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ABSTRACT

This project presents design and construction of a gas pressurized
capacitor for measuring AC and impulse high voltage. This capacitor can be applied for
measuring alternating current voltage with voltage divider and chubb and fortescue
method and also measuring impulse voltage with voltage divider. Computer simulation
was employed to study the electric field stress and voltage distribution of designed
capacitor. Then it was constructed and tested in high voltage laboratory. The test
results show the satisfied characteristics of this capacitor both withstand voltage and
constant scale factor when it is used as a AC voltage measuring system and impulse

voitage measuring system.
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Thatmedhinaing 3 LLuuﬁqmauﬁ'ﬁmmauauawia'nﬁmmﬁuﬁi’mmn@i’mﬁu daiuly
nﬂil'ﬁmu‘i’mﬁaaLﬁanlﬁmm:auﬁ'wﬂﬁﬂLtnﬁuﬁaﬁﬁ'aamﬁﬂ WialuldAaaany

- o X
ARALAR au‘lun’mﬂmu

2.1.2.1 hawmvdlueasuuudniulsny

Taamaﬁ'hmai‘unuﬁdLﬁuﬂ's:’g au1307a I lawzuseunIzuRasy tasen
Li']aﬁﬂaal.ma'hl,ﬂaﬁl.nuﬁaLﬁuﬂizq'l,ﬂ"i’ﬂLLsaﬁunsthama ﬁatﬁuﬂngmmmv’iw:mﬂ
Uzaliriugdnialia Ruseduiiinlatienanas o o amﬂugmﬂu'ﬁqﬂ 1a829970098
13LG1a's'uuuﬁ’lLﬁuﬂizguﬁm@'\’ogﬁﬁ 2.5 hzneudiy C; dudnfvlzgmeuwnigs G,
tﬂuﬁmﬁuﬂs:ammmé’h Taomannsud nisuafiduadasia I u saedetasuin
Lﬁamﬂuquﬁ Hude n-mmﬁ'lwammﬁLﬁuﬂ's:m‘mﬂl,mgm WAz AAUIIRNRZ R BN IN
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I = WC, V, = %K (2-5)
C +C,
I, = WC,V, = I ifal,~0 (2-6)
NN v, GrG (2-7)
C
1
4 C,
Lo C2 >>C1 V1 ~ E‘V; (2'8)
1

miﬁq:ﬁﬂﬁnT:LLaﬁ‘lvxamué\"nﬁuﬂizqﬁmaaﬁﬁmmﬁ'u. éhtﬁuﬂs:gmﬂmafp
wdpsildnnuyiwigalidgainianuglniaesd c, (stray capacitance) 1709 law

i1 Co aunTndszanmaInAugIvasd luaaf fa 10-15 pFim Arananlwihawsd C,

AH e a o« I A C
Luammﬂmwnummmqwﬁﬂ C, tﬂummq‘lwﬁ’mu C, ddszanm c,0—-—2)
6C
;

ua:ﬁma%’u"ﬁaqﬂnsrﬁmmﬁm:ﬁaaﬁdﬂﬁuﬁtmwﬁ'gawaﬂi}:‘hil.ﬂu'[uamﬁmﬁuun”um

a A Ly
duRuauduny C,
adaesusagildluiosdjrdmmaly Sldiuey 2 oiie e dndudszade

ANNAK UazAuALIzeta0 9 ANAeduALNY
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s [ o a L =‘l‘ L a &
athdnafunginuuigdannuaui laansuuiiiisasdiinlasauuy
NIINITUANUAUIIN (Coaxial cylinder configuration) iWalwlawiaidneg uamusanu
G W = o = v = v o [ ¥ a J - n; o Qo [ U
Lmﬂu'lmgaf] ViufludaslinsawudroMmasdannuaugiiu Manlsnuldun Ny, Co,

AnnueEn 10-20 115 wIafe SFg AnUaUINTE 1 - 3 bar

2.1.2.2 hamvdlmasuvuanaadiunin

Taatead e suun U U A T T8 LU U N T L AR TILAL A T LR RS
1U3naudgaNui UNMUMALIIN R, LRZAMUFIUIIHAIAUTIR R, ﬁaluzﬂ*ﬁl 2.6
azsasdilafodadAavasnszuailnarin wazdavdfatiandnuy iiaiasyd
8981 MIawIn udu

ﬂ'mji‘]"lwwm@mh:ﬂNmﬂ'amé”m']mumm@mammﬁuuﬁaﬂ'aﬁNaTﬂumwia
wuuddaviuoadlunaslasasadn lapsanuiidnean (Cut off frequency) 1ilwlana
FUMIT 2-9

f, ~ (2-9)

dl U o = v = F=3 - o ﬂ‘-: J dl o v oo
asnlivduanudunmu R, uaz R, aantluassiadisiny mdnedWiie

'
o

mwﬂﬂwmmﬁaﬁnnmﬂﬂﬁuuu.ﬂawaoﬂ'wmmﬁwummﬁaamnqmwnﬁ UUADULTION
Ao o X o ' v & i
m@'lm:muagnua@mmwuaammmumumaaamuaumsﬁ 2-10

R, +R,
Vio= (— )V, (2-10)

R,
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s = J ¢ O L 1 L J I
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dl ﬂl e a [ L3 g‘ A 1 3 = -
WEIATITAINATDNIAUTIAUATANAINATUNIUAIALTIG R, Biazdadduladiinay
F-Y o o - [ 4 o o d' - d = P-l ) ::i'
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fin Lﬁaamnﬁ’nrﬁmga a.:iuamuﬁﬁumwﬁ'mmua:ﬁamudaLm@'fugo'lﬁ Tu
yauzidrnunIzuan masufiorailvmsiafanaiale ﬁ'nmnmwﬁmmmmga
ﬁfuﬁmqatﬁu'lﬂ ALUUAINUFIUMIUITTOINNAUY A a:d’aa’lajgmutﬁu‘lﬂ nanfa
nyzuaiaazaadlddrawinly asnunisfanauiniasiunldbaanusiuniw wia
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2.1.3 uninsInan
mﬁmmﬁuqaﬁmLmﬂmanau Judthinouaslianuuiuauiaiale snau1sn
TARTIOWIFNI UTIAUNTIURATY LIIGUNTEUARSY LASUSIGUBUWNRT NIIALTINWTSTE
= 3 F-}% L3 1 d. 1 A &
miiiarlin mmmnm'su's:mnmmauT.an:m'Nag'lu,a'lmﬂ Faduldanungnny
-3 -] 3 o - [ 3 -] & -y ! A. a = 1
edgmirvesing Aa slhinwIaiuInanaziiedulaanuiesoagwiy W/ D9dn
d nL & a F-y ! d' Q- [ d ﬂ.-ﬂ aw > dv
il uunﬂaa:mﬂLmnmfzﬁmummmﬂugaﬁmwm BN TIAUTIAUULU LRI
L% 0 ) l‘: A [ 1 as w3 . .
nunuanIzagaaiiie saduduteaniuinaniada {Statistic  breakdown
voltage) finTudauasIatnRauutuan dsuduladusauirldiiasrin wie
P L ' o ' )
Lmnm'zﬁuumuagnummamuﬂauimu'lwﬁlwaammﬂ T2HTRIITERININTINRY

mmmﬁum?}uﬁnmw INTINANUATAMUTUDE 2InAMUENNITH 2-11

U = f(d, D, O h (2-11)

Wa U,  @a uneuiiinlWiAesihin

d A9 TrzTasineeninnIInay

D fa 1walEHAuINa I TaINTINGY

o e fmwmuﬂuéx’uﬁuﬁmaammﬂi‘fuagjiﬁum’m
AULITIMA WRzgungdl
h  #a enudusesoima

AVUNAIFIUTING IEC No.60052 3z MUUARIUTIGUUTNANUDDIDINATZNI

WNUNTINANNFNITUIATIIH fiD AUAUUTIEINTA 760 mmHg unzpmnnd 20°C
& 3 &, a {ar [ o P L de
AT 8.5 g/m asdusuIIauILINAATAlENALEY gann uszaMuTuvas

nagay Wasraanufisuganizanaiguanusunsn 2-12

Up = (2-12)

WA Uy f fUsIauuInaniian1izunasgu
- 1 :l'v vd‘ o [ "
U, #a mmm"l@mqmmumm:ﬂ'nuﬂwaa
-} a. ks ]
kg 08 galznavudssRuanuruiuiutalanmea
A J 1 a ] [ o g - o L
Mk AUAMURIIURTIAUTVI8 MR O Aiduaaleann

FUNIIR 2-13
p 273+20 p

O = — ——— = 038 (—) (2-13)
760 273+t 273+t
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lagfi  p  #fe anuawvassmeaswanmnlsdiaaiiiv

mm.Hg

- F=Y

t 8 qmﬂgumaaﬁ‘aﬂummxﬁi’ﬂﬁ W °c

kg fia Sdiznavwlasiuaziviniy O dia O deay
TEW9 0.9 — 1.05

K fa d1aindtznavundialusuluainialan
FUMIN 2-14

h
K = 1+0.002(< —8.5) (2-14)

2.1.3.1 aNBMEANUAVDIBDIIWNTINAN

- awinIWd TN TInautYn A was dans e A suaiiguadiszuzuny d
v . | P “
uaumﬂﬂnv\uwaotﬁumuquﬂrﬂma D (d < D/2)
=) hd » F-Y (=) l:r dl 1
- dunsiadiuea iwtznsifausnaniluainia wxifiatufidruanvs
UWIIAUNTZURAAL
< Fo AW d e w - a e - P aact
- Lﬂuqﬂnsmdmﬂvluuﬂd'n N ldannniessnnIalusnant aldde
daaimMIUIunsuIaITIN
- 110N UWRIAUNTEUANTI WHIOUNIEURFTULASUTINWIUWARS

- mmgnﬁaatﬁmma +3%

- mm61Lﬁudwuguﬁnmommg’méz‘ou@i 2 cm 13 200 cm

/ il

"

n) nanaunddusuaninaelngnit 25 em
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2 ) nnauffiidudugudnaudnni1 25 cm

< a &, o v
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21.3.2 'IIEH'N'LIQU611Hﬂ1f1'11'159\1')105:1&110ﬂ5'\1ﬂa&l

- ndaeduazda ATUfudaiun IEC 60052  uuxin 1Y dinsenaud
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f1 vy fiszuzdasitnsanavlag ‘ﬁama:mmsgmm”lﬁmnmﬂq'lummgm
6199 A UMSTANTIT U BT B IINTINaN 1T U@531U IEC 60052 Vy, Adm
lalapassna1mannasgiu Gafludfianiaz 1161731% (20 °C 760 mmHg) teiaIns
nusueuianwiasszaasldads nouudssduanunuulina e kg aur
AL K Haenussauiiannizinasguldonaunsf 2-15

V, = k kgVbn (2-15)
A - v o
La Vin 98 URIAUNFNIZUNAITIU

= et A' L
Vy A8 LWINOUNINIIZYDINSN

w“ & ' g A e s - S Y ST
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MIMFNBATIEIRNIULILTIAY (Scale factor) 2DIgUNIALIAYIlauNITAEN

l@wNIWLLLALY Uy wﬁamnuﬁfh;jama:ﬁ'anﬁmjﬁu A mugﬂﬁ 2.10

Vi 4 Calibration
curve
V, r mmmmmmmmmmmme—s

7UN 2.10 LFEUNTIWLLIRBULNaITIN
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ﬂ. 1 ' o~ Iﬂl a L4
M1959N 2.1 PUIRUNUNTINAN TTpzTaituny LLﬂ:LL‘iOﬂHﬁOQﬂY}')@]\iﬂ

YuaLFuENARINa1d D szpzgasiheunt d el
Y TauTIauldEIEa (kv)
MUNNITIU (cm) (cm) C

2 1 30.7

5 24 65.5

6.25 3 79.5

10 5 123

12.5 6 146

15 7.5 177

25 12 275

50 25 515

75 36 750

100 50 1040

150 \ 75 1440

200 100 1840

2.2 ARIRNY

o | [ [ 1 ] Q v L3
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2.2.1 "% SF,

SF, luawmsnnvauawiie Rafiunumadndomaluladlumanim e
faauiinianiunisininodnag ﬂmimmﬁu'lwﬂﬁgoﬁmmﬁudawﬁne‘ﬁtﬂatﬁmJ
Auauanforiiadu g Sadosmwinaidennuiauuasyfiiouad

2.2 1. 1qmanii@ineAdnduazindinasiing SF,

= (2

Tassaframuniiveanis sk Usznevdteluanavestinzdunazyaooiu
aegt 211 Wi Tudd Tidedu Tuduiy liga Iiuas liawld Wae dufeimesde
Ufnssuniinuasdn uazszasen ez gninIidouds 500°C aaauiana luve s

SF, a3l 1AdanTaR 2.2
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v 1
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actual value of the breakdown voltage in kV
=

1 1.5 pd 25 3 35 4
gas pressure in bar
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4.1.2.1 wanrmadauliamadliaasaisussangonssuaaau

Stopped y 2008/02/18 19:41:20
: . CH2=500mv: 10ms/div
DC 11 ' : L (W gdiv)

. NORMII0MKE /5

AACAA N
\/ L[ | C

¥+

eTracez= Mux  540.0w | Min -720.0m . Rws  463.3m¥

sFiter= =Offset= =Record Length= uTriggers
Smoothing : ON CH1 0.000v Main 10K Mode | HORMAL
BW © 20mz CHZ © 0.000v Zoom © 10K Type . EDGE LINE
Defay : 0.0ns
Hokd OFF 02us

‘l]ﬁ 4.6 NRﬂ'ﬁ'ﬂﬂﬁEl‘lJ@]']HLLTOﬂHﬂGﬂ‘i“‘Ll.ﬁﬂﬂ‘i.l‘fl?.,ﬂljlﬁdﬂu 10 kV

Stopped q 2000/02/18 19:42:05
: ;. CHz=SpOmV: : : . 10ms/div

DC ¥l : : - (10ms/div)

: : : NORM 1008 /s

=Fiters =OFfsets =Record Lengthm =Trigger=
Smoothing : ON CH1 @  0.000V Main 1 10K Mode . NORMAL
BW  20MHz CH2 : 0.000V Zoom @ 10K Type : EDGE LINE
Delay : 0.0ns.
Hokd OFF ; 02us

ll‘ﬁ 4.7 Nﬂmin@ﬁaumuanumm-uaaaum-@mLmﬂu. 20 kv
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Stopped 3 2008/02/18 19:32:06
- CH2=1V R : : - 10ms/div
DC E1 : B © (W0ms/div)
: A @OR‘kt]mgSls

mTrace2e Mex 2,000V  Min -2.240 . Rms  1.46SY

=Filer= =Offset= wRecord Lengtha aTriggers

Smoothing : ON  CH1: 0000V Main : 10K Mode : NORMAL

BW : 20Miiz CH2 :  0OOV Zoom : 10K Type : EDGE LINE
Detay : 0.0ns
Hold OFF : 02us

51N 4.8 Namimaauﬁ?uuné‘ug@ns:uaﬁé‘uﬁs:ﬁmmﬁu 30 kV

Stopped 1 2008/02/10 19:35:35
: CH2=2V ! : T 10ms/div

oc 1 : : D (10mE/div)
: ; : : NORM 100k8 /5

AR

wTrace?m Makx 2.640Y | Min —2.960v . Rms  1.951%
M N N . M M CHZ

CH2 V/DIV | : : : : v/

2V

=iters =0ffsets =Rpcord Lengtha aTriggers
Smoothing : ON  CH?T : 0.000v Main 10K Mode : NORMAL
BW [ 200Hz CH2 : 0.00v Zoom 10K Type : EDGE LINE
Defay : 0.0ns
Hold OFF : D2us

= [ o a i A A
31]7] 49 Nﬂﬂﬂ‘iﬂﬂﬁﬂﬁﬂ?EJLl‘ix‘iﬂ%E‘Gﬂ‘i:lLﬁﬂﬂﬂJﬁ‘i:ﬂUlL‘Nﬂ‘H 40 kv
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Stopped y
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2008/02/19 19:36:41

CHz=2V

DC 1t

T i0ms/div
: : (10mssdiv)
i......., NORMIO00KS/s

CHZ V/DIV » I
VAR

aFftera =0ffgetn

Smoothing : ON  CHI :
BW : Z0MHz cHZ2 :

0000V

Mih -3.680v 0 Rms  2.12v
: : : CH2
V/DIV
z2v
=Rpcord Lengthw =Trigger=

Main @: 10K Mode : NORMAL

0.00v Zoom @ 10K Type : EDGE LINE

Delay : 0.0ns
Hold Off : 02us

gﬂﬁ 4.10 NamimaamﬁuLLsaﬁugmszLLaaﬁnﬁs:ﬁuusoﬁu 50 kV

2008/02/18_19:39:15

CHZE2V
[ B

10ms /div

. HORMCIOONS/s

aTraceze Max  4.000Y

0.000V

=Record Lengths =Triggers
Main 1 10K Mode : NORMAL

000V Zoom [ 10K Type : EDGE LINE

Delay : 0.0n3
Hald OFF : 02us

o > ar a o o o
Eﬂﬂ 4.11 Hﬂﬂqfﬂﬂﬂﬂl](ﬂ']ElLLT\’WH&E\’”TZ“K&ﬂUﬁTZQUll?\?ﬂu 60 kV
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A1719N 4.1 HANINARDULIITUNIATINTEULIASIIBINUL IO UDN8 8N DI IRaF 1)

mai‘ﬁmusoﬁuqans:uaaé’u

Ref (kV) Min (V) Max (V) Rms (V)
10 0.64 0.70 0.483
20 1.368 1.42 0.961

30.3 2 2.28 1.464
40.1 2.64 2.96 1.936
50.2 3.32 3.68 2.415
60.4 4.08 44 2.924

NIALEAIAUANAUTTE RIS T UATIIINTE U LIRS BN LUTIG T8NV BI LA A6
Taas Ui 4.12

70
60 N
50 /
40 /
30 /
20 /
10

0 / , : : : : .

0 0.5 1 1.5 2 2.5 3 3.5
Output voltage (Vac)

(kV)

Input voltage from reference

sUn 4.12 AURUWHT TEMINUNITUNIAN Tz UUIa 98N LU Ig U 88N 0 LIata9f

Tieasfinagaud DUTIGUFINTEUARIY

4.1.3 N1TNAFOURIAIDATIEINAANONUITIAWTDILIALAVA LILADIAILUIIAR
DUNRA
4+ Qs oy o o = fd' a o = v =
lunismaraudisussauduwadz lilaaiead liaasnlasunisusuifsuuds 1w
L L ¥} r-% = L - ‘ll L > & L\ A ]
srondulToufounulhaeedtaaainldsanuuuairasiudgy Ganrnagauazu
& ' A = a v a [ 14 , - = a
aantlu 2 @udIduuInastIun I ausIowd uwagtauIn uazdiwngadszidwnisia
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4.1.3.1 HanINAAoUIIALAA LILADIAIBLTIARDNNAADIVIN

Waiting for tRgger
G520 EHE=500mv:
75 IR I, 0TS O OO

s=uan

ganuuy

=Fiters =Offeeta aRecord Lengths =Triggers
Smoothing : ON CH1:  0.000V Main @ 10K Mode | NORMAL
BW  20MHz CH2 :  0.000V Zoom @ IK Type | EDGE CH2 £
Delay Lons
Holg OfF 0.2us

] “ “ a o (t‘;
gﬂn 4.15 HEMINOFDUNIVUTIAUIUNWIFUIVIN

= v oA [ 2.7 a e ar a
@1919N 4.2 Nﬂﬂ’\?'ﬂﬂﬁE]UlLT-JﬂH-YI’](ﬂﬂ'\ﬂ?:UlJ’]ﬂD'NE]x‘lﬂllll?w]ﬂu’ﬂ'lﬂEJﬂ'UENI’JRWI'*Jﬂ".’J

DTN IDUTIOUBUWARTILIN

Divider (V) Reference (kV)
1.476 29.357
2.934 57.816
4.438 89.366
5.986 ‘ 120.686
8.341 167.311

NINLEAIN T AU AU T TSV I LI AR A TATINTE VLR BN UUIAUTIB aNTUAI L IBLAE

Tiead U 4.15
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d o Lo ] o ‘:" L A L =3 s ol -
E‘L,YI 4.15 ﬂ']’UJﬂlJ'WHﬁi:'ﬁ’)’ldLLTGG]MYI’JG]"D’m‘i:‘LI]J’)ﬂB'NB-Jﬂ'lJLIJOG]WU'lE]E]ﬂ?Jﬂ\]T’Jﬂlﬂ?JGl

TiasAnasaudIuuIIaudNWRATILIN

3
4.4.3.2 HanNIMAFaUIALAIA LA DIAIBUTIARINNAFDIAL

Stopped 3
CHISZO06V|:
01—

o o :
TEUUIAN | ......... .........

aanuuy et

TEULIADNIDI

=Filers =Otfeetn =Record Length= =Triggers
8moolthing : ON  CH1 : ooov Main 1 10K Mode : SINQLE
BW : 20MHz CH2 © o000V Zoom . S00 Type : EDGE CH1 ¢
Delay : 0.0ns
Hotd OFf 02us

31N 4.16 NAMITNARDUAIUTIGUD UWAFINAL
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AN 4.3 HAMINATOLUTIAUNIAIINTEULIAIIFINULTIGUINBaNTDILIALAA 12

LADIAUTIAUDUNRRT IR

Divider (V) Reference (kV)
1.56 33.825
3.13 62.64

4.553 92.978
6.093 124.444
8.56 173.721

NNLEAIA N UFN NI TEN I LTI RATA N T2 LIRS BIN LTI 88NVl ALA

uend 31]171 4.17
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i . a . o -~ a . = a i &
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Stopped ¥ 2008/02/18_20:14:51
: CHZ=500mV: : : L ms/div
Dc 11 : : T (romssEv)

... HORMEIOKS /s

=Tface2= | Avg

A
sFitterm =0Offsetm =Record Length= =Trigger=
Smoothing : ON  CH1 :  0.000V Main 0 10K Mode : NORMAL
BWY @ 2004H2 CHZ . 0.000V Zoom : 1K Type . EDGE LINE
Delay : 0.Ons
Hold Off : 02us

;zﬂﬁ 4.20 HANINAROUNARSUTU IHINAIAIMIIAUTIILINATEAULTION 20 KV

Stopped 4 2008/02/18_20:1537
: T CH2=500mV: : : T ms/div

Dc 11 : : *(10me/dv)
‘ 5 : : MORM100kS /5

=fiter= =0{fgeln =Record Length= =Triggers
Smoothing : ON CH1 : 0.000V Main @ 10K Mode | NORMAL
BW . 20MHz CH2 : 0.000v Zoom 10K Type | EDGE LINE
Delay : 0.0ns
Hold Off : 02us

‘J L F=3 L5 [ { L g
E‘ll'n 4.21 HﬂﬂﬂiﬂﬂﬁaﬂﬂﬂﬁaU’ﬁUINLﬂﬁﬂ'lﬂ'ldﬂ’lu’ﬂ"ldlj')ﬂﬁizﬂuufdﬂu 30 kV



Stepped ] 2008/02/18 20:17:14
: CHz2=1vV : : S 10ms/div

DG 11 : : S (10ms/div)

: : : HNORM 100kB /s

I e
CH2 v/DIV : : H : : viov
VAR tv
=Fiters =0ffset= =Record Lengths =Trigger=
Smoothing : ON  CH1 . 0000V Main . 10K Mode ;| NORMAL
BW @ 20MHz CH2 : 0.00v Zoom : 10K Type : EDGE LINE
Detay 0.0ns
Hold OfFF 02us

gﬂﬁ 4.22 HATNINARAUNARIUTUIWINFAIM NI UTILINATZOULTIAU 40 kV

Stopped 3 2008/02/18 20:18:06
: CHzmiv : : © 10ms/div
L1 2 H B : : : (1oms/dv)

CH2
v/OIY
1v

gﬂﬁ 4.23 HANINAFEUNARSUTULALNAAINIITIUTHNUINATLALUTINN 50 KV
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Stopped b 2008/02/18 2(:19:01
: . CHz=1V : o 10ms/div
o 5 I : : © (10ms fdiv)

NORM:100k8/s

mTtace?s | Avg | 1.507)

=Fllers =Offsetn =Record Lengthm =Trigger=
Smoothing : ON  CH1 : D000V Main © 10K Mode | NORMAL
BW © 20Mitz cH2: 0oV Zoom : 10K  Type : EDGE LINE
Detay : 0.0ns
Hold OFF 02us

5111 4.24 HANINARBUNARBUTUIWINFRIN N UTIILINATLALUUTIOU 60 KV

al

A et H‘ a Qs s - bt g ot
a7 N 4.4 Nami'nﬂaauLtsmumﬂmni:umﬂa'maanmrimumaanmaa‘uamuM

(NEAINIFIUTINLIN
Ref (kV) FRHUIN (V)

10.2 0.254
20 0.5
30.2 0.756
40 1

50 1.25
60.2 1.506
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AN LEAIA U FNWUETT ML TIGUATPN T2 U LR8I LU TIR U 80 NTBITUIWINR

AIMNNMUTIILIN ﬁogﬂﬁ 4.25

70

60

50

40

(kV}

30

20

10 /
o

Input voltage from reference

0 62 0.4

T T T T T L]

06 c.8 1 1.2 1.4 1.6

Output voltage (Vac)

gﬂﬁ 4.25 @UFUAUTTENINULIIAUNIAINT LU a9 BN LLTId U aanuItulWing

AT uTIuIN

4.1.4.2 uanrmadausuldinadinieamzivau

2008/02/18_20:29230

Stopped

3

CHZ=200mV: T 10ms/div
DC 11 P (10mg/div)

NORM: t0CkS /3

=Filterm =Otfsetn =Record Lengthe =Trigger=
Smoothing : ON  CH1:  0.000V Mai © 10K Mode 1 NORMAL
BW | 206z CH2 :  0.000v Zoom : 10K  Type : EDGE LINE
Delay : 0.0n3
Hoki OFF 0.2us

A L rF-9 v » d' Lo L%
gﬂn 4.26 HANINARDLTUIWINEAIMIINIUTIRUNIZAUUITINY 10 KV



Stopped 4 2008/02/18 203105

CH2=500mV: : : . 10ms/div
Lo 5 : 1 (10ms Adiv)

NORM: Imksl s

=Trace?= fAvg -510.6a% '

aFitera =0t feel= =Record Length= =Trigger=
8moothing : ON CH1 : 0.000v Main : 10K Mode ;| NORMAL
BW | 200z CHz 0000V Zoom ;10K Type . EDGE LINE
Delay : 0.0ns
Hold OFt : 02us

gﬂﬁ 4.27 LamMImMARaUTU WA M ISIUT AL TZA UL TIA U 20 KV

Stopped q 2008/02/18 20:23100
: CHZ=500mV: : 10ms/div
pc 11 : : L (10ms/div)

HORMC100KS/6

=Trachze ﬂvg -7 0¥ |

sFiters =Offsets =Record Lenglhs =Triggers
Smoothing : ON CH1 @ 0.000v Main 10K Mode | NORMAL
BYW :© 20Miz CH2 :  0.000v Zoom [ 10K Type : EDGE LINE

gﬂﬁ 4.28 NaN AT UTUTWINAA MG IUT 1AL ATZAVUITINK 30 KV



Stopped 1 2008/02/1B _20:23:50
: CH2=1V : : : o loms/div

DC 111 : : ¢ (10ms/div)
: : NORM:100kS /s

miraceze Avg -1.000v (1 i G
A O [ 4
“Gevpy ] R B
VAR v
=Fiter= =Offsel= =Record Length= wTriggers
Smoothing : ON  CHI : 0.000v Main : 10K Muode | NORMAL
BW . 20MH2 CH2 : 000V Zoom : 10K Type : EDGE LINE
Detay 0.0ns
Hold OFF : 0.2us

gﬂﬁ 4.29 HamINAFaUTUIWINER IS IUT HRUNTZAUUTIAU 40 KV

Stopped 1 2008/02/18 20:76:33
: CHZ=1lV : : . 10ms/div
bc T : : ; (10ms/div)

NORM:100kS /s

=Tracez= Avg -1.264Y

=FRtere =0ffset= =Record Length= =Trigger=

Smoothing : ON CH1 @ 0.000V Main © 10K Mode | NORMAL

BW : 20MiHz cH2 : ooV Zoom : 10K  Type ! EDGE LINE
Delay 0.0ns.
Hold Off : 02us

gﬂﬁ 4.30 HANMINAFAUTU IWINERIMIITIUTIRUNTZAVLTIAU 50 KV



Stopped y

2008/02/18 20:27:01

CH2=1v
DG 111

T l0ms/div
D (10ms/div)
NORM100kS /s

gﬂﬁ 4.31 HANINARAUTU LIANEA NI UT IR U AT A ULTIN® 60 KV

=Trigger=

Mode ; NORMAL

Type : EDGE LINE
Delay : 0.0ns.
Hold Off D2us
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A19519N 4.5 HAMINATAULNAUATIAINTEUUIN 1 BINU LA UITD AN DIV AITUIWING

AMNATWT I
Ref (kV) TR (V)

101 0.252
20 0.51

30.2 0.765

40.3 1.016

50.2 1.259
60 1.519

NFIALEIIN NN FUAUTIZMIILTIAWNIANIZ UL IR 51BN UL TId w0 o nVaITU IWIna

A uTI9aL ﬁogﬂﬁ 4.32




62

(kV)

70 -

60 y = 38.496x R
50 —
40 /

30
20 /

10 /

0 /

Input voltage from reference

0 0.5

T T 1

1 1.5 2
Output voltage (Vac)

‘I o o ) e d‘ ar el s o b A o
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) 123 9w A 4 ar d' &
szussylurie PVC moluszussaie sFg 13 3 bar e unaugogaiianansnaanawnld
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE TEST TECHNIQUES -

Part 2: Measuring Systems

FOREWORD

1) The IEC {Intemational 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 all 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
subject dealt with may participate in this preparatory work. International, governmental and
non-governmental organizations liaising with the IEC alsc participate in this preparation.  The IEC
collaborates closeiy with the intemational Organization for Standardization (ISO) in accordance with
conditions determined by agreement batween 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 interast therein are represented, express, as nearly as
possible, an international consensus of opinion on the subjects dealt with.

3) They have the form of racommendaticns for international use published in the form of standards, technical
reports or guides and they are accepted by the National Committees in that sense.

4) In order to promote intemational unification, IEC Nationai Committees undertake to apply IEC International
Standards transparently to the maximum extent possible in their national and regional standards. Any
divergence between the IEC Standard and the correspending national or regional standard shall be clearly
indicated in the latter.

§) The IEC provides no marking precedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with one of its standards.

International Standard IEC 60-2 has been prepared by {EC technical committee 42: High-
voltage testing techniques.

This second edition cancels and replaces IEC 60-3, Measuring devices, pubiished in 1976,
and |EC 60-4, Application guide for measuring devices, published in 1877. This second
edition constitutes a technical revision.

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

DIs Report on voting

42(CO)54 42(CO)57

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

IEC 60 consists of the following parts, under the general title: High-voltage test techniques:

— Part 1: 1989, General definitions and test requirements
- Part 2: 1994: Measuring Systems

Annex A forms an integral part of this standard and provides normative requirements for
countries choosing to use accreditation systems.

Annexes B to G are for information only.
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HIGH-VOLTAGE TEST TECHNIQUES -

Part 2: Measuring Systems

1 Scope

This pant of IEC 60 is applicable to complete Measuring Systems, and to their components,
used for the measurement of high-voltages and currents during tests with direct voltage,
alternating voltage, lightning and switching impulse voltages and for tests with impulse
currents, or with combinations of them as specitied in IEC 60-1.

The limits on measurement uncerlainties stated in this International Standard apply to test
levels stated in IEC 71-1. The principles of this International Standard apply also to higher
levels but the uncertainty may be greater.

This standard:

— defines the terms used,
- states the requirements which the Measuring Systems shall meet,

— describes the methods for approving a Measuring System and checking its components,

— describes the procedure by which the user will show that a Measuring System
meets the requirements of this standard.
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2 Normative references

The following normative documents contain provisions which, through reference in this
text, constitute provisions of this part of IEC 60. At the time of publication, the editions
indicated were valid. All normative documents are subject to revision, and parties to
agreements based on this part of IEC 60 are encouraged to investigate the possibility of
applying the most recent editions of the normative documents indicated below. Members
of IEC and ISO maintain registers of currently valid International Standards.

IEC 50(301, 302, 303): 1983, Intemational Electrotechnical Vocabulary (IEV) — Chapter 301:
General terms on measurements in electricity; Chapter 302: Electrical measuring
instruments; Chapter 303: Electronic measuring instruments

IEC 50(321): 1986, International Electrotechnical Vocabulary (IEV) — Chapter 321:
Instrument transformers

IEC 51, Direct acting indicating analogue electrical-measuring instruments and their
accessaories

IEC 52: 1960, Recommendations for voltage measurement by means of sphere-gaps (one
sphere earthed)

IEC 60-1: 1989, High-voltage test techniques — Part 1: General definitions and test
requirements

IEC 71-1: 1993, Insulation co-ordination — Part 1: Definitions, principles and rules
IEC 790: 1984, Oscllloscopes and peak voitmeters for impulse tests
IEC 833: 1987, Measurement of power-frequency electric fields

IEC 1083-1: 1991, Digital recorders for measurements in high-voltage impulse tests —
Fart 1: Requirements for digital recorders
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3 Definitlons and symbols
For the purposes of this part of |EC €0, the following apply.

3.1 Measuring Systems

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

NOTES

1 A Measuring System usually comprises the following compenents: 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
fransmission system connecting the output terminals of the device to the indicating or recording instruments
with its attenuating, terminating and adapting impedancas or networks, and indicating or recording instru-
ments together with any connections to the power supply. Measuring Systems which comprise only some ot
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
eloment, for example, a high-voltage capacitor of a capacitor divider may ccnsist 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:

— an initial 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 of other systems by making simultaneous comparative
measurements with specific types of wavetorm 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 specitied 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 voitage divider: Converting device consisting ot a high-voltage and a low-voitage
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]

NOTE - The elements of the two arms are usually resistors or capacitors or combinations of these and the
device is described by the type and arrangement of its elements (for example, resistor, capacitor or resistor-
capacitor).

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

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

3.2.5 current-measuring shunt; Resistor across which the voltage is proportional to the
current to be measured. [IEV 301-06-05, madified]

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 circuit is a wide-band current transformer.

3.2.8 electric-field probe: Converting device for the measurement of the amplitude and
waveform of an electric field.

NOTE - An slectric-field probe may be used to measure the waveform of the voltage producing the field
provided that the measurement is not affected by corona.

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

1 A transmission system generally consists of a coaxial cable with its terminating impedance, but it may
include attenuators or other devices connected between the converting device and the instrument. For example,
an optical link includes the transmitter, the optical cable and the receiver as well as related amplifiers.

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

3.4 indicating or recording instrument: Device intended to display or provide 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 tactor 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 mere 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).

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 may be dimensionless (for example, the ratio of a divider}
or may have dimensions (for example, the impedance of a high-vollage measuring impedance).

3.5.3 scale factor of a transmission system: Factor by which the output of a
transmission system is to be mulitiplied 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
several 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 1, (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 fult lightning and tail-chopped impuises and for current
impulses

the time to chopping T_ 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 wavetorms. For example, a
particular Measuring System might be approved:

- for tull lightning impulses with an Assigned Scale Factor F, over a Nominal Epach 1., from T, =
08psto T, =12ps

- for front-chopped lightning impulses with an Assigned Scale Factor F, over a Nominal Epoch 1,
from T =05pst0 T =09 ps

~ for switching impulses with an Assigned Scale Factor F, over a Nominal Epoch Tna from Tp =
200 ps to 7 = 300 ps.

2 r~Front-chopped impuise” is used to designate a chepped impulse with a time to chopping in the range
0,5 us to 2 ps as distinct from a "tail-chopped impulse” which has a time to chopping greater than 2 ps.
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3.6.2 response of a Measuring System G: QOutput, as a function of time or frequency,
when a specified voltage or current is applied to the input of the system.

3.6.3 amplitude/frequency response G(f): Ratio of the output to the input of a Measuring
System as a function of frequency f, when the input is sinusoidal (see figure 1).

3.6.4 step response G(f): Cutput of a Measuring System as a function of time when the
input is a step function.

3.7 Response parameters

3.7.1 response parameters: Parameters which are derived from the measured amplitude/
frequency response or the measured step response by applying the specified procedure.

3.7.2 limit frequencies f; and f,: Lower and upper limits of the range within which the
amplitude/frequency response is nearly constant. These limits are where the response first
deviates by +3 dB from the constant value (see figure 1).

3.7.3 Reference Leve! I, (impulse measurements only): Mean value of the step
response taken over a Nominal Epoch (see figure 2).

NOTE - A Measuring System may have more than one Reference Level, for example, it may have different
scale factors for different waveforms (see 3.6.1 and figure 2).

3.7.4 virtual origin of a step response O,: Intersection with the time axis of a straight
line drawn as a tangent to the steepest portion of the front of the step response. In the
case of a response with oscillations on the front, a mean curve is drawn through the oscil-
lations and used to determine the tangent line. Any initial distortion is neglected when
drawing the tangent line (see figure 3a).

NOTES

1 Al time values are measured from the virtual origin O,.

2 For a smooth response, or for a smooth curve drawn through osciliations, the steepest portion will occur
near the beginning of the response.

3.7.5 normalized step response g(f): Step response normalized such that a Reference
Level becomes unity.

NOTE - A Measuring System has a normalized step response for each Reference Level.

3.7.6 step response integral T(f). Integral from O, to t of one minus the normalized
step response g(t), but with the initial portion of g(f) replaced by the straight line drawn to
determine O, (see 3.7.4).

T
Tt = [ (1 - gtx)) o
o!
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3.7.7 experimental response time T,: Value of the step response integral at t__
(see 3.6.1):

T, = Tt )

max

3.7.8 partial response time T,: Maximum value of the step response integral (see figure 3b).

NOTE - Usually Tu = T(t,) where t, is the time when g(1) first reaches unit amplitude.

3.7.9 residual response time T(t,): Experimental response time minus the value of the
step response integral at some specific time £ where f, <.

Talt) = Ty - T(%)

3.7.10 overshoot B: Amount by which the maximum value of the normalized step
response g(1) exceeds unity.

3.7.11 Initial distortion time T,: Area bounded by the zero line, the normalized step
response g(#) and the straight line used to determine O, (see figure 3a).

3.7.12 settling time ¢ : Shortest time for which the residual response time T(t)
becomes and remains less than 2 % of t:

| Ty - T <0,02 1,

for all values of tin the epoch from £, to {see figure 3b).

tmax

3.7.13 Equivalent Time 7.: Time parameter of calibration waveforms that:

- for direct voltage T is equal to 100 ms (arbitrary),
- for alternating voltage T is equal to one quarter of the period,

-~ for impulses TE is equal to the time to peak Tp (for lightning impuises, use definition
of Tp for switching impulses).

3.8 overall uncertainty e: Estimate characterizing the range of values around the result
of a measurement within which the true value of the measurand could lie; it is the combi-
nation of many individual uncertainties due to the presence of many influence quantities.

NOTE - #t is assumed that most of the sources of uncertainty considered in this standard have a random
character and can be regarded as indepandent; the preferred estimate for the overall uncentainty e is:

where g and e@ach e, are expressed at the same confidence level.
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3.9 Rated values

3.9.1 Rated Measuring Voltage or Rated Measuring Current: Maximum level of
voltage or current of specified frequency or waveform at which a Measuring System can
be used within the uncertainty limits given in this part of IEC 60.

3.9.2 operating voltage or current range: Range of voitage or current of specified
frequency or waveform in which a Measuring System can be used within the uncertainty
limits given in this part of IEC 60.

NOTE - The limits of the operating range are chosen by the user and verified by the Performance Tests
specified in this part of IEC 60.

3.9.3 operating time (for direct or alternating voltages): Time during which the
Measuring System can operate at its Rated Measuring Voltage within the uncertainty limits
given in this part of IEC 60.

3.9.4 maximum rate of application (for Impulses): Maximum rate of application
of impulses with a specified waveform, at which the Measuring System can operate
within the uncertainty limits given in this part of IEC 60 for a specified time at its Rated
Measuring Voltage or Rated Measuring Current. :

3.10 Definitions related to tests

3.10.1 acceptance test: Test on a device or Measuring System before it is accepted for
use. The acceptance test includes type tests {performed on a device of the same design)
and routine tests (performed on every device) to assess its specitic characteristics, for
example, measurement of temperature coefficient of an element, withstand test, etc. In
addition, the acceptance test on a Measuring System includes the first Performance Test.

3.10.2 Performance Test: Test on a complete Measuring System to characterize it
under operating conditions.

3.10.3 Performance Check: Simple procedure to ensure that the most recent Perform-
ance Test is still valid.

3.10.4 Reference Record {Impuises measurements only): Record taken under spe-
cified conditions in a Performance Test and retained for comparison with records to be
taken in future tests or checks under the same conditions (see 9.3.2, 10.3.2, and 11.3.2).
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4 Procedures for qualification and use ot Measuring Systems
4.1 General principles

Approved Measuring Systems are required to undergo acceptance tests followed by tests
and checks throughout their service lives.

The foliowing are usually necessary:

- acceptance tests on system components (required once only),
- Performance Tests on the system (periodic, see 4.2),
- Performance Checks on the system (periodic, see 4.3).

A major requirement for converting devices, transmission systems and measuring ins-
truments used in Measuring Systems is stability within their specified range of operating
conditions so that the scale tactor of the Measuring System remains constant over long
periods.

The scale tactor is determined in the Performance Tests.

Test facilities shall use the tests given in this part of IEC 60 to quality their Measuring
System(s). Alternatively, any test facility may choose to have the Performance Tests made
by a National Laboratory or by an Accredited Calibration Laboratory: in this case the
period of validity of each catibration is set by the National Laboratory or by the Accrediting
Body.

Countries which choose to employ accreditation procedures to provide certified traceability
in the implementation of this standard, shall meet the requirements given in annex A.
Annex A is not applicable to the countries which do not choose to employ accreditation
procedures.

Tables summarizing the tests to be performed on each type of Measuring System are
given in annex F.

4.2 Schedule of Performance Tests

To maintain the quality of a Measuring System its Assigned Scale Factor(s) shall be deter-
mined by the Performance Tests of clause 6 repeated pericdically: it is recommended that
the tests of clause 6 should be repeated annually and in any case it shall be repeated at
least once every five years.

Performance Tests shall be made after major repairs to the Measuring System and
whenever a circuit arrangement which is beyond the limits already given in the Record of
Performance is to be used.

When Performance Tests are required because a Performance Check shows that the
Assigned Scale Factor has changed significantly, the cause of this change shall be
investigated before the Performance Tests are made.
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4.3 Schedule of Performance Checks

Performance Checks shall be made at intervals based on the recorded stability of the
Measuring System as shown in the Record of Performance.

Initially Performance Checks shall be made at short intervals to determine this stability.

Performance Checks are described in 7.4, 8.4, 9.4, 10.4, and 11.4.

No reference method is identified for the Performance Checks because the required accu-
racy is less than that required for Performance Tests: users requiring higher accuracies
should repeat the Performance Test more frequently.

4.4 Requirements for the Record of Performance

4.4.1 Contents of the Record of Performance

The results of ail tests and checks with the conditions under which the results were
obtained shall be kept in the Record of Performance established and maintained by
the user.

An outline of the Record of Performance is given in 4.4.3, the full format of the recom-
mended Record of Performance is given in annex B (informative), clauses B.1to B.6 and a
minimal form is given in ¢lause B.7.

4,42 Exceptions

In the case of apparatus or equipment manufactured before the date of issue of this standard,
it the evidence required in some of the acceptance tests (for example, 5.6 and 5.9} is not
available, then Performance Tests (in accordance with clause 6) and checks made in
accordance with earlier standards are deemed to be adequate provided they show the
scale factor is stable. The results of these previous checks shall also be entered in the
Record of Performance.

Approved Measuring Systems comprising several pieces of equipment used interchange-
ably, may be covered by a single Record of Performance including all the combinations
possible with the least amount of duplication possible. Specifically, each converting device
shall be covered individually, but transmission systems and instruments may be covered
generically so that a range of cable lengths or similar instruments which meet the require-
ments of the relevant IEC standard may be indicated.

4.4.3 OQvutline of a Record of Performance
It is recommended that the format of each Record of Performance be as tollows:
Chapters A: General descriptions of the Measuring System (see clause B.2)

Chapter B: Resuits of acceptance tests on converting devices, transmission systems
and measuring instruments (see clause B.3)
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Chapter C: Results of routine tests on the Measuring System, when performed (see
clause B.4)

Chapters D: Resulits of Performance Tests on the Measuring System (see clause B.5)

Chapters E: Results of Performance Checks on the Measuring System (see clause B.6)

The successive chapters are identified by an ordinal number when needed (for exampie,
Chapter A1 is the first general description of the system, Chapter A2 the description of the
system after the first significant change, etc., Chapter D1 the initial Performance Test of
the system, Chapter D2 the second one, etc. but Chapter B and Chapter C will not need
repetition). For details see annex B. ,

The Assigned Scale Factor to be used shall be the one determined at the latest Perform-
ance Test and shall be filed under the latest Chapters D.

4.5 Operating conditions

An Approved Measuring System for voltages shalt be connected directly to the terminals of
the test object. The parasitic coupling between the test and measuring circuits should be
minimized.

An Approved Measuring System for currents shall be connected in series with the test
object.

An Approved Measuring System is usually designed for operating within the required limits
of uncertainty in dry service conditions and in the absence of pollution.

Unless otherwise specified, Measuring Systems for direct and alternating voltages shall be
designed for continuous operation.

Unless otherwise specified, the maximum rate of application for Measuring Systems for
impulses shall be two per minute.
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5 Acceptance tests on components for an Approved Measuring System

5.1 Applicability

The tests described in this clause are required for components of Measuring Systems.
However these tests are not required for transmission systems which consist only of cables
nor for instruments which meet the requirements of the relevant standard referenced in
clause 2. Some of these tests cannot be performed on existing equipment (see 5.6 and 5.9);
for these cases see 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:

- simuitaneous measurements of its input and output quantities,
- abridge 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 volages (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 aiternative 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 manutacturer's data or demonstrated by successive
Performance Tests.

5.6 Temperature effect

The variations of the scale factor 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 ot 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 ditferent
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 ar ranges of distances.
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5.8 Dynamic behaviour of a component

The response of the component shall be determined in a Measuring System representative
of its operating conditions, particutarly 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 iow 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 /44 of the partial response
time T .

o

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 fevel of 110 % of the Rated Measuring Voitage 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
tc 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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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-voitage 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 aiso 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
Reterence 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 comparisen may be made at voltages or currents
as fow as 20 % of the Rated Measuring Valtage 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 paraliel (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 2 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:

2
cor [ EF-FY
-1

1 A rounded value F_ may be taken as the Assigned Scale Factor if, introduced in place of £_ in tha formula
for s, it gives the value of s less than 1 % of F_.

is less than 1 % of Fm.

NOTES

2 For measurement of direct and 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 leve! (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 pans 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 converling 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 oscilioscope 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 scaie 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
tactor shalt 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 mutuat influence of the components are included in the
measurement).

The scale factor of an instrument is determined according to the relevant IEC 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-
meters 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 Reterence Measuring System,

- 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) AMernative 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 apptied; 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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7 Measurement of direct voltage

7.1 Requirements for an Approved Measuring System

The general requirement is to measure the value (arithmetic mean) of the test voltage with
an overall uncertainty within £3 %.

The uncertainty limits shall not be exceeded in the presence of ripple, the magnitude of
which is within the limits given in IEC 60-1.

NOTE - Attention is drawn to the possible presence of alternating voltages coupled to the Measuring
System and aftecting the reading of the measuring instrument.

7.1.1  Stability of the scale factors

The scale factors of the converting device and the transmission system shall not vary by
more than +1 % within the ranges of the ambient temperature and humidity given in the
Record of Performance.

A converting device for direct voltage shall be constructed so as to conduct directly to
earth all leakage current on its external surfaces and to keep internal leakage current
negligible relative to the measuring current.

NOTE - To maintain a low ratio between the leakage and measuring currents, a measuring current as high
as 0,5 mA at the rated voltage may be necessary.

Measuring instruments shali comply with the requirements of class 0,5 of IEC 51 or shall
be tested according to this standard.

7.1.2 Dynamic behaviour for measuring rising voltages

The experimental response time Ty, of an Approved Measuring System shall not be larger
than 0,5 s. This will permit measurement with the accuracy required by 7.1 when the
voltage is increased at the rate specitied for dielectric tests in IEC 60-1.

NOTES

1 In some cases the response time of a converting device is kept much lower than 0,5 s to improve its
behaviour in case of flashover in the test circuit. However, to avoid ripple on the high-voltage source affacting
the measured valus, the response time of the Measuring System {which includes the measuring instrument)

should be greater than 5/f where f is the fundamental frequency of the ripple.

2 In certain cases, for example, in poliution tests, it may be necessary to detect and measure transient
compenents. No requirements for this are given here, but some guidance may be obtained from clause 9.

7.2 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.
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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),
— wet or polluted withstand test on the converting device (if required) (5.9),

— dynamic behaviour (5.8).

Routine tests:

— determination of the scale factors (5.2),

— linearity test (5.3, additional alternative methods 7.2.1),
- short-term stability (5.4),

- dry withstand test on the converting device (5.9).

7.2.1 Linearity test: requirements and additional alternative methods

The linearity test shall be made according to 5.3 using each polarity with which the system
is to be approved.

Additional alternative methods are:
a) Comparison with a rod/rod gap

The Measuring System shall be checked against a rod/rod gap, as shown in figure 18
of IEC 60-1, and within the limits of gap spacing and humidity given in clause C.2 of
the same publication. The test shall be made with gap spacings corresponding to the
minimum and maximum values of the operating voitage range and at three approxi-
mately 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 no corrections need be applied.

The procedure given in clause C.3 of IEC 60-1 is used except that no atmospheric
corrections need 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) Specific test for multi-section devices

For a converting device made of several identical high-voltage units, the test shalt be
made by first checking the linearity of each unit as described in 5.3 and then by check-
ing the assembled units at Rated Measuring Voltage by comparing the current into the
high-voitage end of the device with that out of its tow-voltage end. The measured
values shall not differ by more than £1 %.
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c) Comparison with input voltage of a linear a.c./d.c. converter

The output of the Measuring System shall be checked against the peak value of the
alternating voltage input to the rectifier network. 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 peak value of
the alternating voltage input to the rectifier is within £1 % of their mean value then the
Measuring System can be considered linear.

7.3 Performance Test on Measuring Systems

The Assigned Scale Factor shall be determined according to 6.2.

7.4 Performance Check

The scale factor of an Approved Measuring System shall be checked by one of the follow-
ing methods.

a) Check of the scale factors of its components

The scale factor(s) of each component shall be checked, using internal or external
calibrators having an uncertainty within £1 %. If the difference of each scale factor from
its previous value is not larger 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 determined (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 used according to
appendix C of IEC 60-1. When the difference between the two measurad values is
within £3 %, the Assigned Scale Factor is taken as valid. When the ditference is larger,
then a new value of the Assigned Scale Factor shail be determined (see third para-
graph of 4.2).

7.5 IEC Standard Measuring Device

The rod/rod gap, designed and used in accordance with appendix C of IEC 60-1, is an |IEC
Standard Measuring Device for direct voltage with an uncertainty within +3 % (see E.3).

7.6 Measurement of ripple amplitude
7.6.1 Requirements for an Approved Measuring System

The ripple amplitude shall be measured with an overall uncertainty within £10 % of the
ripple amplitude or £1 % of the arithmetic mean value of the direct voltage, whichever is
larger.

Separate Measuring Systems may be used to measure the mean value of the voltage and
the ripple amplitude, or the same converting device can be used with two separate
instruments.
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The tests specified in 7.6.2 and 7.6.3 shall be applied only to systems used to measure
the ripple amplitude ang are Performance Tests.

7.6.2 Measurement of the scale factor at the ripple frequency

The scale factor of the Measuring System shall be determined at the fundamental
frequency f of the ripple, with an uncertainty within +3 %. This scale factor may be deter-
mined as the product of the scale factors of the components.

7.6.3 Dynamic behaviour

The upper limit frequency £, of the amplitude/frequency response of the Measuring System
shall be greater than 10 times the fundamental frequency f of the ripple.
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8 Measurement of alternating voltage

8.1 Requiremaents for an Approved Measuring System

The genaral 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 Stabilily of the scale factor

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

Measuring instruments shali comply with the requirements of class 0,5 ot {EC 51 or shall
be tested according to this standard. if a peak voltmeter is used, its uncertainty shali be
within 11 %.

8.1.2 Dynamic behaviour

The amplitudefrequency response of the Measuring System shall not vary by more than
12 % between 0,2 times and seven times the frequency of the test voltage. When the
presence of the test object enhances the harmonic content 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 measure voltage transients superimposed on an alternating volt-
age. No requirements for this are given here but some guidance may be obtained from clause 9.

2 Some sources do not generate harmonics (for example, series rasonant 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 shali 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-voitage units a test consist-
ing of the following three steps shall be made:

— a type 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. I1f 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 vcltage 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 factor shall be determined using a known sinusoidal voltage of rated frequency.

NOTE - Indicating 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 ditfers 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 [EC 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 determined again (see third paragraph of 4.2).

8.5 IEC Standard Measuring Device

The sphere-gap, used according to 1EC 52, is an |IEC Standard Measuring Device for the
peak value with an uncertainty within £3 %.
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9 Measurement of lightning impulse voltage

9.1 Requirements for an Approved Measuring System

The general requirements are:
— to measure the peak value of full impulses with an overall uncenainty within £3 %,

- to measure the peak value of chopped impulses with an overall uncertainty e which
is dependent on the time to chopping T_ as follows:

for front-chopped impuises e< 15 %
(0,5us < Tc < 2 ps)
for tail-chopped impulses e<13 %
(for T, 2 2 us)
- to measure the time parameters which define the waveform with an overall un-
certainty within £10 %,

- to measure oscillations which may be superimposed on an impulse to ensure that
they do not exceed the permitted levels given in IEC 60-1.

NOTES
t Chopped impulses with 7, < 0,5 us are under consideration,

2 No recommendations are given for the measurement of vollage ccllapse since no IEC apparatus
committee has yet specified a requirement.

9.1.1  Stability of the scale factor

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.

The measuring instrument shall comply with IEC 790 or IEC 1083-1,

9.1.2 Dynamic behaviour

The dynamic behaviour of a Measuring System is adequate for the measurement of peak
voltage and time parameters over the range of waveforms specified in the Record of
Performance when:

— the scale factor is constant within the following limits:
within 1 % for full and tail-chopped impulses
within £3 % for front-chopped impulses

— the uncertainty of the time parameters measured by the system is within £10 %.

To reproduce oscillations that may be superimposed on an impulse, the relevant limits on
the upper limit frequency 1, of the Measuring System or on the partial response time Ty
should be:

for oscillations on the peak: f,>5MHzor 7, <30 ns

for oscillations on the tront: f2 > 10 MHz or Ta <15ns
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Historically, one Measuring System has been used 10 measure ail of the required quanti-
ties, i.e. the peak value, the time parameters, and oscillations. However, many systems
which could be approved for measurements of peak value and time parameters cannot be
approved for measurements of oscillations. In this case a Measuring System may be
approved for measurements of peak voltage and time parameters while an auxiliary
system is approved for measurements of oscillations (at a lower voltage if necessary).

9.1.3 Connaection to the test object

The converting device shalt be connected directly to the terminals of the test object. The
converting device shall not be connected between the voltage source and the test object.
The lead to the converting device shall carry only the current to the Measuring System.
The converting device should be placed so that coupling between the test and measuring
circuits is negligible.

9.2 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 perlormed 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 tactors (5.6},

long-term stability (5.5),

proximity effect (if required) (5.7),

wel or polluted withstand test on the converting device (it required) (5.9),

interference test on a transmission system with active elements (6.4),

dynamic behaviour {5.8).

Routine tests:
— determination of the scale factors (5.2),
- linearity test (5.3, additional alternative methods 9.2.1),

— shori-term stability (5.4),

-~ dry withstand test on the converting device (5.9).
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9.2.1 Linearity test: requirements and additional alternative methods

Linearity tests shall be made according to 5.3 using each polarity for which the system is
to be approved and lightning impulses with a single waveform. Full lightning impulses may
be used to establish the linearity of Measuring Systems for chopped lightning impulses.

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

The Measuring System shall be checked against a sphere-gap used according to 9.5.
The test shalf be made with gap spacings corresponding to the minimum and maximum
values of the operating voitage range and at three approximately equally spaced gap
settings between these exiremes.

The complete linearity test shall be made in a short time so that no atmospheric changes
occur and hence no corrections need be applied. If each of these five ratios of the dis-
ruptive discharge voltage of the sphere-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 converting devices

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

— a type test on an equivalent complete converting device (equipped with its elec-
trodes) according to 5.3,

~ alinearity test of each unit according to 5.3,

- the assembled converting device shall be free from visible corona at the Rated
Measuring Voltage.

¢} Comparison with charging voltage of the impulse generator

The Measuring System shalil be checked against the charging voltage of the impulse
generator. 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 these five ratios of the measured voltage to the corresponding charging voitage
is within £1 % of their mean value then the system can be considered linear.

NOTE - In this method the charging conditions at the instant of firing the impulse generator should be the
same.

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 test 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 ratios of the measured voltage to the corresponding measured electric tieid
is within £1 % of their mean value then the Measuring System is considered linear.
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9.3 Performance Test on Measuring Systems
The following tests shall be made:

— determination of the Assigned Scale Factor (9.3.1),
- dynamic behaviour (9.3.1),
- interference test (6.4).

9.3.1 Determination of the Assigned Scaie Factor and Nominal Epoch(s)
(dynamic behaviour)

a) Reference method

The Assigned Scale Factor and dynamic behaviour of the Measuring System shall be
determined by comparison with a Reterence Measuring System, using the procedure
given in 6.2 a) and 6.3 a). The Nominal Epoch shall be determined by using impulses
with two ditferent waveforms such that:

For full and tail-chopped impulses:

- the shorter front time gives t ; (see 3.6.1),

- the longer front time gives ¢ . (see 3.6.1},

- both these waveforms should have the longest time to half-value (approximately)
for which the Measuring System is to be approved.

For front-chopped impulses

-~ the shorter time to chopping gives tnin

(see 3.6.1),

- the longer time to chopping gives (see 3.6.1).

tmax
Alternatively, one of the following tests may be used:

b) Comparative Measurement using impulses with a single waveform supplemented by
a measurement of the step response

A comparative measurement shall be made against a Reference Measuring System
according to 6.2 a) and 6.3 a) using full impulses with a front time 7, ,, and a time to
halt-value approximately equal to the longest time to halt-value 7, _ tor which the
Measuring System is to be approved.

In addition the step response of the Measuring System shall be measured according to
5.8.2. The Reference Levei(s) of the Nominai Epoch(s) for which the system is to be
approved shall not ditfer from the value of the step response at the time T, , by more than:

11 % for full and tail-chopped impulses

13 % for front-chopped impulses
or if there are high-frequency oscillations on the step response in the Nominal Epoch,
then it shait be shown that:

- the settling time t_ is less than f_. for full and chopped impulses,

— the residual response time Tg(t} is less than #/200 throughout the Nominal
Epoch for front-chopped impulses.

The step response shall not change by more than 5 % in the range ¢ in 10 Ty, Where

mi
Tomax IS the longest time to half-vaiue for which the system is to be approved.
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C) Measurement of the scale factors of the components and determination of the
response parameters from the step response

The Assigned écale Factor of the Measuring System shall be determined according
to 6.2 b).

The step response of the Measuring System shall be measured according to 5.8.2. The
step response shall be constant within 1 % from {min UP tO the Equivalent Time TE of
the waveform used for the measurement of the Assigned Scale Factor (see 3.7.13).

For full and tail-chopped impuises the step response shall be constant within £1 % for
the Nominal Epoch. Alternatively, it there are high-frequency oscillations on the
step response, it is sufficient to show that the settling time ¢, is less than ¢, . For front-
chopped impuises the step response shall be constant within £3 % in this Nominal
Epoch. Alternatively, if there are high-trequency osciliations on the step response, it is
sufficient to show that the absolute value of the Residual Response Time T(t) is less
than /200 throughout this Nominal Epoch.

In addition, the step response shall not deviate from the reference level by more than
5 % for the longest time to half-value for which approval is sought.

NOTE - The following recommendations are provided 1o assist laboratories in their assessment of Measur-
ing Systems. It is emphasized that compliance with these recommendations is not always sufficient (and may
not always be necessary) to ensure adequate dynamic characteristics of a Measuring System.

When measuring a full and tail-chepped impulses with a front time T,, the overshoot § and the partial
response time T should be such that 8 and T /T, are within the shaded area of figure 4.

When measuring impulses chopped on the front in the range of chopping time T_ to be considered, the
foliowing conditicns should be met:
- the settling time should be such that:

t<T

] <

- the experimental response time T, and partial response time T should be such that:

T,-0037 57,5003 Tc

- and the initial distortion time T, should be small so that:

T,<0,005 T,

When the step response is used for assessing the characteristics of the Measuring
System, the Record of Performance shall include:

- the record of the unit step response, with the indication of O, and the horizontaf
line corresponding to each Reference Level,

- thevaluesof T, Ty, t and B.
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9.3.2 Reference Record (optional)

When wanted for use in Performance Checks, the step response of the Measuring System
shall be recorded using the method of 5.8.2. This shall be included in the Record of
Performance for use as a Reference Record ("fingerprint”) to permit detection of changes
in the dynamic behaviour at subsequent Performance Checks (see 9.4.1).

9.4 Performance Check
9.4.1 Check of scale factor and dynamic behaviour

The scale factor(s) and dynamic behaviour of an Approved Measuring System can be
checked by one of the following methods.

a) Check of the scale factors of the components and the step response of the
Measuring System

The scale factor(s) of each component shall be checked using internal or external cali-
brators having an uncertainty within +1 %. If the scale factors diiter from their previous
values by not more than 1 %, the Assigned Scale Factor is taken as valid. I any differ-
ence exceeds +1 % then a new value of the Assigned Scale Factor shall be determined
in a Performance Test (see third paragraph of 4.2).

In each check the step response shall be recorded in the same manner and in the same
circuit as was used to obtain the Reference Record (see 9.3.2). The step response
record shall be compared with those from previous checks. Small variations can
be expected from check to check and the extent of acceptable variations shall be
established by the early checks. Any large variations shall be investigated and a
Performance Test shall be made.

b) Comparison with an Approved Measuring Sysfem

A comparison shall be made with another Approved Measuring System (or Reference
Measuring System) using the procedure given in 6.2 a) and 6.3 a) with a single
waveform but the number of impulses used may be chosen. When the difference
between the two measured values of the scale factor is less than 3 %, the Assigned
Scale Factor is taken as still valid.

When the difference is larger, then a new value of the Assigned Scale Factor shall be
determined in a Performance Test (see 4.2). The value of each time parameter shall
be within +10 % of the corresponding value measured by the other Measuring System.
When any difterence is larger than 10 % then new values of the limits of the Nominal
Epoch shall be determined in a Performance Test (see third paragraph ot 4.2).
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¢} Check of the scale factor with a sphere gap and measurement of the step response
of the Measuring System

A comparison is made with a sphere gap accerding to 9.5. When the difference
between the two measured values of the scale factor is not larger than 3%, the
Assigned Scale Factor is taken as valid. When the difference is larger, then a new
value of the Assigned Scale Factor shali be determined in a Performance Test (see
third paragraph of 4.2).

In each check the step response shall be recorded in the same manner and in the same
circuit as was used to obtain the Reference Record (see 9.3.2). The step response
record shall be compared with those from previous checks. Small variations can be ex-
pected from check to check and the extent of acceptable variations shall be established
by the early checks. Any large variations shall be investigated and a Performance Test
shall be made.

9.5 IEC Standard Measuring Device

The sphere-gap, irradiated by an open spark but otherwise according to IEC 52, is an
IEC Standard Measuring Device for measuring the peak values of a standard lightning
impuise, with an uncertainty not exceeding £3 %. [rradiation from an ultraviolet lamp is not
considered to be sufficient.
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10 Measurement of switching Impuise voltage
10.1  Requirements for an Approved Measuring System

The general requirements are:
- to measure the peak value of switching impuises with an overall uncertainty
within £3 %,

- to measure the time parameters which define the waveform with an overall un-
certainty within £10 %.

10.1.1  Stability of the scale factor

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

The measuring instrument shall comply with IEC 790 or IEC 1083-1.

10.1.2 Dynamic behaviour

The dynamic behaviour of a Measuring System is adequate when:
- the scale factor is constant within £1 % over the range of impuise waveforms
specitied in the Record of Performance,

— the overall uncertainty of the measured time parameters is within £10 %.

10.1.3 Connection to the test object

The Approved Measuring System shall be connected directly to the terminals of the test
object. In contrast to measurements of Lightning Impulses (see 9.1.3), the Measuring
System may be interposed between the voltage source and the test object. The coupling
between the test and measuring circuits should be negligible.

10.2 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 some-
times 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 eftect 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),

- interference test on a transmission system with active elements (6.4),

- dynamic behaviour (5.8).
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Routine tests:

—~ determination of the scale factors (5.2),

— linearity test (5.3, additional aiternative methods 10.2.1},
~ short-term stability (5.4),

- dry withstand test on the converting device (5.9).

10.2.1  Lijnearity test: requirements and additional alternate methods

The linearity test shall be made according 1o 5.3 using each polarity for which the system
is to be approved and switching impulses with a single waveform.

Additional alternative methods are:

a) Comparison with a sphere-gap

The Measuring System shall be checked against a sphere-gap according to 10.5. The
test shall be made with gap spacings corresponding to the minimum and maximum
values of the operating voltage range of the system and at three equally-spaced gap
settings between these extremes. The complete linearity test shall be made in a short
time so that no atmospheric changes occur and hence no corrections need be applied.
if each of the five ratios of the disruptive discharge voltage of the sphere-gap to the
corresponding output of the system under test is within 11 % of their mean value then
the system can be considered linear.

b) Method for multi-section converting devices

For a converting device consisting of several identical units a test consisting of the
following three steps shali be made:

- a type test on an equivalent complete converting device (equipped with its
electrodes) as specified in 5.3,

- measurement of the scale factor of each unit at the tive voltages specified in 5.3.
The scale factor of each unit shall not change over the voltage range by more than £1 %,

- the assembled converting device shall be iree from visible corona at the Rated
Measuring Voltage.

¢}y Comparison with charging voltage of the impulse generator

The Measuring System shall be checked against the charging voitage ot the impulse
generator. 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 these tive ratios of the measured voltage to the corresponding charging
voltage is within 1 % of their mean value then the system can be considered linear.

NOTE - In this method the charging conditions at the instant of firing the impulse generator should be the
same.
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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 test 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 these five ratios of the measured voitage to the corresponding measured electric
tield is within £1 % of their mean value then the Measuring System is considered linear.

10.3 Performance Test on Measuring Systems

The following tests shall be made:

- determination of the Assigned Scale Factor (see 10.3.1),
- dynamic behaviour (see 10.3.1),
- interference test (see 6.4).

10.3.1 Determination of the Assigned Scale Factor and Nominal Epoch(s)
(dynamic behaviour)

a) AReference method

The Assigned Scale Factor and dynamic behaviour of the Measuring System shall be
determined by comparison with a Reference Measuring System using the procedure
in 6.2 a) and 6.3 a). The Nominal Epoch shall be determined by using impulses with
two different waveforms such that:

— the shorter time to peak (of front time}) gives t_, (see 3.6.1),
- the longer time to peak (or front time) gives f__ (see 3.6.1),

- both these impulses should have the longest time to haff-value (or time above
90 % or time to zero) (approximately) for which the Measuring System is to be
approved.

Alternatively, one of the tollowing tests may be used;

b) Comparative measurement using impulses with a single waveform supplemented by
a step response measurement

A comparative measurement with a single waveform shall be made against a Reference
Measuring System according to 6.2 a) and 6.3 a) using full impulses with a time to peak
value T,:,cal (or front time T1 cal) @nd a time to half-value (or time above 90 % or time to
zero) approximately equal to the fongest time to half-value (or time above 90 % or time
to zero) for which the Measuring System is to be approved.

In addition the step response of the Measuring System shall be recorded according
to 5.8.2. The Reference Level(s) of the Nominal Epoch(s} for which the Measuring
System is to be approved shall not differ from the value of the step response at Tocal
(or 7, .} by more than +1 %. Alternatively, when there are high-frequency oscillations
on the step response in the Nominal Epoch, then it is sufficient to show that the settling
time t is less than tin:
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The step response shall not change by more than § % for times up to the longest time
1o half-value {or time above 90 % or time to zero) for which the Measuring System is to
be approved.

c) Measurement of the scale factors of the components and determination of the
response parameters from the step response

The Assigned Scale Factor of the Measuring System shall be determined according
to 6.2 b). The range of working conditions covered by the test shall be given in the
Record of Performance.

The step response of the Measuring System shall be recorded according to 5.8.2. The
step response shall be constant within £1 % from tnin UP to the Equivalent Time T
(see 3.7.13) of the waveform used for the measurement of the Assigned Scale Factor.
In addition, the step response shall be constant within £1 % throughout the Nominal
Epoch and not change by more than 5 % for times up to the longest time to haff-vaiue

{or time above 90 % or time to zero) for which the Measuring System is to be approved.

The settling time ¢, shall be less than 10 ps.

d} Measurement of the Assigned Scale Factor with high alternating voltage supple-
mented with a step response measurement.

The scale factor of the Measuring System shall be determined using the procedure of
6.2 a) using a high atternating voltage and the step response of the Measuring System
shall be measured according to 5.8.2. The step response shal! settle to within £1 %
and remain within £1 % from ¢ .. up to the Equivalent Time T of the wavetorm used to
determine the scale factor,

The settling time ¢, shall be less than 10 ps.

When the step response is used for assessing the characteristics of the Measuring
System, the Record of Performance shall include:

— the record of the unit step response, with the indication of 0, and the horizontal
line corresponding to each Reference Level,

- thevalueot t.
10.3.2 Reference Record {optional)

When wanted for use in Performance Checks, the step response of the Measuring System
shall be recorded using the method of 5.8.2. This shall be included in the Record of
Pertormance for use as a Reference Record (*fingerprint") to permit detection of changes
in the dynamic behaviour at subsequent Performance Checks (see 10.4.2).

10.3.3 [Interference test

A test shall be made according to 5.5.4.
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10.4 Performance Check

10.4.1 Scale factor check

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

a) Checking the scale factors of the components

The scale factor(s) of each component shall be checked using internal or external
calibrators having uncertainties within +t %. i the scale factors differ from their pre-
vious values by not more than +1 % the Assigned Scale Factor is taken as still valid.
If any ditference exceeds +1 % a new value of the Assigned Scale Factor shall be
determined (see third paragraph of 4.2).

b} Check of the scale factor of the Measuring System

A comparison is made with another Approved Measuring System (or Reference Measuring
System) with the procedure of 6.2 a) or with a sphere gap according to 10.5 (scale
factor only).

When the difference between the two measured peak values is not larger than 3 %
(5 % when using the sphere gap), the Assigned Scale Factor is taken as still valid. If
it is larger, then a new value of the Assigned Scale Factor shall be determined in a
Performance Test (see third paragraph of 4.2).

The value of each time parameter shall be within £10 % of the corresponding value
measured by the other Measuring System. When any difference is farger than 10 %
then the Nominal Epoch shall be determined in a Pertormance Test (see third para-
graph of 4.2).

10.4.2 Dynamic behaviour check

In each check the step response shall be recorded in the same manner and in the same
circuit as was used to obtain the Reference Record (see 10.3.2 and annex C). The step
response record shall be compared with those from previous checks. Small variations
can be expected from check to check and the extent of acceptable differences shall
be established by the early checks. Any large variations shall be investigated and a
Perlormance Test shall then be made.

Alternatively the dynamic behaviour may be checked by comparison with another
Approved Measuring System (or Reference Measuring System) using the procedure
of 6.3.

10.8 [(EC Standard Measuring Device

The sphere-gap irradiated with an open spark but otherwise according to IEC 52 is an
IEC Standard Measuring Device for measuring the peak value of a standard switching
impulse, with an uncertainty not exceeding 5 %. irradiation from an ultraviolet lamp is not
considered to be sufficient.

The disruptive discharge voltage (50 % values) of a sphere-gap for switching impulses is
taken from the table for lightning impulses of the same polarity given in IEC 52.
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11 Measurement of Impulse current

11.1  Requirements for an Approved Measuring System
The general requirements are:
- to measure the peak value with an overall uncertainty within £3 %,

- to measure the time parameters (which define the waveform) with an overall un-
certainty within £10 %,

— to permit the detection of oscillations superimposed on a current impulse.
NOTE - In impulse voltage tests the resotution and reproducibility of the shape of the current through the

test object may be of high importance. In these cases the requirements on the parametars to be measured
should be stated by the relavant Technical Committee.

11.1.1  Stability of the scale factors

The scale factors of the converting device and the transmission system shall not vary by
more than +1 % for the range of ambient temperature given in the Record of Performance.

Measuring instruments shall meet the requirements of IEC 790 or IEC 1083-1.

11.1.2 Dynamic behaviour

The dynamic behaviour of a Measuring System is adequate for its range of waveforms
specified in the Record of Performance when:

— the scale factor is constant within £1 % over each range of waveforms,

- the uncertainty of the measured time parameters is within £10 %.

11.2 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 some-
times 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 foliowing 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),
- interference test on a transmission system with active elements (6.4),
~ dynamic behaviour (5.8).
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Routine tests:

- determination of the scale factors (5.2),

- linearity test (5.3, additional alternative methods 11.2.1),
— short-term stability (5.4),

- dry withstand test on the converting device (5.9).

11.2.1 Linearity test: requirements and additional alternative method

The linearity test shall be made according to 5.3 using a current impulse with a single waveform.

Additiona! alternative method

The impulse currents carried by a shunt raise the temperature of its resistance element
and this can alter its scale factor significantly. The extent of this effect and its dependence
on current can be established by calculation if the temperature coefficient of the resis-
tance element is known (see annex D).

11.3 Performance Test on Measuring Systems

The following tests shall be performed:

~ determination of the Assigned Scale Factor (11.3.1),
- dynamic behaviour (11.3.1),
- interference test {6.4).

11.3.1  Determination of the Assigned Scale Factor and Nominal Epoch(s)
(dynamic behaviour)

a) Reference method for shunts with monotonic step response

For shunts with monotonic step response, the scale factor is determined by the
measurement of the resistance to direct voltage using a calibrated bridge and the step
response is recorded according to 5.8.2. When the step response is essentially
monotonic (i.e. overshoot less than 5 % and oscillations less than 1 %) and the experi-
mental response time T, (=7 ) is less than 0,2.T, then the shunt is adequate.

NOTE - T, is the front tima of the current impulse for which approval of the Measuring System, based on
the shunt, is sought.

b} Reference method for other converting devices

The Assigned Scale Factor and dynamic behaviour of the Measuring System shall be
determined according to 6.2 a) and 6.3 a). The Nominal Epoch shall be determined by
using impulses with two different waveforms such that:

tin (see 3.6.1),

- the longer front time gives {__ (see 3.6.1),

-~ Dboth these waveforms should have the longest time to half-value (approximately)
for which the Measuring System is to be approved.

- the shorter front time gives
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Alternatively, the following test may be used:

c) Measurement of the scale factors of the components and determination of the
response parameters from the step response

The Assigned Scale Factor of the Measuring System shall be determined using the
procedure given in 6.2 b).

The step response of the Measuring System shall be recorded according to 5.8.2. The
step response shall be constant within +1 % from t_; up to the Equivalent Time T
(see 3.7.13) of the waveform used for the measurement of the Assigned Scale Factor.

The step response shall be constant within +1 % for the Nominal Epoch.

Ahternatively, if there are high-frequency oscillations on the step response, it is suffi-
cient to show that the settling time ¢, is less than ¢, .

in addition, the step response shall not deviate from the Reference Level by more than
5 % for the longest time to half-value for which approval is sought.

When measuring a standard impulse current with front time 7T,, the overshoot f and the
first partial response time 7, shoukd be such that p and T /T, are within the shaded area
of figure 4.

When the step response is used for assessing the characteristics of the Measuring
System, the Record of Performance shall include:

- the record of the unit step response, with the indication of O, and the horizontal
line corresponding to each Reference Level,

- thevaluesof T, 7, ¢t and B.

11.3.2 Reference Record (optional)

When wanted for use in Performance Checks, the step response of the Measuring System
shall be recorded using the method of 5.8.2. This shall be included in the Record of
Performance for use as a Reference Record (“fingerprint”) to permit detection of changes
in the dynamic behaviour at subsequent Performance Checks (see 11.4.2).

11.4 Performance Check
11.4.1  Scale factor check

The scate factor of an Approved Measuring System can be checked by one of the follow-
ing methods.

a) Check of the scale factors of its components

The scale factor(s) of each component can be checked using internal or external
calibrators having an uncertainty not exceeding +1 %. If the scale factors differ from
their previous values by not more than +1 %, the Assigned Scale Factor of the Measuring
System is taken as stil valid. If any difference exceeds +1 % then a new value of the
Assigned Scale Factor shall be determined in a Performance Test (see third paragraph
of 4.2).
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b) Check of the scale factor of the Measuring System.

A comparison is made with another Approved Measuring System with the procedure
of 6.2 a). When the difference between the two measured values is not larger than £3 %,
the Assigned Scale Factor is taken as still valid. If it is larger, then the Assigned Scale
Factor shall be determined in a Performance Test (see third paragraph of 4.2).

11.4.2 Dynarmic behaviour check

In each check the step response shail be recorded in the same manner and in the same
circuit as were used to obtain the Reference Record (see 11.3.2). The step response
record shall be compared with those from previous checks. Small variations can be
expected from check to check and the extent of acceptable variations shall be established
by the early checks. Any large difference shall be investigated and a Performance Test
shall then be made.

Alternatively the dynamic behaviour may be checked by comparison with another
Approved Measuring System {(or Reference Measuring System) using the procedure of 6.3.
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12 Reference Measuring Systems

12.1  Requirements for Reterence Measuring Systems
12.1.1  Direct voltage

A Reference Measuring System for direct voltage shall have an overall uncertainty within
+1 % in its range of use. The accuracy shall not be influenced by a ripple factor up to 3 %.

12.1.2 Alternating voltage

A Reference Measuring System for alternating voltage shall have an overall unceriainty
within £1 % in its range of use.

12.1.3 Full and tail-chopped lightning and switching impulse voltages

A Reference Measuring System for full and tail-chopped impulse voltages shall have an
overall uncertainty within +1 % for the peak values of full impulses, +5 % for the time
parameters in its range of use, and oscillations and/or overshoot shall be recorded
adequately (see |EC 60-1).

12.1.4 Front-chopped lightning impulses

A Reference Measuring System for front-chopped impulses shall have an overall un-
certainty within £3 % for peak values and within £5 % for time parameters.

12.1.5 Impulise current

A Reference Measuring System for impulse currents shall have an overall uncertainty
within £1 % for the peak value and 5 % for the time parameters in its range of use.

12.2 Calibration of a Reference Measuring System

The compliance of a Reference Measuring System with the relevant requirements given
in 12.1 of this part of IEC 60 shall be shown by the test of 12.2.1. Alternatively the test
of 12.2.2 may be used.

12.2.1 Reference method: comparative measurement

The satistactory performance of a Reference Measuring System shall be shown by compa-
rative measurements at high voltage or high current against a Reference Measuring System
which is itself traceable through national or international comparisons.

The scale factor of a Reference Measuring System shall be established with an un-
certainty within £0,5 %.
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12.2.2 Alternative method: Measurement of scale factor and evaluation of
response parameters

The scale factor of a Reterence Measuring System shall be established within an un-
certainty of £0,5 % according to the procedure given in 6.2 b). The response parameters
should satisfy the following requirements:

Requirements for
Parameters 1 I:ulil‘ and le?‘:tht.:‘pped Switching Curent
_lail-chopped ;'ghining impulses impulses
lightning impulses impulses
Experimental <15 ns £10 ns —_ —_
response time T,
Settling <200 ns $150 ns <10 ps —
time ¢
L ]
Partial response <30 ns s20 ns — 01T,
time T,
Initial distortion <2,5ns - -
time T,

12.3 Interval between successive Certifications of Reference Measuring Systems

In the absence of evidence to the contrary, the Certification shail be repeated at least
once every five years.

It is recommended that Reference Measuring Systems are used only for comparative
measurements in Performance Tests. However, Reference Measuring Systems may be used
for other measurements, including routine daily use, if it is shown that such use does not
affect their performance. (The Performance Checks specified in this fnternational Standard
are sufficient to verily this.) in addition, the substitution of an equivalent indicating or
recording instrument, which satisfies the relevant IEC standard, shall be accepted.
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Figure 3a - Définition des paramétres de la réponse indicielle g(?)
Figure 3b — Définition des paramétres de I'intégrale de la réponse indicielle T{(¢).

Figure 3a — Definition of Response Parameters with respect to g(t)
Figure 3b - Definition of Response Parameters with respect to T(t)
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Annex A
(normative)

Accreditation Systems

A.1 Natlonal accreditation systems

When countries having national accreditation systems choose to use them for the imple-
mentation of this international Standard, the following requirements apply:

A.1.1 Classification of accredited laboratories

Two classes of accredited laboratories can be recognized, according to ISO/IEC Guide 25:

a) Accredited calibration laboratories possessing the necessary Reference Measuring
Systems and expertise to calibrate other Reference Measuring Systems and Approved
Measuring Systems in or tor other laboratories.

b} Accradited testing laboratories possessing Approved Measuring Systems and
experlise to perform measurements in accordance with the requirements of this Inter-
national Standard.

A.1.2 Requirements for accredited calibration laboratories

The accreditation systems shall require that accredited calibration laboratories use
measuring apparatus having calibrations traceable to national measurement standards
and compliance with this requirement shall be cenrtified.

A.1.3 Accreditation for Perfarmance Tests

For complying with the requirements of this International Standard, the first Performance
Test on a Measuring System for which approval is sought shall be made under the super-
vision of an accredited calibration laboratory.

NOTE - The size and sensitivity of some high-voitage Measuring Systems to their environments will require
that Performance Tests be carried out under operating conditions and in the user's taboratory.

A national accrediting body may authorize an accredited testing laboratory to carry out
successive Performance Tests on its own Measuring System.

In countries without an accreditation system but which plan to have one in the future, it
is suggested that laboratories should be accredited on an interim basis.
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A.2 Bibiiography
A.21 JSO/IEC Documents on Accreditation

ISO/IEC Guide 2: 1991, General terms and their definitions concerning standardization
and related activities

ISO/IEC Guide 16: 1978, Code of principles on third-parly certification systems and
related standards '

ISO/IEC Guide 23: 1982, Methods of indicating conformity with standards for third-party
centification systems

ISO/IEC Guide 25: 1980, General requirements for the competence of calibration testing labo-
ratories

ISO/IEC Guide 39: 1988, General requirements for the acceptance of inspection bodies
ISO/NEC Guide 40: 1983, General requirements for the acceptance of certification bodies

ISO/IEC Guide 42: 1984, Guidelines for a step-by-step approach to an international certi-
fication system

ISO/IEC Guide 43: 1984, Davelopment and operation of iaboratory proficiency testing

1ISO/IEC Guide 44: 1985, General rules for 1SO or IEC international third-party certification
schemes for products

ISO/IEC Guide 45: 1985, Guidelines for the presentation of test resuits

ISO/IEC Guide 58: 1993, Calibration and testing laboratory accreditation systems -
General requirements for operation and recognition

A.2.2 Information on Accreditation Systems already established, or being established
in various countries.

International Directory of Laboratory Accreditation Systems and other schemes for assess-
ment of testing laboratories, third edition, 1985. International Laboratory Accreditation
Conference, International Organization for Standardization {(ISQ), Geneva, Switzerland.

A.2.3 General reference

Locke J.W., "Measurement Assurance and Accreditation”, Proc. IEEE, Vol. 74, No. 1,
January 1986, pp 21-23.
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Annex B
(informative)

Structure of a Record of Performance

An outline of the Record of Performance is given in 4.4.3, the full format of the
recommended Record of Performance is given in B.1 to B.6. and a minimal form is given
in B.7.

B.1 General structure

The detailed structure of a Record of Performance is

Chapter A1: General description of the system

Chapter B: Results of acceptance tests on components

Chapter C: Results of routine tests on components

Chapter D1: Results of first Performance Test on the Measuring System
Chapter E1: Results of first Performance Check

Chapter E2 to EM: Resuits of the 2nd to Mth Performance Check

Chapter D2: Results of second Performance Test

Chapter E(M+1) to EN: Results of the (M+1) th to Nth Performance Check

Chapter A2: Description of the system after a significant change, etc.

Documents issued by a manufacturer or others shall be annexed to the Record ot Pertorm-
ance and clearly referred to in the appropriate chapter.

B.2 General description of the system (Chapter A)

The description of a system shall include all the information that is necessary for its identi-
fication. it should include the items in B.2.1 to B.2.9.

B.2.1 Characteristics of the Measuring System

For voltage Measuring Systems: type of voltage divider (composed of resistors, capacitors
or combination of these}, transtormer, high-voltage impedance, field-probe arrangement,
etc.

For current Measuring Systems: type of shunt, current transformer, etc.

Types of voltage or current which can be measured by the system (for example, power-
frequency alternating voltage, standard lightning impulse, et¢.) and the corresponding
ranges specified by their maximum and minimum values.
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B.2.2 Description of the converting device
- indoor or outdoor use,
- range of atmospheric conditions,
- precautions needed to avoid mechanical stresses,
~ drawing and main dimensions.

The range of clearances, for which the variations of the scale factor or of the dynamic
behaviour are negligible, shall be indicated.

B.2.3 Principle electrical circuit diagram

- electrical circuit diagram of the complete Measuring System.

B.2.4 Name-plate values of the converling device

The values, copied from the manufacturer’s name-plate that include:
- serial number,
-~ voltage or current rating,
— nominal value(s).

B.2.5 Description of the transmission system

For a cable transmission system:
- type of cable,
- c¢haracteristic impedance {for impulse measurement),
- lengths of the cable used,
-~ cable matching impedances (for impulse measurement).

For other transmission systems (for example, an optical link):

- type and connections,
- input characteristics,

-~ output characteristics.

B.2.6 Description of the measuring instrument

—~ type of indicating or recording instrument or oscilloscope,
- rated volitage or current,
-~ input characteristics,

- the Record of Performance of the instrument (if specified by an |IEC publication)
should be included, appended or at least clearly reterenced.
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B.2.7 High-voltage connections

Dimensions of high-voltage leads and location and parameters of any series resistance or
impedance.

B.2.8 Earthed-side connections

Dimensions and layout of all conductors connecting the earthed side ot the converting
device to the earthed side of the test object.

NOTE - It may include the connections to the measuring instrument and back to the earthing system.

B.2.9 Earthing system

Dimensions and layout of the earthing system of the test area, including position and
characteristics of the connections to generating circuit and remote earth point.

B.3 Acceptance test results on components (Chapter B)

Information should be given by the manufacturer and transterred to the Record of Perform-
ance by the user on the results of the type tests and the routine tests.

Specific requirements and test procedures are given in the appropriate clauses of this
standard, according to the type of voltage or current to be measured.

B.4 Routine test results on the complete Measurlng System (Chapter C)

When a complete Measuring System is supplied, the method used and the results of the
tfollowing tests should be reported:

- scale factor measurements,

- dynamic behaviour (if required).

This determination of the scale tactor of the complete Measuring System can not be sub-
stituted for the Performance Test made in the user’s laboratory.

8.5 Performance Test results (Chapter D)

The results of the Performance Tests made according to the procedures described in
the appropriate sections of this international Standard. For each set of test conditions, the
latest value of the Assigned Scale Factor is the value to be used.

B.6 Performance Check (Chapter E)

The method used and the resulis should be reported.
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B.7 Minimal form of the Record of Performance

Description of the converting device:
- Type
- Manufacturer
- Serial number
-  Waveform(s)
- Nominal voltage(s)
— Nominal ratio(s).

Description of the system:

— Transmission system
- Earthing arrangement
-~ Instrument.

Performance Tests (Calibrations):

- Date

- Assigned Scale Factor (for example, measured ratio(s))
- Dynamic behaviour

- Linearity

— Period of validity.

Method of traceability:

a) By calibration service

- Name of company/laboratory.

b) In-house
- Method
- Instrument serial numbers

- Instrument calibration documents.

Performance Checks:

- Date
- Scaie factor(s) (for example, ratios).
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Annex C
{informative)

Step response measurements

C.1 Circuits for step response measurements

The circuit arrangement used for determining the step response should be described and
should be as near as possibie to the operating conditions.

C.1.1 Circuit for Measuring Systems for voltage

Suitable circuits are shown in figure C.1. The preferred circuit is shown in figure C.1a
where the step generator is placed at a metallic wall or at a metallic strip conductor at
least 1 m wide which serves as the earth return.

To generate the step the Measuring System is supplied by either a slowly rising impuise or
a direct voltage which is chopped by a relay or a gap (figure C.1d). The following methods
of chopping have been found acceptabte:

— by a relay with mercury-wetted contacts: this gives steps up to some hundreds of
volts,

— by a uniform field gap in air at atmospheric pressure with a spacing up to some
millimetres: this gives steps up to several kilovolts,

- by a uniform gap with a spacing up to some millimetres under increased gas
pressure: this gives steps up to some tens of kilovolts.

When the step is generated using a repetitive generator, the duration of the step, and of
the interval between steps shail be chosen such that no additional errors are introduced
with respect to a single puise.

C.1.2 Circuit for Measuring Systems for current

An approximate step current is injected into the input terminals ot the converting device.
The output current or voitage is measured using a digital recorder or oscilloscope (usually
with amplitiers).

Two methods to generate the step current are shown in figure C.2. In figure C.2a, a coaxial
cable is used to store the energy necessary for the step while in figure C.2b, a capagcitor is
used. A gap and a resistance between the storage and the measuring device are also
shown. Any of the gaps used for generating a step voltage (see C.1.1) can be used to
generate a step current.



60-2 © IEC:1994 -113 -

v E d

CEI-IEC 31884

Figure C.2a
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Figure C.2b

Figure C.2 - Mesure de la réponse indicielle de systémes de mesure de courant.
E est le systdme de stockage d'énergie, G, I'éclateur qui permet
la réalisation de I'échelon, D le dispositif de mesure du courant

Step response measurement for current measurement system.
E energy storage device, G gap to generate the step,
D current-measuring device
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Annex D
(informative)

Temperature rise of measuring resistors

It is recognized that, under normal operating conditions, voltage divider resistors and
curremt shunts must dissipate considerable amounts of energy in a time so short that
the heating conditions of the resistor material would be virtually adiabatic. Under these
circumstances, temperature rise may be calculated as follows:

w
Ms

At =

with

At the temperature rise in kelvins (K),

W the energy dissipated in the resistor or shunt expressed in joules,

M the mass of resistance material in kilograms,

s the specific heat of the resistance material in joules per kilogramme keivin.

In the event of failure of a test object undergoing impulse current tests, the stored energy
of the impulse generator will be dissipated mainly in the shunt. It is suggested that the
characteristics of the shunt should be such that under this condition the temperature rise
does not exceed 200 K.

For the progressive temperature rise associated with repeated voltage or current appli-
cations, the permissible rise depends on the temperature coefficient of the resistor material
and the temperature class of the insulating material employed.
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Annex E
(informative)

Reference Measuring Systems and Comparison Measurements for
Impulse Voltages - Bibllography

E.1 Comparison measurements

The International Research Group Renardieres on impulse Measuring Systems,"Facing
UHV measuring problems=, Electra 35, pp 157-254, July 1974.

A. Bonamy, F. Deschamps, A.W. van Boetzelaer, R.C. Hughes, H.A. Lightfoot, A. Vaz,
A. doVale, F. Garnacho, P. Simon, K. Schon and R. Schulte, “International comparison
of HV Impuilse Dividers™ Seventh Int. Symp. on HV Eng. Dresden, Aug 26-30, 1991,
Paper 61.07.

F.C. Creed, T. Kawamura and G. Newi. “The step response of Measuring Systems for
high impuise voitages”, IEEE Trans. on Power Apparatus and Systems, PAS-86 No.11,
pp 1408-1420, Nov 1967.

R.E. Hebner and S. Annestrand, “Evaluation of calibration techniques for multimegavolt
impulse dividers”, Third International High-Voltage Symposium, Mitan, Aug 1979, Vol. 2,
Paper 42.18.

T.R. McComb, F.A. Chagas, K. Feser, B.l. Gururaj, R.C. Hughes, and G. Rizzi, "Compara-
tive measurements of HV impulses to evaluate differenmt sets of response parameters”
{(90WM 056-2); T-PWRD Jan 91, pp 70-77. Disc. by G. Carrara.

T.R. McComb, M.M.C. Collins and W.J. Sarjeant, "A comparison of three different designs
of resistor divider" in NBS Special Publication 628, Measurement of Electrical Quantities
in Pulse Power Systems, June 1982, pp 34-45.

T.R. McComb, R.C. Hughes, H.A. Lightfoot, K. Schon, R. Schuite, H. McKnight and
Y. Zhang, "International comparison of HV impulse Measuring Systems” (88SM 635-5);
T-PWRD Apr 89, p. 906-915.

E.2 Some examples ot dividers for Reference Measuring Systems

G.W. Bowdler, "Measurements in High-voitage Test Circuits", Pergamon Press, Oxford
C1973, Chapter 3 Impulse Voltage Dividers, pp 41-67.

F.C. Creed, and M.M.C. Collins, “The Measurement of Short-Duration Impulse Voltages”,
AIEE Trans. Commun. Electron., CE 69, pp 621-630, 1963.

R.E. Hebner, D.L. Hillhouse and R.A. Bullock, "Evaluation of a multi-megavolt impulse
measurement system™ Nat. Bur. Stand. (U.S.) NBSIR 79-1933, 1979.

E.3 IEC Standard Measuring Devices

K. Feser and R.C. Hughes of WG 33.03 of SC 33, Overvoltages and Insulation Coordination,
"Measurement of direct voltage by rod-rod gap”, Electra 117, March 1988, pp 23-34.

E. Gockenbach, Working Group 03 of Study Committee 33. "Measurement of standard
switching impulse voltages by means of sphere gaps (one sphere earthed)", Electra 136
June 1991, pp 91-95.
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Annex F
(informative)

Summary of tests
The following five tables summarize the tests required for measurements of direct voltage,
alternating voltage, and impulse voltages and current respectively.

A number gives the applicable clause of this part of IEC 60 and a dash (-) indicates no
test is required.



Table F.1 ~ Tests on a direct voltage Measuring System

Type tests Routine tests Performance Performance
) - test check
Converting device transmiss1i)t'1n instrument? co;ve'rﬂng transmiss}l}on instrument2
elements davice system evice system system system
_ _ _ _ 5.2 5.2 5.2 6.2 7.4
Scale factor 7.2 72 7.2 7.3
Scale facter at the _ _ _ _ - - - 7.6.2 _
ripple frequency {if required)
. . 5.3 53 53
Linearit - - _ - - -
neanty 7.2.1 7.2.1 7.2.1
Short-term stability - - — - ;’; f;; g; — -
) - 55 5.5 5.5 55 _ _ _ _
Long-term stability 72 75 e 22 -
56 5.6 5.6 56 _ _ N
Temperature effact 7 72 72 7.2 —
Proximity effect -_ (ifsr:éu?in": d) — — - - - - -
Dynamic 5.8,7.2 _ _ _ 7.8.3
behaviour®! - (i required) - - {if requirad) -
Withstand test® —_ (iii:&:i;:d) - - gg —_ — - -
" 5) "
Repetition rate of From data or single test on prototype Once Oncelyear According to
the test {recommanded) experience

) Other than a cable
2) Measuring instruments shall comply with relevant IEC standards or shall be tested

3) step response or amplitude/trequency response
4} Dry withstand test. Wet or pollution test if required (type test)
8 Once per year if possible or at loast once every five years; after every repair, if test disposal is out of the Racord of Performance, or if the results of Performance

Check are cut of the specified values of the Record of Performance

v661:031 @ 2-09

- gt -



Table F.2 - Tests on an alternating voltage Measuring System

Type tests

Routine tests

Performance Performance
: . test check
Converting device transmission | jpgtrument? | converting transmisson | jngtrumant?
elements device system device system system system
Scale factor - — - — :z :: :2 §§ 8.4
Linearity test — —_ - —_ 85é3 1 Bséai 85: 1 — —
Short-term stability — - - - :‘2‘ > >3 - -
- 5.5 5.5 5.5 5.5 . _ _ _ .
Long-term stability 82 82 a2 82
5.6 5.6 56 56 _ _ _ _ _
Temperature effact 8.2 82 82 8.2
. 57,82 _ _ _ — _ _ _
Proximity effect (if required)
Dynamic 58,682 _ _ _ _
behaviour® _— (it required) - - -
. 4) _ 5.9, 8.2 _ _ 5.9 —_ - _ _
Withstand test (if required) 8.2
Repetition rate of : Oncelyears’ According to
the test From data or single test on prototype Once (recommended) oxperionce

1} Other than a cable
2 Measuring instruments shall comply with relevant IEC standards or shall be tested

% Step response or amplitude/frequency response
4} Dry withstand test. Wet or pollution test if required (type test)

§) Once per year it possible or at least once every five years; after every repair, if test disposal is out of the Record of Performance, or if the resuits of Performance
Check are out of the specified values of the Record of Performance

¥661:031 @ 2-09

il A T



Table F.3 ~ Tests on a lightning impuise Measuring System

Type tests Routine tests Pertormance Performance
. . test check
Converting device transmiss})on instrumeant?! | converting | transmission | instrument?
elements device system device system system system
Scale factor - - — - g: gg gg g§ 94
. 5.3 5.3 53
Linearity test - - - - 9.2.1 9.2.1 9.2.1 - -
Short-term stabiity - - - - g'; o 3';‘ - -
- 55 55 5.5 55 _ _ _ _ _
Long-term stability 9.2 92 92 92
5.6 5.6 5.6 5.6 _ _ _ _ _
Temperatura effect 92 92 92 9.2
Proximity effect -— (ifi'e-,c;ugi;g d) - —_ —_ _ -_ - —
Dynamic 58,902 5.8 58 _ _ 6.3 9.4
behaviour® — (if required) 9.2 9.2 - 9.3
Interference test _ —_ ?ait:j _ - - _ g; _
, ) _ 59,82 _ _ 5.9 _ _ _ _
Withstand test (if required) 92
net 5) .
Repatition rate ot From data or single test on prototype Once Oncelyear According to
the test {recommended) axperience

1} Other than a cable
2) Measuring instruments shall comply with relevant IEC standards or shall be tested
% step response, amplitude/frequency response or comparison measurement

4} Dry withstand tast. Wet or pollution test if required (type test)

5 Once per year if possible or at ieast once every five years; after every repair, if test disposal is out of the Record of Performance, or if the results of Performance
Check are out of the specified values of the Record of Performance

»661:031 © 2-09

-GZL -



Table F.4 — Tests on a switching impulse Measuring System

Type tests Routine tests Performance Performance
I ) test check
Converting device transmlss1i,on instrument? co;ve_rting transmiss’i)on instrument?
elements device system evice system systam system
5.2 5.2 52 8.2 10.4
Scale factor - - - 10.2 10.2 10.2 10.3
Linearity test — — —_ — 1052 1 95;1 95'231 -— —
Short-term stability a— —_ - - 1%42 15642 1%42 — —
. 5.5 5.5 5.5 55 _ _ _ _ _
Long-term stability 10.2 10.2 10.2 10.2
56 56 5.6 56 _ _ _ _ _
Temperature effect 102 10.2 10.2 102
Proximity effect - (ifs}za;‘i::.ead) —_ — _ — - _ —
Dynamic 5.8,10.2 5.8 58 6.3 10.4
behaviour - (it required) 10.2 10.2 - - - 10.3
Interference test - — G(Zét:v%)z — - - e 160'43 —
. 4) _ 5.9, 10.2 _ . 5.9 —_ —_ — —
Withstand test (if required) 10.2
. )] .
Repetition rate of From data or single test on prototype Once Once/year According to
(recommended) experience

the test

1 Other than a cable
2} Measuring instruments shall comply with relevant IEC standards or shall be tested

%) Step response, amplitude/frequency response or comparison method

4 Dry withstand test {routine). Wet or pollution test if specified
5] Once per year if possible or at least once every five years; after every repair, if test disposal is out of the Record of Performance, or if the results of Performance

Check are out of the specified values of the Record of Performance
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Table F.5 - Tests on an impulse current Measuring System
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Type tests Routine tests Performance Porformance
test check
Converting device transrnlss'i’on instrument? oo:vqrting transmission | netrument?
slements device system evice systom system system
_ _ _ _ 5.2 5.2 5.2 6.2 11.4.1
Scale factor 11.2 1.2 11.2 1.3
. . 5.3
Linearity test — 11.2.1 - — —
- 54 5.4 5.4
hort-t — — - — — -
Short-term stability 1.2 1.2 $1.2
s 5.5 55 5.5 85
Long-term stability 1.2 11.2 11.2 11.2 - -
56 56 5.6 56
Temperature effect 1.2 12 1.2 112 _ -
- 5.7
Proximity effect (if required) —_ - —_ — -
Dynamic 58, 11.2 5.8 58 6.3 11.4.2
behaviour®! - (it required) 11.2 11.2 - - - 11.3
6.4 6.4
Interference test - (active) —_ 1.3 -
i " _ . 5.9 _ _ - -
Withstand test _ _ 11.2
- 5} :
Repetition rate of From data or single test on prototype Once Cncelyear According to
the test (recommended) experience

1 Other than a cable

2} Measuring instruments shall comply with relevant |IEC standards or shall be tested

3 Step response, amplitude/frequency response or comparison measurement

4} Dry withstand test (routina). Wat or pollution tast if required {type test)

5" Once per year if possible or at least once every five years; after every repair, if test disposal is out of the Record of Performance, or if the results of Performance
Check are out of the spacified values of the Record of Performance
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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 technique consists of
applying a voltage to the divider and simultaneously measuring the input and output volt-
ages. The ratio is determined by dividing the input voltage by the output voltage.

For resistor dividers, the resistance of the high-voltage and low-voitage arms are often
measured with a low direct voltage by means of a Wheatstone bridge or by means of an
ohmmeter providing it has sufticient accuracy.

The ratios ot 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 transformer 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 paraliel resistor/capacitor dividers, the resistance and capacitance of the high-volitage
arms may be measured by temporarily removing the resistors from the high-voitage 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 ratic 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 aitering the adjustable components of the
probe or attenuator circuits while observing the output signal from the probe on the oscilio-
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 externa! 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
fo the probe which can be accurately measured by means of an external voltmeter and
measuring the outputl 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 are being used during comparative measurements, a usefut 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 amplilude 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 enough 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 recorders 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.



ICS 17.220.20 19.080

Typeset and printed by the [EC Central Office
GENEVA, SWITZERLAND



	1  Title Page
	2  Abstracts
	3  Contents
	4  Lists of Illustrative
	5.1 Chapter 1
	5.2 Chapter 2
	5.3 Chapter 3
	5.4 Chapter 4
	5.5 Chapter 5
	6 Appendix



