r.m.s. value equal to the assumed maximum of the temporary overvoltages
divided by V2.

_ for the slow-front overvoltage: a standard switching impulse with peak value equal
to the peak value of the assumed maximum of the slow-front overvoltages.

_ for the fast-front overvoltage: a standard lightning impulse with peak value equal
to the peak value of the assumed maximum of the fast-front overvoltages.
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— for the very-fast-front overvoltage: the characteristics for this class of overvoltage
are specified by the relevant apparatus committees.

_ for the slow-front phase-to-phase overvoltage: a standard combined switching
impulse with peak value equal to the peak value of the assumed maximum of the
slow-front phase-to-phase overvoltages.

NOTE 2 - An useful characteristic is the actual ratio, a, in service of the peak value of the negative
component, U-, to the peak value, U+ + U-, of the assumed maximum phase-to-phase overvoltage:
o« = U-I(U*+ UF).

_ for the slew-front [or fast-front] longitudinal overvoltage: a combined voltage
consisting of a standard switching [cr lightning] impulse and of a power-frequency
voltage, each with peak value equal to the two relevant assumed maximum peak
values, and with the instant of impulse peak coinciding witii the peak of the
power-frequency of opposite polarity.

4.3 Determination of the co-ordination withstand voltages (U,,)

The determination of tne- co-ordination withstand vcltages consists of determining the
lowest values of the withstand voltages of the insulation meeting the performance criterion
when subjected to the representative overvoltages under seivice conditiens.

The co-ordination withstand voltages of the insulation have the shape of the
‘representative overvoltages of the relevant class and their values are obtained by
fmultiplying the values of the representative overvoltages by a co-ordinatior facior. The
value of the co-ordination factor depends on the accuracy of the evaluation of the
‘representative overvoltages and on an empirical, or on a statistical, appraisal oi the
distribution of the overvoltages and of the insulation characteristics.

The co-ordination withstand voltages can be determined as either conventional assumea
ithstand voltages or statistical withstand voltages. This affects the determination
procedure and the values of the co-ordination factor.

Slmulations of overvoltage events combined with the simultaneous evaluation of the risk of
{allure, using the relevant insulation characteristics, permit the direct determination of the
$tatistical co-ordination withstand voltages without the intermediate step of determining
{he representative overvoltages.

44 Determination of the required withstand voltages (U]

fhe determination of the required withstand voltages of the insulation consists of
ébnverﬁng the co-ordination withstand voltages to appropriate standard test conditions.
This is accomplished by multiplying the coordination withstand voltages by factors which
'ﬁbmpensate for the differences between the actual in-service conditions of the insulation
Afd those in the standard withstand tests.

3'?“'! factors to be applied shall compensate for:

the differences in tne equipment assembly;

the dispersion in the product quality;

the quality of installation;

the ageing of the insulation during the expected lifetime;

other unknown influences.
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'", however, these factors cannot be evaluated individually, an overall safety factor,
derived from experience; shall be adopted.

wartadids o

For external insulation only, an additional factor shall be applied to account for the
£ differences between the standard reference atmospheric conditions and those expected in

grvice.

=3 gt

14,6 Selection of the rated insulation level

LE : ; g i i

I8 Te selection of the rated insulaticn level consists of the selection of the most economical
; ,, of standard withstand voltages (U,) of the insulation sufficient to prove that all the
% roquired withstand voltages are met.

b

&The continuous power-frequéncy withstand voltage of the insulation, that is its highest
G voltage for equipment, is then chosen as the next standard value of U_ equal to or higher
= han the required continuous power-frequency withstand voltage.

gStandardization of tests, as well as the selection of the relevant test voltages, to prove the
compliance with U_, are performed by the relevant apparatus committees (e.g. pollution
ktests or partial discharge inception voltage tests).

e withstand voltages to prove that the required temporary. slow-front and fast-front
bwithstand voitages are met, for phase-to-earth, phase-to-phase and longitudinal
insulation, may be selected with the same shape as the required withstand voltage, or

he value of the witnstand voitage is then selected in the list of the standard witixstand
okages reported in 4.6 and 4.7, as the next value cqual to or higher than:

- the required withstand voltage in the case of the same shape;

- the required withstand voltage muiltiplied by the relevant test conversion factor in
the case of a different shape.

KOTE - This may allow the adoption of a single standard withstand voltage to prcve compliance with
more than one required withstand voltage, thus giving the possibility of reducing the number of standard
withstand voltages that would define a rated insulation level (see 4.9, for example).

1"6 selection of the standard withstand voltage to prove the compliance with the very-fast-
ﬁ"m required withstand voltage shall be considered by the relevant apparatus

Mrnittees.

"4" List of standard short-duration power frequency withstand voltages
g following r.m.s. values, expressed in kV, are standardized:

20 28 38 50 70 95 140
230 275 325 360 395 460 510
630 680



B

e

71-1 © IEC:1993 151

4.7 List of standard impulse withstand voltages

The following peak values, expressed in kV, are standardized:

20 40 60 75 95 125 145 170
250 325 450 550 650 750 850 950
1 050 1175 1300 1425 1550 1675 1800 1 950

2100 2250 2 400

4.8 Ranges for highest voliage for equipment

The standard highest voltages for equipment are divided in to two ranges:

Range I: Above 1 kV to 245 kV included. This range covers both transmission and
distribution systems. The different operational aspects, therefore, chall be
taken into account in the selection of the rated insulation level of the
equipment.

Range Il:  Above 245 kV. This range ccvers mainly transmission systems.

4.9 Selection of the standard insulation levels

The association of standard withstand voltages with the highest voltage for equipmeit has
been standardized to benefit from the experience gained from the operation of systems
designed according to [EC standards and to enhance standardization.

The standard withstand voltages are associated with the highest voltage for equipment
according tc table 2 for range | and table 3 for range ll. The associations obtained by
connecting standard withstand voltages of all columns without crossing horizontal marked
lines are defined as standard insulation levels.

NOTES

1 In some countries other values of U  and of rated withstand voltages are still in use for range l.
Table A.1 of annex A reports these values as well as the relevant associations, which, however, do not

constitute standard insulation levels.

2 If, for the switching impulse withstand voltage test, the apparatus committees specify a positive
component lower than the negative, the required withstand voltage of the extérnal insulation is not proven
unless a suitable test conversion factor is introduced.

Furthermore, the following associations are standardized for phase-to-phase and
longitudinal insulation:

— For phase-to-phase insulation, range I, the standard short-duration power-frequency
and lightning impulse phase-to-phase withstand voltages are equal to the relevant
phase-to-earth withstand voltages (table 2). The values in brackets, however, may be
insufficient to prove that the required withstand voltages are met and additional

phase-to-phase withstand tests may be needed.

— For phase-to-phase insulation, range I, the standard lightning impulse withstand
voltage phase-to-phase is equal to the lightning impulse phase-to-earth.
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—  For longitudinal insulation, range I, the standard short-duration power-frequency
and lightning impulse withstand voltages are equal to the relevant phase-to-earth
withstand voltages (table 2). _

— For longitudinal insulation, range Il, the standard switching impulse component of
the combined withstand voltage is given in table 3, while the peak value of the
power-frequency component of opposite polarity is U, x V23 , and the standard
lightning impulse component of the combined withstand voltage is equal to the relevant
phase-to-earth withstand voltage (table 3), while the peak value of the power-frequency

component of opposite polarity is 0,7 x U, x V2 /Y.

More than one preferred association is foreseen for most of the highest voltages for
equipment to allow for the application of different performance criteria or overvoltage

patterns.

For the preferred associations, only two standard withstand voltages are sufficient to
define the stancard insulation level of the equipment:

- For eguipment in range I

a) the standard lightning impulse withstand voltage, and

b) the standard short-duration power-frequency withstand voltage.
— For equipment in range II: :

a) the standard switching impulse withstand voltage, and

b) the standard lightning impulse withstand voltage.

If technically and economically justified, other associations may be adopted. The
recommendations of 4.2 to 4.8 shall be followed in every case. The resulting set of
standard withstand voltages shall be termed, therefore, rated insulaticn level. Particular

examples are:

_  For external insulation, for the higher values of U_ in range l, it may be more
economical to specify a standard switching impulse withstand voltage instead of a
standard short-duration power-frequency witnstand voltage.

—  For internal insulation in range Il, high temporary overvoltages may require the
specification of a standard short-duration power-frequency withstand voltage.

5 Requirements for standard withstand voltage tests

5.1 General requirements

Standard withstand voltage tests are performed to demonstrate, with suitable confidence,
that the actual withstand voltage of the insulation is not lower than the corresponding
specified withstand voltage. The voltages applied in withstand voltage tests are standard
withstand voltages unless otherwise specified by the relevant apparatus committees.

In general, withstand voltage tests consist of dry tests performed in a standard situation
(test arrangement specified by the relevant apparatus committees and standard reference
atmospheric conditions). However, for non-weather-protected external insulation, the
standard short-duration power-frequency and switching impulse withstand tests consist of
wet tests performed under the conditions specified in IEC 60-1.
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During wet tests, the rain shall be applied simultaneously on all air and surface insulaticn
under voltage.

If the atmospheric conditions in the test laboratory differ from standard conditions, the test
voltages shal! be corrected according to IEC 60-1.

All impulse withstand voltages shall be verified for both polarities, unless the relevant
apparatus committees specify one polarity only.

When it has been demonstrated that one condition (dry or wet) or one polarity or a
combination of these produces the lowest withstand voltage, then it is sufficient to verify
the withstand voltage for this particular condition.

The insulation failures that occur during the test are the basis for the acceptance or
fejection of the iest specinen. The relevant apparatus committees or IEC technical
committee 42 shall define the occurrence of a failure and the method to detect it.

When the standard withstand voltage of phase-to-phase (or longitudinal) insulation is
2qual to that of chase-to-earth insulation, it is recommended that phase-to-phase (or
longitudinal) insulation tests and phase-to-earth tesis be performed together by
connecting one of the two phase terminals to earth.

5.2 Standard short-duration power-frequency withstand voltage tests

A standard short-duraticn power-frequency withstand voltage test consists of one
application of the relevant standard withstand voltage to the terminals of the insulation
configuration.

Unless otherwise specified by the relevant apparatus committees, the insulation is
considared to have passed the test if no disruptive discharge occurs. However, if one
disruptive discharge occurs cn the self-restoring insulation during a wet test, the test may
be repeated once and the equipmient is consicered to have passed the test if no further
disruptive discharge occurs.

When the test cannot be performed (such as for transformers with non-uniform insulaticn),
the relevant apparatus committees may specify frequencies up to a few hundred hertz and
durations shorter than one minute. Unless otherwise justified, the test voltages shall be

the same. :

5.8 Standard impulse withstand voltage tests

A standard impulse withstand voltage test consists of a specified number of applications of
the relevant standard withstand voltage to the terminals of the insulation configuration.
Different test procedures may be selected to demonstrate that the withstand voltages are
met with a degree of confidence that experience has shown to be acceptable.

The test procedure shall be selected by the apparatus committees from the following test
procedures which are standardized and fully described in IEC 60-1:

- Three-impulse withstand test in which no disruptive discharge is tolerated.

- Fifteen-impulse withstand test in which up to two disruptive discharges on the
self-restoring insulation are tolerated.
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— Three-impulse withstand test in which one disruptive discharge on the self-restoring
insulation is tolerated. If this occurs, nine additional impulses are applied during which
no disruptive discharge is tolerated. .

- The up-and-dowh withstand test with seven impulses per level in which disruptive
discharges on self-restoring insulation are tolerated.

- The up-and-down test with one impulse per level, which is recommended only if the
conventional deviation, z, defined in IEC 60-1 is known. The values suggested there,
Z = 6 % for switching and z = 3 % for lightning impulses, shall be used if, and only if, it
is known that Zz< 6 % and z< 3 % respectively. Otherwise other methods shall be used.

In all the test procedures descrioed abov-e no disruptive discharge is tolerated on the
non-self-restoring insulation.

No statistical meaning can be given tc the three-impulse withstand test in which no
disruptive discharge is tolerated (P, Is assumed to be 100 %). Its use is iimited to cases in
which the non-self-restoring insulation may be damaged by a large number of voltage
applications.

When selecting a test for equipment in which non-self-restoring insulation is in parallel
with self-restoring insulation, serious consideration should be given to the fact that in
some test procedures voltages higher than the rated withstand voltage may be applied and
many disruptive discharges may occur.

5.4 Alternative test situation

When it is too expensive or too difficult or even impossible, to perform the withstand tests
in standard test situations, the apparatus committees, or IEC technical committee 42, shall
specify the best solution tc prove the reievant standard withstand voltages. One possibility
is to perform the test in an alternative test situation.

An alternative test situation consists of one or more differeat test conditicns (test
arrangements, values or types of test voltages, etc.). It is necessary, therefore, to
demonstrate that the physical cenditions for the disruptive discharge development,
relevant to the standard situation, are not changed.

NOTE - A typical example is the use of a single voltage source for the tests of longitudinal insulation,
while insulating the base, instead of a combined voltage test. In this case, the demonstration mentioned
above concerning the disruptive discharge development is a very stringent condition- for the acceptance of
the alternative.

5.5 Phase-to-phase and longitudinal insulation standard withstand voltage tests
for equipment in range |

a) Power-frequency tests

For some equipment with 123 kV < U_ < 245 kV, the phase-to-phase (or longitudinal)
insulation may require a power-frequency withstand voltage higher than the phase-to-
earth power-frequency withstand voitage as shown in table 2. In such cases the test
shall preferably be performed with two voltage sources. One terminal shall be energized
with the phase-to-earth power-frequency withstand voitage and the other with the
difference between the phase-to-phase (or longitudinal) and the phase-to-earth
power-frequency withstand voltages. The earth terminal shall be earthed.
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.

Aliernatively the test may be performed:

- with two equal power-frequency voltage sources in phase oppcsition, each
energizing one phase terminal witii haif of the phase-to-phase (or longitudinal) insulation
power-frequency withstand voltage. The earth terminal shall be earthed.

- with one power-frequency voltage source. The earth terminal may be allowed to
assume a voltage to earth sufficient to avoid disruptive discharges to earth or to the
earth terminal.

NOTE - [f the voltage that the terminal, which is earthed in service, assumaes to earih In the test
influences the electrical stresses on the phase terminal (as occurs in compressed gas longitudinal
insulation having U_ 2 72,5 kV), means shall be adopted to maintain this voltage as close as possible to
the difference between the test voltage of the phase-to-nhase (or longitudinal) insulation and that of the
phase -to-earth insulation.

b) Phase-to-phase (or longitudinal) insulation lightning impulse tests

The phase-tc-phase - (or longitudinal) insulation may require a lightning impulse
withstand voltage higher than the standard phiase-to-earth withstand voltage as shown
in table 2. In such cases, the relevant tests shall be performed immediately after the
phase-to-earth insulation tests increasing the voltage without changing the test
arrangement. In evaluating the test resuits, the impu'ses ieading to disruptive discharge
to earth are considered as non-events.

When the number of discharges to earth does not allow the test to be performed, a
combined test shall be adopted with an impulse component equal to the phase-to-earth
lightning impulse withstand voltage and a power-frequency component with the peak
value of opposite polarity equal to the difference between the phase-to-phase (or
longitudinal) and the phase-to-earth lightning impulse withstand voltages. Alternatively,
for external insutation, the relevant apparatus committees may specify that the phase-to-
earth insulation be increased.

5.6 Phase-to-phase and longitudinal insulation standard withstand voltage tests
for equipment in range |l

The combined voltage withstand test shall be performed meeting the following
requirements: \

— the test configuration shall suitably duplicate the service configuration, especially
with reference to the influence of the earth plane;

— each component of the test voltage shall have the value specified in 4.9;

- the earth terminal shall be connected to earth;

- in phase-to-phasé tests the terminal of the third phase shall be either removed or
earthed;

— in longitudinal insulation tests the terminals of the other two phases shall be either
removed or earihed.

The test shall be repeated for all possible combinations of the phase terminals, unless
proved unnecessary by considerations of electrical symmetry.

The longitudinal insulation lightning impulse withstand test of equipment in range Il also
proves the phase-to-earth lightning impulse withstand in the open position.
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in the evaluation of the test results, any disruptive discharge is counted. More detailed
recommendations for the tests are given by apparatus committees and IEC 60-1.

For special applications, the relevant apparatus committees may extend to longitudinal
insulation lightning impulse withstand tests of range Il the same test procedure applicable

to equipment of range .
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Origin and classification of
stressing voltages (see 3.16)

Y

System analysis (see 4.2)

Protective level of overvoltage
limiting devices (see 3.21)

Insulation characteristics

Representative voltages

and overvoltages, U, (see 3.19)
2 e P
{nsulation characteristics

Performance criterion (see 3.22)

Statistical distribution (+) |

Inaccuracy of input data (+) ; | | Selection of the insulation meeting
1 | the performance criterion (see 4.3)

(+) Effects combined in a coordination
factor Kc (see 3.25)

Co-ordination withstard

Atmospheric correction B
4 = voltages, U‘,__’W (see 3.24)

factor, Ka (see 3.28)

Equipment test assembly *)

Dispersion in production *)

Quality of installation * !
o ) Application of factors to account for the

Ageing in service °) differences between type test conditions
and actual service conditions (see 4.4)

A

Other unknown factors )

¢) Effects comtbined in a
safety factor, Ks (see 3.29)

Required withstand voltages, Urw

Test conditions (see 5) (see 3.27)

Test conversion factor, K

i (see 3.3%) Y
Standard withstand voltages x
‘ (see 4.6 and 4.7) Selection of standard withstand
‘[: 1 | voltages, U, (see 4.5 and 4.9)
E Panges of Um w

(see 4.8) l

i 4
l g Rated or standard insulation level: set of UW (see 3.32 and 3.33)

NOTE - In brackets the subclauses reporting the defirition of the term or the description of the action.

sided boxes refer to required input.

sided boxes refer to performed actions.

il

sided boxes refer to obtained results.

Figure 1 — Flow chart for the determination of rated or standard insulation level
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