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“PROF. DR. PAUL
~ DE BIEVRE”

AAUNS1UYI0N1591N (U0 Prof. Dr. Paul De Bievre 91NN1SsUS=gll CCQM tu nsoulsa Us:nd
dsoiaa 1edun 14 We1eu 2016 UUIND0NISAIULIASINGIAT Tofqmulﬁaqmmaa"ﬁﬁmﬁ
uniinauuIASINgNAL Dr. Paul De Bievre 501916 82 U uniaijgnovaldsu giiunuin
d1arylu IRMM ! (fSounonvouansdasza1udngndans o1 1gu [UPAC? @191 CIAAW 2,
CITAC *, EURACHEM, USSIUN8NSUSMSge0 ACQUALS, untoluanuznssums JCGM © nas
A=i191U JCGM Working Group 2 N1aT81UA1$100A10800AWHA10 9 1U Intemational
Vocabulary of Metrology (VIM) [1] loUUAMUAAIRUTDONUD 0BNS wasgounludomsuiasingn
lagrawizauial

aaus:annoUris1ugooniulunIsiwguws adIUsSAIULIASINgT adwwalewlunisesule
dansardwriniuuiusssuliilunignloluidolgualilgi3o0918 Dr. Paul De Bievre T
usseggineonuuiasingilulfoolnenatsasy lasldsu@dyonnaigevansluls=nalng
aaubloniaigronisussengveoniuiiounatgasonriuuiioolng 1levonnuogou
amuudvgdnenmanstaznaluladriols=nding (02) TANUAUWUSIAS0UIYUAIULINSI NG
Usznalne nodlildigoaduiniyu Naanuwaviugevniu aguyulesiunuinsinen
Uundng1AIansINNIAST lazN1aanainnssy liaowwaulvidunu unacugaoniulai
M58107101UNUGIULIASINGINAYAS

! Institute for Reference Materials and Reference Measurements

2 International Union of Pure and Applied Chemistry

3 Analytical Chemistry Division llaz commission on Isotopic Abundances and Atomic Weights
4 Co-operation on International Traceability in Analytical Chemistry

5 Journal of Accreditation and Quality Assurance

¢ Joint Committee for Guides in Metrology
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aowaologovadulunisideuunacuasolilondanond1UsS1anio Dr. Paul De Bievre lnala
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Jsznnu 1-2 nui iNgonuuiasingiaid a0l taznaistluly
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E’[UOU’IJ?)WHZI )Sanitary and Phytosanitay Measures-SPS)
foN1SduouN1Msa doanaviiwavoaulglul
ad .1995 riliadciudranygeonisdoanioiaibiuin
gu nazludiGeonulainisdanvanuznssunN1sn

7 International Union of Pure and Applied Chemistry

viuduuui “ Quality of Measurement Results in

Chemistry Laboratory” Dalagan1uuu1nsingn
IHVY160 SOUAU NSUINEIA1dasusn1s (.UD)
nazaniuudvgdngrarnsiuriols=inalng (.oa)
(.02)20 UNS1AU 2555
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#5aUs=$19u nluTsuoudniivowsno:lddoya
anuruzaonad [3] aouudodnislgUodedosduno:
ds10a0uidoUu 1gu n1sldaisunasgiusnodo
nslg3831as1srniduneeusuluaina N1ss1gviu
draowlinduauiis=Aauad 1UIdoUU )coverage
factor, k) N1sldNsUszNuAUNIWWaANISNAADU GIDY
Ao0810n2UAUNITUU @1581090 NS0 D81V
govrioodjuanIsiov [4]

AIUITEUUNADIUI3001A8DAU Proficiency test llas
msUs:aduwadI8nszUdUNSAISENI “concensus
fAviSevansoulunisaaunaun1ouIasdIneai (5]
n3ouliidoaaiuZon A WAUWUSTo0N1SSUSDV
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ntazA1ds10 1Wunuogardavov “Twa“sl Unit
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1. na1oun

TumsnaaaunvsulaoiWilounalnn Twisibiaesneoo
ninisdaanszualwilngolusuranansdunlanovuds
T@unn1snaaau Short Circuit Test [1] 1a30000IAA
nszudalwio:1d High Current Instrument Transformer Botiou
39nAUAIUGO Walter Rogowski Un3Ne1ANdnSa0180S1u
Foluius=gnaldasonsn 31 “Rogowski Coil” 1050010
Janngianauiiunlgorudniluvzaovlasunisdouingu
p810QnAovASOUAaUEIUNY:1Fo1U Nn1SdoUIfisy
n3ooiiodaliasounaugunvinnssa Wudarinuado
1UogooUIASgIU ISO/IEC 17025 Uoauuiineodguams
doutiisuiadavodalWilhluus:zindlng awwisnriins
doulngu Current Transformer 1dﬁau1mns:lla1wﬁhqoqm
oo 1 kA 1ov91nlun1SnadoUANIANYEIAWIZTD0
nuandaolwirguralnayinorudnduaooriin1sdaan
nszunalwilhgonsuranarsdunlaneunUsrnliaoodo
n3evliodallasuiisunaousanalasialdsengo ud
A.0. 2010 9VANSAIMUAUIASFIUUIUNGIANIAGD AU
malulagaruluiln (International Electrotechnical Commision,
EC ) Tasariuiasgiuiieoiunsnadouiains:zualwiin
ao [2] lasldoyanineodoonuiadooliodaluilnian
nszualwihaounn launnnsasutiau

n3ooliadaluiihliasounautiive 5% vooa1goaniv:rii
nisdaftiisows lasddoinuaiuiausnia3eoioda
901001 @1 Linearity I0uNgousuasauaauans:ualwiin
goaano:rinnsda nadenritnisasuiisuin3ooiiodn
nszualwilh Nanszualdilngoaain 1 kA @300
nszualWilia3ovivzanuisalddaans:ualwilagoando
20 kA Insnia3ovdodans:ualwilndonaid dooiinis
§udusn Gan Linearity [Junsousuasouaauans:ualulil
dodm 20 kA NNsda  GosmaAwafuna1dlinIsnaaou
[WoHUSUA Linearity 999 Rogowski Coil $o10uadiusidu
fvzdoodiiunisnadou U a.d. 2002 Ramboz, et al. Ta
ANUWWaN1SNAdaUdUIUA Linearity 999 Rogowski Coil
la®1d Ratio Method wan1snaaaudugud Rogowski Coil T
@1 Linearity IUUNBoUSUASoUaauains=uallilngoio
100 kA [3] luunaoiuavulo:znaiofionisnadoutiio
JudUM Linearity 90 Rogowski Current Waveform Transducer
(Rogowski Coil with Integrator, Model CWT 30O0LFB) ﬁ A1
nszualwilngono 30 kA lagld 2 55n1slaun 35 Current
Ratio lac 28 Linear Extrapolation from Low Current #an1s
NaaoUNo 2 358§ugudn Rogowski Coil, Model CWT 300LFB
@1 Linearity 1UUN®oUSUAIULAASEIU [EC nd10@0
wamsnaaouia Tolerance N3 5%



2.11ann1s N1SNAaauIlodugu Linearity U990

Rogowski Coil v:13 2 35laln Current Ratio Method

llac: Linear Extrapolation from Low Current (Linear

Regression) Method

2.1.1 Current Ratio Method =18 Rogowski Coil

:)”mohns:uao‘i"wf"nu Input Y09 Transformer
Ha:A1NSzUago@1u Output OV
Transformer 15'10‘i’1ﬂ5:llﬂfi50]16fU"l
AUDTUNNAN Current Ratio 990NS=lldd0
oNS:IART $1UDU 4 YATOVAINS:IA
@1 Current Ratio 999N0 4 0 Arinnns
Nadaouv=J@A1N1NU Turn Ratio Y00
Transformer Nlglun1snadou
Linear Extrapolation Method 1dn1s1USgu
A1 Voltage VS Current Curve alavnnis
14" Rogowski Coil JaAINS:ldgY AU A1
Voltage VS Current Curve piduwaaws
U0V Linear Extrapolationla®1ddo1yadoo
dns:=uad1 Mnlususeonsasuliisu
Y00 Rogowski Coil

2.1.2

2.2 aUnsni / 1a3oviionldnadou

2.2.1 Digital Oscilloscope S/N 911L.C3458

2.2.2 Rogowski Current Waveform Transducer 3
sets (S/N 32924-27082, 32856-
27416,32857-27417)

2.2.3 Single Phase High Current Transformer
(Turn Ratio = 38T: 2T) 2 4a

2.2.4 Tapping Auto - Transformer (3 Phase) 1 g0

2.2.5 Dry Type PT 220V / 110V 1 4@

2.3 Wooovsiazsuniw nIsnadau
2.3.1 WYIV9S
Tun1snadouAoIn15 1% Three Phase
High Current Transformer Tag'ldvinmsae Single
Phase Transformer 2 @19 11U Inverted V Wiring A4

v 9
ueraaluzai 1 dreanil

TRANSFORMER FOR 3 PHASE TO SINGLE PHASE INVERED V. CONNECTION

(Single Phase Transformer : 2 Sets)

Rating: 16 380 V-20V 250kVA
Input from 3 o tapping Auto - Transformer

b
— Turn ratio :

l]ﬁ 1 Inverted V Wiring Turn Ratio 38 : 2

2.3.2 sUymwnisna&aou

Un 2sUnwmsnadou




2.4 JuAdUNISNOAdU

2.4.1 rimsidanal ~250 ms. lagld PT idanan

2.4.2 111N150d Rogowski Coil 3 @D NU Three Phase High Current Transformer (f’ﬂm"mn Single Phase
Transformer 2 A2 AO20VSUUU Inverted V Wiring) 1@ & 13" Rogowski Coil 2 @D (S/N 32856-
27416,S/N 32857-27417) Q”mns:uaoi"mﬁu [/P 999 Three Phase Transformer ﬁ Phase A
llaz Phase C, 19 Rogowski Coil (S/N 32924-27082) ¢ofl 3 JANS=1AGIAIU O/P 00 Three
Phase Transformer N1@1iNN1S Short-circuit 1d2 MUE009s3UA 1 Iasldausuruiilelruns:
nalnasg ru dntoguUENa19v09 Rogowski Coil MAVINUUAINISIAYUIUND 3 YOO
Rogowski Coil [n®1d Digital Oscilloscope IA@1 Voltage uasudaoliiduans:uasoll

2.4.3 13 Three Phase Auto Transformer 1TUU Power Supply lunisnadou lagrinnisidenaiusoauluiln
ngo Voltage TAP ol

24.1.1 104 V.
24.1.2 173 V.
24.1.3 208 V.
24.14 242 V.

2.4.4 msnadoulunaa: TAP v:inmsnadoudl 3 aso
2.4.5 10ASIVEOU Repeatability D:1i1N1SnadoUn TAP 242 V. WUIGUSN 10 aS0
2.4.6 MSnadouliaa: TAP 1S19:UUANAINS:Id RMS. No 3 900 CWT 1, , I, , I,
=0 A
[b=0C
I; = O/P (High Current)

unan QJ';_IQ lUmsans:ud I, 9zla@ Current Ratio waawsuaaoluansiosun 3 una: 4

3.1 Current Ratio Method
N1SNAddU Linearity test 1a® Current Ratio Method @itiunN1snaaou ool

n33Ufualudan 2.4.1 16 PT Banarlugruzrin1snadoud=eog ~ 250 msec/AS0 GUTUMSHD
9095 AUdaUfURTaN 2.4.2 1301 power supply @MMUS5URUGIUGEN 2.4.3 Tunda: TAP NS
naaoudn TAP a: 3 aso lawamusun 3 macwliniueulumsda (Uncertainty of Measurement) Tu
N1ISNAEdU Linearity @A2838 Current Ratio ttaavldluniawuon n




250 msec./n33 TAP I (kA I, (KAL) I (kA,,) Current Ratio | Tolerance (%)

1 104 V. 0.952 0.932 18.064 19.176 0.926

2 104 V. 0.958 0.938 18.174 19.170 0.895

3 104 V. 0.958 0.935 18.157 19.183 0.963

1 173 V. 1.176 1.152 22.293 19.152 0.800

2 173 V. 1.172 1.147 22.203 19.149 0.784

3 173 V. 1.169 1.145 22.151 19.145 0.763

1 208 V. 1.320 1.297 25.008 19.112 0.589

2 208 V. 1.321 1.295 24.973 19.092 0.484

3 208 V. 1.302 1.276 24.636 19.112 0.589

1 242 V. 1.516 1.508 28.792 19.042 0.221

2 242 V. 1.505 1.498 28.701 19.115 0.605

3 242V, 1.503 1.499 28.693 19.116 0.611

Design: 19

*AﬂnsmﬂMﬁIX}Cmnmmmn +5% Tolerance from standard
+ flounszuaworiion Tap a2 3 ava w4 Tap
* Current ratio =1, / LI_IZ_IZZ

Un 3 1da Current Ratio 91NN1SNAEOU

NUIBINA M Tolerance (%) Nanvlslusun 3 avauldariie Wudnsolusouamadulintiueuzoo
msJdaibesoudadulindusugeonisia (3.82%) fiisrwazdeanisdudrulsinglumawuon n
@1 Current Ratio Tuneduun 6 flavinmsnadou TalUIAU 5% Tolerance ForJuinnurin1sgouSUML
U1ASg1U IEC [2, p. 54]

GduNISAIUTUADUNISNAdOUN 2.4.5 lilonSIVE0U Repeatability 16fwam1U§UFi 4 Wo@udruan
aowlyntdueugaonisda awwuon n lagldwan1sdasuou 10 aso Urundudn Uncertainty Type A
209 1, , L, 1a: I; noauamanv=laan < 0.3% GoUUA1 Expanded Uncertainty TUNTSA1@AT Current Ratio
Tums1osun 4 T v:0id < 3.82% 1ounlUSoUNU @1 Tolerance MAAVINWAAIISZNTI0WANISIANU
@1 Designed Current Ratio =19 (@9AUUN 7) @1 Tolerance SOUMDAN < 5% BordulUauinurinisgousu

MMUUNIASHU [EC [2]




250 msec./AS 9 TAP I;(kArms) | I, (kArms) | I;(kArns) Current Ratio Tolerance (%)
1 242V, 1.497 1.495 28.650 19.151 0.795
2 242V, 1.510 1.507 29.040 19.251 1.321
3 242 V. 1.500 1.497 28.748 19.185 0974
4 242V, 1.495 1.493 28.861 19.317 1.668
5 242V, 1.508 1.502 28.797 19.134 0.705
6 242V, 1.485 1.483 28.669 19.318 1.674
7 242 V. 1.497 1.495 28.751 19.218 1.147
8 242V, 1.487 1.489 28.588 19.212 1.116
9 242 V. 1.493 1.502 28.820 19.245 1.289
10 242 V. 1.474 1.485 28474 19.246 1.295
Design : 19
* 5% Tolerance from standard
* Arms 92 113 DC-Component
1 o ]
* ﬁauﬂizuﬁmmﬁm 10 A59 Lﬁﬁ]@]‘j’)ﬁ]ﬁﬂﬂ Current Ratio $13/3395L81
1.1, uae I, luldimuadunioudigiln 3
* Currentratio=1, / (I, +1,)

Ui 4 1aao Current Ratio Noans:uallilgoan lneriinssa 10 aso

v

10




3.2 Linear Extrapolation from Low Current (Linear Regression) Method

nwan1snaaovlumsiosun 3 UU131aS1zHN Linearity 999 Rogowski Coil Nlddaa1ns:uagolag
1455 Linear Extrapolationlginolt

a) NN1s@uduAT mV VS A Nans:zualwilngoaos35 Extrapolation lasldwodulu
N1S@1UDM Linear Regression (LINEST) go0lUsunsy Excel laalddn mv VS A fidn
nszualwilndrinlususeonisasutieuygay Rogowski Coil (S/N 32924-27082) las
Tgans=nalwilrgo ru 9andiawinnsn 1000 A flavnnisnaaselusuil 3 wavoo
N1s1i1 Extrapolation taaoldluaaduuil 2 veosun 5 lasladn Slope = 0.09936
A1 Y-Intercept = —-0.05 => (Y=0.09936X — 0.05) llazA1 Uncertainty 309 Slope llas Y-Intercept
IN1NU 5.66E-05 lla: 0.0387 Mua1au

b) riimsw3suiisuwanisda mv ru duntons:Iage 4 ynvinwamsnaaaulusun 3
(A1dswov I, luadaduUN 5 QrUEDY sensitivity 0.1 mV/A) AUARTAvIANISA1UDM
Extrapolation In®@aduun 3 10uwan153aue0 Rogowski Coil aoauUf 4 1Juwamogov
71910 Extrapolation AUA191NN1SI0 NazaodUUn 5 nanowanioiduaisosas
Inswasmony 4 90 Armsnaaeu TAAINT 1.63%

Anszuaiinaaey ATmv 910 A1 mv 9InMsinlag
Column 3 - Column 2 % VY93 Column 4
A) Extrapolation CWT 300
250 24.79 - - -
500 49.63 - - -
750 74.47 - - -
1000 99.31 - - -
i 17955 1783.959 1813 29.0412 1.627908
22042 2190.043 2221 30.95688 1.413528
24728 2456.924 2487 30.07592 1.224129
28585 2840.156 2872 31.8444 1.12122

sUn 5 ndaon1sidSeuinguwas:=ninoaniaonmsnadaunuanlavnnisaiudn Extrapolation

I11+12

+91nsun 5 adlaglunseudnay Wuanagyoy @MUADY Turn Ratio | 19 | nuoailu A
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91nN15NAa@oulay Current Ratio Method NA1ns=uallilngo 4 9a nnoald@ Current Ratio NSoUAY
adwlynuusugoon1sdauadiarluiiu 5 % Tolerance ¥90A1 Turn Ratio lazv1nnN1s1USyUINYU
Voltage VS Current Curve 990Wan1sdANUNISAIUINUGIYIS Linear Extrapolation lnglddoyalulususeo
N1SaUIAEUTDY Rogowski Coil ldiwadwsa1onum1nsn 1.63% uaaolriiAusn Rogowski Coil N1g1u
nsnaaau {if Linearity unsousulaslumsnaaouiian Tolerance TitAu 5% lugovns:ualuliligo
fio 29 kA, doridulumuinnurinmseausuis:ulsluassu EC (2, p. 54]

19Nd1591099

1. [EC 60076-1:2011, Power Transformer — Part 1: General

2. IEC 62475:2010: High-current test techniques — Definitions and requirements for test
currents and measuring systems

3. Ramboz, et al., The Verification of Rogowski Coil Linearity from 200 A to Greater than 100 kA
using Ratio Method, IEEE Instrumentation and Measurement Technology Conference, May 2002

4. Transformer Theory with Test Method: Balance Ampere — Turns of High Current
Transformer

5. JCGM 100:2008, Evaluation of Measurement Data — Guide to the Expression of Uncertainty
in Measurement, BIPM, 2008

6. Calibration Certificate: Digital Oscilloscope, Serial No: 91 NC29342
Manufacturer: Yokogawa, U.Inguundioadlaansa 3116

7. Calibration Certificate: Rogowski Current Waveform Transducer
Serial No: 32924-27082 Manufacture: PEM, U.Inguungnadlaansa $1na

8. Calibration Certificate: Rogowski Current Waveform Transducer
Serial No: 32856-27416 Manufacture: PEM, U.Inguungnadlaansa $1na

9. Calibration Certificate: Rogowski Current Waveform Transducer

Serial No: 32857-27417 Manufacture: PEM, U.lnguundioadlannsa 310a
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AMAWUIN N
Uncertainty Budget 990N1SNAddU Linearity 499 Rogowski Coil (CWT 300 LFB)

Uncertainty Probability
Uncertainty Sources

Value Distributio
n
I, measurement
- Calibration certificate of CWT 300 LFB
S/N 32856 - 27416 0.2% + 2 digits
worst case at 250A = 0.2% + 0.8% = 1.0% 1.0% N
- Oscilloscope Calibration at 120 mV = 0.6 mV
= 0.5% 0.5%
- Type A (MM370 3 ﬂ%ﬁ) <0.5% N
I, measurement
- Calibration certificate of CWT 300 LFB
S/N 32857 - 27417 0.2% + 2 digits 1.0% N
- Oscilloscope Calibration at 120 mV = 0.6 mV
= 0.5% 0.5%
- Type A (MM33@ 3 ﬂ%ﬂ) <0.52%
I, measurement
- Accuracy of CWT 300 LFB
S/N 32924-27082 worst case 2% 2.0% R
- Oscilloscope Calibration at 5V =19 mV
~ 0.4% 0.4%
- Type A (1M33@ 3 a%9) <0.5%
- Difference between extrapolation and
measured <1.63% R

value at high current
Combined Uncertainty

Expanded Uncertaint3

Divisor

Standard

Uncertainty

0.5%

0.25%

0.5%

0.5%

0.25%

0.52%

1.15%

0.2%

0.5%

1.15%

1.91%

3.82%

Degree of

Freedom
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