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~ a 4 o/ o -4
snAape Ngumgiivies 28 Oc.anuFudung 81 %

Han
d (mm) Vb (kV)
\ \ j 4 5 Lm%iﬂ Vb(kV)/mm
‘ 7.23 \ 7.66 [ 8.94 9.16 9.36 4.235
\176 \ 12.88 ‘ 12.72 13.14 13.51 3.657
\ 14.59 ‘ 16.53 ‘ 17.66 \ 17.82 18.72 3.410
rmaﬂ 3.760
37.6kV/cm

~ 1 1 s 3 o«
AT NN 4.1 uﬁmmmmmwummmumsﬂm’mmemmuumuwﬁauﬂm

standard test : IEC 156 Example oil : tranformer oil

electrod test : Sphere
Gap(mm)T Temp room ( ) test no voltage breakdown( kV)
1 8.18
2 9.62

2.5 34

r Average \ 9.43

ﬂucﬂausaﬂunﬁﬂﬂnummamuumuﬂumzﬂm

GI'IEN?\ 42 llﬁﬂﬁf’hﬂ’l'mﬂﬁ

FAszozuny 2.5 mm

1 ‘ﬂw\lﬂﬂ"nl’i\‘lﬂ‘uL‘UiﬂﬂTJumﬁEl‘VNﬂ‘JJﬂ 37.6kV/cm LLﬁ"%"lﬂﬁ']'i'N‘?l 4.2

uwmuﬂammmmn 37.7 kV/em mmmmm

1NAN319N 4.

%W“lﬂﬂmiqﬂumﬁﬂmaumawemmuum

UINIIIU IEC 156 ‘lﬂﬂTﬁ1!ﬂﬂﬂ!ﬁllllﬂ‘il'ﬂﬁu'ﬁJuﬂu’JullﬂWﬂ’J'mﬂﬂﬂuﬂ’ﬂ

195 auld mse
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Y d v o o g’ @ sy
usssuUIAAIUINAY 15-25 kV/em [1] sramnsarniiumdeudasniflémszian E,
qanhaunsoagumiihgega
4.4 MENATOUMANNTUNUTVBISY snafldiugamgivesduivilszy
A v 4 a JY Y gl @ 9 A
mmmﬂmmuﬂszfgmmssagwmhamw"hmawamuaumﬂumuwauﬂmma

g 2, p : - A "
W uszozniiaiiuendudh i ludufnlszy szl Taamed lesidemelduazii

a

-] a o A VA A wa
“lﬁ’ﬂmmanszi}wﬂwmﬂ'ﬁaﬁmﬂuc«?\'mmﬁauﬁaﬂ sFuuaiosnEdulinuauialuns

Q

v
A a o

] Yy 1L Y = Aq v A o ~ a
'531”3?!'3'111'5f]ullﬂ‘111ﬂﬁlQﬁE]\‘W\ﬂﬁﬂ'ﬂ')'\ﬂ'llﬂ‘]Jﬂigl"l}“Vlchﬂll@‘ﬂ'ﬂulli\‘]ﬂuﬂ“/‘lﬂﬂ%zu@mﬁﬂu

LY

Lﬂ%auuﬂm“lﬂ’e)th'lﬂﬂﬂfﬁwmsﬂﬂuusaﬁuﬁﬁﬁmaaﬁmﬁuﬂizﬂg%ﬁﬂiw?\ﬂﬁanﬁ%uﬂﬁu

I @ 9 o <
YUIA 650V, 0.022LF $uran1097 Tue a2t unnHa

Faluadt gamgl (°C)
1 28.0
2 28.0
3 29.0
4 29.0
5 28.5
6 | 28.0
7 27.5
8 27.0
9 27.0
10 27.0

A A a v g a A o d
A3 19N 4.3 uﬁmﬂmﬂaﬂuuﬂawmqmwgmmﬂuﬂuﬂszmmﬂwaﬂmuwauﬂmj
U AN 9
A v Aav Y a J o v a
snransnaaeddiedleuussduiidaldnuesuiiunm 10 2119 Ysingnaungu
= A o v & a
fimsn/asuutasionn 2 sunsafeidafiulsey hlindousdulé
v Jd 1 v o
45 ms‘nﬂmmﬂmmm@‘hh?hua::wvlﬂmaswmamgtysﬂawmmmuﬂizqmmmga
A v o & y oy a - a A ° Yo
dloadndunuiszymausagaual FoasimsTasuiuszaaTaivziin ) laduon
1 s a a J YA '
wanaunmeiiuteieveslaamed luaes Jasmsnaaeuiamanuy i uazawwln

wmosndsnugalmladianainldis Schering Bridgelng131n309 C-TANO-BRIDGE 1
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TETTEX INSTRUMENT 2801 lumsiahmsafSeuiouduiulsequasgusuumasagu

MICAFIL Type 3370/50pF/600kV

Temperaure 29°C, AEUd I 71%  dawansnaasauans3lumsia
UIIAUNATDU kV| cl ‘nqyf] (@F) |c1 M3NAaDY (F)| %ANURA | tan O (%)
| wam
10 95.24 95.81 0.5984 0.09
20 95.24 95.82 0.6089 0.09
40 95.24 95.82 0.6089 0.11
60 95.24 95.82 0.6089 0.12
80 95.24 95.82 0.6089 0.13
100 95.24 95.82 0.6089 0.13
lﬂa‘ﬂ 95.24 95.82 0.6089 0.11

A3 4.4 naawamsIanAUYszgnIANsIge
1 v d Y A a [ Y
nnmseannuy liwesdanulszgussganldnnnsnases  Taundemihny
v Yy ¥
95.82 Wlavhsa Armugiialdvzlimgeniiminmssnnaesnuuuilszina 0.60% nallon
a 3 4 4 v g U y ' v 4 v A
AavHsIINANUAMAMABUYBIR ANV EYd0Y HaITB9INMsDIUATINIAT BIlB TakA
E4 v
NWMA WD INANINAIATINYEATAsAMNANTAMAN AU IuYNE NATOUDNAIY
1 I @ ] a a ~ Ay A v oW
aulamaswasnuggyulalavmaasn 1ldanmsnasesdinumdomiing 0.111%
[~ 4 a a a A z ¥ { v [ a v w
weraaldfiui1 evasan winladanainiil¥funieusndiuiilinnuaednd lWihi i duda
Q el Q/ = v d’o A v A a d' 1
funedaransneruliguanianuisimue Gnaauiaveseyasani 50 Hz Awrlames
wasnugala ladiaansn Ad5lin1egszndng 0.012-0.15 [1]
o 1 Jd @ ] v s
4.6 minageuiamanug ihuazuame sndsnugalmvesduivilszgmanssei
A 9 v d ° Y Y @ 1 g a A ) Yo
dieasedunuilszgmaussiuds destimsianunuilszgasuneszii i lgd
1 . Y a a 4 Y 1 o
maamnaunwesnuias wes Iamed luaes nsnadeuiaainiug Wi uazawvanes
wasnugalarladianain1d3s Schering Bridgelnoldines C-TANO-BRIDGE ju
@ o = v d w
TETTEX INSTRUMENT 2801 lumsiammsnfouifisudaunulsepunasgrusnumadagy
HALFELY TRENCH Type NK-100

4
a v o @
AMY 100.44pF &4 QNI 29°C, ANUFUTUNNT 71% WANIINAADWAAIAINITI
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wssdumagau v | c2 nged (nF) | c2 nmeses (nF) | tan (%) %ANUAANAA

150 66 67.123 HaaunT 1.70152

100 66 67.123 fousnng | 1.70152

= v 1. g o
AINN4.S Llﬁﬂ\‘]Nﬁﬂ'ﬁ')ﬂﬂuﬂﬂﬂi$ﬂﬂ1ﬂu§\‘1§n

1 v a Ay Y a a [ -
%mmiNﬂ1mmfg"l‘vlﬁwammﬂuﬂszmLsaqmulﬂmﬂmsmam NANRAUNINY

Yy 9
o A

67.123m Turhsa Fhmmi;‘ﬁ";'ﬂ“lﬁ’%zﬁﬁ1q<1ﬂ’iwmmiﬁmamﬂammuﬁhwm 9 1911919109
4 A A v g i A v A A o a
11umawmmmmmLﬂa@uﬂjmmmuﬂizqﬂaﬂ LAZIUBIINNITDIUANDINUATDIUDIANA

Y : )
NaA 'i’JﬂJﬁQ’E’)']%Lﬂﬂi)'lﬂﬂ']ﬂ’)'lllﬁlﬁlﬁiﬁ\iﬂulﬂﬂ fnﬁﬂﬁ'lﬂlﬂﬁﬂuiu%m%‘)’lﬂﬁﬂﬂ%ﬂﬁ')ZJ

é

4.7 psnagaumatnaunanes
J A g ¢ Y. ¥ &
Msnageuiiedesmsmanaurnnesvesszuuia delumsnaaesiaznaaoumiang
4 as A o Doy, <X o o ~ J o
iniaesaediE Ao 1) AuIanNdufiuaLGUeedIlsENaUNITANIILANNANIGTIA
2) msiaussiuvidhiazansennion A
T a ~

ad o s & a o dy o 1
1) 1¥335anBuRiuaus aelisazideadane lil msnaaeuianinug Wi

gmiuduiulseausageld3s  Schering Bridge lauldinfes C-TANO - BRIDGE

U
v o A v 3 [
TETTEX INSTRUMENT 28011” ﬂ’lﬁ')ﬂ“/nﬂ’]iﬂﬁ ﬂﬂlﬂﬂﬂﬂ'Jlﬂ‘U'l]ig‘i]‘NWﬂii']ull‘UUfc{'lcﬁﬂﬂiqu

MICAFIL Type 3370/50pF/600kV é’rmﬁ"uﬁasﬁuﬂszqusaﬁw'ﬁmmiﬁﬂmﬁﬂuﬁmﬁuﬂsz'g
1ATPIULVDA1EATY HALFELY TRENCH Type NK-100A7133 100.44pF

Ed
a v o d @
U gUNHY 290C, ﬂ']']ll“]ﬂfu’dllW‘ﬂ‘ﬁ 71% WaNINA[DULTAIAIATTN

asdlsznautashaimanlamef | undumagey v | Anfulszqiieanuuy AAiuLszqaInnsdn

c 10000 95.24 pF 95.82 pF

c2 150 66nF 67.123 nF

A =] J @ v d
AMINN 4.6 Llﬁﬂﬁﬂ“ﬂﬂﬂﬁ%ﬂmﬂﬁﬂﬂﬂﬂizﬂﬂ‘l]iu'i%ﬂﬂ')ﬂl!ﬂﬁﬂﬁlﬂﬂﬂﬁgﬂ
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nnauAudszylumag aunsamanalnmesvesszuuialdeinsesauyalugili 43

O
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2
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g‘ﬂ‘ﬂ 43 'Jﬂﬁ]iﬁlllluaﬁluﬂ15ﬁ1ﬁlﬂauﬂﬂ!ﬂaiﬂ]i’y]ig’flllljﬂll‘]_]“l.]ﬂ')!ﬂ‘ﬂﬂigﬂ

s o
AUNITANY QY ﬁnﬂiQﬂ']‘u’Jmﬂ’!ﬁlﬂﬁllﬂﬂ&ﬁ@ﬂ%ﬁ1uﬁﬂﬂ'l'i

c, +C,
T W LS (4.1)
Cl
PILNUATA I UTUNT
SF)= 95.82 pF + 67.123nF

95.82 pF

= 700

A 1 9 1 4 [
mmmumaﬂum:m%z"lﬂﬂmmauﬁﬂm’aifﬂmﬁ:ummﬂu S.F.=700

ilo SF. Ao ainaudnnes

2) Mmafaussduvudunzyieonnion 9 fiu

Tﬂaﬁwmsmﬁamaamhauiaﬁui%muuazﬁmﬁﬁuﬁﬂusaﬁumm’l’mazma@ﬂ 1e
AYTTAULTIAUILIINTIA 10 ﬂiza WA umae Fevzaini 10,20,30,40,50,60,70,80,90,100
KV_ifazona1sudauiion 3 sEAULIAY #o i 10kV,50kV,100kV fail
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I
[

MsnageuATe usaduiiald (v
1 14.19
2 14.22
3 14.28
4 14.37
5 14.15
6 14.25
7 14.27
8 14.26
9 14.24
10 14.26
AnLade 14.25

31N 4.7 ﬂ']i‘l’lﬂ’d't’)‘lJ"j’ﬂ!Liﬂﬁu‘ml‘i’]}'ﬂm%ﬂﬂ@ﬂﬂ‘7] 10kV

I usesuisald (v)
1 71.23
2 71.25
3 71.26
4 71.22
5 71.24
6 71.19
7 71.23
8 71.25
9 71.28
10 71.25
Anledt 71.24

A15199 4.8 mi‘nﬂﬁauiﬂsmﬁmm’huazmeaﬂ‘ﬁ 50kV
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I useuisa’ld (v)
1 142.89
2 142.92
8 142.9
4 142.88
5 142.91
6 142.93
7 142.89
8 142.91
9 142.89
10 142,93
Anlean 142.91

A15199 4.9 ﬂ"li‘l’]ﬂﬁﬂ‘l]fl’ﬂLlﬁﬂﬁu‘lﬂl%"luﬂz‘iﬂﬂ@ﬂﬁ 100 kV

USIAUNATBU(KV) useuisald (v) anaurnmes
10 14.25 701.7543
20 28.56 700.2801
30 42.85 700.1166
40 56.97 702.1239
50 71.24 701.8528
60 86.03 697.4311
70 99.78 701.5433
80 114.52 698.5679
90 128.66 699.5181
100 142.91 699.7410

e 700.2929

A v A o a o

A13 19N 4.10 llﬁ'ﬂ\?ﬂ'llﬂﬁﬂﬁ!ﬂﬁllﬂﬂmﬂiﬂlﬂ\?jﬁlam‘ﬂﬂ‘lﬁllﬂﬂﬁ
~ = ' S A [ Y A A [ S
1NAITNN 4.10 ‘l]gﬁ’ﬁl'J'Iﬁlﬂﬁuﬂﬂmﬂi!ﬂﬁﬂ!‘ﬂ’lﬂ‘u 700 FUAUMMAnaunneIN

o T g o o Y w 3 ] a =W d 1w
ﬂ']u’Jﬂl%']ﬂﬂ'lLﬂ‘]J‘]JSZ"ﬂﬂ'Jﬂ‘lﬂ mumﬁ;ﬂaﬂaamm"hmasuﬂmmam\Iﬂmeimmu 700:1

Q
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4.8 msnageuinlsaumeunsadulnihnszuaady (Comparative Test)
@ =) v [ @ I o o
asnaaeuSanFeuisusus s ldfhnszuaady  dumsiaussdunFou
@ @ a a Jd v 9 4
Foufuszuuiadaselramea limesuuudaiulszyosguinageugunsal llihusegs
ms Wihihenaauradszme’ing (Wand) thegravesszuuafidesmsnageudiiinusan
a dy v v a A T & o; =) o [
afeunnseuLSageatelyl FamsianSeuieuussdu lWihaszuaaduauunasgiu
IEC 60-2 (1994) 15 muasenteudisuns s Ifhaszuaadulael$35 ianfSeumouny
v Y a 1 % 3 9 [ 9 o =1 [ ‘é [ =Y
seuniadesalaseuannszuuansaeanieuiuudaninnalFoumeuny gamsianlseu
Genusasu lWihnszudaduonifiszauns iy 20 % veussauiing 14 Taoaws seu In#h
A 9 [V ) 1 3 = Y [ v g Y g v Y a [
Aennmstavesszuvialuunazas Sausesuuanannszuuianlfdudidredela
a v o ¥ o A 9 L a 9 o ABI
nu 3% wazmshas e une1u 1991 TTULIA01NDINITAITEULIANABINT
A A 5t & ¢ o Ay ' -
nadon @emieinldvemruatiuananinnosueesTuLIANABINITNATRLLATNEAIY F,
o :Il Y1 3 1 U A é 1 c;

MSNAdoLILNTERIUATZI IdANanya n A1 Tag n 10 uaswAuRaY F, seaiuiouuy

1NASTIY s Aoain1iound 1% vee F, avadauiisunnuinasgin s fnalden

5= M) —fa (42)

=1

de F, Aomin aEY0ISATIEIUTLHI M W HUDIT LUV TAS BN UA T IAUYDITEUY
Safihmanadey

F, ﬁ@ﬁﬁﬁdauswinﬁmﬂﬁummszuufiﬂf’)’N%aﬁuﬁmsaﬁummmﬁﬁ'mms
naweL

Y v
a fehwunsantimanaaeuluuaasszALNTIAY

Jagh  %manuAana1n ¥ laen

, o U -u_
%ANANMUNANANG = —C—U—L x100 (4.3)

rer

A A o Ao yy
de U, s usewuiialdninszuunadey
U, D 139fuszUU81909

Frasildlummaaeudiudegii 4.4
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|

511 4.4 2sesmsdanfisuiiouns iy

do 1A wiemladldfusege 2. fle szuuiadieds

3. flo YUY 4. 70 Thamed lmesieenuuuad
5. fin enaiALiia 6. A indodfiotamauseh
a1A sTUUBEOIU,, |szvunaaeu U, Fi(U/U) | % ﬂ'mT
kV_.) (3740 AANANA
1 20.098 20.010 1.00439 -0.44
2 20.102 - 20,017 1.00429 -0.42
3 20.090 20.002 1.00439 -0.44
4 20.102 20.017 | 1.00425 -0.42
5 20.100 20.031 1.00344 -0.34
6 20.090 20.002 1.00439 -0.44
7 20.092 20.003 1.00445 -0.44
8 20.090 19.996 1.00470 -0.47
9 °20.092 20.003 1.00445 -0.44
10 20.094 20.003 1.00454 -0.45
Aundy 20.095 20.008 1.00433 -0.43
audvauuings 0.000337
UG

‘ﬂ' e = Qs o d‘ ol %
a1t 4.1 mamsnaaeuianfSouiouns sy Iifhnszuaadunssauuseau 20kv,,,
s msnageuianfouiouiiszduuasdy 20 kv Tddulisaunasgiuegly

P o v o 1 ~
NUNMINATTIUMKLA NA1IAB 31ATFIY TEC60-2(1994) lasmuamudoanninasgu
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9
@mumaﬂ‘luma +1% ‘Uﬂﬂﬂ'\mﬁﬂ IﬂElﬂnl,ii'lﬂuhl‘w‘ﬁ'mvlﬂ"ﬂ']ﬂﬂﬁ%ﬂﬂlﬂﬂi“’ﬂﬂ%ﬂiulma%ﬂ%’\‘l

ﬁﬁnmﬂmmﬂmqmﬂizUU'mMmﬂuﬂamam"lmﬂu"lﬂmwB% muuﬁﬁﬂllmﬂaam%ﬂ"h

1.0005

0.9995
0.999
0.9985
0.998

linearity of scale p.u

° & o o
Mu')uaiam{]ﬂuuﬁmu

P 9 9 d?’ @ 1 P o & o
DS 190BALLULLAY vadevnineg lununnuas IumMuuA Faannsouananansi
51J=n 45 fmﬂzmmmmnJummummiwmﬂmmmwaﬂu 20KV,

asnaaeyianFsudeunsadu liihinse Laas AT sUNT e 100KV,

e L11BIU, | szvunadeu U | Fi (U /U) %ANUAAND N
() (.

1 100.33 100.01 0.999978 -0.32
2 100.38 100.008 1.000496 -0.37
$ 100.32 100.015 0.999828 -0.30
4 100.35 100.048 0.999797 -0.30
5 100.39 100.081 0.999866 -0.31
6 100.24 99.88 1.000381 -0.36
7 100.27 100.002 0.99946 -0.27
8 100.33 100 1.000078 -0.33
9 100.35 100.015 1.000127 -0.33
10 100.34 100.019 0.999988 -0.32

Anaat 100.33 100.0078 1,003221 0.32

m’mﬂmmummg'\u (s) 0.000298

AN 4.12 wamsmaeuﬁ'ﬂsﬂ?amﬁamsn,saﬁu‘Mﬁmsxuﬁﬁﬁuﬁs:ﬁmmﬁu 100KV,
MnesemsnageuanfTouieuiszAuNsIAY 100 KV, 13andoauunasgIuey
JunuaiiinAsgIHiNUe AA1IAB IATTIU IEC60-2(1994) Namnuadiuioununasg v

v ] 9
Foaimnoglumie + 1% vearmnmay Tagsusegi Iiih# dnnms Tavesszuuialuunazass
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1 14
s sunnannnszuuiailfifudaredaiduluniusy duluaglldinlamedl

sy ¥ T Y ' I ° 2 o
m@iﬂ\lﬂf’)'ﬂﬂ!L‘U‘Uuﬁzﬁﬁ'lqsuu%ﬂﬂgiulﬂmm‘ﬂu']ﬂii']uﬂ’]WUﬂ cﬁﬁﬁ1u1§ﬂllﬁﬂ\1ﬂﬂﬂ51ﬂ

Linearity of scale (P.U)

o & o ar
d1uuATINauLsInu

A 1< a o @ @
717 4.6 nsluaasn uiluaduvesszpuiaiiseauns win 100kV,,,

seduusaRU (kv) | szuudatedeky) | szundanameuky) %ANUAANAA
10 10.11 10.06 -0.49455
20 20.095 20.008 -0.43294
30 30.102 29.98 -0.40528
40 40.25 40.06 -0.47204
50 50.19 49.97 -0.43832
60 60.22 59.93 -0.48156
70 70.29 70 -0.41257
80 80.36 79.98 -0.47287
90 90.31 90.001 -0.34215
100 100.37 100.027 -0.34173
AniaRe -0.42942

d' Y [ [ e; [ q/ ] (% 9
A3 19N 4.13 fni’)ﬂ!‘lﬁfJ‘]Jme‘ULLiQﬂ‘Lmﬁ8ﬂ‘lJLliﬁﬂuﬁﬁﬂﬂ‘ﬁﬂﬁui\‘lﬂui‘ﬁﬂu
= 9 ¢ 3 4 a A 2 U St
NNTNN 4.10 ilz"lmﬂaswummmmwmﬂmaﬂ 0.42942 mag"’lummmmmmgm

S1mua panAe 1AsgIN IEC60-2(1994) Tasmuanwseiu lihn ldnamsiavesszuuia
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] QS/’ [ I ] [ ~ I~ @ Aa " Aa [ 5
Tuupaznsa ﬁmmaﬂugmﬂmqﬁ]1ﬂiﬂszmﬂ%’zﬂumé’naﬂmﬂu"lilmwi:&% [3] FeeU150

v @ Y o ~
pamennudniut 1dasg U 4.7

120
100
= —— 52U UTARN984
;E 80
= (kV)
dc 60
1= .
Y= —s— sryuiaANAdeyl
= 40
S (kV)
20
0 T | T — ]
10 20 30 40 50 60 70 80 90 100
SeAULIIAUNARAU(KY)
IS kYNNI {———— L

7101 4.7 aswimsnaseunfFsuhouuasan

4.9 msnaaaun N B gy (Linearity Test)
a 9 I~ @ [ @ o Y a A

asnaaeUAElTudY FlumsSauswunlsounuszuuino190UnNDNATDY
izmJ5@%’@&msvmﬁauim'msaﬁu'ﬁ"’iﬂﬁﬂmmﬁw‘fm%uw%“laj Tumsnaaauaziing
NAAOLNITLAVUTIAY 5 AnaeatIes ey laau FaluuaazAuoar s IaUILNING

v . v 1

nadoy 5 asuiemiaunasluunasszAuuTIAY c??aaﬁ5m';uiwmmimmmswmﬂé’n
Sqﬁ’mmﬁummswu’j@ﬁﬁmﬁmﬁamzéffnﬁfh"lu'tﬁu +1% YpIAINAY  FTUVIANIINNG

= I a
nadovsateldiinnuihaFadu [ 3]
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seaungIau kV) 52111391984 syypIanadoy 06AHAN

AndoauuINAIFIY () 0.0001529
A 3 a
a13190 4.14 u,ﬁmwaﬂﬁmﬁaummmumﬁu
c‘! 9 a v ::i [
wam"lﬂmﬂmimaaumwmﬂm%ué’umﬂmﬁw 2 1@ adsaunasgumny
‘é 1 T Aa A 4 [ 1 1 i [} 9 a
0,000152 afafiAn iy £1% ypeaunay (F,) uaﬁzamwmuizﬂmaﬂmsmmaﬁwnmam
ﬁm'nmﬁummiwu%ﬂﬁﬁwmsmﬁ@uidmgj‘luma +3% yosn Aoz NI ITEAs
ﬂ & Ny = 9 = ' 9 o @ =
AL umeummiwmﬂm@mnmaiNfuzmmﬂumﬂmmmamimmwmmw
3 a 9 P 9 @ RHRA P=% 1< a 9 [ o
aruhuyaay cxsa’mmﬁaﬁ';;ﬂ”lmﬁznmwmmimﬁawmmzﬂummuiuﬂmLm@m
Y a 2 L& &% A 9
Py aziinaIgiuan IEC 60-2 (1994) cmmmiawauﬂiMsmmmwmﬂummumm

3$uu‘3@ﬁﬂammnﬁ%’n

3
[oB
°
(o]
o
n
2
o
2z
=
4]
(0]
c

voltage (kV)

~ 1< a 9 ] ~ o 1 I 9)
51/ 438 ﬂiwﬁuﬁmmmmumLauaumﬁzumwaaﬂmeﬂ“lummiaﬂu%mu
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190

(kV)

& 10

i
=

il

LFIA L

20 40 60 80 100

A LSRMAEELIKY)

g1 4.9 nsinaaeunnihugady

4.10 Msnageuanuamudensaiilvlihnszuaady (withstand voltage test)

(funtsmageLndnTanauIuie quaunielunnAussgeresliainantanes
1 Y v d‘ o v a o o a

mwsmwumm:‘mmmfm“Lme:lmmlm Gmfazm‘l‘wmmmm@wmnumhmmm%
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/24 185359

2000/12
T sms/div

stopped
CH1=100.0V:

=Filter= =0ffset= =Record Length= =Trigger=
------- Main : 10K Mede : AUTO

Smoothing - OFF CH1
BW : FULL CH2 0oV Zoom 10K Type + EDGE cHl &
Delay 0.0ns
Hold Off © MINIMUM
o Aa 4 H Y
ﬂﬂﬁTﬂuﬁmuﬁmumaaﬂmmhamﬂ"hmﬂs FUUIALTIAU

51l 4.10 goaFaladln

20KV,

2000/12/24 18:56:38
T Ems{div

(5msydiv)

kS/s

=Fitter= =Offset= =Record Length= =Trigger=
smoothing ¢ OFF CH1: - Main : 10K Mode : AUTO
BW : FULL CH2 © 0.V Zoom : 10K Type:F_DGEcm_zF
Delay : 0.0ns

Yy .
Hold OFF : MINIMUM

a ¢ A [y
ﬂ@ﬂﬂlﬂQIfJalﬂ‘ﬂﬂqﬂﬂﬂi NUUIALTIAH

Tﬂﬂﬂiwmmmuﬂﬁum

50 KV 1

i 4.11 poada lad
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Stopped 4 2001/01/04 04:28:48
CH1=1000%, L 5ms/div
(5msydiv

NORM:200kS7s

ETracel= P-P  5.820k Mak  2.960KY -2.960KY

I’ 7 A AL W B AR Y M (O puty EdiEx
=Trace2= P-P 8.600Y :  Max 4.400v :  Mih -4.200v
g Rms  2.929¥ Freq 50;00Hz : Duty 51;5%

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : ov Main : 10K Mode : AUTO
BW @ FULL CHz : 0.00v Zoom : 10K Type : EDGE CH2 4
Delay : 0.0ns

Hold Off : MINIMUM

317 4.14 voadalaalansvluaawssiuuidunzrieenveslamad lunes
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AIUAE Y VAR 100 kV FeagUnalddil

y a a 4
Dpyamanaiinue1ana lunos

WAALTIAY 100 kV,__
AITUATIYA 3 mA
anuy Iihnausege 95.82 pF
anuylWiinausedn 67123 nF
AN 50 Hz
4

mnaurlnmes 700:1
Accuracy +1 %
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Rated Voltage 100 kV_ .
Test Voltage at 110% 110 kV_
Rated High Voltage Capacitane 96.24 pF
Rated Low Voltage Capacitance 67.128 nF
Rated Current 3mA
Frequency 50 Hz
Scale Factor 700:1

Accuracy +-2%
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WIMA MKP 10

Polypropylene capacitors for pulse applications
with electrodes of double-sided
metallized carrier film

# self-healing pulse duty construction with low ESR. Extremely low dissipation factor (tan delta) For all

pulse duty applications even with high high frequencies. B4 wide range of capacitances and rated voltages for

applications in switch mode power supplies, frequency dividing in loudspeakers, in lighting, monitors and TV-sets.

B Available taped and reeled up to and including case size 15 x 26 x 31.5/PCM 27.5 mm.

Technical Data / General Data

AC/C [%)

¢ |
Dielectric: Polypropylene film.
Capacitor electrodes: Double-sided metallized plastic film. 4
Encapsulation: Flame-retardent plastic case, UL 94 V-0, with epoxy resin seal.
Colour: Red.
Marking: Black. 2
Temperature range: .55° C to +100° C '
Test category: 55/100/56 in accordance with IEC 0 T -
Insulation resistance at +20° C: ""‘“"-\.‘
C<=033pF:>=1x 105 megohms »
(mean value: 5x 105 megohms) :
C > 0.33 pF: >=30 000 sec (megohms x pF)
(mean value: 100 000 sec) 4
Measuring voltage: 100 V/1 min. !
Dissipation factors at +20° C: tan delta

%5--40 ~20 [+] 26 40 @ 50 100

1 L : ; T
01pF<C<=1.00F Capacitance change veith temperalure t9
1kHz <=3x 10 {f=1 kHz) {generol guide}
10 kHz <=4x 107
Ok
He0RHe <=15x 107 ton B & 107Y
an
19
Capacitance tolerances: +1-20%, +I-10%, +/-5%. 9
Maximum pulse rise time: 8 USSR ASR— R Sy -
7
Pulse rise time V/psec &
Capacitance max. operation
PFIUF 60 T 250 | 40 | 630 | 1000 | 1600VDC 5
we | voc | voc | voc | vbc | 2000vDC 4
1000...2200 A - ~ | 1000 3000 : ]
3300...6800 R 950 1500 3 ——
0.01..0.022 950 1000 2 .
0.033...0.068 600 700
01...0.22 350 430 1
033..068 250 300 ol
1303372 128 250 55,400 20 '] 20 40 80 360
3.4 ; Lt : T
6.8..10 - : Dissipation fador chunge with temperature 82

{f=1 kHz) (general guide)

Test voltage: 1.6 Ur, 2 sec.

Vibration: 6 hours at 10...2000 Hz and 0.75 mm displacement amplitude or 10 g
in accordance with IEC 60068-2-6. WQ-pFE
Low air density: 1kPa =10 mbar in accordance with IEC 60068-2-13. 106 —

Bump test: 4000 bumps at 390 rn/sez:2 in accordance with IEC 60068-2-29
Voltage derating: A voltage derating factor of 1.35% per K must be applied from
+85° C for DC voltages and from +75° C for AC voltages.

Taping:

10°

ot B i
55 40 20 Q 20 40 40 80 100
{nsulation resistonce change viith
temperature (general guide]

Page 1
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Dissipation

SEE 102 10*

fador changa

{general guide)

=SB 11— 1T
i
| el
i A
i
1
e .:h, i
‘ n
10° 108

with frequency #z



aping

Typical dimensions for taping configuration

Diagram 1:
PCh 25/5/7.5mm

Page 1 of 2

Diagram 2: PCH 10715 mm

Diagram 3: PCM
PCM 27.5 toping possib

r"_?o“"

225 and 27 .5*mm

le with two feed holes behvesn compon ents

Dimensions for radial insertion
Designation|Symbol{ ~ PCM 2.5 PCM 5 PCM 7.5 PCM 107 PCM 15™ PCM 22.5 PCM 27
Carrertapel ' |18.0:05 18.005 18.0:05 18.0405 18.0:05 18.0405 18.0405
) ~ 112.0 for hot- 12.0 for hot- 12.0 for hot- 12.0 for hot- 42.0 for hot
Hold-d 3 x -
g o | wWo G‘HO '5"9";:"""‘"9 ?&m“;;:ea"“g :::mg adhesive ;f;mg adhesive ;ﬂng adnesive :::ng adhesive :,:mg achesi
;*g;;ion Wi [9.0405 9.0:05 9.0:05 9.0.05 9.0405 9.0405 9.0:05
Hold-down
tapeif W2 10.5 to 3.0 max. |0.5 to 3.0 max. 0.5 to 3.0 max. }0.5 to 3.0 max. {0.5 to 3.0 max |0.5 to 3.0 max. 10.5 10 3.0
position
Feedhole | py 14.002 4.0:02 4.0:02 4.0:02 4.0:02 4.0:02 4.0:02
pronat | p l127:0 {1270 [127:00 p54eta 2540 381215 Kt
12.7+03 12.7+03 12.7+03 12.7+03 12.7+03 12.7+03 12.7+03
Feed hole Po cumulative pitch  fcumulative pitch cumulaive pitch  fcumulative pitch cumulative pitch  jcumulative pitch cumulative pit
pitch esTor max. efor max. erTor max. efor max. esTor MT7ax. ermor max. ermor max.
1.0mmv20pitch  }1.0mm/20pitch 1 Ommy20pitch 1.0mm/20pitch 1.0mm/20pitch 1.0mm/20pitch 1.0mmv20pitct
Feed hole
;:en;re to P1 [5.1405 3.85+07 2.6+07 7.7+07 5.2407 7.8+07 5.3+07
ea
Hole centre
tc"cmponem P2 {6.35:13 6.35+13 6.35+13 12.7413 12.7413 19.05+13 19.05+13
centre l__.
ﬁle://A:\W[MA?._ﬁles\mkplO“ﬁles\GUI‘f[’UN GHIM 13/9/43



Minimum packing units Page 1

Minimum packing units for capacitors
with radial leads

PCM Box size

w
25 5.5 46

PCM 2.5 mm

PCM 5 mm

PCM 7.5 mm

PCM 10 mm

PCM 15 mm

PCM 22.5 mm

460/340%
380/280*

PCM 27.5 mm

PCM 37.5 mm

* for 2-inch transport pitches
* Tray-Packing-System



Transformer Oil

Electrical Insulating Oil

Highly refined, naphthenic transformer oii for
use where insulating oils meeting the ASTM
D3487 Type ! transformer oil specification are
recommended. Does not contain  poly-
chiorinated biphenyls (PCBs).

APPLICATIONS

e Transformers

o Oil-immersed switchgedr
o (Circuit breakers

«  Oil-fille¢ capacitors

s Flectrical reciosures

e FUSES

PERFORIMANCE STANDARDS
e ASIM D3487 Type |

ENVIRONMEN
Irformation is
N atersi

Sui

BENEFITS

o ife
it
arma ensure E‘U}JCHL‘.’
ive hecat uansier w
we couiing of transtormet companents
LOw
prowiis glectnd al wire ename:s.
o Maximizes life of oil immersed switches
The rapia guenching of e redguoes cuntact
€rosion

\
’

& Maintains transformer efficiency

3 % @0 . o i1 e BB e
HiG ™ s SR SRR S Clil s

Long service iife

ke AW T S e i 00 tE Tornianian ot

E QJUQMAJHE..f,;*

hreakdown ot e oils el

KEY PROPERTIES

AT

] Transformer Oil

Pour Point, C
Viscosity,

9708




Transformer Oil
SERVICE CONSIDERATIONS

curient i
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Dryness ard «
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Never leave contaipers standing open for jong periods.
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IEC. Publication NO.60-2, “High Voltage Test Techniquess-Part2 : Measuring

Systems”.,1994.
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3 Definitions and symbols

For the purposes of this part of IEC 60, the following apply.

3.1 Measuring Systems

3.1.1 Measuring System: Complete set of devices suitable for performing a high-voitage
or impulse-current measurement.

NOTES ‘ 3
1 A Measuring System usually comprises the following components: a converting device with the leads
required for connecting this device to the test object or into the current circuit and the connections to earth, a
transmission system connecting the output terminals of the device to the indicating or recording instruments
with its attenuating, terminating and adapting impedances or networks, and indicating or recording instru-
ments together with any connections to the. power supply. Measuring Systems which comprise only some of
the above components or which are based on non-conventional principles are acceptable if they meet the
accuracy requirements specified in this standard. Components may be made of many elements or a single
element, for example, a high-voltage capacitor of a capacitor divider may consist of many low-voltage

capacitors or it may consist of a single gas capacitor.
2 The environment in which a Measuring System functions, its clearances to live and earthed structures and
the presence of electric or magnetic fields may significantly affect its accuracy.

3.1.2 Record of Performance of a Measuring System: Detailed record, established by
the user, describing the system and containing evidence that the requirements given
in this standard have been met. This evidence shall include the results of the initial
Performance Test and the schedule and results of each subsequent Performance Test and

Performance Check.

3.1.3 Approved Measuring System: Measuring System which is shown to comply with
one or more of the sets of requirements set out in this standard by:

— aninitial Performance Test,

successive Performance Checks and Performance Tests,

inclusion of the results of these tests in the Record of Performance.

The system is approved only for the arrangements and operating conditions included in its
Record of Performance.

3.1.4" Reference Measuring System: Measuring System having sufficient accuracy and
stability for use in the approval cf other systems by making simultaneous comparative
measurements with specific types of waveform and ranges of voltage or current.

NOTE - A Reference Measuring System (maintained according to the requirements of this standard) can be
used as an Approved Measuring System but the converse is not true.

3.1.5 |EC Standard Measuring Device: Device that can be used for measuring high-
voltage with the specified accuracy (for example a sphere-gap or a rod/rod gap used

according to IEC 60-1).
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3.2 Converting devices

3.2.1 converting device: Device for converting the quantity to be measured into another
quantity, compatible with the indicating or recording instrument.

3.2.2 voltage divider: Converting device consisting of a high-voltage and a low-voltage
arm such that the input voltage is applied across the complete device and the output
voltage is taken from the low-voltage arm. [IEV 301-05-13, modified]

ually resistors or capacitors or cocmbinations of these and the

NOTE - The elements of the two arms are us
for éxample, resistor, capacitor or resistor-

device is described by the type and arrangement of its elements (
capacitor).

3.2.3 voltage transformer: Step-down transformer for the measurement of the para-
meters of high alternating voltages. [IEV 321-03-01, modified]

3.2.4 high-voltage measuring impedance: Device which carries a current proportional
to the applied voltage. :

3.2.5 current-measuring shLmt: Resistor across which the voltage is proportional to the
current to be measured. [IEV 301-06-05, modified]

3.2.6 compensated current-measuring device: Current-measuring device which
includes a compensating circuit.

3.2.7 current transformer: Transformer which produces an output proportional to the
input current. [IEV 321-02-01, modified]

NOTE — A Rogowski coil used with an integrating circuitis a wide-band current transformer.

3.2.8 _electrlc-ﬂeld probe: Converting device for the measurement of the am'plitude and
waveform of an electric field.

NOTE — An electric-field probe may be used to measure the waveform of the voltage producirg the field

provided that the measurement is not affected by corona.

3.3 transmisslon system: Set of devices which transfers the output signal of a convert-
ing device to an indicating and/or recording instrument.

NOTES

1 A transmission system generally co
include attenuators or other devices conn
an optical link includes the transmitter, the opt

nsists of a coaxial cable with its terminating impedance, but it may
ected between the converting device and the instrument. For example,
ical cable and the raceiver as well as related amplifiers.

2 A transmission system may be partially or completely included in the converting device.

3.4 in.dicatlng or recording Instrument: Device intended to display or pfovide a record
of the value of a measurand or a related value. [IEV 301-02-11 and 12, modified]
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3.5 Scale factors

3.5.1 scale factor of a Measuring System: Factor by which the value of the instrument
reading is to be multiplied to obtain the value of the input quantity.

NOTES

1 A Measuring System may have more than one scale factor, for example, it may have different scale
factors for different frequency ranges or waveforms (see 3.6.1).

2 For some Measuring Systems the value of the input quantity is displayed directly (i.e., the scale factor of
the Measuring System is unity).

o

3.5.2 scale factor of a converting device: Factor by which the output of the converting
device is to be multiplied to obtain its input quantity.

NOTE - The scale factor of a converting device ma);' be dimensionless (for example, the ratio of a divider)
or may have dimensions (for example, the impedance of a high-voltage measuring impedance).

3.5.3 scale factor of a transmission system: Factor by which the output of a
transmission system is to be multiplied to obtain its input quantity.

3.5.4 scale factor of an indicating or recording Instrument: Factor by which the
instrument reading is to be multiplied to obtain its input quantity.

3.5.5 Assigned Scale Factor: Scale factor of a Measuring System determined at the
most recent Performance Test.

NOTE - A Measuring System may have more than one Assigned Scale Factor, for example, it may have
sevaral Nominal Epochs each with a different value (see 3.6.1)

3.6 Definitions related to the dynamic behaviour of a Measuring System

3.6.1 Nominal Epoch 1y (Impulse measurements, front part of impulse only): Range of

values between the minimum (t_. ) and the maximum (t__ ) of the relevant time parameter

of impulses for which the Measuring System is to be approved. The relevant time para-
meter is:

the front time T, for full lightning and tail-chopped impulses and for cu‘rrent
impulses

the time to chopping 7_ for front-chopped impulses
the time to peak Tp for switching impulses

NOTES
1 A Measuring System may have one, two or more Nominal Epochs for different waveforms. For example, a
particular Measuring System might be approved:
—  for full lightning impulses with an Assigned Scale Factor F, over a Nominal Epoch 1,,, from T, =
08pstoT, =12ps
— - for front-chopped lightning impulses with an Assigned Scale Factor F, over a Nominal Epoch 1,
from T_=05psto T =09 pus
— for switching impulses with an Assigned Scale Factor F3 over a Nominal Epoch T, from Tp =
200 ps to Tp = 300 ps.

2 “Front-chopped impulse” is used to designate a chopped impulse with a time to chopping in the range
0.5 us to 2 us as distinct from a "tail-chopped impulse” which has a time to chopping greater than 2 ps.
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6 Performance Tests on Measuring Systems '

6.1 General requirements

The Assigned Scale Factor of the Measuring System is determined by calibration using the
specified Performance Tests. For an Impulse Measuring System, the Performance Tests
also show that its dynamic performance is adequate for the specified measurements and
that the level of any disturbance is less than the specified limits.

In high-voltage tests, the size of the apparatus, the levels of voltage and current used, and
the interaction between the test and measuring circuits often make it necessary to perform

calibration tests in the test facility of the user.

However, Measuring Systems or their components may be transported to another labo-
ratory for calibration in an arrangement which simulates the operating conditions, provided
that the interference test, when specified, is performed in the test facility of the user. The
simulated arrangement shall represent the operating conditions described in the Record
of Performance and this simulated arrangement shall also be described in the Record of

Performance.

Unless type tests show a converting device is not sensitive to proximity effects over a
specified range of clearances the Assigned Scale Factor of any Measuring System based
on that converting device shall be measured for each condition of use. Each set of clear-
ances or range of clearances shall be entered in the Record of Performance.

The input voltage or current used for calibration should be of the same type, frequency or
waveform as voltages or currents to be measured. When this condition is not fulfilled,
evidence shall be given of the validity of the Assigned Scale Factor in the range of

frequency or waveforms to be used.

The reference method of determining the Assigned Scale Factor is comparison with a
Reference Measuring System at the Rated Measuring Voltage or Rated Measuring Current
whenever possible. However, as Reference Measuring Systems are not always available
at the highest voltages and currents, the compafison may be made at voltages or currents
as low as 20 % of the Rated Measuring Voltage or Rated Measuring Current (see 6.2 a)).

For lightning impulses with peak values over 1 MV, it may be made at 200 kV. Alter-
natively, the Assigned Scale Factor may be determined by measuring the scale factor of
each component, usually at low voltage, and taking the product of the scale factors of the

components (see 6.2 b)).

The voltage or current used to determine the Assigned Scale Factor shall be included in
the range covered by the linearity test.

All equipment used in establishing the scale factors of Measuring Systems and all instru-
ments used in Measuring Systems shall have calibrations traceable to National Measurement

Standards (Etalons).

The conditions under which the calibration has been performed shall be included in the
Record of Performance.
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6.2 Determination of the Assigned Scale Factor

a) Reference method: comparison with a Reference Measuring System

A Reference Measuring System shall be connected in parallel (voltage) or in series
(current) with the Measuring System to be calibrated. Simultaneous readings shall be
taken on both systems; the value of the input quantity obtained for each measurement
by the Reference Measuring System is divided by the corresponding reading of the
instrument in the system under test to obtain a value F, of its scale factor. The pro-
cedure is repeated to obtain n independent readings (n > 10) and the mean value F_
is taken as the Assigned Scale Factor of the system under test, provided that the
experimental standard deviation s as calculated from: '

X (F-F,)°
-1

is less than 1 % of Fm.

NOTES

1. Arounded value F_ may be taken as the Assigned Scale Factor if, introduced in place of F_ in the formula
for s, it gives the value of s less than 1 % of F_.
2 For measurement of direct znd alternating voltages, independent readings may be obtained either by
applying the test voltage and taking n readings or by applying the test voltage n times and taking a reading
each time. For impulses, n impulses are applied.

The test shall be performed at a single voltage or current level (see 6.1). The setting of
the measuring instrument may be changed or a different instrument may be used to
achieve a suitable sensitivity, provided that this change does not alter the rest of the
Measuring System and that the settings used on each instrument have been calibrated.

If only one measuring instrument is available (this measuring instrument is the instrument
to be used in the Approved Measuring System and shall meet the relevant IEC standard)
the test may be made by the repeated alternate connection of the instrument to each
system to provide the n values F,. A termination equivalent to the instrument shall
be connected in the place of the instrument in the other system. All other parts of both

systems shall remain unchanged.

A Measuring System with several scale factors (for example, the use of different low-
voltage arms for a voltage divider) shall be calibrated for each scale factor. Measuring
Systems with secondary voltage dividers may be calibrated on one setting only,
provided that the load on the output of the converting device can be shown to be
constant for all settings by other tests. For such cases the full range of settings of the

secondary divider shall be calibrated separately.

NOTE - For the use of oscilloscope probes see annex G.
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b) Alternative Method: component calibration

The Assigned Scale Factor shall be determined as the product of the scale factors of its
converting device, its transmission system and its measuring instrument.

; For the converting device and the transmission system or their combination, the scale
Y factor shall be measured by one of the methods given in 5.2 to assure a total un-
certainty not larger than 1 % (care should be taken to ensure the appropriate "stray”
capacitance or coupling and the mutual influence of the components are included in the

measurement).

The scale factor of an instrument is determined according to the relevant |EC standard
(see clause 2) or by performing the relevant tests given in this part of IEC 60.

6.3 Dynamic behaviour test (for Impulse Measuring Systems)
a) Reference method: comparison with a Reference Measuring System

The same records taken in the test of 6.2 a) can be used and the relevant time para-.
reters of the measured impulses evaluated for each system and:

_ the value of each time parameter shall be within £10 % of the corresponding
value measured by the Reference Measuring System,

A _ for each time parameter, the experimental standard deviation of the ratio of
the corresponding readings of the system under test and the Reference Measuring
System shall be less than 5 % of the mean value of the ratio.

b) Alternative Method: step response measurement

The step response of the Measuring System shall be measured according to 5.8.2. The
relevant response parameters shall be determined and shall meet the requirements

given in the relevant clause of this part of IEC 60.

6.4 Interference test (for Impulse Measuring Systems)

The test shall be made on the Measuring System, with its cable or transmission system
short-circuited at its input terminals without changing the earth connections of the cable
or transmission system. An interfering condition shall be produced at the input of the
Measuring System (for voltage measurements — by a disruptive discharge with an impulse
representative of the waveform to be applied; for current measurements — by operation of
an appropriate device) and the output shall be recorded. The test shall be made at the

Rated Measuring Voltage or Rated Measuring Current.

The amplitude of the measured interference shall be less than 1 % of the output of the
Measuring System when measuring the test voltage or current. Interference greater than
1 % is permitted provided it is shown that it does not affect the measurement.
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8 Measurement of alternating voltage

8.1 Requirements for an Approved Measuring System

The general requirement is to measure the peak or the r.m.s. value of a test voltage at its
rated frequency with an overall uncertainty within +3 %.

8.1.1 Stability of the scale factor J

The scale factors of the converting device and the transmission system shall not vary by
more than 1 % for the ranges of the ambient temperature and clearances given in the

Record of Performance.

ents shall comply with the requirements of class 0,5 of IEC 51 or shall

Measuring instrum
its uncertainty shall be

be tested according to this standard. If a peak voltmeter is used,
within £1 %.

8.1.2 Dynamic behaviour

The amplitude/frequency response of the Measuring System shall not vary by more than

+2 9 between 0,2 times and seven times the frequency of the test voltage. When tne
t above the seventh harmonic

the amplitude/frequency response shall not vary by more than +2 % up to the frequency of
the highest significant harmonic. Special requirements may be specified by the relevant

technical committee.

NOTES

1 In certain cases, it may be necessary to
age. No requirements for this are given here

measure voltage transients superimposed on an alternating volt-
but some guidance may be obtained from clause 9.

2 Some sources do not generate harmonics (for example, series resonant test sets).

8.2 Acceptance tests on components for an Approved Measuring System

The requirements of the type tests can be met by tests on a unit of the same type or
sometimes from manufacturer’s data. Routine tests shall be performed on each unit. See

clause 5 for details and 4.4.2 for exceptions.

The components of a Measuring System shall meet the requirements of the following type
and routine tests:

Type tests:
- temperature effect on the converting device and the transmission system and on
their scale factors (5.6),

- long-term stability (5.5),
- proximity effect (if required) (5.7),

— wet or polluted withstand test on the converting device (if required) (5.9),

- dynamic behaviour (5.8).
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Routine tests:
_ determination of the scale factors (5.2),
linearity test (5.3, additional alternative methods 8.2.1),

- short-term stability (5.4),
- dry withstand test on the converting device (5.9).

8.2.1 Linearity test: requirements and additional alternative methods

The linearity test shall be made according to 5.3.

Additional alternative methods are:
a) Comparison with a sphere-gap

The Measuring System shall be checked against a sphere-gap used according to 8.5
of IEC 52. Tests shall be made with gap spacings corresponding to the minimum and
maximum values of the operating voltage range and at three approximately equally

spaced gap settings between these extremes.

The complete linearity test shall be made in a short time so that atmospheric conditions
do not change and hence corrections need not be applied. If each of the five ratios of
the disruptive discharge voltage of the gap to the corresponding output of the system
under test is within £1 % of their mean value then the system can be considered linear.

b) Method for multi-section capacitor converting devices

; For a converting device consisting of several identical high-voltage units a test consist-
ing of the following three steps shall be made:

- atype test on an equivalent complete converting device (equipped with its elec-
trodes) as specified in 5.3,

_ measurement of the capacitance of each high-voltage unit at the five voltages
specified in 5.3. The capacitance of each unit shall not change over the voltage

range by more than £1 %, :
_ the assembled converting device shall be free from visible and audible corona at
the Rated Measuring Voltage.

c) Comparison with the input voltage of a transformer or a transformer cascade

The Measuring System shall be connected to measure the output of the transformer.
The output of the Measuring System shall be checked against the input voltage of the
transformer. Tests shall be made at the minimum and maximum values of the operating
voltage range and at three approximately equally spaced voltages between these
extremes. If each of the five ratios of the measured voltage to the corresponding input
voltage is within £1 % of their mean value then the Measuring System is considered linear.

NOTE - Attention should be paid to the possible variation of the voltage ratio of the transformer because of

the load and non-linear characteristics of the magnetic circuit.
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d) Comparison with the output of an electric-field measuring instrument

The Measuring System shall be checked against an electric-field measuring instrument
which is so located that it measures a field proportional to the voltage being measured.
The electric-field measuring instrument is used according to the relevant requirements
of IEC 833. The test shall be made at the minimum and maximum values of the operat-
‘ing voltage range and at three approximately equally spaced voltages between these
extremes. If each of the five ratios of the measured voltage to the corresponding
measured electric field is within £1 % of their mean value then the Measuring System is

- considered linear.

8.2.2 Determination of the scale factor of a peak voltmeter
The scale facter shall be determined using a known sinusoidal voltage of rated frequency.

NOTE - Indizating instruments other than peak voltmeters are calibrated according to IEC 51.

8.3 Performance Test on Measuring Systems

The Assigned Scale Factor shall be determined according to 6.2.

8.4 Performance Check

The scale factor(s) of an Approved Measuring System can be checked by one of the follow-
ing methods.

a) Check of the scale factors of the components

The scale factor(s) of each component can be checked using internal or external cali-
brators having an uncertainty within +1 %. If each scale factor differs from its previous
value by not more than +1 %, the Assigned Scale Factor is taken as still valid. If any
difference exceeds +1 % then a new value of the Assigned Scale Factor shall be deter-

mined (see third paragraph of 4.2).

b) Check of the scale factor of the Measuring System

A comparison shall be made with another Approved Measuring System with the
procedure of 6.2 a) or with an IEC Standard Measuring Device according to IEC 52.

When the difference between the two measured values is within £3 %, the Assigned
Scale Factor is taken as still valid. When the difference is larger, then the Assigned Scale
Factor shall be determinad again (see third paragraph of 4.2).

8.5 [|EC Standard Measuring Device
The sphere-gap, used according to IEC 52, is an IEC Standard Measuring Device for the
peak value with an uncertainty within £3 %.
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5 Acceptance tests on components for an Approved Measuring System

5.1 Applicability

d in this clause are required for components of Measuring Systems.
d for transmission systems which consist only of cables
tandard referenced in

The tests describe
However these tests are not require
nor for instruments which meet the requirements of the relevant s
clause 2. Some of these tests cannot be performed on existing equipment (see 5.6 and 5.9):

for these cases ses 4.4.2.

For some of the tests described in this clause it is necessary to include the component in
an appropriate Measuring System (whose other components have been shown to be

linear), for example, the linearity test of 5.3.

5.2 Determination of the scale factor

The determination of the scale factor of a component may be made by one of the following

methods:

_  simultaneous measurements of its input and output quantities,

_ a bridge method,

_ calculation based on measured impedances.

The scale factor of a current-measuring shunt shall be measured by direct current

methods.

5.3 Linearity test

Values of the scale factor of the Measuring System shall be measured at the minimum and
maximum voltages (or currents) of the operating range and at three approximately equally
spaced voltages or currents between these extremes. These five values shall not differ by

more than £1 % from their mean value.

The reference method is by comparison with a Reference Measuring System according

to 6.2 a).

Alternative methods are:

either comparison with an Approved Measuring System, the linearity of which has been
established by the reference method

or one of the additional methods described in the relevant clauses of this standard.

These additional methods are provided to allow users alternative tests which may be
economic. However, failure to meet the requirements of these tests does not necessarily

show that a Measuring System is non-linear.

In such a case either the reference method or the method of comparison with an Approved

Measuring System shall be used.
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5.4 Short-term stability test

The full rated voltage or current shall be applied to the device continuously (or in the case
of impulses, at the maximum rate) for a period appropriate to the anticipated use.

The scale factor shall be measured before and immediately after (within 10 min) the appli-
cation of the voltage or current. The two values shall not differ by more than 1 %.

.

5.5 Long-term stability of single elements

The stability characteristics, voltage and current effects and temperature effects of each
type of element, shall be such that the scale factor of a converting device does not change
by more than 1 % between successive Performance Tests. ,

These characteristics may be taken from manufacturer’s data or demonstrated by successive
Performance Tests.

5.6 Temperature effect

The variations of the scale tfactor or of a parameter (for example, resistance or capacitance)
of a device due to changes of the ambient temperature are determined by computation
using the temperature coefficients of single elements or by making measurements at different

temperatures.

The temperature coefficients shall be listed in the Record of Performance and may be
taken from manufacturer's data.

Temperature correction factors may be used in cases where the ambient temperature
varies over a wide range. Any temperature corrections to be used shall be listed in the

Record of Performance.

In each case, it shall be shown that the scale factor is within 1 %, taking into account any
temperature correction (see annex D).

5.7 Proximity effect

Variations of the scale factor or of a parameter of a device, due to proximity effects,
can be determined by measurements performed for different distances of the device
from an earthed wall or an energized structure, the distances from other earthed walls or
energized structures remaining constant or so large there is no effect.

For each range of distances listed in the Record of Performance, it shall be shown that the
scale factor is within 1 %.

For current measurements, the effects of off-centre paths (when relevant) and the effects
of nearby paths for high currents can be determined by measurements performed for different

paths and distances to current-carrying conductors.

NOTE - Some test facilities may chose to approve their Measuring Systems for only a single set of
distances, or for a few sets or ranges of distances.



60-2 © IEC:1994 -37 -

5.8 Dynamic behaviour of a component

The response of the component shall be determined in a Measuring System representative
of its operating conditions, particularly clearances to earthed and energized structures.

Either the amplitude/frequency response or the step response shall be measured.

5.8.1 Determination of the amplitude/frequency response

The system is subjected to a sinusoidal input of known amplitude, usually at low level,
and the output is measured. This measurement is repeated for an appropriate range of

frequencies.

5.8.2 Determination of the step response

The system is subjected'to a voltage or current step and its output is measured (see
annex C). The rise time of the applied step should be less than /4o of the partial response

time Ta.

5.9 Withstand tests

A converting device shall pass a dry withstand test performed with a voltage or current of
the required frequency or shape at a level of 110 % of the Rated Measuring Voltage or
Rated Measuring Current. For the procedures of withstand tests see IEC 60-1.

‘Wet tests and pollution tests, when specified, are performed as type tests.

The withstand tests shall be performed at the polarity or polarities at which the system is
to be used.

NOTE - Design and construction of any component of an Approved Measuring System should be such that
it can withstand a disruptive discharge at the test object without any change in its characteristics.
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Annex G
(informative)

Areas where special care is needed

G.1 Measurement of the scale factor of a divider (see 5.2)

Divider ratios can be determined by measuring the impedances of the high-voltage and
low-voltage arms separately. The ratio is then obtained by dividing the sum of the im-
pedances by the impedance of the low-voltage arm. An alternative technigue consists of
applying a voltage to the divider and simultaneously measuring the input and output volt-
ages. The ratio is determined by dividing tre input voltage by the output voltage.

For resistor dividers, the resistance of the high-voltage and low-voltage arms are often
measured with a low direct voltage by means of a Wheatstone bridge or by means of an

ohmmeter providing it has sufficient accuracy.

" The ratios of capacitor-type dividers are affected by stray capacitance, therefore, their ratios
should be determined with the high-voltage arms positioned in the locations normally occupied
during the tests. For capacitor or series resistor/capacitor dividers, the capacitance of the
high-voltage arms may be measured by means of a Schering bridge or a transtormer ratio-arm
bridge. The use of a low-voltage general purpose RLC bridge is not recommended because
lead and stray capacitances can be included in the measurements and the resulting ratio

may be in error.

For parallel resistor/capacitor dividers, the resistance and capacitance of the high-voltage
arms may be measured by temporarily removing the resistors from the high-voltage arm
and measuring the capacitance of the remaining column using the technique described
above. The resistance of the high-voltage arm is measured either in situ or when the resistors
have been temporarily removed from the capacitor column. The ratios of the resistance
and capacitances in the two branches of the divider should be equal. If the resistors
cannot be removed from the high-voltage arm, the ratio may be determined by measuring
the ratio of the resistive branch with direct voltage and subsequently. checking the
response of the completed divider to a square wave. The rise-time of the square wave
should be such that the divider response is not oscillatory. The output and input
waveforms should be the same without any evidence of overshoot. This method is less

accurate than the others.

G.2 Probes and external attenuators

Special precautions should be taken to avoid accidental changes when an oscilloscope
probe is used in conjunction with the voltage divider in order to reduce the signal to a level
suitable for the digital recorder or oscilloscope. It is essential that the probe compensation
be properly adjusted before making any measurement. The compensation is made by
applying a square-wave voltage signal and altering the adjustable components of the
probe or attenuator circuits while observing the output signal from the probe on the oscillo-

scope screen.

It should be noted that the built-in square-wave generators in most oscilloscopes do not
have rise times which are fast enough or top levels which are long enough for compen-
sation purposes if the probe is to be used for the measurement of standard lightning
impulses. It is therefore recommended that an external signal generator be used which
has a rise time less than 0,1 us and a top level of at least 1 ms duration. If the probe is to
be used in the determination of the step response of the Measuring System, then the rise

time of the square wave should be < 2 ns.
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G.3 Probe scale factor

The scale factor of some oscilloscope probes cannot be determined from impedance
measurements; in these cases the scale factor can be determined by applying a voltage
to the probe which can be accurately measured by means of an external voltmeter and
measuring the output voltage by the oscilloscope (calibrated according to relevant IEC

standards).

The probe compensation must be adjusted for optimum response before making these
measurements. A single-shot step generator can be used and the d.c. level before the

application of the step is the input signal to be measured.

Alternatively, an a.c. signal may be used providing its frequency is within the measuring
capability of the external voltmeter. Another technique is to use a standard pulse generator
(IEC 1083-1) providing it has adequate accuracy. Whichever technique is used, the probe
signal should agree with the external voltmeter or the impulse calibrator to within 1 %.

When two similar probes aré being used during comparative measurements, a useful check
can be performed by connecting both probes to the same input signal. The resulting
waveforms should agree to within 0,5 % for measurements of amplitude and to within 1 % for

measurements of time parameters.

G.4 Use of appropriate levels

In order to achieve the required accuracy during impulse measurements, the scale factor
of the Measuring System should be adjusted so that the signal deflection occupies almost
the full screen. On an 8-bit digital recorder this will result in an amplitude uncertainty of
approximately 0.5 %. If only half-full screen deflection is used, the uncertainty will in-
crease to 1 % and if smaller deflections are used the uncertainties will be even greater.

These uncertainties may be reduced by using a 10-bit or a 12-bit digital recorder, provided
the sampling rate is fast encugh to measure the front time of a standard lightning impulse.
A minimum sampling rate of 60 million samples per second (sampling time = 17 ns) is
required in order to measure the fastest lightning impulses.

The digital recorder or oscilloscope including any internal attenuator should be checked
for accuracy, preferably by means of a standard pulse generator. When two channels are
used during comparative measurements, the check described above for probes should
also be used for the channels being used. The measured waveforms should agree to
within 0,5 % for measurements of amplitude and to within 1 % for measurements of time

parameters.

G.5 Accuracy of time measurements

Internal clocks in modern digital reccerders are often sufficiently accurate and stable
for errors from this source to be negligible. However it is necessary (and sufficient) to
demonstrate that the instrument meets the requirements of IEC 1083-1.
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