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Abstract : From February 2000 to March 2003 the international CCEM-K9 key comparison 
of AC-DC high voltage transfer standards was completed. AC-DC transfer standards were 
compared at 200 V, 500 V and 1000 V. At 1 kHz, the agreement between the results 
submitted  by  the  participants  and  the  key  comparison  reference  value  is  in  the  order 
of  5 µV/V at all test voltages. At the frequency of 100 kHz, the agreement is in the order of 
10 µV/V and 15 µV/V at 500 V and 1000 V respectively.  

1 ) Introduction : 

AC-DC thermal transfer techniques provide at present time the most accurate link 
between AC RMS voltages and DC voltages. These techniques use thermal converters usually 
operating in the 1 V to 3 V range, which are associated with series range resistors for 
measurements at higher voltages. In order to reach a low level of uncertainty, their AC-DC 
transfer difference has to be determined in a step-up procedure. 

At voltage levels of a few volts, most of National Metrology Institutes (NMIs) use 
multijunction thermal converters (MJTC) as primary standards in the low frequency domain. 
The frequency response of such converters, is very flat and close to their DC response from 
10 Hz to 100 kHz, and can be accurately calculated in this frequency range [1]. A recent 
international comparison (CCEM-K6.a) [2] at voltages of 1.5 V and 3 V, using PTB MJTCs 
as travelling standards, showed an agreement between the participating NMIs better than 0.6 
parts in 106 at 1 kHz and 1.4 parts in 106 at 100 kHz. 
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At higher voltages, the frequency response of AC-DC transfer standards is derived 
from the primary standards by a step-up procedure which consists in calibrating, one after the 
other, each unknown standard against the neighbouring already calibrated standard. The 
assumption is made that the AC-DC transfer difference of each standard remains constant 
between the reduced voltage at which it is calibrated and the full rated voltage at which it is 
then used, as the reference converter, in the next step of the step-up procedure. This 
assumption is generally valid for voltages up to 100 V or 200 V, but at higher voltages, a 
voltage level dependence of the AC-DC transfer difference is observed. Dielectric losses [3] 
and variations of the resistance of the range resistor with temperature changes [3] seem to be 
mainly responsible for this dependence. Specific difficulties occur then in the determination 
of the AC-DC differences of the AC-DC standards at these voltages, and particularly at 
frequencies above 20 kHz. 

A previous comparison of such devices (CCE 92-4) showed large discrepancies 
between the results reported by the participants and no meaningful reference values for the 
travelling standards at these frequencies could be computed from the reported results. In May 
1999, at the meeting of AC-DC transfer experts in Silkeborg, Denmark, it was decided to 
cancel this comparison. A new comparison, conforming to the BIPM guildline for key 
comparison and designated CCEM-K9, with new travelling standards, piloted by BNM-LNE, 
was restarted in February 2000. The support group was composed of METAS, SP and NRC. 
A regional key comparison, with the same travelling standards, designated EUROMET 557, 
started in parallel. At the same time, works performed in number of NMIs greatly improved 
performances of high voltage AC-DC transfer measurements [4-8]. 

2 ) Scope of the comparison 

The purpose of the present comparison was to check the agreement between the NMIs 
in the field of AC-DC transfer measurements at 200 V, 500 V and 1000 V. The test 
frequencies were 1 kHz, 10 kHz, 20 kHz, 50 kHz and 100 kHz. 

The quantity to be measured was the AC-DC transfer difference δ of the travelling 
high voltage thermal converters, defined as 

DC

DCAC

V
VV −

=δ  

where: 

• VAC  is the RMS value of the AC voltage applied at the input of the converter; 

• VDC, the direct voltage, which when reversed, produces the same mean output 
voltage of the converter as VAC. 

3 ) Organisation of the comparison and description of the travelling standards 

The comparison was organised in two parallel loops. The CCEM and EUROMET 
loops were not separated. 

In the first loop, the circulating standard (NIST-PTB/1000V) consisted of a PTB-IPHT 
400 Ω planar multijunction thermal converter, provided by PTB, associated with a 1000 V 
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range resistor (s/n 030) for FLUKE 792 A transfer standard provided by NIST. This standard 
had to be measured at all requested voltages and frequencies. 

In the second loop, two standards were circulating. One of them (METAS/1000V) was 
a 1000 V standard (ref. RS1000/E + US6) developed and provided by METAS, consisting of 
a 1000 V range resistor  associated with a single junction thermal converter, to be measured at 
500 V and 1000 V. The second standard (NIST-PTB/500V) was a PTB-IPHT 400 Ω planar 
multijunction thermal converter, provided by PTB, associated with a 500 V range resistor (s/n 
034) for FLUKE 792 A transfer standard, provided by NIST, to be measured at 200 V and 
500 V (optional).  

The link between the different standards was established by BNM-LNE, PTB and 
METAS, which participated in both loops. These laboratories also monitored the long term 
stability of the standards by repeated calibrations during the comparison 

During the comparison the NIST-PTB/1000V standard was destroyed twice. Each 
time, the 400 Ω planar MJTC was replaced by PTB. Therefore, 5 standards were used in the 
comparison. 

For one group of participants they were : 
• NIST-PTB/1000V[1] from February 2000 to December 2000, and called S1 

later in the report ; 
• NIST-PTB/1000V[2] from January 2001 to October 2001, also called S2 ; 
• NIST-PTB/1000V[3] from December 2001 to June 2002, also called S3. 

For the other group they were : 
• METAS/1000V, which was measured at 1000 V and 500 V, and called S4 later 

in the report ; 
• NIST-PTB/500V, measured at 500 V (optional) and 200 V, also called S5. 

Standard S3 was used only by the NMIs participating in the EUROMET part of the 
comparison. However, the link between different CCEM-K9 standards has been established 
by a global method, taking into account not only the official results of the pilot laboratory 
(BNM-LNE) and the support laboratories (PTB and METAS), but also their complementary, 
stability monitoring measurements of all travelling standards. For this reason the values of S3 
are given also below. 

4 ) Participating NMIs 

The NMI’s are listed in the chronological order in which they participated for each 
travelling standard. 
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Table 1 : List of participating NMIs. Laboratories which performed complementary, stability 
monitoring measurements, are noted in blue. 

 
The full names of the participating organisations are : 
BNM-LNE : Bureau National de Métrologie – Laboratoire National d’Essais 
DANIAmet-AREPA : 
NPL : National Physical Laboratory 
SP : Sveriges Provningsanstalt 
IEN : Instituto Elettrotecnico Nazionale 
CEM : Centro Espanol de Metrologia 
PTB : Physikalisch-Technische Bundesanstalt 
NMi-VSL : Netherlands Meetinstituut – Van Swiden Laboratorium 
INTI : Instituto Nacional de Tecnologia Industrial 
NMIA : National Measurement Institute of Australia 
NRC : National Research Council Canada 
VNIIM : D. I. Mendeleyev Institute for Metrology 
METAS : Swiss Federal Office for Metrology and Accreditation 
NIST : National Institute of Standards and Technology 
NIM : National Institute of Metrology 

5 ) Laboratory procedures and standards 

The measuring procedures and standards used in the different NMIs have been 
described in more or less detail in their reports. Some of them have been published elsewhere. 

Almost all participants use an automatic or semi-automatic system to compare the 
travelling standards against their reference standards. In general the AC-DC measurement 
consists of an input sequence DC+, AC, DC-, AC, etc… Each time, either the output voltages 
of both thermal converters are directly measured (dual-channel method), or one of them only 
and the difference between them (“differential” method). 

The number of measurements differ from one institute to another. 

LABORATORY COUNTRY Responsible person Calibration date Comparison

Travelling standard : NIST-PTB/1000V[1]        (S1)
1 BNM-LNE France Andre POLETAEFF February 2000 CCEM-K9 EUR-557
2 DANIAmet-AREPA Denmark Torsten LIPPERT July 2000 CCEM-K9 EUR-557
3 NPL United Kingdom G. JONES - P. WRIGHT August 2000 CCEM-K9 EUR-557
4 SP Sweden Karl Erik RYDLER September 2000 CCEM-K9 EUR-557
5 IEN Italy Umberto POGLIANO October 2000 CCEM-K9 EUR-557
6 CEM Spain Miguel NEIRA November 2000 CCEM-K9 EUR-557

Travelling standard : NIST-PTB/1000V[2]        (S2)
7 PTB Germany Manfred KLONZ January 2001 CCEM-K9 EUR-557
8 VSL The Netherlands Cees Van MULLEM May 2001 CCEM-K9 EUR-557

Travelling standards : METAS/1000V (S4)  and  NIST-PTB/500V (S5)
9 INTI Argentina Hector LAIZ July 2000 CCEM-K9

10 NMIA Australia Ilya BUDOVSKY November 2000 CCEM-K9
11 NRC Canada Peter FILIPSKI March 2001 CCEM-K9
12 VNIIM Russia G. P. TELITCHENKO May 2001 CCEM-K9
13 METAS Switzerland Marc FLUELI August 2001 CCEM-K9 EUR-557
14 NIST United States J. R. KINARD - T. E. LIPE January 2002 CCEM-K9
15 NIM China J. ZHANG May 2002 CCEM-K9
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6 ) Uncertainty statements 

The participants were asked to provide detailed uncertainty budgets in accordance 
with the guide to the expression of uncertainty in measurements, first edition published in 
1993 by BIPM/IEC/IFCC/ISO/IUPAP/OIML, based on the recommendation INC-1 (1980). In 
this report all the uncertainties are presented with a probability of 95 %. 

Uncertainty budgets provided by the participants are given in appendix 2. 

7 ) Determination of the key comparison reference value (KCRV) 

Although several travelling standards have been used, only one value should be given 
as the reference value for the comparison. The AC-DC transfer difference of the travelling 
standard S2 (see the list of the travelling standards in section 3) has been arbitrarily chosen as 
the reference value. The procedure described in the WGKC/2002-27 document published by 
the CCEM has been adopted for the calculation of this value. 

In order to take into account, in the calculation of the reference value, results reported 
by the participants who did not measure standard S2, we proceeded as follows: 

1. In a first step, deviations of all travelling standards from S2 were calculated 
from results reported by laboratories which measured at least two of them 
(BNM-LNE, PTB and METAS). 

2. Values given by each participant in the comparison were then adjusted by 
subtracting the deviation of the standard the participant measured from the 
standard S2. 

3. The reference value  dref  and the associated uncertainty  uref  were calculated 
from this set of adjusted values using : 

∑
∑

=

i
iadj

i
iadjiadj

ref u

ud
d 2

,
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)/(1
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     and     

∑
=

i
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ref u
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1  

where : 

• dadj,i  is the adjusted value for laboratory “Li” ; 

• uadj,i  is the standard uncertainty of the adjusted value for laboratory “Li” and is 
given by  2

,
2

,, idevirepiadj uuu += ,  urep,i  being the standard uncertainty reported 
by laboratory “Li”, and udev,i  the standard uncertainty of the deviation of the 
standard measured by “Li” from the standard S2. 

Remark : Deviation of the standard S5 from the standard S2 was calculated in the first 
step. But as participants who measured S5 at 500 V also measured S4 at this voltage, only 
results reported for S4 have been taken into account in the calculation of the reference value 
at 500 V and in the calculation of the degree of equivalence between pairs of laboratories. In 
this way, the weight of the contribution of each participant to the KCRV remains the same. 
Nevertheless, results reported for S5 at 500 V are presented in this report for completeness. 
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Calculation of the deviations of the different standards from S2 
The value drep(Si,Lj)k of the AC-DC transfer difference of the travelling standard “Si” 

reported by laboratory “Lj” (BNM-LNE, PTB or METAS), k being the number of the actual 
measurement, can be written : 

kjikjirep LSdLSd εδ ++= )()(),(      where : 

• d(Si) is the AC-DC difference of the travelling standard “Si” ; 

• δ(Lj) is the systematic error of laboratory “Lj” assumed to be the same for all 
measurements performed by this laboratory at a given test point ; 

• εi,j(i) is the random measurement error of drep(Si,Lj)k. 

Each reported value leads then to such an equation, creating a system of k0 equations, 
where k0 is the total number of measurements taken into account for this calculation. In order 
to get only one solution for this system, the supplementary condition  ∑ =

j
j KL )(δ   has been 

added. Values computed for the d(Si)’s depend on the arbitrary value assigned to K, but not 
the differences between them. The value of K has then been fixed to zero for the calculation 
of preliminary values of the AC-DC differences of the travelling standards. 

This set of equations can be written in the matrix form : 

][]].[[][ ε+= YXSMeasRESULT  

where [MeasRESULTS] is the one column matrix of reported values for a given test 
point, [Y] the one column matrix of the preliminary “calculated values” of d(Si) and d(Lj) (to 
be determined), and [X] the matrix of the system, 

with the solution : 

]].[[.])].[[(][ 1 SMeasRESULTXXXestY TT −=  

where [estY] is an estimate of [Y]. 

Deviations d(S1) – d(S2), d(S3) – d(S2), d(S4) – d(S2) and d(S5) – d(S2) have been 
deduced from preliminary values computed for d(S1), d(S2), d(S3), d(S4) and d(S5). 

Calculation of the uncertainty of the deviations of the different standards from 
the standard S2. 

The variance Var[estY] of [estY] is determined by : 
12 ])].[[.(][ −= XXsestYVar T  

From the reported values (matrix [MeasRESULTS]) and the computed preliminary 
values (matrix [estY]), a one column error matrix [ε] has been derived : 

]].[[][][ estYXSMeasRESULT −=ε  

If its elements are noted εl, s is given by : 

pn
s l

l

−
=

∑ 2

2
ε

 

where : 
• n is the number of equations ; 
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• p, the number of parameters to determine. 

The standard uncertainty of the determined parameters (matrix [estY]) is given in the 
main diagonal of matrix Var[estY]. If upr(Si) represents the standard uncertainty of the 
preliminary computed value of d(Si), the standard uncertainties udev of the deviations of the 
different travelling standards from S2 are given by : 

• )2()1()1( 22 SuSuSu prprdev +=    for S1 ; 

• )2()3()3( 22 SuSuSu prprdev +=    for S3 

• )2()4()4( 22 SuSuSu prprdev +=    for S4 

• )2()5()5( 22 SuSuSu prprdev +=    for S5 

8 ) Presentation of the results 

In this report, all results are given in µV/V and the uncertainties are presented with a 
probability of 95 %. 

Reported values 
Tables 2a to 2d show the values (column “d”) and the expanded uncertainties (column 

“U”) as reported by the participants. Additional, stability-monitoring, measurements 
performed by the pilot laboratory and the support laboratories are presented on a dark 
background. 

 

Table 2a : Reported values (“d”) and expanded uncertainties (“U”) at 1000 V (in µV/V) 

 

LABORATORY COUNTRY 1 kHz 10 kHz 20 kHz 50 kHz 100 kHz
d U d U d U d U d U

Travelling standard : NIST-PTB/1000V[1]        (S1)
BNM-LNE France 5.3 16 -1.9 35 -9.1 35 -33.6 69 -79 69
PTB Germany -0.4 8 -3.8 8 -7.4 8 -23.4 10 -62.1 30
DANIAmet-AREPA Denmark 4 21 1 21 -1 26 -20 41 -58 81
NPL United Kingdom -1 13 -6 13 -12 23 -29 32 -69 62
SP Sweden 2 9 0 10 -4 11 -17 15 -48 23
IEN Italy -1.4 14.8 -5.8 15.2 -12.9 25 -32.8 37.2 -71.9 79.4
CEM Spain -7 36 -3 40 -8 44 -38 64 -68 98
PTB Germany -0.4 8 -3.9 8 -7.6 8 -23.1 10 -61.3 30

Travelling standard : NIST-PTB/1000V[2]        (S2)
PTB Germany -0.5 8 -3.8 8 -7.2 8 -21.9 10 -56.6 30
BNM-LNE France 7.4 16 0.4 35 -6.3 35 -30.4 69 -72.4 69
METAS Switzerland -1.6 6 -4.1 7 -7.6 7 -21.7 10 -51 28
VSL The Netherlands 3 20 -3.1 20 -10.1 25 -25.2 35 -61.4 50
BNM-LNE France 7.4 16 -0.3 35 -7.4 35 -31 69 -72.8 69

Travelling standard : NIST-PTB/1000V[3]        (S3)
PTB Germany 0.3 8 1.5 8 12.2 8 87.5 10 329.5 30
METAS Switzerland -1.3 6 1 7 11.4 7 88.7 10 351 28

Travelling standard : METAS/1000V               (S4)
BNM-LNE France 5.7 16 3.9 35 7.9 35 48.6 69 216.2 69
METAS Switzerland -0.6 6 2 7 9.7 7 59.8 10 241 28
INTI Argentina -4 14 1 16 6 20 57 24 235 40
NMIA Australia 1.5 11 6 14 14 16 66 28 250 41
NRC Canada 1 10 7 10 17 10 69 12 237 24
VNIIM Russia -0.1 20.2 2.6 20.6 6.1 32.4 38.8 51.6 260.4 101
METAS Switzerland -1 6 1.6 7 9.4 7 59.8 10 241 28
NIST United States 7.9 17 7.2 17 16.7 16.2 57.8 21.4 231.6 29.2
NIM China -0.3 24.2 3.9 24.4 12.4 29.2 58.3 45.4 218.1 59.6
METAS Switzerland -0.6 6 2 7 9.4 7 59.7 10 241 28
BNM-LNE France 8 16 6.2 35 8.4 36 51 69 217.4 69
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Table 2b : Reported values (“d”) and expanded uncertainties (“U”) at 500 V (in µV/V) 

 

 

Table 2c : Reported values (“d”) and expanded uncertainties (“U”) at 500 V (optional) (in 
µV/V) 

 

LABORATORY COUNTRY 1 kHz 10 kHz 20 kHz 50 kHz 100 kHz
d U d U d U d U d U

Travelling standard : NIST-PTB/1000V[1]        (S1)
BNM-LNE France 1.8 13 -3.2 21 -6.8 21 -25.7 36 -67.7 36
PTB Germany -0.6 8 -3 8 -7.4 8 -24.6 10 -67.9 22
DANIAmet-AREPA Denmark 3 21 0 21 -4 21 -22 21 -60 41
NPL United Kingdom -1 13 -8 13 -13 17 -31 24 -75 46
SP Sweden 2 8 0 9 -5 10 -18 14 -55 21
IEN Italy -0.6 9.4 -5.7 9.4 -13.1 14 -35.2 20.2 -80.4 47.6
CEM Spain -2 30 -4 30 -5 30 -29 38 -62 50
PTB Germany -0.5 8 -3 8 -7.5 8 -24.8 10 -67.4 22

Travelling standard : NIST-PTB/1000V[2]        (S2)
PTB Germany -0.5 8 -2.8 8 -7 8 -22.5 10 -60.5 22
BNM-LNE France 3.8 13 -1.3 21 -4.9 21 -22.8 36 -62.1 36
METAS Switzerland 2.2 6 -4.4 6 -7.9 6 -23.1 9 -58 26
VSL The Netherlands 2.6 15 -4.3 15 -9.2 20 -25.7 25 -63.8 40
BNM-LNE France 3.3 13 -1.6 21 -5.5 21 -23.6 36 -62.6 36

Travelling standard : NIST-PTB/1000V[3]        (S3)
PTB Germany 0.1 8 2.4 8 12.4 8 88 10 332.1 22
METAS Switzerland -1.3 6 0.9 6 11.2 6 87.6 9 343 26

Travelling standard : METAS/1000V               (S4)
BNM-LNE France 1.7 14 1.7 21 9.1 21 55.9 37 230.3 37
METAS Switzerland -0.8 6 1.5 6 9.3 6 59.2 9 238 26
INTI Argentina -3 12 -1 14 7 16 56 18 231 30
NMIA Australia 2.6 9 6 9 14 10 67 15 248 23
NRC Canada 1 8.8 6 8.6 16 10 68 10.6 235 24
VNIIM Russia 0.7 16.6 2.9 17 4.5 24.6 39.9 40.6 213.8 60.4
METAS Switzerland -1.2 6 1.6 6 9.2 6 59.6 9 238 26
NIST United States 4.3 11 6.2 10.6 14.1 11.2 55.9 14 227 17.8
NIM China -1.5 19.6 1.5 19.6 9.8 21.2 56 29.2 212.5 39.6
METAS Switzerland -1.2 6 1.6 6 8.9 6 58.9 9 238 26
BNM-LNE France 3.4 14 3.5 21 10.6 21 56.8 37 229.7 37

LABORATORY COUNTRY 1 kHz 10 kHz 20 kHz 50 kHz 100 kHz
d U d U d U d U d U

Travelling standard : NIST-PTB/500V              (S5)
BNM-LNE France 0.6 13 -1.1 21 -0.8 21 3.8 36 31.9 36
METAS Switzerland -1.7 6 -1.2 6 -0.3 6 6.8 9 38 26
INTI Argentina -2 12 -3 14 -1 16 7 18 38 30
NMIA Australia 0.9 9 2 9 4 10 15 15 52 23
NRC Canada 1 10 3 10 6 10 17 16 43 28
VNIIM Russia 2.5 16.4 1.9 16.8 4 24.6 14.4 40.8 36.3 60.3
METAS Switzerland -1.3 6 -1.1 6 -0.3 6 6.9 9 38 26
NIST United States 3.5 9.2 3.3 9.6 3.9 9.8 3.3 13 28.4 16.8
NIM China -1.3 19.2 -2 19.2 -0.3 20.8 7.1 29 34.9 39.4
METAS Switzerland -1.7 6 -1.3 6 -0.4 6 6.3 9 36 26
BNM-LNE France 3.9 13 1.3 21 2.1 21 5.8 37 31.9 37
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Table 2d : Reported values (“d”) and expanded uncertainties (“U”) at 200 V (in µV/V) 

 

Long term stability of the travelling standards 
There are discrepancies between results reported by PTB and METAS for standard S3 

at 100 kHz for all voltage levels. However, for standard S2, values reported by these two 
laboratories are in good agreement. Drift of standard S3 is the most credible explanation for 
these discrepancies, as such a behaviour has already been noticed for some devices of the 
same type during the first months of their use. 

In order to take it into account, values reported for standard S3 have been corrected, 
assuming a linear drift between December 2001 (date of calibration by PTB) and June 2002 
(date of calibration by METAS). The total drift δdrift during this period was estimated using : 

)/3()/2()/2()/3( PTBSdMETASSdPTBSdMETASSddrift −−+=δ  

where : 
• d(S3/METAS) is the value reported by METAS for S3 ; 
• d(S2/PTB), the value reported by PTB for S2 ; 
• d(S2/METAS), the value reported by METAS for S2 ; 
• d(S3/PTB), the value reported by PTB for S3. 

For all other standards, complementary measurements performed by BNM-LNE, PTB 
and METAS show a good long term stability. 

Determination of deviations of standards S1, S3, S4 and S5 from standard S2 
Tables 3a to 3c show all values reported by BNM-LNE, PTB and METAS, used to 

calculate deviations of standards S1, S3, S4 and S5 from S2. Values reported by PTB for S3 
at 100 kHz are drift-corrected to the date of calibration by METAS. 

LABORATORY COUNTRY 1 kHz 10 kHz 20 kHz 50 kHz 100 kHz
d U d U d U d U d U

Travelling standard : NIST-PTB/1000V[1]        (S1)
BNM-LNE France -1.6 12 -7.2 13 -9.1 13 -31.1 16 -76.5 16
PTB Germany -0.5 8 -2.7 8 -8.3 8 -24.5 10 -67.9 22
DANIAmet-AREPA Denmark 2 11 -1 11 -6 11 -26 11 -72 26
NPL United Kingdom 5 12 -9 12 -11 14 -26 16 -67 20
SP Sweden 2 7 1 8 -3 9 -21 13 -55 19
IEN Italy 0.7 8.6 -5 8.8 -12.4 12.8 -34.7 18.2 -77.3 42.4
CEM Spain 2 22 2 22 -2 22 -22 24 -60 28.8
PTB Germany 0 8 -3.3 8 -7.5 8 -24.2 10 -66.9 22

Travelling standard : NIST-PTB/1000V[2]        (S2)
PTB Germany -0.5 8 -3.3 8 -7.3 8 -22.7 10 -61.9 22
BNM-LNE France 2.9 12 -3.4 13 -6.3 13 -25.7 16 -70 16
METAS Switzerland -2 6 -4.5 6 -8.2 6 -23.5 9 -61 24
VSL The Netherlands
BNM-LNE France 0.8 12 -4.8 13 -8.7 13 -26.5 16 -71.6 16

Travelling standard : NIST-PTB/1000V[3]        (S3)
PTB Germany -0.1 8 2.6 8 12.5 8 87.3 10 333.6 22
METAS Switzerland -1.5 6 1.1 6 11.2 6 88.2 9 345 26

Travelling standard : NIST-PTB/500V              (S5)
BNM-LNE France 1.5 11 -1.2 12 0 12 3.8 16 29.6 16
METAS Switzerland -1.2 6 -1.1 6 -0.3 6 6.9 9 38 24
INTI Argentina -3 10 -2 10 -1 12 6 16 37 24
NMIA Australia -0.1 7 1 7 1 8 10 11 45 18
NRC Canada 0 10 0 10 3 10 13 14 42 22.6
VNIIM Russia 2.5 12.6 1.9 12.4 4 20.2 15.6 30.2 37.3 40.4
METAS Switzerland -1.4 6 -1.2 6 -0.2 6 6.9 9 38 24
NIST United States 5.5 5.6 4.2 5.8 4.8 6 9.4 7.8 39.8 10.8
NIM China 0.2 11 -2.4 11 -1.5 11 5.3 12.2 32.4 13.2
METAS Switzerland -1.6 6 -1.3 6 -0.5 6 6.6 9 37 24
BNM-LNE France 1.4 11 -1.3 12 -0.4 12 2.1 16 25.8 16
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Table 3a : Values used to calculate deviations of standards S1, S3 and S4 from standard S2 at 
1000 V (in µV/V) 

 

Table 3b : Values used to calculate deviations of standards S1, S3, S4 and S5 from standard 
S2 at 500 V (in µV/V) 

 

1 kHz 10 kHz 20 kHz 50 kHz 100 kHz
NIST-PTB/1000V[1]    (S1) BNM-LNE 5.3 -1.9 -9.1 -33.6 -79

PTB -0.4 -3.8 -7.4 -23.4 -62.1
PTB -0.4 -3.9 -7.6 -23.1 -61.3

NIST-PTB/1000V[2]    (S2) PTB -0.5 -3.8 -7.2 -21.9 -56.6
BNM-LNE 7.4 0.4 -6.3 -30.4 -72.4
METAS -1.6 -4.1 -7.6 -21.7 -51

NIST-PTB/1000V[3]    (S3) PTB 0.3 1.5 12.2 87.5 345.4
METAS -1.3 1 11.4 88.7 351

METAS/1000V           (S4) BNM-LNE 5.7 3.9 7.9 48.6 216.2
METAS -0.6 2 9.7 59.8 241
METAS -1 1.6 9.4 59.8 241
METAS -0.6 2 9.4 59.7 241
BNM-LNE 8 6.2 8.4 51 217.4

Supplementary condition 0 0 0 0 0

1 kHz 10 kHz 20 kHz 50 kHz 100 kHz
NIST-PTB/1000V[1]    (S1) BNM-LNE 1.8 -3.2 -6.8 -25.7 -67.7

PTB -0.6 -3 -7.4 -24.6 -67.9
PTB -0.5 -3 -7.5 -24.8 -67.4

NIST-PTB/1000V[2]    (S2) PTB -0.5 -2.8 -7 -22.5 -60.5
BNM-LNE 3.8 -1.3 -4.9 -22.8 -62.1
METAS 2.2 -4.4 -7.9 -23.1 -58

NIST-PTB/1000V[3]    (S3) PTB 0.1 2.4 12.4 88 340.5
METAS -1.3 0.9 11.2 87.6 343

METAS/1000V           (S4) BNM-LNE 1.7 1.7 9.1 55.9 230.3
METAS -0.8 1.5 9.3 59.2 238
METAS -1.2 1.6 9.2 59.6 238
METAS -1.2 1.6 8.9 58.9 238
BNM-LNE 3.4 3.5 10.6 56.8 229.7

NIST-PTB/500V         (S5) BNM-LNE 0.6 -1.1 -0.8 3.8 31.9
METAS -1.7 -1.2 -0.3 6.8 38
METAS -1.3 -1.1 -0.3 6.9 38
METAS -1.7 -1.3 -0.4 6.3 36
BNM-LNE 3.9 1.3 2.1 5.8 31.9

Supplementary condition 0 0 0 0 0
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Table 3c : Values used to calculate deviations of standards S1, S3 and S5 from standard S2 at 
200 V (in µV/V) 

 

Each column corresponding to a measurement frequency represents the one column 
matrix [MeasRESULTS] for this frequency (see section 7). The bottom (additional) element 
(equal to 0) represents the supplementary condition for K = 0. 

The preliminary values of AC-DC difference of the standards S1, S2, S3, S4, (S5) are 
given by the 4 (5) bottom elements of the one column matrix 

]].[[.])].[[( 1 SMeasRESULTXXX TT − . They are shown in table 3d. 

 

Table 3d : Preliminary values (calculated with the condition  K = 0, see paragraph 7) of the 
AC-DC transfer difference of travelling standards      (in µV/V).  

 

Deviations of the different travelling standards from the standard S2 are computed 
from values given in table 3d. They are presented in table 3e. 

1 kHz 10 kHz 20 kHz 50 kHz 100 kHz
NIST-PTB/1000V[1]    (S1) BNM-LNE -1.6 -7.2 -9.1 -31.1 -76.5

PTB -0.5 -2.7 -8.3 -24.5 -67.9
PTB 0 -3.3 -7.5 -24.2 -66.9

NIST-PTB/1000V[2]    (S2) PTB -0.5 -3.3 -7.3 -22.7 -61.9
BNM-LNE 2.9 -3.4 -6.3 -25.7 -70
METAS -2 -4.5 -8.2 -23.5 -61

NIST-PTB/1000V[3]    (S3) PTB -0.1 2.6 12.5 87.3 344.1
METAS -1.5 1.1 11.2 88.2 345

NIST-PTB/500V         (S5) BNM-LNE 1.5 -1.2 0 3.8 29.6
METAS -1.2 -1.1 -0.3 6.9 38
METAS -1.4 -1.2 -0.2 6.9 38
METAS -1.6 -1.3 -0.5 6.6 37
BNM-LNE 1.4 -1.3 -0.4 2.1 25.8

Supplementary condition 0 0 0 0 0

Standard 1 kHz 10 kHz 20 kHz 50 kHz 100 kHz
Values at 1000 V
S1 1.03 -3.39 -8.16 -26.55 -65.43
S2 1.77 -2.50 -7.03 -24.67 -60.00
S3 1.89 2.29 11.53 84.88 341.44
S4 2.25 3.10 9.12 56.29 230.84
Values at 500 V
S1 0.20 -3.50 -7.42 -24.92 -66.31
S2 1.83 -2.83 -6.60 -22.80 -60.20
S3 0.51 1.92 12.13 87.26 340.45
S4 0.18 2.32 9.52 58.09 233.84
S5 -0.24 -0.34 0.16 5.93 34.20
Values at 200 V
S1 -1.41 -5.09 -8.66 -26.84 -70.12
S2 0.13 -3.73 -7.27 -23.97 -64.30
S3 -0.18 1.44 11.86 86.30 341.46
S5 0.25 -0.52 0.04 5.77 34.02
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Table 3e : Deviation of the different travelling standards from standard S2 and associated 
expanded uncertainties (µV/V) 

Adjusted values 
Adjusted values have been obtained by subtracting from the reported values (Tables 2a 

to 2d), the deviation of the measured standard from standard S2 (Table 3e). The standard 
uncertainty uadj of the adjusted value has been computed using 22

devrepadj uuu += , urep being 
the reported standard uncertainty and udev, the standard uncertainty of the deviation of the 
measured standard. Tables 4a to 4d show the adjusted values (column “d”) with the associated 
expanded uncertainty (column “U”). 

 

Table 4a : Adjusted values (“d”) and associated expanded uncertainties (“U”) at 1000 V 
(in µV/V)  

 

1 kHz 10 kHz 20 kHz 50 kHz 100 kHz
dSi - dS2 U dSi - dS2 U dSi - dS2 U dSi - dS2 U dSi - dS2 U

Deviation at 1000 V
S1 -0.7 1.6 -0.9 1.6 -1.1 1.6 -1.9 1.6 -5.4 1.6
S3 0.1 1.8 4.8 1.8 18.6 1.6 109.5 1.8 401.4 1.8
S4 0.5 1.6 5.6 1.6 16.2 1.4 81.0 1.6 290.8 1.4
Deviation at 500 V
S1 -1.6 2.2 -0.7 1.6 -0.8 1.8 -2.1 1.6 -6.1 2.2
S3 -1.3 2.4 4.8 1.6 18.7 1.8 110.1 1.8 400.7 2.4
S4 -1.6 2.0 5.1 1.4 16.1 1.6 80.9 1.6 294.0 2.0
S5 -2.1 2.0 2.5 1.4 6.8 1.6 28.7 1.6 94.4 2.0
Deviation at 200 V
S1 -1.5 2.2 -1.4 1.8 -1.4 1.2 -2.9 2.2 -5.8 2.4
S3 -0.3 2.2 5.2 1.8 19.1 1.4 110.3 2.2 405.8 2.4
S5 0.1 2.0 3.2 1.6 7.3 1.2 29.7 2.0 98.3 2.2

LABORATORY COUNTRY 1 kHz 10 kHz 20 kHz 50 kHz 100 kHz
d U d U d U d U d U

Travelling standard : NIST-PTB/1000V[1]        (S1)
1 BNM-LNE France 6.0 16.1 -1.0 35.0 -8.0 35.0 -31.7 69.0 -73.6 69.0
2 DANIAmet-AREPA Denmark 4.7 21.1 1.9 21.1 0.1 26.0 -18.1 41.0 -52.6 81.0
3 NPL United Kingdom -0.3 13.1 -5.1 13.1 -10.9 23.1 -27.1 32.0 -63.6 62.0
4 SP Sweden 2.7 9.1 0.9 10.1 -2.9 11.1 -15.1 15.1 -42.6 23.1
5 IEN Italy -0.7 14.9 -4.9 15.3 -11.8 25.1 -30.9 37.2 -66.5 79.4
6 CEM Spain -6.3 36.0 -2.1 40.0 -6.9 44.0 -36.1 64.0 -62.6 98.0

Travelling standard : NIST-PTB/1000V[2]        (S2)
7 PTB Germany -0.5 8.0 -3.8 8.0 -7.2 8.0 -21.9 10.0 -56.6 30.0
8 VSL The Netherlands 3.0 20.0 -3.1 20.0 -10.1 25.0 -25.2 35.0 -61.4 50.0

Travelling standard : METAS/1000V               (S4)
9 INTI Argentina -4.5 14.1 -4.6 16.1 -10.2 20.0 -24.0 24.1 -55.8 40.0

10 NMIA Australia 1.0 11.1 0.4 14.1 -2.2 16.1 -15.0 28.0 -40.8 41.0
11 NRC Canada 0.5 10.1 1.4 10.1 0.8 10.1 -12.0 12.1 -53.8 24.0
12 VNIIM Russia -0.6 20.3 -3.0 20.7 -10.1 32.4 -42.2 51.6 -30.4 101.0
13 METAS Switzerland -1.5 6.2 -4.0 7.2 -6.8 7.1 -21.2 10.1 -49.8 28.0
14 NIST United States 7.4 17.1 1.6 17.1 0.5 16.3 -23.2 21.5 -59.2 29.2
15 NIM China -0.8 24.3 -1.7 24.5 -3.8 29.2 -22.7 45.4 -72.7 59.6
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Table 4b : Adjusted values (“d”) and associated expanded uncertainties (“U”) at 500 V  
(Values in µV/V) 

 

Table 4c : Adjusted values (“d”) and associated expanded uncertainties (“U”) at 500 V 
(optional) (Values in µV/V) 

 

Table 4d : Adjusted values (“d”) and associated expanded uncertainties (“U”) at 200 V 
(Values in µV/V) 

 

Reference value 
The key comparison reference value dref  at a given test point of the comparison and 

the associated uncertainty uref  have been computed from the adjusted values using : 

LABORATORY COUNTRY 1 kHz 10 kHz 20 kHz 50 kHz 100 kHz
d U d U d U d U d U

Travelling standard : NIST-PTB/1000V[1]        (S1)
1 BNM-LNE France 3.4 13.2 -2.5 21.1 -6.0 21.1 -23.6 36.0 -61.6 36.1
2 DANIAmet-AREPA Denmark 4.6 21.1 0.7 21.1 -3.2 21.1 -19.9 21.1 -53.9 41.1
3 NPL United Kingdom 0.6 13.2 -7.3 13.1 -12.2 17.1 -28.9 24.1 -68.9 46.1
4 SP Sweden 3.6 8.3 0.7 9.1 -4.2 10.2 -15.9 14.1 -48.9 21.1
5 IEN Italy 1.0 9.7 -5.0 9.5 -12.3 14.1 -33.1 20.3 -74.3 47.7
6 CEM Spain -0.4 30.1 -3.3 30.0 -4.2 30.1 -26.9 38.0 -55.9 50.0

Travelling standard : NIST-PTB/1000V[2]        (S2)
7 PTB Germany -0.5 8.0 -2.8 8.0 -7.0 8.0 -22.5 10.0 -60.5 22.0
8 VSL The Netherlands 2.6 15.0 -4.3 15.0 -9.2 20.0 -25.7 25.0 -63.8 40.0

Travelling standard : METAS/1000V               (S4)
9 INTI Argentina -1.4 12.2 -6.1 14.1 -9.1 16.1 -24.9 18.1 -63.0 30.1

10 NMIA Australia 4.2 9.2 0.9 9.1 -2.1 10.1 -13.9 15.1 -46.0 23.1
11 NRC Canada 2.6 9.0 0.9 8.7 -0.1 10.1 -12.9 10.7 -59.0 24.1
12 VNIIM Russia 2.3 16.7 -2.2 17.1 -11.6 24.7 -41.0 40.6 -80.2 60.4
13 METAS Switzerland 0.4 6.3 -3.5 6.2 -6.9 6.2 -21.3 9.1 -56.0 26.1
14 NIST United States 5.9 11.2 1.1 10.7 -2.0 11.3 -25.0 14.1 -67.0 17.9
15 NIM China 0.1 19.7 -3.6 19.6 -6.3 21.3 -24.9 29.2 -81.5 39.7

LABORATORY COUNTRY 1 kHz 10 kHz 20 kHz 50 kHz 100 kHz
d U d U d U d U d U

Travelling standard : NIST-PTB/500V              (S5)
9 INTI Argentina 0.1 12.2 -5.5 14.1 -7.8 16.1 -21.7 18.1 -56.4 30.1

10 NMIA Australia 3.0 9.2 -0.5 9.1 -2.8 10.1 -13.7 15.1 -42.4 23.1
11 NRC Canada 3.1 10.2 0.5 10.1 -0.8 10.1 -11.7 16.1 -51.4 28.1
12 VNIIM Russia 4.6 16.5 -0.6 16.9 -2.8 24.7 -14.3 40.8 -58.1 60.3
13 METAS Switzerland 0.8 6.3 -3.6 6.2 -7.1 6.2 -21.8 9.1 -56.4 26.1
14 NIST United States 5.6 9.4 0.8 9.7 -2.9 9.9 -25.4 13.1 -66.0 16.9
15 NIM China 0.8 19.3 -4.5 19.3 -7.1 20.9 -21.6 29.0 -59.5 39.5

LABORATORY COUNTRY 1 kHz 10 kHz 20 kHz 50 kHz 100 kHz
d U d U d U d U d U

Travelling standard : NIST-PTB/1000V[1]        (S1)
1 BNM-LNE France -0.1 12.2 -5.8 13.1 -7.7 13.1 -28.2 16.2 -70.7 16.2
2 DANIAmet-AREPA Denmark 3.5 11.2 0.4 11.1 -4.6 11.1 -23.1 11.2 -66.2 26.1
3 NPL United Kingdom 6.5 12.2 -7.6 12.1 -9.6 14.1 -23.1 16.2 -61.2 20.1
4 SP Sweden 3.5 7.3 2.4 8.2 -1.6 9.1 -18.1 13.2 -49.2 19.2
5 IEN Italy 2.2 8.9 -3.6 9.0 -11.0 12.9 -31.8 18.3 -71.5 42.5
6 CEM Spain 3.5 22.1 3.4 22.1 -0.6 22.0 -19.1 24.1 -54.2 28.9

Travelling standard : NIST-PTB/1000V[2]        (S2)
7 PTB Germany -0.5 8.0 -3.3 8.0 -7.3 8.0 -22.7 10.0 -61.9 22.0
8 VSL The Netherlands

Travelling standard : NIST-PTB/500V              (S5)
9 INTI Argentina -3.1 10.2 -5.2 10.1 -8.3 12.1 -23.7 16.1 -61.3 24.1

10 NMIA Australia -0.2 7.3 -2.2 7.2 -6.3 8.1 -19.7 11.2 -53.3 18.1
11 NRC Canada -0.1 10.2 -3.2 10.1 -4.3 10.1 -16.7 14.1 -56.3 22.7
12 VNIIM Russia 2.4 12.8 -1.3 12.5 -3.3 20.2 -14.1 30.3 -61.0 40.5
13 METAS Switzerland -1.5 6.3 -4.4 6.2 -7.5 6.1 -22.8 9.2 -60.3 24.1
14 NIST United States 5.4 5.9 1.0 6.0 -2.5 6.1 -20.3 8.1 -58.5 11.0
15 NIM China 0.1 11.2 -5.6 11.1 -8.8 11.1 -24.4 12.4 -65.9 13.4
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where : 

• dadj,i  is the adjusted value for laboratory “Li” ; 

• uadj,i  is the standard uncertainty of the adjusted value for laboratory “Li” 
All adjusted values have been taken into account in this calculation except the value of 

DANIAmet-AREPA, which is traceable to PTB at these levels. Correlation which may exist 
between some participants at voltage levels of 1 V – 3 V has not been considered because of 
the large number of measurements in the step-up procedure, which makes the realisations at 
voltages above 100 V mainly independent. The reference values for the different voltage 
levels and measurement frequencies with associated expanded uncertainties are given in 
tables 5a to 5c. 

 
Table 5a : Reference value (“d”) and associated expanded uncertainty (“U”) at 1000 V 
(Values in µV/V) 

 

 Table 5b : Reference value (“d”) and associated expanded uncertainty (“U”) at 500 V (Values 
in µV/V) 

 

 Table 5c : Reference value (“d”) and associated expanded uncertainty (“U”) at 200 V (Values 
in µV/V) 

 

Final results 
Final results (degree of equivalence between each laboratory and the reference value) 

are expressed as the deviation of the adjusted values (see tables 4a to 4d) from the reference 
value. The final uncertainty ufin (uncertainty of the degree of equivalence with the reference 
value) was computed from  22

refadjfin uuu −= , uadj being the uncertainty of the adjusted value 
and uref  the uncertainty of the reference value. This relation, has been established in appendix 
C of the guidelines for the evaluation of key comparison data (WGKC/2002-27 document 
published by he CCEM) for laboratories whose independent results contributed to the key 
comparison reference value. For a laboratory whose result did not contribute to the KCRV but 
which is traceable to an other laboratory that contributes to the KCRV as it is the case for 

1 kHz 10 kHz 20 kHz 50 kHz 100 kHz
d U d U d U d U d U

1.4 2.4 -2.5 2.5 -5.9 2.6 -21.9 3.5 -60.4 5.3

1 kHz 10 kHz 20 kHz 50 kHz 100 kHz
d U d U d U d U d U

0.2 3.1 -2.3 3.4 -5.2 3.7 -19.9 5.0 -53.1 10.0

1 kHz 10 kHz 20 kHz 50 kHz 100 kHz
d U d U d U d U d U

1.8 2.8 -2.2 2.8 -5.8 3.2 -20.9 4.2 -59.9 7.6
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DANIAmet-AREPA traceable to PTB, if it can be assumed that the reported uncertainty by 
DANIAmet-AREPA is mainly due to the uncertainty of the calibration at PTB, it is 
reasonable to express the results of these two laboratories as  PTBDANIAmetDANIAmet ddd += ' , 
where d’DANIAmet and dPTB are mutually independent. Then : 

( ) ),cov(2)var()var(var refDANIAmetrefDANIAmetrefDANIAmet dddddd −+=−    and 

∑∑
==

+==
n

j
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n
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gj (resp. gPTB) being the normalized weight of laboratory j (resp. PTB)  ( 
)var(/1
)var(/1

ref

j
j d

d
g =  ). 

This finally gives : 

)var()var()var( refDANIAmetrefDANIAmet dddd −=−   and then   22
refDANIAmetadjDANIAmetfin uuu −= −−  

Tables 6a to 6d present the final results (column “d”) with the associated uncertainties 
(column “U”). Graphs 1 to 20 show the same results in a graphical form. 

 

 Table 6a : Degree of equivalence with KCRV (“D”) and expanded uncertainties (“U”) at 
1000 V (in µV/V) 

 

LABORATORY COUNTRY 1 kHz 10 kHz 20 kHz 50 kHz 100 kHz
D U D U D U D U D U

Travelling standard : NIST-PTB/1000V[1]        (S1)
1 BNM-LNE France 5.8 15.8 1.3 34.8 -2.8 34.8 -11.8 68.8 -20.5 68.3
2 DANIAmet-AREPA Denmark 4.5 20.9 4.2 20.8 5.3 25.7 1.8 40.7 0.5 80.4
3 NPL United Kingdom -0.5 12.7 -2.8 12.7 -5.7 22.8 -7.2 31.6 -10.5 61.2
4 SP Sweden 2.5 8.6 3.2 9.5 2.3 10.5 4.8 14.2 10.5 20.8
5 IEN Italy -0.9 14.6 -2.6 14.9 -6.6 24.8 -11.0 36.9 -13.4 78.8
6 CEM Spain -6.5 35.9 0.2 39.9 -1.7 43.8 -16.2 63.8 -9.5 97.5

Travelling standard : NIST-PTB/1000V[2]        (S2)
7 PTB Germany -0.7 7.4 -1.5 7.2 -2.0 7.1 -2.0 8.7 -3.5 28.3
8 VSL The Netherlands 2.8 19.8 -0.8 19.7 -4.9 24.7 -5.3 34.6 -8.3 49.0

Travelling standard : METAS/1000V               (S4)
9 INTI Argentina -4.7 13.8 -2.3 15.7 -5.0 19.7 -4.1 23.6 -2.7 38.7

10 NMIA Australia 0.8 10.7 2.7 13.7 3.0 15.7 4.9 27.5 12.3 39.8
11 NRC Canada 0.3 9.6 3.7 9.5 6.0 9.4 7.9 11.0 -0.7 21.8
12 VNIIM Russia -0.8 20.1 -0.7 20.4 -4.9 32.2 -22.3 51.4 22.7 100.5
13 METAS Switzerland -1.7 5.4 -1.7 6.3 -1.6 6.1 -1.3 8.8 3.3 26.2
14 NIST United States 7.2 16.8 3.9 16.8 5.7 15.9 -3.3 20.9 -6.1 27.4
15 NIM China -1.0 24.1 0.6 24.3 1.4 29.0 -2.8 45.1 -19.6 58.8
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 Table 6b : Degree of equivalence with KCRV (“D”)  and  expanded uncertainties (“U”) at 
500 V (in µV/V) 

 

 Table 6c : Degree of equivalence with KCRV (“D”)  and  expanded uncertainties (“U”) at 
500 V (optional)  (in µV/V) 

 

 Table 6d : Degree of equivalence with KCRV (“D”)  and  expanded uncertainties (“U”) at 
200 V (in µV/V) 

 

LABORATORY COUNTRY 1 kHz 10 kHz 20 kHz 50 kHz 100 kHz
D U D U D U D U D U

Travelling standard : NIST-PTB/500V              (S5)
9 INTI Argentina -1.7 11.9 -3.3 13.8 -2.0 15.8 -0.8 17.6 3.5 29.1

10 NMIA Australia 1.2 8.8 1.7 8.7 3.0 9.6 7.2 14.5 17.5 21.8
11 NRC Canada 1.3 9.8 2.7 9.7 5.0 9.6 9.2 15.5 8.5 27.1
12 VNIIM Russia 2.8 16.3 1.6 16.7 3.0 24.5 6.6 40.6 1.8 59.8
13 METAS Switzerland -1.0 5.6 -1.4 5.5 -1.3 5.3 -0.9 8.1 3.5 25.0
14 NIST United States 3.8 9.0 3.0 9.3 2.9 9.4 -4.5 12.4 -6.1 15.1
15 NIM China -1.0 19.1 -2.3 19.1 -1.3 20.7 -0.7 28.7 0.4 38.8

LABORATORY COUNTRY 1 kHz 10 kHz 20 kHz 50 kHz 100 kHz
D U D U D U D U D U

Travelling standard : NIST-PTB/1000V[1]        (S1)
1 BNM-LNE France 1.6 12.9 -0.3 20.9 -0.2 20.9 -2.7 35.8 -1.7 35.3
2 DANIAmet-AREPA Denmark 2.8 20.9 2.9 20.9 2.6 20.9 1.0 20.7 6.0 40.4
3 NPL United Kingdom -1.2 12.9 -5.1 12.8 -6.4 16.8 -8.0 23.7 -9.0 45.5
4 SP Sweden 1.8 7.8 2.9 8.7 1.6 9.7 5.0 13.5 11.0 19.7
5 IEN Italy -0.8 9.3 -2.8 9.1 -6.5 13.7 -12.2 19.9 -14.4 47.1
6 CEM Spain -2.2 30.0 -1.1 29.9 1.6 29.9 -6.0 37.8 4.0 49.4

Travelling standard : NIST-PTB/1000V[2]        (S2)
7 PTB Germany -2.3 7.5 -0.6 7.5 -1.2 7.3 -1.6 9.1 -0.6 20.6
8 VSL The Netherlands 0.8 14.7 -2.1 14.7 -3.4 19.7 -4.8 24.6 -3.9 39.3

Travelling standard : METAS/1000V               (S4)
9 INTI Argentina -3.2 11.9 -3.9 13.8 -3.3 15.8 -4.0 17.6 -3.1 29.1

10 NMIA Australia 2.4 8.8 3.1 8.7 3.7 9.6 7.0 14.5 13.9 21.8
11 NRC Canada 0.8 8.6 3.1 8.2 5.7 9.6 8.0 9.8 0.9 22.9
12 VNIIM Russia 0.5 16.5 0.0 16.9 -5.8 24.5 -20.1 40.4 -20.3 59.9
13 METAS Switzerland -1.4 5.6 -1.3 5.5 -1.1 5.3 -0.4 8.1 3.9 25.0
14 NIST United States 4.1 10.8 3.3 10.3 3.8 10.8 -4.1 13.5 -7.1 16.2
15 NIM China -1.7 19.5 -1.4 19.4 -0.5 21.1 -4.0 28.9 -21.6 39.0

LABORATORY COUNTRY 1 kHz 10 kHz 20 kHz 50 kHz 100 kHz
D U D U D U D U D U

Travelling standard : NIST-PTB/1000V[1]        (S1)
1 BNM-LNE France -1.5 12.0 -3.3 12.9 -1.8 12.8 -6.3 15.8 -10.3 15.3
2 DANIAmet-AREPA Denmark 2.1 10.9 2.9 10.8 1.3 10.8 -1.2 10.6 -5.8 25.6
3 NPL United Kingdom 5.1 12.0 -5.1 11.8 -3.7 13.9 -1.2 15.8 -0.8 19.4
4 SP Sweden 2.1 6.9 4.9 7.8 4.3 8.7 3.8 12.7 11.2 18.5
5 IEN Italy 0.8 8.6 -1.1 8.6 -5.1 12.6 -9.9 18.0 -11.1 42.2
6 CEM Spain 2.1 22.0 5.9 22.0 5.3 21.8 2.8 23.8 6.2 28.4

Travelling standard : NIST-PTB/1000V[2]        (S2)
7 PTB Germany -1.9 7.6 -0.8 7.6 -1.4 7.6 -0.8 9.4 -1.5 21.4
8 VSL The Netherlands

Travelling standard : NIST-PTB/500V              (S5)
9 INTI Argentina -4.5 9.9 -2.7 9.8 -2.4 11.8 -1.8 15.7 -0.9 23.5

10 NMIA Australia -1.6 6.9 0.3 6.8 -0.4 7.7 2.2 10.6 7.1 17.3
11 NRC Canada -1.5 9.9 -0.7 9.8 1.6 9.8 5.2 13.7 4.1 22.1
12 VNIIM Russia 1.0 12.6 1.2 12.2 2.6 20.0 7.8 30.1 -0.6 40.2
13 METAS Switzerland -2.9 5.8 -1.9 5.7 -1.6 5.5 -0.9 8.5 0.1 23.5
14 NIST United States 4.0 5.4 3.5 5.5 3.4 5.5 1.6 7.3 1.9 9.6
15 NIM China -1.3 10.9 -3.1 10.8 -2.9 10.8 -2.5 11.9 -5.5 12.3
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Graph 1 : Degree of equivalence with KCRV and corresponding expanded uncertainty at  
1000 V / 1 kHz 

At 1000 V / 1 kHz, all reported expanded uncertainties overlap the reference value. 
Results of 5 participants deviate from the KCRV by more than the reference uncertainty. The 
agreement with the reference value is better than 5 µV/V for most of the participants (12/15). 

Graph 2 : Degree of equivalence with KCRV and corresponding expanded uncertainty at  
1000 V / 10 kHz 

At 1000 V / 10 kHz, all given expanded uncertainties overlap the reference value. 
Results of 3 participants deviate from the KCRV by more than the reference uncertainty. The 
agreement with the reference value is better than 5 µV/V for all the participants. 
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Graph 3 : Degree of equivalence with KCRV and corresponding expanded uncertainty at  
1000 V / 20 kHz 

At 1000 V / 20 kHz, all given expanded uncertainties overlap the reference value. 
Results of 8 participants deviate from the KCRV by more than the reference uncertainty. The 
agreement with the reference value is better than 5 µV/V for most of the participants (9/15). 

Graph  4 : Degree of equivalence with KCRV and corresponding expanded uncertainty at  
1000 V / 50 kHz 

At 1000 V / 50 kHz, all given expanded uncertainties overlap the reference value. 
Results of 7 participants deviate from the KCRV by more than the reference uncertainty. The 
agreement with the reference value is better than 8 µV/V for most of the participants (11/15). 
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Graph 5 : Degree of equivalence with KCRV and corresponding expanded uncertainty at  
1000 V / 100 kHz 

At 1000 V / 100 kHz, all given expanded uncertainties overlap the reference value. 
Results of 7 participants deviate from the KCRV by more than the reference uncertainty. The 
agreement with the reference value is better than 15 µV/V for most of the participants (12/15). 

Graph 6 : Degree of equivalence with KCRV and corresponding expanded uncertainty at    
500 V / 1 kHz 

At 500 V / 1 kHz, all given expanded uncertainties overlap the reference value. 
Results of 2 participants deviate from the KCRV by more than the reference uncertainty. The 
agreement with the reference value is better than 5 µV/V for all the participants. 
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Graph 7 : Degree of equivalence with KCRV and corresponding expanded uncertainty at    
500 V / 10 kHz 

At 500 V / 10 kHz, all given expanded uncertainties overlap the reference value. 
Results of 7 participants deviate from the KCRV by more than the reference uncertainty. The 
agreement with the reference value is better than 5 µV/V for most of the participants (14/15). 

Graph 8 : Degree of equivalence with KCRV and corresponding expanded uncertainty at    
500 V / 20 kHz 

At 500 V / 20 kHz, all given expanded uncertainties overlap the reference value. 
Results of 8 participants deviate from the KCRV by more than the reference uncertainty. The 
agreement with the reference value is better than 5 µV/V for most of the participants (11/15). 
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Graph 9 : Degree of equivalence with KCRV and corresponding expanded uncertainty at    
500 V / 50 kHz 

At 500 V / 50 kHz, all given expanded uncertainties overlap the reference value. 
Results of 8 participants deviate from the KCRV by more than the reference uncertainty. The 
agreement with the reference value is better than 10 µV/V for most of the participants (13/15). 

Graph 10 : Degree of equivalence with KCRV and corresponding expanded uncertainty at  
500 V / 100 kHz 

At 500 V / 100 kHz, all given expanded uncertainties overlap the reference value. 
Results of 6 participants deviate from the KCRV by more than the reference uncertainty. The 
agreement with the reference value is better than 10 µV/V for most of the participants (10/15). 
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Graph 11 : Degree of equivalence with KCRV and corresponding expanded uncertainty at  
500 V / 1 kHz (optional) 

Optional measurements at 500 V / 1 kHz show an agreement better than 4 µV/V of all 
the participants with the reference value. All given expanded uncertainty overlap the reference 
value.  

Graph 12 : Degree of equivalence with KCRV and corresponding expanded uncertainty at  
500 V / 10 kHz (optional) 

Optional measurements at 500 V / 10 kHz show an agreement better than 4 µV/V of all 
the participants with the reference value. All given expanded uncertainty overlap the reference 
value.  
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Graph 13 : Degree of equivalence with KCRV and corresponding expanded uncertainty at  
500 V / 20 kHz (optional) 

Optional measurements at 500 V / 20 kHz show an agreement better than 5 µV/V most 
of the participants (6/7) with the reference value. All given expanded uncertainty overlap the 
reference value.  

Graph 14 : Degree of equivalence with KCRV and corresponding expanded uncertainty at  
500 V / 50 kHz (optional) 

Optional measurements at 500 V / 50 kHz show an agreement better than 10 µV/V of all 
the participants with the reference value. All given expanded uncertainty overlap the reference 
value.  
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Graph 15 : Degree of equivalence with KCRV and corresponding expanded uncertainty at  
500 V / 100 kHz (optional) 

Optional measurements at 500 V / 100 kHz show an agreement better than 10 µV/V of 
most of  the participants (6/7) with the reference value. All given expanded uncertainty 
overlap the reference value.  

Graph 16 : Degree of equivalence with KCRV and corresponding expanded uncertainty at  
200 V / 1 kHz 

At 200 V / 1 kHz, all given expanded uncertainties overlap the reference value. 
Results of 4 participants deviate from the KCRV by more than the reference uncertainty. The 
agreement with the reference value is better than 5 µV/V for most of  the participants (13/14). 
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Graph 17 : Degree of equivalence with KCRV and corresponding expanded uncertainty at  
200 V / 10 kHz 

At 200 V / 10 kHz, all given expanded uncertainties overlap the reference value. 
Results of 8 participants deviate from the KCRV by more than the reference uncertainty. The 
agreement with the reference value is better than 5 µV/V for most of the participants (12/14). 

Graph 18 : Degree of equivalence with KCRV and corresponding expanded uncertainty at  
200 V / 20 kHz 

At 200 V / 20 kHz, all given expanded uncertainties overlap the reference value. 
Results of 6 participants deviate from the KCRV by more than the reference uncertainty. The 
agreement with the reference value is better than 5 µV/V for most of the participants (12/14). 
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Graph 19 : Degree of equivalence with KCRV and corresponding expanded uncertainty at  
200 V / 50 kHz 

At 200 V / 50 kHz, all given expanded uncertainties overlap the reference value. 
Results of 5 participants deviate from the KCRV by more than the reference uncertainty. The 
agreement with the reference value is better than 5 µV/V for most of the participants (10/14). 

Graph 20 : Degree of equivalence with KCRV and corresponding expanded uncertainty at  
200 V / 100 kHz 

At 200 V / 100 kHz, all given expanded uncertainties overlap the reference value. 
Results of 7 participants deviate from the KCRV by more than the reference uncertainty. The 
agreement with the reference value is better than 10 µV/V for most of the participants (11/14). 
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Consistency of the results 
A chi-squared test has been applied to carry out an overall consistency check of the 

results obtained. For each measurement point (voltage // frequency), the observed chi-squared 

value χobs
2 has been computed from ∑

=

=

−
=

Ni

i istd

refi
obs xu

xx

1
2

2
2

)(
)(

χ  where 

• xi is the adjusted value for laboratory “i”; 

• xref, the reference value; 

• ustd(xi), the standard uncertainty of the adjusted value; 

• N, the number of laboratories taken into account in the test (all laboratories 
except DANIAmet-AREPA which is dependent from PTB). 

The degree of freedom ν has been taken equal to 1−= Nν . 

The consistency check is considered as failing if { } %5)(Pr 22 <> obsχνχ , where “Pr” 
denotes “probability of”. 

Computed values are presented in Table 7. 

Table 7 : Results of the chi-squared test 
The chi-squared test confirms the consistency of the results of this comparison for all 

measurement points. 

9 ) Conclusion 

In December 2002, key comparison CCEM-K9 of AC-DC voltage transfer standards 
at voltage levels of 200 V, 500 V and 1000 V was completed. Travelling standards were 
supplied by PTB, NIST and METAS. The NIST-PTB standards were based on PTB planar 
MJTCs associated with high voltage range resistors for FLUKE 792 A. One standard, based 
on a single junction thermal converter, was developed and supplied by METAS. 

The results show agreement with the reference value of all the participating NMIs 
within their given expanded uncertainties. This agreement is in the order of 5 µV/V at 1 kHz 
for all voltages and in the order of 15 µV/V at 1000 V / 100 kHz. Works performed in recent 

Frequency 1 kHz 10 kHz 20 kHz 50 kHz 100 kHz
1000 V
chi-obs2 2.5725 2.0556 3.7206 4.4476 2.8568
ν 13 13 13 13 13
Probability 99.91% 99.97% 99.38% 98.54% 99.84%
500 V
chi-obs2 2.0165 3.3219 4.5059 7.4529 5.5305
ν 13 13 13 13 13
Probability 99.98% 99.65% 98.45% 87.73% 96.16%
200 V
chi-obs2 5.2062 5.1752 4.3486 3.5790 5.0057
ν 12 12 12 12 12
Probability 95.07% 95.19% 97.63% 98.99% 95.78%
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years at a number of NMIs in the high voltage AC-DC transfer area certainly greatly 
contributed to these good results. 

Tables of the degree of equivalence of all participants are given in appendix 1. 
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APPENDIX 1 
 
Degree of equivalence between pairs of laboratories 

In the MRA, the estimation of the degree of equivalence will be used to express the 
relationship between each pair of participating laboratories. 

The degree of equivalence between any pair of mutually independent laboratories i 
and j is given by: 

jiji ddD −=,      and     )()()( 22
, jiji dUdUDU +=  

where : 

• di and dj are the adjusted values for laboratories i and j; 

• U(di) and U(dj) the expanded uncertainties of these values. 

In case of two mutually dependent laboratories (DANIAmet-AREPA and PTB) it is 
given by : 

jiji ddD −=,      and     )()()( 22
, jiji dUdUDU −=  

Tables 1a to 3t give the degrees of equivalence between all the pairs of participating 
laboratories. 

 
 



 

Table 1a : Degree of equivalence at 1000 V / 1 kHz (1/4) 

 

Table 1b : Degree of equivalence at 1000 V / 1 kHz (2/4) 

Voltage : 1000 V BNM-LNE DANIAmet-AREPA NPL SP
Frequency : 1 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(1/4) 6.0 16.1 4.7 21.1 -0.3 13.1 2.7 9.1

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE 6.0 16.1 1.3 26.6 6.3 20.8 3.3 18.5
DANIAmet-AREPA 4.7 21.1 -1.3 26.6 5.0 24.9 2.0 23.0
NPL -0.3 13.1 -6.3 20.8 -5.0 24.9 -3.0 16.0
SP 2.7 9.1 -3.3 18.5 -2.0 23.0 3.0 16.0
IEN -0.7 14.9 -6.7 22.0 -5.4 25.9 -0.4 19.9 -3.4 17.5
CEM -6.3 36.0 -12.3 39.5 -11.0 41.8 -6.0 38.4 -9.0 37.2
PTB -0.5 8.0 -6.5 18.0 -5.2 19.6 -0.2 15.4 -3.2 12.2
VSL 3.0 20.0 -3.0 25.7 -1.7 29.1 3.3 24.0 0.3 22.0
INTI -4.5 14.1 -10.5 21.5 -9.2 25.4 -4.2 19.3 -7.2 16.8
NMIA 1.0 11.1 -5.0 19.6 -3.7 23.9 1.3 17.2 -1.7 14.4
NRC 0.5 10.1 -5.5 19.1 -4.2 23.4 0.8 16.6 -2.2 13.6
VNIIM -0.6 20.3 -6.6 26.0 -5.3 29.3 -0.3 24.2 -3.3 22.3
METAS -1.5 6.2 -7.5 17.3 -6.2 22.0 -1.2 14.5 -4.2 11.1
NIST 7.4 17.1 1.4 23.5 2.7 27.2 7.7 21.6 4.7 19.4
NIM -0.8 24.3 -6.8 29.2 -5.5 32.2 -0.5 27.7 -3.5 26.0

Voltage : 1000 V IEN CEM PTB VSL
Frequency : 1 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(2/4) -0.7 14.9 -6.3 36.0 -0.5 8.0 3.0 20.0

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE 6.0 16.1 6.7 22.0 12.3 39.5 6.5 18.0 3.0 25.7
DANIAmet-AREPA 4.7 21.1 5.4 25.9 11.0 41.8 5.2 19.6 1.7 29.1
NPL -0.3 13.1 0.4 19.9 6.0 38.4 0.2 15.4 -3.3 24.0
SP 2.7 9.1 3.4 17.5 9.0 37.2 3.2 12.2 -0.3 22.0
IEN -0.7 14.9 5.6 39.0 -0.2 17.0 -3.7 25.0
CEM -6.3 36.0 -5.6 39.0 -5.8 36.9 -9.3 41.2
PTB -0.5 8.0 0.2 17.0 5.8 36.9 -3.5 21.6
VSL 3.0 20.0 3.7 25.0 9.3 41.2 3.5 21.6
INTI -4.5 14.1 -3.8 20.6 1.8 38.7 -4.0 16.3 -7.5 24.5
NMIA 1.0 11.1 1.7 18.6 7.3 37.7 1.5 13.7 -2.0 22.9
NRC 0.5 10.1 1.2 18.1 6.8 37.4 1.0 12.9 -2.5 22.5
VNIIM -0.6 20.3 0.1 25.2 5.7 41.4 -0.1 21.9 -3.6 28.5
METAS -1.5 6.2 -0.8 16.2 4.8 36.6 -1.0 10.2 -4.5 21.0
NIST 7.4 17.1 8.1 22.7 13.7 39.9 7.9 18.9 4.4 26.4
NIM -0.8 24.3 -0.1 28.6 5.5 43.5 -0.3 25.6 -3.8 31.5



 

Table 1c : Degree of equivalence at 1000 V / 1 kHz (3/4) 

 

Table 1d : Degree of equivalence at 1000 V / 1 kHz (4/4) 

Voltage : 1000 V INTI NMIA NRC VNIIM
Frequency : 1 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(3/4) -4.5 14.1 1.0 11.1 0.5 10.1 -0.6 20.3

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE 6.0 16.1 10.5 21.5 5.0 19.6 5.5 19.1 6.6 26.0
DANIAmet-AREPA 4.7 21.1 9.2 25.4 3.7 23.9 4.2 23.4 5.3 29.3
NPL -0.3 13.1 4.2 19.3 -1.3 17.2 -0.8 16.6 0.3 24.2
SP 2.7 9.1 7.2 16.8 1.7 14.4 2.2 13.6 3.3 22.3
IEN -0.7 14.9 3.8 20.6 -1.7 18.6 -1.2 18.1 -0.1 25.2
CEM -6.3 36.0 -1.8 38.7 -7.3 37.7 -6.8 37.4 -5.7 41.4
PTB -0.5 8.0 4.0 16.3 -1.5 13.7 -1.0 12.9 0.1 21.9
VSL 3.0 20.0 7.5 24.5 2.0 22.9 2.5 22.5 3.6 28.5
INTI -4.5 14.1 -5.5 18.0 -5.0 17.4 -3.9 24.8
NMIA 1.0 11.1 5.5 18.0 0.5 15.1 1.6 23.2
NRC 0.5 10.1 5.0 17.4 -0.5 15.1 1.1 22.7
VNIIM -0.6 20.3 3.9 24.8 -1.6 23.2 -1.1 22.7
METAS -1.5 6.2 3.0 15.5 -2.5 12.8 -2.0 11.9 -0.9 21.3
NIST 7.4 17.1 11.9 22.2 6.4 20.4 6.9 19.9 8.0 26.6
NIM -0.8 24.3 3.7 28.1 -1.8 26.8 -1.3 26.4 -0.2 31.7

Voltage : 1000 V METAS NIST NIM
Frequency : 1 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(4/4) -1.5 6.2 7.4 17.1 -0.8 24.3

Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE 6.0 16.1 7.5 17.3 -1.4 23.5 6.8 29.2
DANIAmet-AREPA 4.7 21.1 6.2 22.0 -2.7 27.2 5.5 32.2
NPL -0.3 13.1 1.2 14.5 -7.7 21.6 0.5 27.7
SP 2.7 9.1 4.2 11.1 -4.7 19.4 3.5 26.0
IEN -0.7 14.9 0.8 16.2 -8.1 22.7 0.1 28.6
CEM -6.3 36.0 -4.8 36.6 -13.7 39.9 -5.5 43.5
PTB -0.5 8.0 1.0 10.2 -7.9 18.9 0.3 25.6
VSL 3.0 20.0 4.5 21.0 -4.4 26.4 3.8 31.5
INTI -4.5 14.1 -3.0 15.5 -11.9 22.2 -3.7 28.1
NMIA 1.0 11.1 2.5 12.8 -6.4 20.4 1.8 26.8
NRC 0.5 10.1 2.0 11.9 -6.9 19.9 1.3 26.4
VNIIM -0.6 20.3 0.9 21.3 -8.0 26.6 0.2 31.7
METAS -1.5 6.2 -8.9 18.2 -0.7 25.1
NIST 7.4 17.1 8.9 18.2 8.2 29.8
NIM -0.8 24.3 0.7 25.1 -8.2 29.8



 

Table 1e : Degree of equivalence at 1000 V / 10 kHz (1/4) 

 

Table 1f : Degree of equivalence at 1000 V / 10 kHz (2/4) 

Voltage : 1000 V BNM-LNE DANIAmet-AREPA NPL SP
Frequency : 10 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(1/4) -1.0 35.0 1.9 21.1 -5.1 13.1 0.9 10.1

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -1.0 35.0 -2.9 40.9 4.1 37.4 -1.9 36.5
DANIAmet-AREPA 1.9 21.1 2.9 40.9 7.0 24.9 1.0 23.4
NPL -5.1 13.1 -4.1 37.4 -7.0 24.9 -6.0 16.6
SP 0.9 10.1 1.9 36.5 -1.0 23.4 6.0 16.6
IEN -4.9 15.3 -3.9 38.2 -6.8 26.1 0.2 20.2 -5.8 18.4
CEM -2.1 40.0 -1.1 53.2 -4.0 45.3 3.0 42.1 -3.0 41.3
PTB -3.8 8.0 -2.8 36.0 -5.7 19.6 1.3 15.4 -4.7 12.9
VSL -3.1 20.0 -2.1 40.4 -5.0 29.1 2.0 24.0 -4.0 22.5
INTI -4.6 16.1 -3.6 38.6 -6.5 26.6 0.5 20.8 -5.5 19.1
NMIA 0.4 14.1 1.4 37.8 -1.5 25.4 5.5 19.3 -0.5 17.4
NRC 1.4 10.1 2.4 36.5 -0.5 23.4 6.5 16.6 0.5 14.3
VNIIM -3.0 20.7 -2.0 40.7 -4.9 29.6 2.1 24.5 -3.9 23.1
METAS -4.0 7.2 -3.0 35.8 -5.9 22.3 1.1 15.0 -4.9 12.5
NIST 1.6 17.1 2.6 39.0 -0.3 27.2 6.7 21.6 0.7 19.9
NIM -1.7 24.5 -0.7 42.8 -3.6 32.4 3.4 27.8 -2.6 26.6

Voltage : 1000 V IEN CEM PTB VSL
Frequency : 10 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(2/4) -4.9 15.3 -2.1 40.0 -3.8 8.0 -3.1 20.0

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -1.0 35.0 3.9 38.2 1.1 53.2 2.8 36.0 2.1 40.4
DANIAmet-AREPA 1.9 21.1 6.8 26.1 4.0 45.3 5.7 19.6 5.0 29.1
NPL -5.1 13.1 -0.2 20.2 -3.0 42.1 -1.3 15.4 -2.0 24.0
SP 0.9 10.1 5.8 18.4 3.0 41.3 4.7 12.9 4.0 22.5
IEN -4.9 15.3 -2.8 42.9 -1.1 17.3 -1.8 25.2
CEM -2.1 40.0 2.8 42.9 1.7 40.8 1.0 44.8
PTB -3.8 8.0 1.1 17.3 -1.7 40.8 -0.7 21.6
VSL -3.1 20.0 1.8 25.2 -1.0 44.8 0.7 21.6
INTI -4.6 16.1 0.3 22.3 -2.5 43.2 -0.8 18.0 -1.5 25.7
NMIA 0.4 14.1 5.3 20.9 2.5 42.5 4.2 16.3 3.5 24.5
NRC 1.4 10.1 6.3 18.4 3.5 41.3 5.2 12.9 4.5 22.5
VNIIM -3.0 20.7 1.9 25.8 -0.9 45.1 0.8 22.2 0.1 28.8
METAS -4.0 7.2 0.9 17.0 -1.9 40.7 -0.2 10.8 -0.9 21.3
NIST 1.6 17.1 6.5 23.0 3.7 43.6 5.4 18.9 4.7 26.4
NIM -1.7 24.5 3.2 28.9 0.4 47.0 2.1 25.8 1.4 31.7



 

Table 1g : Degree of equivalence at 1000 V / 10 kHz (3/4) 

 

Table 1h : Degree of equivalence at 1000 V / 10 kHz (4/4) 

Voltage : 1000 V INTI NMIA NRC VNIIM
Frequency : 10 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(3/4) -4.6 16.1 0.4 14.1 1.4 10.1 -3.0 20.7

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -1.0 35.0 3.6 38.6 -1.4 37.8 -2.4 36.5 2.0 40.7
DANIAmet-AREPA 1.9 21.1 6.5 26.6 1.5 25.4 0.5 23.4 4.9 29.6
NPL -5.1 13.1 -0.5 20.8 -5.5 19.3 -6.5 16.6 -2.1 24.5
SP 0.9 10.1 5.5 19.1 0.5 17.4 -0.5 14.3 3.9 23.1
IEN -4.9 15.3 -0.3 22.3 -5.3 20.9 -6.3 18.4 -1.9 25.8
CEM -2.1 40.0 2.5 43.2 -2.5 42.5 -3.5 41.3 0.9 45.1
PTB -3.8 8.0 0.8 18.0 -4.2 16.3 -5.2 12.9 -0.8 22.2
VSL -3.1 20.0 1.5 25.7 -3.5 24.5 -4.5 22.5 -0.1 28.8
INTI -4.6 16.1 -5.0 21.5 -6.0 19.1 -1.6 26.3
NMIA 0.4 14.1 5.0 21.5 -1.0 17.4 3.4 25.1
NRC 1.4 10.1 6.0 19.1 1.0 17.4 4.4 23.1
VNIIM -3.0 20.7 1.6 26.3 -3.4 25.1 -4.4 23.1
METAS -4.0 7.2 0.6 17.7 -4.4 15.9 -5.4 12.5 -1.0 22.0
NIST 1.6 17.1 6.2 23.5 1.2 22.2 0.2 19.9 4.6 26.9
NIM -1.7 24.5 2.9 29.4 -2.1 28.3 -3.1 26.6 1.3 32.1

Voltage : 1000 V METAS NIST NIM
Frequency : 10 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(4/4) -4.0 7.2 1.6 17.1 -1.7 24.5

Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -1.0 35.0 3.0 35.8 -2.6 39.0 0.7 42.8
DANIAmet-AREPA 1.9 21.1 5.9 22.3 0.3 27.2 3.6 32.4
NPL -5.1 13.1 -1.1 15.0 -6.7 21.6 -3.4 27.8
SP 0.9 10.1 4.9 12.5 -0.7 19.9 2.6 26.6
IEN -4.9 15.3 -0.9 17.0 -6.5 23.0 -3.2 28.9
CEM -2.1 40.0 1.9 40.7 -3.7 43.6 -0.4 47.0
PTB -3.8 8.0 0.2 10.8 -5.4 18.9 -2.1 25.8
VSL -3.1 20.0 0.9 21.3 -4.7 26.4 -1.4 31.7
INTI -4.6 16.1 -0.6 17.7 -6.2 23.5 -2.9 29.4
NMIA 0.4 14.1 4.4 15.9 -1.2 22.2 2.1 28.3
NRC 1.4 10.1 5.4 12.5 -0.2 19.9 3.1 26.6
VNIIM -3.0 20.7 1.0 22.0 -4.6 26.9 -1.3 32.1
METAS -4.0 7.2 -5.6 18.6 -2.3 25.6
NIST 1.6 17.1 5.6 18.6 3.3 29.9
NIM -1.7 24.5 2.3 25.6 -3.3 29.9



 

Table 1i : Degree of equivalence at 1000 V / 20 kHz (1/4) 

 

Table 1j : Degree of equivalence at 1000 V / 20 kHz (2/4) 

Voltage : 1000 V BNM-LNE DANIAmet-AREPA NPL SP
Frequency : 20 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(1/4) -8.0 35.0 0.1 26.0 -10.9 23.1 -2.9 11.1

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -8.0 35.0 -8.1 43.7 2.9 42.0 -5.1 36.8
DANIAmet-AREPA 0.1 26.0 8.1 43.7 11.0 34.8 3.0 28.3
NPL -10.9 23.1 -2.9 42.0 -11.0 34.8 -8.0 25.7
SP -2.9 11.1 5.1 36.8 -3.0 28.3 8.0 25.7
IEN -11.8 25.1 -3.8 43.1 -11.9 36.2 -0.9 34.2 -8.9 27.5
CEM -6.9 44.0 1.1 56.3 -7.0 51.2 4.0 49.7 -4.0 45.4
PTB -7.2 8.0 0.8 36.0 -7.3 24.8 3.7 24.5 -4.3 13.7
VSL -10.1 25.0 -2.1 43.1 -10.2 36.1 0.8 34.1 -7.2 27.4
INTI -10.2 20.0 -2.2 40.4 -10.3 32.9 0.7 30.6 -7.3 22.9
NMIA -2.2 16.1 5.8 38.6 -2.3 30.6 8.7 28.2 0.7 19.6
NRC 0.8 10.1 8.8 36.5 0.7 27.9 11.7 25.3 3.7 15.1
VNIIM -10.1 32.4 -2.1 47.7 -10.2 41.6 0.8 39.8 -7.2 34.3
METAS -6.8 7.1 1.2 35.8 -6.9 27.0 4.1 24.2 -3.9 13.2
NIST 0.5 16.3 8.5 38.7 0.4 30.7 11.4 28.3 3.4 19.8
NIM -3.8 29.2 4.2 45.6 -3.9 39.1 7.1 37.3 -0.9 31.3

Voltage : 1000 V IEN CEM PTB VSL
Frequency : 20 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(2/4) -11.8 25.1 -6.9 44.0 -7.2 8.0 -10.1 25.0

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -8.0 35.0 3.8 43.1 -1.1 56.3 -0.8 36.0 2.1 43.1
DANIAmet-AREPA 0.1 26.0 11.9 36.2 7.0 51.2 7.3 24.8 10.2 36.1
NPL -10.9 23.1 0.9 34.2 -4.0 49.7 -3.7 24.5 -0.8 34.1
SP -2.9 11.1 8.9 27.5 4.0 45.4 4.3 13.7 7.2 27.4
IEN -11.8 25.1 -4.9 50.7 -4.6 26.4 -1.7 35.5
CEM -6.9 44.0 4.9 50.7 0.3 44.8 3.2 50.7
PTB -7.2 8.0 4.6 26.4 -0.3 44.8 2.9 26.3
VSL -10.1 25.0 1.7 35.5 -3.2 50.7 -2.9 26.3
INTI -10.2 20.0 1.6 32.1 -3.3 48.4 -3.0 21.6 -0.1 32.1
NMIA -2.2 16.1 9.6 29.9 4.7 46.9 5.0 18.0 7.9 29.8
NRC 0.8 10.1 12.6 27.1 7.7 45.2 8.0 12.9 10.9 27.0
VNIIM -10.1 32.4 1.7 41.0 -3.2 54.7 -2.9 33.4 0.0 41.0
METAS -6.8 7.1 5.0 26.1 0.1 44.6 0.4 10.7 3.3 26.0
NIST 0.5 16.3 12.3 30.0 7.4 47.0 7.7 18.2 10.6 29.9
NIM -3.8 29.2 8.0 38.6 3.1 52.9 3.4 30.3 6.3 38.5



 

Table 1k : Degree of equivalence at 1000 V / 20 kHz (3/4) 

 

Table 1l : Degree of equivalence at 1000 V / 20 kHz (4/4) 

Voltage : 1000 V INTI NMIA NRC VNIIM
Frequency : 20 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(3/4) -10.2 20.0 -2.2 16.1 0.8 10.1 -10.1 32.4

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -8.0 35.0 2.2 40.4 -5.8 38.6 -8.8 36.5 2.1 47.7
DANIAmet-AREPA 0.1 26.0 10.3 32.9 2.3 30.6 -0.7 27.9 10.2 41.6
NPL -10.9 23.1 -0.7 30.6 -8.7 28.2 -11.7 25.3 -0.8 39.8
SP -2.9 11.1 7.3 22.9 -0.7 19.6 -3.7 15.1 7.2 34.3
IEN -11.8 25.1 -1.6 32.1 -9.6 29.9 -12.6 27.1 -1.7 41.0
CEM -6.9 44.0 3.3 48.4 -4.7 46.9 -7.7 45.2 3.2 54.7
PTB -7.2 8.0 3.0 21.6 -5.0 18.0 -8.0 12.9 2.9 33.4
VSL -10.1 25.0 0.1 32.1 -7.9 29.8 -10.9 27.0 0.0 41.0
INTI -10.2 20.0 -8.0 25.7 -11.0 22.5 -0.1 38.1
NMIA -2.2 16.1 8.0 25.7 -3.0 19.1 7.9 36.2
NRC 0.8 10.1 11.0 22.5 3.0 19.1 10.9 34.0
VNIIM -10.1 32.4 0.1 38.1 -7.9 36.2 -10.9 34.0
METAS -6.8 7.1 3.4 21.3 -4.6 17.6 -7.6 12.4 3.3 33.2
NIST 0.5 16.3 10.7 25.9 2.7 23.0 -0.3 19.2 10.6 36.3
NIM -3.8 29.2 6.4 35.4 -1.6 33.4 -4.6 30.9 6.3 43.7

Voltage : 1000 V METAS NIST NIM
Frequency : 20 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(4/4) -6.8 7.1 0.5 16.3 -3.8 29.2

Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -8.0 35.0 -1.2 35.8 -8.5 38.7 -4.2 45.6
DANIAmet-AREPA 0.1 26.0 6.9 27.0 -0.4 30.7 3.9 39.1
NPL -10.9 23.1 -4.1 24.2 -11.4 28.3 -7.1 37.3
SP -2.9 11.1 3.9 13.2 -3.4 19.8 0.9 31.3
IEN -11.8 25.1 -5.0 26.1 -12.3 30.0 -8.0 38.6
CEM -6.9 44.0 -0.1 44.6 -7.4 47.0 -3.1 52.9
PTB -7.2 8.0 -0.4 10.7 -7.7 18.2 -3.4 30.3
VSL -10.1 25.0 -3.3 26.0 -10.6 29.9 -6.3 38.5
INTI -10.2 20.0 -3.4 21.3 -10.7 25.9 -6.4 35.4
NMIA -2.2 16.1 4.6 17.6 -2.7 23.0 1.6 33.4
NRC 0.8 10.1 7.6 12.4 0.3 19.2 4.6 30.9
VNIIM -10.1 32.4 -3.3 33.2 -10.6 36.3 -6.3 43.7
METAS -6.8 7.1 -7.3 17.8 -3.0 30.1
NIST 0.5 16.3 7.3 17.8 4.3 33.5
NIM -3.8 29.2 3.0 30.1 -4.3 33.5



 

Table 1m : Degree of equivalence at 1000 V / 50 kHz (1/4) 

 

Table 1n : Degree of equivalence at 1000 V / 50 kHz (2/4) 

Voltage : 1000 V BNM-LNE DANIAmet-AREPA NPL SP
Frequency : 50 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(1/4) -31.7 69.0 -18.1 41.0 -27.1 32.0 -15.1 15.1

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -31.7 69.0 -13.6 80.3 -4.6 76.1 -16.6 70.7
DANIAmet-AREPA -18.1 41.0 13.6 80.3 9.0 52.1 -3.0 43.7
NPL -27.1 32.0 4.6 76.1 -9.0 52.1 -12.0 35.4
SP -15.1 15.1 16.6 70.7 3.0 43.7 12.0 35.4
IEN -30.9 37.2 0.8 78.4 -12.8 55.4 -3.8 49.1 -15.8 40.2
CEM -36.1 64.0 -4.4 94.2 -18.0 76.1 -9.0 71.6 -21.0 65.8
PTB -21.9 10.0 9.8 69.8 -3.8 39.8 5.2 33.6 -6.8 18.2
VSL -25.2 35.0 6.5 77.4 -7.1 54.0 1.9 47.5 -10.1 38.2
INTI -24.0 24.1 7.7 73.1 -5.9 47.6 3.1 40.1 -8.9 28.5
NMIA -15.0 28.0 16.7 74.5 3.1 49.7 12.1 42.6 0.1 31.9
NRC -12.0 12.1 19.7 70.1 6.1 42.8 15.1 34.3 3.1 19.4
VNIIM -42.2 51.6 -10.5 86.2 -24.1 66.0 -15.1 60.8 -27.1 53.8
METAS -21.2 10.1 10.5 69.8 -3.1 42.3 5.9 33.6 -6.1 18.2
NIST -23.2 21.5 8.5 72.3 -5.1 46.3 3.9 38.6 -8.1 26.3
NIM -22.7 45.4 9.0 82.6 -4.6 61.2 4.4 55.6 -7.6 47.9

Voltage : 1000 V IEN CEM PTB VSL
Frequency : 50 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(2/4) -30.9 37.2 -36.1 64.0 -21.9 10.0 -25.2 35.0

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -31.7 69.0 -0.8 78.4 4.4 94.2 -9.8 69.8 -6.5 77.4
DANIAmet-AREPA -18.1 41.0 12.8 55.4 18.0 76.1 3.8 39.8 7.1 54.0
NPL -27.1 32.0 3.8 49.1 9.0 71.6 -5.2 33.6 -1.9 47.5
SP -15.1 15.1 15.8 40.2 21.0 65.8 6.8 18.2 10.1 38.2
IEN -30.9 37.2 5.2 74.1 -9.0 38.6 -5.7 51.1
CEM -36.1 64.0 -5.2 74.1 -14.2 64.8 -10.9 73.0
PTB -21.9 10.0 9.0 38.6 14.2 64.8 3.3 36.5
VSL -25.2 35.0 5.7 51.1 10.9 73.0 -3.3 36.5
INTI -24.0 24.1 6.9 44.4 12.1 68.4 -2.1 26.1 1.2 42.5
NMIA -15.0 28.0 15.9 46.6 21.1 69.9 6.9 29.8 10.2 44.9
NRC -12.0 12.1 18.9 39.2 24.1 65.2 9.9 15.7 13.2 37.1
VNIIM -42.2 51.6 -11.3 63.7 -6.1 82.3 -20.3 52.6 -17.0 62.4
METAS -21.2 10.1 9.7 38.6 14.9 64.8 0.7 14.3 4.0 36.5
NIST -23.2 21.5 7.7 43.0 12.9 67.6 -1.3 23.8 2.0 41.1
NIM -22.7 45.4 8.2 58.7 13.4 78.5 -0.8 46.5 2.5 57.4



 

Table 1o : Degree of equivalence at 1000 V / 50 kHz (3/4) 

 

Table 1p : Degree of equivalence at 1000 V / 50 kHz (4/4) 

Voltage : 1000 V INTI NMIA NRC VNIIM
Frequency : 50 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(3/4) -24.0 24.1 -15.0 28.0 -12.0 12.1 -42.2 51.6

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -31.7 69.0 -7.7 73.1 -16.7 74.5 -19.7 70.1 10.5 86.2
DANIAmet-AREPA -18.1 41.0 5.9 47.6 -3.1 49.7 -6.1 42.8 24.1 66.0
NPL -27.1 32.0 -3.1 40.1 -12.1 42.6 -15.1 34.3 15.1 60.8
SP -15.1 15.1 8.9 28.5 -0.1 31.9 -3.1 19.4 27.1 53.8
IEN -30.9 37.2 -6.9 44.4 -15.9 46.6 -18.9 39.2 11.3 63.7
CEM -36.1 64.0 -12.1 68.4 -21.1 69.9 -24.1 65.2 6.1 82.3
PTB -21.9 10.0 2.1 26.1 -6.9 29.8 -9.9 15.7 20.3 52.6
VSL -25.2 35.0 -1.2 42.5 -10.2 44.9 -13.2 37.1 17.0 62.4
INTI -24.0 24.1 -9.0 37.0 -12.0 27.0 18.2 57.0
NMIA -15.0 28.0 9.0 37.0 -3.0 30.6 27.2 58.8
NRC -12.0 12.1 12.0 27.0 3.0 30.6 30.2 53.0
VNIIM -42.2 51.6 -18.2 57.0 -27.2 58.8 -30.2 53.0
METAS -21.2 10.1 2.8 26.2 -6.2 29.8 -9.2 15.8 21.0 52.6
NIST -23.2 21.5 0.8 32.3 -8.2 35.4 -11.2 24.7 19.0 55.9
NIM -22.7 45.4 1.3 51.5 -7.7 53.4 -10.7 47.0 19.5 68.8

Voltage : 1000 V METAS NIST NIM
Frequency : 50 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(4/4) -21.2 10.1 -23.2 21.5 -22.7 45.4

Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -31.7 69.0 -10.5 69.8 -8.5 72.3 -9.0 82.6
DANIAmet-AREPA -18.1 41.0 3.1 42.3 5.1 46.3 4.6 61.2
NPL -27.1 32.0 -5.9 33.6 -3.9 38.6 -4.4 55.6
SP -15.1 15.1 6.1 18.2 8.1 26.3 7.6 47.9
IEN -30.9 37.2 -9.7 38.6 -7.7 43.0 -8.2 58.7
CEM -36.1 64.0 -14.9 64.8 -12.9 67.6 -13.4 78.5
PTB -21.9 10.0 -0.7 14.3 1.3 23.8 0.8 46.5
VSL -25.2 35.0 -4.0 36.5 -2.0 41.1 -2.5 57.4
INTI -24.0 24.1 -2.8 26.2 -0.8 32.3 -1.3 51.5
NMIA -15.0 28.0 6.2 29.8 8.2 35.4 7.7 53.4
NRC -12.0 12.1 9.2 15.8 11.2 24.7 10.7 47.0
VNIIM -42.2 51.6 -21.0 52.6 -19.0 55.9 -19.5 68.8
METAS -21.2 10.1 2.0 23.8 1.5 46.6
NIST -23.2 21.5 -2.0 23.8 -0.5 50.3
NIM -22.7 45.4 -1.5 46.6 0.5 50.3



 

Table 1q : Degree of equivalence at 1000 V / 100 kHz (1/4) 

 

Table 1r : Degree of equivalence at 1000 V / 100 kHz (2/4) 

Voltage : 1000 V BNM-LNE DANIAmet-AREPA NPL SP
Frequency : 100 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(1/4) -73.6 69.0 -52.6 81.0 -63.6 62.0 -42.6 23.1

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -73.6 69.0 -21.0 106.5 -10.0 92.8 -31.0 72.8
DANIAmet-AREPA -52.6 81.0 21.0 106.5 0.0 114.6 11.0 102.1 -10.0 84.3
NPL -63.6 62.0 10.0 92.8 -11.0 102.1 0.0 87.7 -21.0 66.2
SP -42.6 23.1 31.0 72.8 10.0 84.3 21.0 66.2
IEN -66.5 79.4 7.1 105.2 -13.9 113.5 -2.9 100.8 -23.9 82.7
CEM -62.6 98.0 11.0 119.9 -10.0 127.2 1.0 116.0 -20.0 100.7
PTB -56.6 30.0 17.0 75.3 -4.0 75.3 7.0 68.9 -14.0 37.9
VSL -61.4 50.0 12.2 85.3 -8.8 95.2 2.2 79.7 -18.8 55.1
INTI -55.8 40.0 17.8 79.8 -3.2 90.4 7.8 73.8 -13.2 46.2
NMIA -40.8 41.0 32.8 80.3 11.8 90.8 22.8 74.4 1.8 47.1
NRC -53.8 24.0 19.8 73.1 -1.2 84.5 9.8 66.5 -11.2 33.4
VNIIM -30.4 101.0 43.2 122.4 22.2 129.5 33.2 118.6 12.2 103.7
METAS -49.8 28.0 23.8 74.5 2.8 85.8 13.8 68.1 -7.2 36.3
NIST -59.2 29.2 14.4 75.0 -6.6 86.2 4.4 68.6 -16.6 37.3
NIM -72.7 59.6 0.9 91.2 -20.1 100.6 -9.1 86.1 -30.1 64.0

Voltage : 1000 V IEN CEM PTB VSL
Frequency : 100 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(2/4) -66.5 79.4 -62.6 98.0 -56.6 30.0 -61.4 50.0

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -73.6 69.0 -7.1 105.2 -11.0 119.9 -17.0 75.3 -12.2 85.3
DANIAmet-AREPA -52.6 81.0 13.9 113.5 10.0 127.2 4.0 75.3 8.8 95.2
NPL -63.6 62.0 2.9 100.8 -1.0 116.0 -7.0 68.9 -2.2 79.7
SP -42.6 23.1 23.9 82.7 20.0 100.7 14.0 37.9 18.8 55.1
IEN -66.5 79.4 -3.9 126.2 -9.9 84.9 -5.1 93.9
CEM -62.6 98.0 3.9 126.2 -6.0 102.5 -1.2 110.1
PTB -56.6 30.0 9.9 84.9 6.0 102.5 4.8 58.4
VSL -61.4 50.0 5.1 93.9 1.2 110.1 -4.8 58.4
INTI -55.8 40.0 10.7 89.0 6.8 105.9 0.8 50.0 5.6 64.1
NMIA -40.8 41.0 25.7 89.4 21.8 106.3 15.8 50.9 20.6 64.7
NRC -53.8 24.0 12.7 83.0 8.8 100.9 2.8 38.5 7.6 55.5
VNIIM -30.4 101.0 36.1 128.5 32.2 140.8 26.2 105.4 31.0 112.7
METAS -49.8 28.0 16.7 84.2 12.8 102.0 6.8 41.1 11.6 57.4
NIST -59.2 29.2 7.3 84.6 3.4 102.3 -2.6 41.9 2.2 58.0
NIM -72.7 59.6 -6.2 99.3 -10.1 114.8 -16.1 66.8 -11.3 77.8



 

Table 1s : Degree of equivalence at 1000 V / 100 kHz (3/4) 

 

Table 1t : Degree of equivalence at 1000 V / 100 kHz (4/4) 

Voltage : 1000 V INTI NMIA NRC VNIIM
Frequency : 100 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(3/4) -55.8 40.0 -40.8 41.0 -53.8 24.0 -30.4 101.0

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -73.6 69.0 -17.8 79.8 -32.8 80.3 -19.8 73.1 -43.2 122.4
DANIAmet-AREPA -52.6 81.0 3.2 90.4 -11.8 90.8 1.2 84.5 -22.2 129.5
NPL -63.6 62.0 -7.8 73.8 -22.8 74.4 -9.8 66.5 -33.2 118.6
SP -42.6 23.1 13.2 46.2 -1.8 47.1 11.2 33.4 -12.2 103.7
IEN -66.5 79.4 -10.7 89.0 -25.7 89.4 -12.7 83.0 -36.1 128.5
CEM -62.6 98.0 -6.8 105.9 -21.8 106.3 -8.8 100.9 -32.2 140.8
PTB -56.6 30.0 -0.8 50.0 -15.8 50.9 -2.8 38.5 -26.2 105.4
VSL -61.4 50.0 -5.6 64.1 -20.6 64.7 -7.6 55.5 -31.0 112.7
INTI -55.8 40.0 -15.0 57.3 -2.0 46.7 -25.4 108.7
NMIA -40.8 41.0 15.0 57.3 13.0 47.6 -10.4 109.1
NRC -53.8 24.0 2.0 46.7 -13.0 47.6 -23.4 103.9
VNIIM -30.4 101.0 25.4 108.7 10.4 109.1 23.4 103.9
METAS -49.8 28.0 6.0 48.9 -9.0 49.7 4.0 36.9 -19.4 104.9
NIST -59.2 29.2 -3.4 49.6 -18.4 50.4 -5.4 37.8 -28.8 105.2
NIM -72.7 59.6 -16.9 71.8 -31.9 72.4 -18.9 64.3 -42.3 117.3

Voltage : 1000 V METAS NIST NIM
Frequency : 100 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(4/4) -49.8 28.0 -59.2 29.2 -72.7 59.6

Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -73.6 69.0 -23.8 74.5 -14.4 75.0 -0.9 91.2
DANIAmet-AREPA -52.6 81.0 -2.8 85.8 6.6 86.2 20.1 100.6
NPL -63.6 62.0 -13.8 68.1 -4.4 68.6 9.1 86.1
SP -42.6 23.1 7.2 36.3 16.6 37.3 30.1 64.0
IEN -66.5 79.4 -16.7 84.2 -7.3 84.6 6.2 99.3
CEM -62.6 98.0 -12.8 102.0 -3.4 102.3 10.1 114.8
PTB -56.6 30.0 -6.8 41.1 2.6 41.9 16.1 66.8
VSL -61.4 50.0 -11.6 57.4 -2.2 58.0 11.3 77.8
INTI -55.8 40.0 -6.0 48.9 3.4 49.6 16.9 71.8
NMIA -40.8 41.0 9.0 49.7 18.4 50.4 31.9 72.4
NRC -53.8 24.0 -4.0 36.9 5.4 37.8 18.9 64.3
VNIIM -30.4 101.0 19.4 104.9 28.8 105.2 42.3 117.3
METAS -49.8 28.0 9.4 40.5 22.9 65.9
NIST -59.2 29.2 -9.4 40.5 13.5 66.4
NIM -72.7 59.6 -22.9 65.9 -13.5 66.4



 

Table 2a : Degree of equivalence at 500 V / 1 kHz (1/4) 

 

Table 2b : Degree of equivalence at 500 V / 1 kHz (2/4) 

Voltage : 500 V BNM-LNE DANIAmet-AREPA NPL SP
Frequency : 1 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(1/4) 3.4 13.2 4.6 21.1 0.6 13.2 3.6 8.3

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE 3.4 13.2 -1.2 24.9 2.8 18.7 -0.2 15.6
DANIAmet-AREPA 4.6 21.1 1.2 24.9 4.0 24.9 1.0 22.7
NPL 0.6 13.2 -2.8 18.7 -4.0 24.9 -3.0 15.6
SP 3.6 8.3 0.2 15.6 -1.0 22.7 3.0 15.6
IEN 1.0 9.7 -2.4 16.4 -3.6 23.3 0.4 16.4 -2.6 12.8
CEM -0.4 30.1 -3.8 32.9 -5.0 36.8 -1.0 32.9 -4.0 31.3
PTB -0.5 8.0 -3.9 15.5 -5.1 19.6 -1.1 15.5 -4.1 11.6
VSL 2.6 15.0 -0.8 20.0 -2.0 25.9 2.0 20.0 -1.0 17.2
INTI -1.4 12.2 -4.8 18.0 -6.0 24.4 -2.0 18.0 -5.0 14.8
NMIA 4.2 9.2 0.8 16.1 -0.4 23.1 3.6 16.1 0.6 12.4
NRC 2.6 9.0 -0.8 16.0 -2.0 23.0 2.0 16.0 -1.0 12.3
VNIIM 2.3 16.7 -1.1 21.3 -2.3 27.0 1.7 21.3 -1.3 18.7
METAS 0.4 6.3 -3.0 14.7 -4.2 22.1 -0.2 14.7 -3.2 10.5
NIST 5.9 11.2 2.5 17.4 1.3 23.9 5.3 17.4 2.3 14.0
NIM 0.1 19.7 -3.3 23.8 -4.5 28.9 -0.5 23.8 -3.5 21.4

Voltage : 500 V IEN CEM PTB VSL
Frequency : 1 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(2/4) 1.0 9.7 -0.4 30.1 -0.5 8.0 2.6 15.0

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE 3.4 13.2 2.4 16.4 3.8 32.9 3.9 15.5 0.8 20.0
DANIAmet-AREPA 4.6 21.1 3.6 23.3 5.0 36.8 5.1 19.6 2.0 25.9
NPL 0.6 13.2 -0.4 16.4 1.0 32.9 1.1 15.5 -2.0 20.0
SP 3.6 8.3 2.6 12.8 4.0 31.3 4.1 11.6 1.0 17.2
IEN 1.0 9.7 1.4 31.7 1.5 12.6 -1.6 17.9
CEM -0.4 30.1 -1.4 31.7 0.1 31.2 -3.0 33.7
PTB -0.5 8.0 -1.5 12.6 -0.1 31.2 -3.1 17.0
VSL 2.6 15.0 1.6 17.9 3.0 33.7 3.1 17.0
INTI -1.4 12.2 -2.4 15.6 -1.0 32.5 -0.9 14.6 -4.0 19.4
NMIA 4.2 9.2 3.2 13.4 4.6 31.5 4.7 12.2 1.6 17.6
NRC 2.6 9.0 1.6 13.3 3.0 31.5 3.1 12.1 0.0 17.5
VNIIM 2.3 16.7 1.3 19.4 2.7 34.5 2.8 18.6 -0.3 22.5
METAS 0.4 6.3 -0.6 11.6 0.8 30.8 0.9 10.2 -2.2 16.3
NIST 5.9 11.2 4.9 14.9 6.3 32.2 6.4 13.8 3.3 18.8
NIM 0.1 19.7 -0.9 22.0 0.5 36.0 0.6 21.3 -2.5 24.8



 

Table 2c : Degree of equivalence at 500 V / 1 kHz (3/4) 

 

Table 2d : Degree of equivalence at 500 V / 1 kHz (4/4) 

Voltage : 500 V INTI NMIA NRC VNIIM
Frequency : 1 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(3/4) -1.4 12.2 4.2 9.2 2.6 9.0 2.3 16.7

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE 3.4 13.2 4.8 18.0 -0.8 16.1 0.8 16.0 1.1 21.3
DANIAmet-AREPA 4.6 21.1 6.0 24.4 0.4 23.1 2.0 23.0 2.3 27.0
NPL 0.6 13.2 2.0 18.0 -3.6 16.1 -2.0 16.0 -1.7 21.3
SP 3.6 8.3 5.0 14.8 -0.6 12.4 1.0 12.3 1.3 18.7
IEN 1.0 9.7 2.4 15.6 -3.2 13.4 -1.6 13.3 -1.3 19.4
CEM -0.4 30.1 1.0 32.5 -4.6 31.5 -3.0 31.5 -2.7 34.5
PTB -0.5 8.0 0.9 14.6 -4.7 12.2 -3.1 12.1 -2.8 18.6
VSL 2.6 15.0 4.0 19.4 -1.6 17.6 0.0 17.5 0.3 22.5
INTI -1.4 12.2 -5.6 15.3 -4.0 15.2 -3.7 20.7
NMIA 4.2 9.2 5.6 15.3 1.6 12.9 1.9 19.1
NRC 2.6 9.0 4.0 15.2 -1.6 12.9 0.3 19.0
VNIIM 2.3 16.7 3.7 20.7 -1.9 19.1 -0.3 19.0
METAS 0.4 6.3 1.8 13.8 -3.8 11.2 -2.2 11.0 -1.9 17.9
NIST 5.9 11.2 7.3 16.6 1.7 14.5 3.3 14.4 3.6 20.2
NIM 0.1 19.7 1.5 23.2 -4.1 21.8 -2.5 21.7 -2.2 25.9

Voltage : 500 V METAS NIST NIM
Frequency : 1 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(4/4) 0.4 6.3 5.9 11.2 0.1 19.7

Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE 3.4 13.2 3.0 14.7 -2.5 17.4 3.3 23.8
DANIAmet-AREPA 4.6 21.1 4.2 22.1 -1.3 23.9 4.5 28.9
NPL 0.6 13.2 0.2 14.7 -5.3 17.4 0.5 23.8
SP 3.6 8.3 3.2 10.5 -2.3 14.0 3.5 21.4
IEN 1.0 9.7 0.6 11.6 -4.9 14.9 0.9 22.0
CEM -0.4 30.1 -0.8 30.8 -6.3 32.2 -0.5 36.0
PTB -0.5 8.0 -0.9 10.2 -6.4 13.8 -0.6 21.3
VSL 2.6 15.0 2.2 16.3 -3.3 18.8 2.5 24.8
INTI -1.4 12.2 -1.8 13.8 -7.3 16.6 -1.5 23.2
NMIA 4.2 9.2 3.8 11.2 -1.7 14.5 4.1 21.8
NRC 2.6 9.0 2.2 11.0 -3.3 14.4 2.5 21.7
VNIIM 2.3 16.7 1.9 17.9 -3.6 20.2 2.2 25.9
METAS 0.4 6.3 -5.5 12.9 0.3 20.7
NIST 5.9 11.2 5.5 12.9 5.8 22.7
NIM 0.1 19.7 -0.3 20.7 -5.8 22.7



 

Table 2e : Degree of equivalence at 500 V / 10 kHz (1/4) 

 

Table 2f : Degree of equivalence at 500 V / 10 kHz (2/4) 

Voltage : 500 V BNM-LNE DANIAmet-AREPA NPL SP
Frequency : 10 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(1/4) -2.5 21.1 0.7 21.1 -7.3 13.1 0.7 9.1

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -2.5 21.1 -3.2 29.9 4.8 24.9 -3.2 23.0
DANIAmet-AREPA 0.7 21.1 3.2 29.9 8.0 24.9 0.0 23.0
NPL -7.3 13.1 -4.8 24.9 -8.0 24.9 -8.0 16.0
SP 0.7 9.1 3.2 23.0 0.0 23.0 8.0 16.0
IEN -5.0 9.5 -2.5 23.2 -5.7 23.2 2.3 16.2 -5.7 13.2
CEM -3.3 30.0 -0.8 36.7 -4.0 36.7 4.0 32.8 -4.0 31.4
PTB -2.8 8.0 -0.3 22.6 -3.5 19.6 4.5 15.4 -3.5 12.2
VSL -4.3 15.0 -1.8 25.9 -5.0 25.9 3.0 20.0 -5.0 17.6
INTI -6.1 14.1 -3.6 25.4 -6.8 25.4 1.2 19.3 -6.8 16.8
NMIA 0.9 9.1 3.4 23.0 0.2 23.0 8.2 16.0 0.2 12.9
NRC 0.9 8.7 3.4 22.9 0.2 22.9 8.2 15.8 0.2 12.6
VNIIM -2.2 17.1 0.3 27.2 -2.9 27.2 5.1 21.6 -2.9 19.4
METAS -3.5 6.2 -1.0 22.0 -4.2 22.0 3.8 14.5 -4.2 11.1
NIST 1.1 10.7 3.6 23.7 0.4 23.7 8.4 17.0 0.4 14.1
NIM -3.6 19.6 -1.1 28.8 -4.3 28.8 3.7 23.6 -4.3 21.7

Voltage : 500 V IEN CEM PTB VSL
Frequency : 10 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(2/4) -5.0 9.5 -3.3 30.0 -2.8 8.0 -4.3 15.0

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -2.5 21.1 2.5 23.2 0.8 36.7 0.3 22.6 1.8 25.9
DANIAmet-AREPA 0.7 21.1 5.7 23.2 4.0 36.7 3.5 19.6 5.0 25.9
NPL -7.3 13.1 -2.3 16.2 -4.0 32.8 -4.5 15.4 -3.0 20.0
SP 0.7 9.1 5.7 13.2 4.0 31.4 3.5 12.2 5.0 17.6
IEN -5.0 9.5 -1.7 31.5 -2.2 12.5 -0.7 17.8
CEM -3.3 30.0 1.7 31.5 -0.5 31.1 1.0 33.6
PTB -2.8 8.0 2.2 12.5 0.5 31.1 1.5 17.0
VSL -4.3 15.0 0.7 17.8 -1.0 33.6 -1.5 17.0
INTI -6.1 14.1 -1.1 17.1 -2.8 33.2 -3.3 16.3 -1.8 20.6
NMIA 0.9 9.1 5.9 13.2 4.2 31.4 3.7 12.2 5.2 17.6
NRC 0.9 8.7 5.9 12.9 4.2 31.3 3.7 11.9 5.2 17.4
VNIIM -2.2 17.1 2.8 19.6 1.1 34.6 0.6 18.9 2.1 22.8
METAS -3.5 6.2 1.5 11.4 -0.2 30.7 -0.7 10.2 0.8 16.3
NIST 1.1 10.7 6.1 14.4 4.4 31.9 3.9 13.4 5.4 18.5
NIM -3.6 19.6 1.4 21.8 -0.3 35.9 -0.8 21.2 0.7 24.7



 

Table 2g : Degree of equivalence at 500 V / 10 kHz (3/4) 

 

Table 2h : Degree of equivalence at 500 V / 10 kHz (4/4) 

Voltage : 500 V INTI NMIA NRC VNIIM
Frequency : 10 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(3/4) -6.1 14.1 0.9 9.1 0.9 8.7 -2.2 17.1

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -2.5 21.1 3.6 25.4 -3.4 23.0 -3.4 22.9 -0.3 27.2
DANIAmet-AREPA 0.7 21.1 6.8 25.4 -0.2 23.0 -0.2 22.9 2.9 27.2
NPL -7.3 13.1 -1.2 19.3 -8.2 16.0 -8.2 15.8 -5.1 21.6
SP 0.7 9.1 6.8 16.8 -0.2 12.9 -0.2 12.6 2.9 19.4
IEN -5.0 9.5 1.1 17.1 -5.9 13.2 -5.9 12.9 -2.8 19.6
CEM -3.3 30.0 2.8 33.2 -4.2 31.4 -4.2 31.3 -1.1 34.6
PTB -2.8 8.0 3.3 16.3 -3.7 12.2 -3.7 11.9 -0.6 18.9
VSL -4.3 15.0 1.8 20.6 -5.2 17.6 -5.2 17.4 -2.1 22.8
INTI -6.1 14.1 -7.0 16.8 -7.0 16.6 -3.9 22.2
NMIA 0.9 9.1 7.0 16.8 0.0 12.6 3.1 19.4
NRC 0.9 8.7 7.0 16.6 0.0 12.6 3.1 19.2
VNIIM -2.2 17.1 3.9 22.2 -3.1 19.4 -3.1 19.2
METAS -3.5 6.2 2.6 15.5 -4.4 11.1 -4.4 10.7 -1.3 18.2
NIST 1.1 10.7 7.2 17.8 0.2 14.1 0.2 13.8 3.3 20.2
NIM -3.6 19.6 2.5 24.2 -4.5 21.7 -4.5 21.5 -1.4 26.1

Voltage : 500 V METAS NIST NIM
Frequency : 10 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(4/4) -3.5 6.2 1.1 10.7 -3.6 19.6

Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -2.5 21.1 1.0 22.0 -3.6 23.7 1.1 28.8
DANIAmet-AREPA 0.7 21.1 4.2 22.0 -0.4 23.7 4.3 28.8
NPL -7.3 13.1 -3.8 14.5 -8.4 17.0 -3.7 23.6
SP 0.7 9.1 4.2 11.1 -0.4 14.1 4.3 21.7
IEN -5.0 9.5 -1.5 11.4 -6.1 14.4 -1.4 21.8
CEM -3.3 30.0 0.2 30.7 -4.4 31.9 0.3 35.9
PTB -2.8 8.0 0.7 10.2 -3.9 13.4 0.8 21.2
VSL -4.3 15.0 -0.8 16.3 -5.4 18.5 -0.7 24.7
INTI -6.1 14.1 -2.6 15.5 -7.2 17.8 -2.5 24.2
NMIA 0.9 9.1 4.4 11.1 -0.2 14.1 4.5 21.7
NRC 0.9 8.7 4.4 10.7 -0.2 13.8 4.5 21.5
VNIIM -2.2 17.1 1.3 18.2 -3.3 20.2 1.4 26.1
METAS -3.5 6.2 -4.6 12.4 0.1 20.6
NIST 1.1 10.7 4.6 12.4 4.7 22.4
NIM -3.6 19.6 -0.1 20.6 -4.7 22.4



 

Table 2i : Degree of equivalence at 500 V / 20 kHz (1/4) 

 

Table 2j : Degree of equivalence at 500 V / 20 kHz (2/4) 

Voltage : 500 V BNM-LNE DANIAmet-AREPA NPL SP
Frequency : 20 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(1/4) -6.0 21.1 -3.2 21.1 -12.2 17.1 -4.2 10.2

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -6.0 21.1 -2.8 29.9 6.2 27.2 -1.8 23.5
DANIAmet-AREPA -3.2 21.1 2.8 29.9 9.0 27.2 1.0 23.5
NPL -12.2 17.1 -6.2 27.2 -9.0 27.2 -8.0 20.0
SP -4.2 10.2 1.8 23.5 -1.0 23.5 8.0 20.0
IEN -12.3 14.1 -6.3 25.4 -9.1 25.4 -0.1 22.2 -8.1 17.5
CEM -4.2 30.1 1.8 36.8 -1.0 36.8 8.0 34.7 0.0 31.8
PTB -7.0 8.0 -1.0 22.6 -3.8 19.6 5.2 18.9 -2.8 13.0
VSL -9.2 20.0 -3.2 29.1 -6.0 29.1 3.0 26.4 -5.0 22.5
INTI -9.1 16.1 -3.1 26.6 -5.9 26.6 3.1 23.5 -4.9 19.1
NMIA -2.1 10.1 3.9 23.4 1.1 23.4 10.1 19.9 2.1 14.4
NRC -0.1 10.1 5.9 23.4 3.1 23.4 12.1 19.9 4.1 14.4
VNIIM -11.6 24.7 -5.6 32.5 -8.4 32.5 0.6 30.1 -7.4 26.8
METAS -6.9 6.2 -0.9 22.0 -3.7 22.0 5.3 18.2 -2.7 12.0
NIST -2.0 11.3 4.0 24.0 1.2 24.0 10.2 20.5 2.2 15.3
NIM -6.3 21.3 -0.3 30.0 -3.1 30.0 5.9 27.4 -2.1 23.7

Voltage : 500 V IEN CEM PTB VSL
Frequency : 20 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(2/4) -12.3 14.1 -4.2 30.1 -7.0 8.0 -9.2 20.0

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -6.0 21.1 6.3 25.4 -1.8 36.8 1.0 22.6 3.2 29.1
DANIAmet-AREPA -3.2 21.1 9.1 25.4 1.0 36.8 3.8 19.6 6.0 29.1
NPL -12.2 17.1 0.1 22.2 -8.0 34.7 -5.2 18.9 -3.0 26.4
SP -4.2 10.2 8.1 17.5 0.0 31.8 2.8 13.0 5.0 22.5
IEN -12.3 14.1 -8.1 33.3 -5.3 16.3 -3.1 24.5
CEM -4.2 30.1 8.1 33.3 2.8 31.2 5.0 36.2
PTB -7.0 8.0 5.3 16.3 -2.8 31.2 2.2 21.6
VSL -9.2 20.0 3.1 24.5 -5.0 36.2 -2.2 21.6
INTI -9.1 16.1 3.2 21.5 -4.9 34.2 -2.1 18.0 0.1 25.7
NMIA -2.1 10.1 10.2 17.4 2.1 31.8 4.9 12.9 7.1 22.5
NRC -0.1 10.1 12.2 17.4 4.1 31.8 6.9 12.9 9.1 22.5
VNIIM -11.6 24.7 0.7 28.5 -7.4 39.0 -4.6 26.0 -2.4 31.8
METAS -6.9 6.2 5.4 15.5 -2.7 30.8 0.1 10.2 2.3 21.0
NIST -2.0 11.3 10.3 18.1 2.2 32.2 5.0 13.9 7.2 23.0
NIM -6.3 21.3 6.0 25.6 -2.1 36.9 0.7 22.8 2.9 29.3



 

Table 2k : Degree of equivalence at 500 V / 20 kHz (3/4) 

 

Table 2l : Degree of equivalence at 500 V / 20 kHz (4/4) 

Voltage : 500 V INTI NMIA NRC VNIIM
Frequency : 20 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(3/4) -9.1 16.1 -2.1 10.1 -0.1 10.1 -11.6 24.7

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -6.0 21.1 3.1 26.6 -3.9 23.4 -5.9 23.4 5.6 32.5
DANIAmet-AREPA -3.2 21.1 5.9 26.6 -1.1 23.4 -3.1 23.4 8.4 32.5
NPL -12.2 17.1 -3.1 23.5 -10.1 19.9 -12.1 19.9 -0.6 30.1
SP -4.2 10.2 4.9 19.1 -2.1 14.4 -4.1 14.4 7.4 26.8
IEN -12.3 14.1 -3.2 21.5 -10.2 17.4 -12.2 17.4 -0.7 28.5
CEM -4.2 30.1 4.9 34.2 -2.1 31.8 -4.1 31.8 7.4 39.0
PTB -7.0 8.0 2.1 18.0 -4.9 12.9 -6.9 12.9 4.6 26.0
VSL -9.2 20.0 -0.1 25.7 -7.1 22.5 -9.1 22.5 2.4 31.8
INTI -9.1 16.1 -7.0 19.1 -9.0 19.1 2.5 29.5
NMIA -2.1 10.1 7.0 19.1 -2.0 14.3 9.5 26.7
NRC -0.1 10.1 9.0 19.1 2.0 14.3 11.5 26.7
VNIIM -11.6 24.7 -2.5 29.5 -9.5 26.7 -11.5 26.7
METAS -6.9 6.2 2.2 17.3 -4.8 11.9 -6.8 11.9 4.7 25.5
NIST -2.0 11.3 7.1 19.7 0.1 15.2 -1.9 15.2 9.6 27.2
NIM -6.3 21.3 2.8 26.8 -4.2 23.6 -6.2 23.6 5.3 32.7

Voltage : 500 V METAS NIST NIM
Frequency : 20 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(4/4) -6.9 6.2 -2.0 11.3 -6.3 21.3

Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -6.0 21.1 0.9 22.0 -4.0 24.0 0.3 30.0
DANIAmet-AREPA -3.2 21.1 3.7 22.0 -1.2 24.0 3.1 30.0
NPL -12.2 17.1 -5.3 18.2 -10.2 20.5 -5.9 27.4
SP -4.2 10.2 2.7 12.0 -2.2 15.3 2.1 23.7
IEN -12.3 14.1 -5.4 15.5 -10.3 18.1 -6.0 25.6
CEM -4.2 30.1 2.7 30.8 -2.2 32.2 2.1 36.9
PTB -7.0 8.0 -0.1 10.2 -5.0 13.9 -0.7 22.8
VSL -9.2 20.0 -2.3 21.0 -7.2 23.0 -2.9 29.3
INTI -9.1 16.1 -2.2 17.3 -7.1 19.7 -2.8 26.8
NMIA -2.1 10.1 4.8 11.9 -0.1 15.2 4.2 23.6
NRC -0.1 10.1 6.8 11.9 1.9 15.2 6.2 23.6
VNIIM -11.6 24.7 -4.7 25.5 -9.6 27.2 -5.3 32.7
METAS -6.9 6.2 -4.9 12.9 -0.6 22.2
NIST -2.0 11.3 4.9 12.9 4.3 24.2
NIM -6.3 21.3 0.6 22.2 -4.3 24.2



 

Table 2m : Degree of equivalence at 500 V / 50 kHz (1/4) 

 

Table 2n : Degree of equivalence at 500 V / 50 kHz (2/4) 

Voltage : 500 V BNM-LNE DANIAmet-AREPA NPL SP
Frequency : 50 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(1/4) -23.6 36.0 -19.9 21.1 -28.9 24.1 -15.9 14.1

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -23.6 36.0 -3.7 41.8 5.3 43.4 -7.7 38.7
DANIAmet-AREPA -19.9 21.1 3.7 41.8 9.0 32.1 -4.0 25.4
NPL -28.9 24.1 -5.3 43.4 -9.0 32.1 -13.0 28.0
SP -15.9 14.1 7.7 38.7 4.0 25.4 13.0 28.0
IEN -33.1 20.3 -9.5 41.4 -13.2 29.3 -4.2 31.6 -17.2 24.8
CEM -26.9 38.0 -3.3 52.4 -7.0 43.5 2.0 45.0 -11.0 40.6
PTB -22.5 10.0 1.1 37.4 -2.6 18.6 6.4 26.1 -6.6 17.3
VSL -25.7 25.0 -2.1 43.9 -5.8 32.8 3.2 34.8 -9.8 28.8
INTI -24.9 18.1 -1.3 40.3 -5.0 27.8 4.0 30.2 -9.0 23.0
NMIA -13.9 15.1 9.7 39.1 6.0 26.0 15.0 28.5 2.0 20.7
NRC -12.9 10.7 10.7 37.6 7.0 23.7 16.0 26.4 3.0 17.8
VNIIM -41.0 40.6 -17.4 54.3 -21.1 45.8 -12.1 47.3 -25.1 43.0
METAS -21.3 9.1 2.3 37.2 -1.4 23.0 7.6 25.8 -5.4 16.8
NIST -25.0 14.1 -1.4 38.7 -5.1 25.4 3.9 28.0 -9.1 20.0
NIM -24.9 29.2 -1.3 46.4 -5.0 36.1 4.0 37.9 -9.0 32.5

Voltage : 500 V IEN CEM PTB VSL
Frequency : 50 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(2/4) -33.1 20.3 -26.9 38.0 -22.5 10.0 -25.7 25.0

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -23.6 36.0 9.5 41.4 3.3 52.4 -1.1 37.4 2.1 43.9
DANIAmet-AREPA -19.9 21.1 13.2 29.3 7.0 43.5 2.6 18.6 5.8 32.8
NPL -28.9 24.1 4.2 31.6 -2.0 45.0 -6.4 26.1 -3.2 34.8
SP -15.9 14.1 17.2 24.8 11.0 40.6 6.6 17.3 9.8 28.8
IEN -33.1 20.3 -6.2 43.1 -10.6 22.7 -7.4 32.3
CEM -26.9 38.0 6.2 43.1 -4.4 39.3 -1.2 45.5
PTB -22.5 10.0 10.6 22.7 4.4 39.3 3.2 27.0
VSL -25.7 25.0 7.4 32.3 1.2 45.5 -3.2 27.0
INTI -24.9 18.1 8.2 27.2 2.0 42.1 -2.4 20.7 0.8 30.9
NMIA -13.9 15.1 19.2 25.4 13.0 40.9 8.6 18.2 11.8 29.3
NRC -12.9 10.7 20.2 23.0 14.0 39.5 9.6 14.7 12.8 27.2
VNIIM -41.0 40.6 -7.9 45.4 -14.1 55.7 -18.5 41.9 -15.3 47.7
METAS -21.3 9.1 11.8 22.3 5.6 39.1 1.2 13.6 4.4 26.7
NIST -25.0 14.1 8.1 24.8 1.9 40.6 -2.5 17.3 0.7 28.8
NIM -24.9 29.2 8.2 35.6 2.0 48.0 -2.4 30.9 0.8 38.5



 

Table 2o : Degree of equivalence at 500 V / 50 kHz (3/4) 

 

Table 2p : Degree of equivalence at 500 V / 50 kHz (4/4) 

Voltage : 500 V INTI NMIA NRC VNIIM
Frequency : 50 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(3/4) -24.9 18.1 -13.9 15.1 -12.9 10.7 -41.0 40.6

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -23.6 36.0 1.3 40.3 -9.7 39.1 -10.7 37.6 17.4 54.3
DANIAmet-AREPA -19.9 21.1 5.0 27.8 -6.0 26.0 -7.0 23.7 21.1 45.8
NPL -28.9 24.1 -4.0 30.2 -15.0 28.5 -16.0 26.4 12.1 47.3
SP -15.9 14.1 9.0 23.0 -2.0 20.7 -3.0 17.8 25.1 43.0
IEN -33.1 20.3 -8.2 27.2 -19.2 25.4 -20.2 23.0 7.9 45.4
CEM -26.9 38.0 -2.0 42.1 -13.0 40.9 -14.0 39.5 14.1 55.7
PTB -22.5 10.0 2.4 20.7 -8.6 18.2 -9.6 14.7 18.5 41.9
VSL -25.7 25.0 -0.8 30.9 -11.8 29.3 -12.8 27.2 15.3 47.7
INTI -24.9 18.1 -11.0 23.6 -12.0 21.1 16.1 44.5
NMIA -13.9 15.1 11.0 23.6 -1.0 18.6 27.1 43.4
NRC -12.9 10.7 12.0 21.1 1.0 18.6 28.1 42.0
VNIIM -41.0 40.6 -16.1 44.5 -27.1 43.4 -28.1 42.0
METAS -21.3 9.1 3.6 20.3 -7.4 17.7 -8.4 14.1 19.7 41.7
NIST -25.0 14.1 -0.1 23.0 -11.1 20.7 -12.1 17.8 16.0 43.0
NIM -24.9 29.2 0.0 34.4 -11.0 32.9 -12.0 31.1 16.1 50.1

Voltage : 500 V METAS NIST NIM
Frequency : 50 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(4/4) -21.3 9.1 -25.0 14.1 -24.9 29.2

Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -23.6 36.0 -2.3 37.2 1.4 38.7 1.3 46.4
DANIAmet-AREPA -19.9 21.1 1.4 23.0 5.1 25.4 5.0 36.1
NPL -28.9 24.1 -7.6 25.8 -3.9 28.0 -4.0 37.9
SP -15.9 14.1 5.4 16.8 9.1 20.0 9.0 32.5
IEN -33.1 20.3 -11.8 22.3 -8.1 24.8 -8.2 35.6
CEM -26.9 38.0 -5.6 39.1 -1.9 40.6 -2.0 48.0
PTB -22.5 10.0 -1.2 13.6 2.5 17.3 2.4 30.9
VSL -25.7 25.0 -4.4 26.7 -0.7 28.8 -0.8 38.5
INTI -24.9 18.1 -3.6 20.3 0.1 23.0 0.0 34.4
NMIA -13.9 15.1 7.4 17.7 11.1 20.7 11.0 32.9
NRC -12.9 10.7 8.4 14.1 12.1 17.8 12.0 31.1
VNIIM -41.0 40.6 -19.7 41.7 -16.0 43.0 -16.1 50.1
METAS -21.3 9.1 3.7 16.8 3.6 30.6
NIST -25.0 14.1 -3.7 16.8 -0.1 32.5
NIM -24.9 29.2 -3.6 30.6 0.1 32.5



 

Table 2q : Degree of equivalence at 500 V / 100 kHz (1/4) 

 

Table 2r : Degree of equivalence at 500 V / 100 kHz (2/4) 

Voltage : 500 V BNM-LNE DANIAmet-AREPA NPL SP
Frequency : 100 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(1/4) -61.6 36.1 -53.9 41.1 -68.9 46.1 -48.9 21.1

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -61.6 36.1 -7.7 54.8 7.3 58.6 -12.7 41.9
DANIAmet-AREPA -53.9 41.1 7.7 54.8 15.0 61.8 -5.0 46.2
NPL -68.9 46.1 -7.3 58.6 -15.0 61.8 -20.0 50.7
SP -48.9 21.1 12.7 41.9 5.0 46.2 20.0 50.7
IEN -74.3 47.7 -12.7 59.9 -20.4 63.0 -5.4 66.4 -25.4 52.2
CEM -55.9 50.0 5.7 61.7 -2.0 64.8 13.0 68.1 -7.0 54.3
PTB -60.5 22.0 1.1 42.3 -6.6 34.8 8.4 51.1 -11.6 30.5
VSL -63.8 40.0 -2.2 53.9 -9.9 57.4 5.1 61.1 -14.9 45.3
INTI -63.0 30.1 -1.4 47.1 -9.1 51.0 5.9 55.1 -14.1 36.8
NMIA -46.0 23.1 15.6 42.9 7.9 47.2 22.9 51.6 2.9 31.3
NRC -59.0 24.1 2.6 43.5 -5.1 47.7 9.9 52.1 -10.1 32.1
VNIIM -80.2 60.4 -18.6 70.4 -26.3 73.1 -11.3 76.0 -31.3 64.0
METAS -56.0 26.1 5.6 44.6 -2.1 48.7 12.9 53.0 -7.1 33.6
NIST -67.0 17.9 -5.4 40.3 -13.1 44.9 1.9 49.5 -18.1 27.7
NIM -81.5 39.7 -19.9 53.7 -27.6 57.2 -12.6 60.9 -32.6 45.0

Voltage : 500 V IEN CEM PTB VSL
Frequency : 100 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(2/4) -74.3 47.7 -55.9 50.0 -60.5 22.0 -63.8 40.0

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -61.6 36.1 12.7 59.9 -5.7 61.7 -1.1 42.3 2.2 53.9
DANIAmet-AREPA -53.9 41.1 20.4 63.0 2.0 64.8 6.6 34.8 9.9 57.4
NPL -68.9 46.1 5.4 66.4 -13.0 68.1 -8.4 51.1 -5.1 61.1
SP -48.9 21.1 25.4 52.2 7.0 54.3 11.6 30.5 14.9 45.3
IEN -74.3 47.7 -18.4 69.2 -13.8 52.6 -10.5 62.3
CEM -55.9 50.0 18.4 69.2 4.6 54.7 7.9 64.1
PTB -60.5 22.0 13.8 52.6 -4.6 54.7 3.3 45.7
VSL -63.8 40.0 10.5 62.3 -7.9 64.1 -3.3 45.7
INTI -63.0 30.1 11.3 56.5 -7.1 58.4 -2.5 37.3 0.8 50.1
NMIA -46.0 23.1 28.3 53.0 9.9 55.1 14.5 31.9 17.8 46.2
NRC -59.0 24.1 15.3 53.5 -3.1 55.6 1.5 32.7 4.8 46.7
VNIIM -80.2 60.4 -5.9 77.0 -24.3 78.5 -19.7 64.3 -16.4 72.5
METAS -56.0 26.1 18.3 54.4 -0.1 56.5 4.5 34.2 7.8 47.8
NIST -67.0 17.9 7.3 51.0 -11.1 53.2 -6.5 28.4 -3.2 43.9
NIM -81.5 39.7 -7.2 62.1 -25.6 63.9 -21.0 45.4 -17.7 56.4



 

Table 2s : Degree of equivalence at 500 V / 100 kHz (3/4) 

 

Table 2t : Degree of equivalence at 500 V / 100 kHz (4/4) 

Voltage : 500 V INTI NMIA NRC VNIIM
Frequency : 100 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(3/4) -63.0 30.1 -46.0 23.1 -59.0 24.1 -80.2 60.4

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -61.6 36.1 1.4 47.1 -15.6 42.9 -2.6 43.5 18.6 70.4
DANIAmet-AREPA -53.9 41.1 9.1 51.0 -7.9 47.2 5.1 47.7 26.3 73.1
NPL -68.9 46.1 -5.9 55.1 -22.9 51.6 -9.9 52.1 11.3 76.0
SP -48.9 21.1 14.1 36.8 -2.9 31.3 10.1 32.1 31.3 64.0
IEN -74.3 47.7 -11.3 56.5 -28.3 53.0 -15.3 53.5 5.9 77.0
CEM -55.9 50.0 7.1 58.4 -9.9 55.1 3.1 55.6 24.3 78.5
PTB -60.5 22.0 2.5 37.3 -14.5 31.9 -1.5 32.7 19.7 64.3
VSL -63.8 40.0 -0.8 50.1 -17.8 46.2 -4.8 46.7 16.4 72.5
INTI -63.0 30.1 -17.0 38.0 -4.0 38.6 17.2 67.5
NMIA -46.0 23.1 17.0 38.0 13.0 33.4 34.2 64.7
NRC -59.0 24.1 4.0 38.6 -13.0 33.4 21.2 65.1
VNIIM -80.2 60.4 -17.2 67.5 -34.2 64.7 -21.2 65.1
METAS -56.0 26.1 7.0 39.9 -10.0 34.9 3.0 35.6 24.2 65.8
NIST -67.0 17.9 -4.0 35.1 -21.0 29.3 -8.0 30.1 13.2 63.0
NIM -81.5 39.7 -18.5 49.9 -35.5 46.0 -22.5 46.5 -1.3 72.3

Voltage : 500 V METAS NIST NIM
Frequency : 100 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(4/4) -56.0 26.1 -67.0 17.9 -81.5 39.7

Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -61.6 36.1 -5.6 44.6 5.4 40.3 19.9 53.7
DANIAmet-AREPA -53.9 41.1 2.1 48.7 13.1 44.9 27.6 57.2
NPL -68.9 46.1 -12.9 53.0 -1.9 49.5 12.6 60.9
SP -48.9 21.1 7.1 33.6 18.1 27.7 32.6 45.0
IEN -74.3 47.7 -18.3 54.4 -7.3 51.0 7.2 62.1
CEM -55.9 50.0 0.1 56.5 11.1 53.2 25.6 63.9
PTB -60.5 22.0 -4.5 34.2 6.5 28.4 21.0 45.4
VSL -63.8 40.0 -7.8 47.8 3.2 43.9 17.7 56.4
INTI -63.0 30.1 -7.0 39.9 4.0 35.1 18.5 49.9
NMIA -46.0 23.1 10.0 34.9 21.0 29.3 35.5 46.0
NRC -59.0 24.1 -3.0 35.6 8.0 30.1 22.5 46.5
VNIIM -80.2 60.4 -24.2 65.8 -13.2 63.0 1.3 72.3
METAS -56.0 26.1 11.0 31.7 25.5 47.6
NIST -67.0 17.9 -11.0 31.7 14.5 43.6
NIM -81.5 39.7 -25.5 47.6 -14.5 43.6



 

Table 3a : Degree of equivalence at 200 V / 1 kHz (1/4) 

 

Table 3b : Degree of equivalence at 200 V / 1 kHz (2/4) 

Voltage : 200 V BNM-LNE DANIAmet-AREPA NPL SP
Frequency : 1 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(1/4) -0.1 12.2 3.5 11.2 6.5 12.2 3.5 7.3

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -0.1 12.2 -3.6 16.6 -6.6 17.3 -3.6 14.3
DANIAmet-AREPA 3.5 11.2 3.6 16.6 -3.0 16.6 0.0 13.4
NPL 6.5 12.2 6.6 17.3 3.0 16.6 3.0 14.3
SP 3.5 7.3 3.6 14.3 0.0 13.4 -3.0 14.3
IEN 2.2 8.9 2.3 15.2 -1.3 14.4 -4.3 15.2 -1.3 11.6
CEM 3.5 22.1 3.6 25.3 0.0 24.8 -3.0 25.3 0.0 23.3
PTB -0.5 8.0 -0.4 14.6 -4.0 7.9 -7.0 14.6 -4.0 10.9
INTI -3.1 10.2 -3.0 16.0 -6.6 15.2 -9.6 16.0 -6.6 12.6
NMIA -0.2 7.3 -0.1 14.3 -3.7 13.4 -6.7 14.3 -3.7 10.4
NRC -0.1 10.2 0.0 16.0 -3.6 15.2 -6.6 16.0 -3.6 12.6
VNIIM 2.4 12.8 2.5 17.7 -1.1 17.1 -4.1 17.7 -1.1 14.8
METAS -1.5 6.3 -1.4 13.8 -5.0 12.9 -8.0 13.8 -5.0 9.7
NIST 5.4 5.9 5.5 13.6 1.9 12.7 -1.1 13.6 1.9 9.4
NIM 0.1 11.2 0.2 16.6 -3.4 15.9 -6.4 16.6 -3.4 13.4

Voltage : 200 V IEN CEM PTB INTI
Frequency : 1 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(2/4) 2.2 8.9 3.5 22.1 -0.5 8.0 -3.1 10.2

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -0.1 12.2 -2.3 15.2 -3.6 25.3 0.4 14.6 3.0 16.0
DANIAmet-AREPA 3.5 11.2 1.3 14.4 0.0 24.8 4.0 7.9 6.6 15.2
NPL 6.5 12.2 4.3 15.2 3.0 25.3 7.0 14.6 9.6 16.0
SP 3.5 7.3 1.3 11.6 0.0 23.3 4.0 10.9 6.6 12.6
IEN 2.2 8.9 -1.3 23.9 2.7 12.0 5.3 13.6
CEM 3.5 22.1 1.3 23.9 4.0 23.6 6.6 24.4
PTB -0.5 8.0 -2.7 12.0 -4.0 23.6 2.6 13.0
INTI -3.1 10.2 -5.3 13.6 -6.6 24.4 -2.6 13.0
NMIA -0.2 7.3 -2.4 11.6 -3.7 23.3 0.3 10.9
NRC -0.1 10.2 -2.3 13.6 -3.6 24.4 0.4 13.0 3.0 14.5
VNIIM 2.4 12.8 0.2 15.6 -1.1 25.6 2.9 15.1 5.5 16.4
METAS -1.5 6.3 -3.7 11.0 -5.0 23.0 -1.0 10.2 1.6 12.0
NIST 5.4 5.9 3.2 10.7 1.9 22.9 5.9 10.0 8.5 11.8
NIM 0.1 11.2 -2.1 14.4 -3.4 24.8 0.6 13.8 3.2 15.2



 

Table 3c : Degree of equivalence at 200 V / 1 kHz (3/4) 

 

Table 3d : Degree of equivalence at 200 V / 1 kHz (4/4) 

Voltage : 200 V NMIA NRC VNIIM METAS
Frequency : 1 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(3/4) -0.2 7.3 -0.1 10.2 2.4 12.8 -1.5 6.3

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -0.1 12.2 0.1 14.3 0.0 16.0 -2.5 17.7 1.4 13.8
DANIAmet-AREPA 3.5 11.2 3.7 13.4 3.6 15.2 1.1 17.1 5.0 12.9
NPL 6.5 12.2 6.7 14.3 6.6 16.0 4.1 17.7 8.0 13.8
SP 3.5 7.3 3.7 10.4 3.6 12.6 1.1 14.8 5.0 9.7
IEN 2.2 8.9 2.4 11.6 2.3 13.6 -0.2 15.6 3.7 11.0
CEM 3.5 22.1 3.7 23.3 3.6 24.4 1.1 25.6 5.0 23.0
PTB -0.5 8.0 -0.3 10.9 -0.4 13.0 -2.9 15.1 1.0 10.2
INTI -3.1 10.2 -2.9 12.6 -3.0 14.5 -5.5 16.4 -1.6 12.0
NMIA -0.2 7.3 -0.1 12.6 -2.6 14.8 1.3 9.7
NRC -0.1 10.2 0.1 12.6 -2.5 16.4 1.4 12.0
VNIIM 2.4 12.8 2.6 14.8 2.5 16.4 3.9 14.3
METAS -1.5 6.3 -1.3 9.7 -1.4 12.0 -3.9 14.3
NIST 5.4 5.9 5.6 9.4 5.5 11.8 3.0 14.1 6.9 8.7
NIM 0.1 11.2 0.3 13.4 0.2 15.2 -2.3 17.1 1.6 12.9

Voltage : 200 V NIST NIM
Frequency : 1 kHz dadj j u(d adj j ) dadj j u(d adj j )
(4/4) 5.4 5.9 0.1 11.2

Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -0.1 12.2 -5.5 13.6 -0.2 16.6
DANIAmet-AREPA 3.5 11.2 -1.9 12.7 3.4 15.9
NPL 6.5 12.2 1.1 13.6 6.4 16.6
SP 3.5 7.3 -1.9 9.4 3.4 13.4
IEN 2.2 8.9 -3.2 10.7 2.1 14.4
CEM 3.5 22.1 -1.9 22.9 3.4 24.8
PTB -0.5 8.0 -5.9 10.0 -0.6 13.8
INTI -3.1 10.2 -8.5 11.8 -3.2 15.2
NMIA -0.2 7.3 -5.6 9.4 -0.3 13.4
NRC -0.1 10.2 -5.5 11.8 -0.2 15.2
VNIIM 2.4 12.8 -3.0 14.1 2.3 17.1
METAS -1.5 6.3 -6.9 8.7 -1.6 12.9
NIST 5.4 5.9 5.3 12.7
NIM 0.1 11.2 -5.3 12.7



 

Table 3e : Degree of equivalence at 200 V / 10 kHz (1/4) 

 

Table 3f : Degree of equivalence at 200 V / 10 kHz (2/4) 

Voltage : 200 V BNM-LNE DANIAmet-AREPA NPL SP
Frequency : 10 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(1/4) -5.8 13.1 0.4 11.1 -7.6 12.1 2.4 8.2

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -5.8 13.1 -6.2 17.2 1.8 17.9 -8.2 15.5
DANIAmet-AREPA 0.4 11.1 6.2 17.2 8.0 16.5 -2.0 13.9
NPL -7.6 12.1 -1.8 17.9 -8.0 16.5 -10.0 14.7
SP 2.4 8.2 8.2 15.5 2.0 13.9 10.0 14.7
IEN -3.6 9.0 2.2 15.9 -4.0 14.3 4.0 15.1 -6.0 12.2
CEM 3.4 22.1 9.2 25.7 3.0 24.8 11.0 25.2 1.0 23.6
PTB -3.3 8.0 2.5 15.4 -3.7 7.7 4.3 14.6 -5.7 11.5
INTI -5.2 10.1 0.6 16.6 -5.6 15.1 2.4 15.8 -7.6 13.1
NMIA -2.2 7.2 3.6 15.0 -2.6 13.3 5.4 14.1 -4.6 11.0
NRC -3.2 10.1 2.6 16.6 -3.6 15.1 4.4 15.8 -5.6 13.1
VNIIM -1.3 12.5 4.5 18.2 -1.7 16.8 6.3 17.4 -3.7 15.0
METAS -4.4 6.2 1.4 14.5 -4.8 12.8 3.2 13.6 -6.8 10.3
NIST 1.0 6.0 6.8 14.5 0.6 12.7 8.6 13.6 -1.4 10.2
NIM -5.6 11.1 0.2 17.2 -6.0 15.7 2.0 16.5 -8.0 13.9

Voltage : 200 V IEN CEM PTB INTI
Frequency : 10 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(2/4) -3.6 9.0 3.4 22.1 -3.3 8.0 -5.2 10.1

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -5.8 13.1 -2.2 15.9 -9.2 25.7 -2.5 15.4 -0.6 16.6
DANIAmet-AREPA 0.4 11.1 4.0 14.3 -3.0 24.8 3.7 7.7 5.6 15.1
NPL -7.6 12.1 -4.0 15.1 -11.0 25.2 -4.3 14.6 -2.4 15.8
SP 2.4 8.2 6.0 12.2 -1.0 23.6 5.7 11.5 7.6 13.1
IEN -3.6 9.0 -7.0 23.9 -0.3 12.1 1.6 13.6
CEM 3.4 22.1 7.0 23.9 6.7 23.6 8.6 24.3
PTB -3.3 8.0 0.3 12.1 -6.7 23.6 1.9 12.9
INTI -5.2 10.1 -1.6 13.6 -8.6 24.3 -1.9 12.9
NMIA -2.2 7.2 1.4 11.6 -5.6 23.3 1.1 10.8 3.0 12.5
NRC -3.2 10.1 0.4 13.6 -6.6 24.3 0.1 12.9 2.0 14.3
VNIIM -1.3 12.5 2.3 15.5 -4.7 25.4 2.0 14.9 3.9 16.1
METAS -4.4 6.2 -0.8 11.0 -7.8 23.0 -1.1 10.2 0.8 11.9
NIST 1.0 6.0 4.6 10.9 -2.4 22.9 4.3 10.0 6.2 11.8
NIM -5.6 11.1 -2.0 14.3 -9.0 24.8 -2.3 13.7 -0.4 15.1



 

Table 3g : Degree of equivalence at 200 V / 10 kHz (3/4) 

 

Table 3h : Degree of equivalence at 200 V / 10 kHz (4/4) 

Voltage : 200 V NMIA NRC VNIIM METAS
Frequency : 10 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(3/4) -2.2 7.2 -3.2 10.1 -1.3 12.5 -4.4 6.2

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -5.8 13.1 -3.6 15.0 -2.6 16.6 -4.5 18.2 -1.4 14.5
DANIAmet-AREPA 0.4 11.1 2.6 13.3 3.6 15.1 1.7 16.8 4.8 12.8
NPL -7.6 12.1 -5.4 14.1 -4.4 15.8 -6.3 17.4 -3.2 13.6
SP 2.4 8.2 4.6 11.0 5.6 13.1 3.7 15.0 6.8 10.3
IEN -3.6 9.0 -1.4 11.6 -0.4 13.6 -2.3 15.5 0.8 11.0
CEM 3.4 22.1 5.6 23.3 6.6 24.3 4.7 25.4 7.8 23.0
PTB -3.3 8.0 -1.1 10.8 -0.1 12.9 -2.0 14.9 1.1 10.2
INTI -5.2 10.1 -3.0 12.5 -2.0 14.3 -3.9 16.1 -0.8 11.9
NMIA -2.2 7.2 1.0 12.5 -0.9 14.5 2.2 9.6
NRC -3.2 10.1 -1.0 12.5 -1.9 16.1 1.2 11.9
VNIIM -1.3 12.5 0.9 14.5 1.9 16.1 3.1 14.0
METAS -4.4 6.2 -2.2 9.6 -1.2 11.9 -3.1 14.0
NIST 1.0 6.0 3.2 9.4 4.2 11.8 2.3 13.9 5.4 8.7
NIM -5.6 11.1 -3.4 13.3 -2.4 15.1 -4.3 16.8 -1.2 12.8

Voltage : 200 V NIST NIM
Frequency : 10 kHz dadj j u(d adj j ) dadj j u(d adj j )
(4/4) 1.0 6.0 -5.6 11.1

Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -5.8 13.1 -6.8 14.5 -0.2 17.2
DANIAmet-AREPA 0.4 11.1 -0.6 12.7 6.0 15.7
NPL -7.6 12.1 -8.6 13.6 -2.0 16.5
SP 2.4 8.2 1.4 10.2 8.0 13.9
IEN -3.6 9.0 -4.6 10.9 2.0 14.3
CEM 3.4 22.1 2.4 22.9 9.0 24.8
PTB -3.3 8.0 -4.3 10.0 2.3 13.7
INTI -5.2 10.1 -6.2 11.8 0.4 15.1
NMIA -2.2 7.2 -3.2 9.4 3.4 13.3
NRC -3.2 10.1 -4.2 11.8 2.4 15.1
VNIIM -1.3 12.5 -2.3 13.9 4.3 16.8
METAS -4.4 6.2 -5.4 8.7 1.2 12.8
NIST 1.0 6.0 6.6 12.7
NIM -5.6 11.1 -6.6 12.7



 

Table 3i : Degree of equivalence at 200 V / 20 kHz (1/4) 

 

Table 3j : Degree of equivalence at 200 V / 20 kHz (2/4) 

Voltage : 200 V BNM-LNE DANIAmet-AREPA NPL SP
Frequency : 20 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(1/4) -7.7 13.1 -4.6 11.1 -9.6 14.1 -1.6 9.1

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -7.7 13.1 -3.1 17.2 1.9 19.3 -6.1 16.0
DANIAmet-AREPA -4.6 11.1 3.1 17.2 5.0 18.0 -3.0 14.4
NPL -9.6 14.1 -1.9 19.3 -5.0 18.0 -8.0 16.8
SP -1.6 9.1 6.1 16.0 3.0 14.4 8.0 16.8
IEN -11.0 12.9 -3.3 18.4 -6.4 17.1 -1.4 19.2 -9.4 15.8
CEM -0.6 22.0 7.1 25.7 4.0 24.7 9.0 26.2 1.0 23.9
PTB -7.3 8.0 0.4 15.4 -2.7 7.7 2.3 16.3 -5.7 12.2
INTI -8.3 12.1 -0.6 17.9 -3.7 16.5 1.3 18.6 -6.7 15.2
NMIA -6.3 8.1 1.4 15.5 -1.7 13.8 3.3 16.3 -4.7 12.2
NRC -4.3 10.1 3.4 16.6 0.3 15.1 5.3 17.4 -2.7 13.6
VNIIM -3.3 20.2 4.4 24.1 1.3 23.1 6.3 24.7 -1.7 22.2
METAS -7.5 6.1 0.2 14.5 -2.9 12.7 2.1 15.4 -5.9 11.0
NIST -2.5 6.1 5.2 14.5 2.1 12.7 7.1 15.4 -0.9 11.0
NIM -8.8 11.1 -1.1 17.2 -4.2 15.7 0.8 18.0 -7.2 14.4

Voltage : 200 V IEN CEM PTB INTI
Frequency : 20 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(2/4) -11.0 12.9 -0.6 22.0 -7.3 8.0 -8.3 12.1

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -7.7 13.1 3.3 18.4 -7.1 25.7 -0.4 15.4 0.6 17.9
DANIAmet-AREPA -4.6 11.1 6.4 17.1 -4.0 24.7 2.7 7.7 3.7 16.5
NPL -9.6 14.1 1.4 19.2 -9.0 26.2 -2.3 16.3 -1.3 18.6
SP -1.6 9.1 9.4 15.8 -1.0 23.9 5.7 12.2 6.7 15.2
IEN -11.0 12.9 -10.4 25.6 -3.7 15.2 -2.7 17.7
CEM -0.6 22.0 10.4 25.6 6.7 23.5 7.7 25.2
PTB -7.3 8.0 3.7 15.2 -6.7 23.5 1.0 14.6
INTI -8.3 12.1 2.7 17.7 -7.7 25.2 -1.0 14.6
NMIA -6.3 8.1 4.7 15.3 -5.7 23.5 1.0 11.4 2.0 14.6
NRC -4.3 10.1 6.7 16.4 -3.7 24.3 3.0 12.9 4.0 15.8
VNIIM -3.3 20.2 7.7 24.0 -2.7 29.9 4.0 21.8 5.0 23.6
METAS -7.5 6.1 3.5 14.3 -6.9 22.9 -0.2 10.1 0.8 13.6
NIST -2.5 6.1 8.5 14.3 -1.9 22.9 4.8 10.1 5.8 13.6
NIM -8.8 11.1 2.2 17.1 -8.2 24.7 -1.5 13.7 -0.5 16.5



 

Table 3k : Degree of equivalence at 200 V / 20 kHz (3/4) 

 

Table 3l : Degree of equivalence at 200 V / 20 kHz (4/4)  

 

Voltage : 200 V NMIA NRC VNIIM METAS
Frequency : 20 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(3/4) -6.3 8.1 -4.3 10.1 -3.3 20.2 -7.5 6.1

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -7.7 13.1 -1.4 15.5 -3.4 16.6 -4.4 24.1 -0.2 14.5
DANIAmet-AREPA -4.6 11.1 1.7 13.8 -0.3 15.1 -1.3 23.1 2.9 12.7
NPL -9.6 14.1 -3.3 16.3 -5.3 17.4 -6.3 24.7 -2.1 15.4
SP -1.6 9.1 4.7 12.2 2.7 13.6 1.7 22.2 5.9 11.0
IEN -11.0 12.9 -4.7 15.3 -6.7 16.4 -7.7 24.0 -3.5 14.3
CEM -0.6 22.0 5.7 23.5 3.7 24.3 2.7 29.9 6.9 22.9
PTB -7.3 8.0 -1.0 11.4 -3.0 12.9 -4.0 21.8 0.2 10.1
INTI -8.3 12.1 -2.0 14.6 -4.0 15.8 -5.0 23.6 -0.8 13.6
NMIA -6.3 8.1 -2.0 13.0 -3.0 21.8 1.2 10.2
NRC -4.3 10.1 2.0 13.0 -1.0 22.6 3.2 11.8
VNIIM -3.3 20.2 3.0 21.8 1.0 22.6 0.0 28.6 4.2 21.2
METAS -7.5 6.1 -1.2 10.2 -3.2 11.8 -4.2 21.2
NIST -2.5 6.1 3.8 10.2 1.8 11.8 0.8 21.2 5.0 8.7
NIM -8.8 11.1 -2.5 13.8 -4.5 15.1 -5.5 23.1 -1.3 12.7

Voltage : 200 V NIST NIM
Frequency : 20 kHz dadj j u(d adj j ) dadj j u(d adj j )
(4/4) -2.5 6.1 -8.8 11.1

Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -7.7 13.1 -5.2 14.5 1.1 17.2
DANIAmet-AREPA -4.6 11.1 -2.1 12.7 4.2 15.7
NPL -9.6 14.1 -7.1 15.4 -0.8 18.0
SP -1.6 9.1 0.9 11.0 7.2 14.4
IEN -11.0 12.9 -8.5 14.3 -2.2 17.1
CEM -0.6 22.0 1.9 22.9 8.2 24.7
PTB -7.3 8.0 -4.8 10.1 1.5 13.7
INTI -8.3 12.1 -5.8 13.6 0.5 16.5
NMIA -6.3 8.1 -3.8 10.2 2.5 13.8
NRC -4.3 10.1 -1.8 11.8 4.5 15.1
VNIIM -3.3 20.2 -0.8 21.2 5.5 23.1
METAS -7.5 6.1 -5.0 8.7 1.3 12.7
NIST -2.5 6.1 6.3 12.7
NIM -8.8 11.1 -6.3 12.7



 

Table 3m : Degree of equivalence at 200 V / 50 kHz (1/4) 

 

Table 3n : Degree of equivalence at 200 V / 50 kHz (2/4) 

Voltage : 200 V BNM-LNE DANIAmet-AREPA NPL SP
Frequency : 50 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(1/4) -28.2 16.2 -23.1 11.2 -23.1 16.2 -18.1 13.2

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -28.2 16.2 -5.1 19.7 -5.1 23.0 -10.1 20.9
DANIAmet-AREPA -23.1 11.2 5.1 19.7 0.0 19.7 -5.0 17.4
NPL -23.1 16.2 5.1 23.0 0.0 19.7 -5.0 20.9
SP -18.1 13.2 10.1 20.9 5.0 17.4 5.0 20.9
IEN -31.8 18.3 -3.6 24.5 -8.7 21.5 -8.7 24.5 -13.7 22.6
CEM -19.1 24.1 9.1 29.1 4.0 26.6 4.0 29.1 -1.0 27.5
PTB -22.7 10.0 5.5 19.1 0.4 5.1 0.4 19.1 -4.6 16.6
INTI -23.7 16.1 4.5 22.9 -0.6 19.7 -0.6 22.9 -5.6 20.9
NMIA -19.7 11.2 8.5 19.7 3.4 15.9 3.4 19.7 -1.6 17.4
NRC -16.7 14.1 11.5 21.5 6.4 18.1 6.4 21.5 1.4 19.4
VNIIM -14.1 30.3 14.1 34.4 9.0 32.4 9.0 34.4 4.0 33.1
METAS -22.8 9.2 5.4 18.7 0.3 14.5 0.3 18.7 -4.7 16.1
NIST -20.3 8.1 7.9 18.2 2.8 13.9 2.8 18.2 -2.2 15.5
NIM -24.4 12.4 3.8 20.5 -1.3 16.8 -1.3 20.5 -6.3 18.2

Voltage : 200 V IEN CEM PTB INTI
Frequency : 50 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(2/4) -31.8 18.3 -19.1 24.1 -22.7 10.0 -23.7 16.1

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -28.2 16.2 3.6 24.5 -9.1 29.1 -5.5 19.1 -4.5 22.9
DANIAmet-AREPA -23.1 11.2 8.7 21.5 -4.0 26.6 -0.4 5.1 0.6 19.7
NPL -23.1 16.2 8.7 24.5 -4.0 29.1 -0.4 19.1 0.6 22.9
SP -18.1 13.2 13.7 22.6 1.0 27.5 4.6 16.6 5.6 20.9
IEN -31.8 18.3 -12.7 30.3 -9.1 20.9 -8.1 24.4
CEM -19.1 24.1 12.7 30.3 3.6 26.1 4.6 29.0
PTB -22.7 10.0 9.1 20.9 -3.6 26.1 1.0 19.0
INTI -23.7 16.1 8.1 24.4 -4.6 29.0 -1.0 19.0
NMIA -19.7 11.2 12.1 21.5 -0.6 26.6 3.0 15.1 4.0 19.7
NRC -16.7 14.1 15.1 23.2 2.4 28.0 6.0 17.3 7.0 21.5
VNIIM -14.1 30.3 17.7 35.4 5.0 38.8 8.6 32.0 9.6 34.4
METAS -22.8 9.2 9.0 20.5 -3.7 25.8 -0.1 13.6 0.9 18.6
NIST -20.3 8.1 11.5 20.1 -1.2 25.5 2.4 12.9 3.4 18.1
NIM -24.4 12.4 7.4 22.2 -5.3 27.2 -1.7 16.0 -0.7 20.4



 

Table 3o : Degree of equivalence at 200 V / 50 kHz (3/4) 

 

Table 3p : Degree of equivalence at 200 V / 50 kHz (4/4) 

Voltage : 200 V NMIA NRC VNIIM METAS
Frequency : 50 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(3/4) -19.7 11.2 -16.7 14.1 -14.1 30.3 -22.8 9.2

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -28.2 16.2 -8.5 19.7 -11.5 21.5 -14.1 34.4 -5.4 18.7
DANIAmet-AREPA -23.1 11.2 -3.4 15.9 -6.4 18.1 -9.0 32.4 -0.3 14.5
NPL -23.1 16.2 -3.4 19.7 -6.4 21.5 -9.0 34.4 -0.3 18.7
SP -18.1 13.2 1.6 17.4 -1.4 19.4 -4.0 33.1 4.7 16.1
IEN -31.8 18.3 -12.1 21.5 -15.1 23.2 -17.7 35.4 -9.0 20.5
CEM -19.1 24.1 0.6 26.6 -2.4 28.0 -5.0 38.8 3.7 25.8
PTB -22.7 10.0 -3.0 15.1 -6.0 17.3 -8.6 32.0 0.1 13.6
INTI -23.7 16.1 -4.0 19.7 -7.0 21.5 -9.6 34.4 -0.9 18.6
NMIA -19.7 11.2 -3.0 18.1 -5.6 32.4 3.1 14.5
NRC -16.7 14.1 3.0 18.1 -2.6 33.5 6.1 16.9
VNIIM -14.1 30.3 5.6 32.4 2.6 33.5 8.7 31.7
METAS -22.8 9.2 -3.1 14.5 -6.1 16.9 -8.7 31.7
NIST -20.3 8.1 -0.6 13.9 -3.6 16.3 -6.2 31.4 2.5 12.3
NIM -24.4 12.4 -4.7 16.8 -7.7 18.8 -10.3 32.8 -1.6 15.5

Voltage : 200 V NIST NIM
Frequency : 50 kHz dadj j u(d adj j ) dadj j u(d adj j )
(4/4) -20.3 8.1 -24.4 12.4

Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -28.2 16.2 -7.9 18.2 -3.8 20.5
DANIAmet-AREPA -23.1 11.2 -2.8 13.9 1.3 16.8
NPL -23.1 16.2 -2.8 18.2 1.3 20.5
SP -18.1 13.2 2.2 15.5 6.3 18.2
IEN -31.8 18.3 -11.5 20.1 -7.4 22.2
CEM -19.1 24.1 1.2 25.5 5.3 27.2
PTB -22.7 10.0 -2.4 12.9 1.7 16.0
INTI -23.7 16.1 -3.4 18.1 0.7 20.4
NMIA -19.7 11.2 0.6 13.9 4.7 16.8
NRC -16.7 14.1 3.6 16.3 7.7 18.8
VNIIM -14.1 30.3 6.2 31.4 10.3 32.8
METAS -22.8 9.2 -2.5 12.3 1.6 15.5
NIST -20.3 8.1 4.1 14.9
NIM -24.4 12.4 -4.1 14.9



 

Table 3q : Degree of equivalence at 200 V / 100 kHz (1/4) 

 

Table 3r : Degree of equivalence at 200 V / 100 kHz (2/4) 

Voltage : 200 V BNM-LNE DANIAmet-AREPA NPL SP
Frequency : 100 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(1/4) -70.7 16.2 -66.2 26.1 -61.2 20.1 -49.2 19.2

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -70.7 16.2 -4.5 30.8 -9.5 25.9 -21.5 25.2
DANIAmet-AREPA -66.2 26.1 4.5 30.8 -5.0 33.0 -17.0 32.5
NPL -61.2 20.1 9.5 25.9 5.0 33.0 -12.0 27.8
SP -49.2 19.2 21.5 25.2 17.0 32.5 12.0 27.8
IEN -71.5 42.5 -0.8 45.5 -5.3 49.9 -10.3 47.1 -22.3 46.7
CEM -54.2 28.9 16.5 33.2 12.0 39.0 7.0 35.3 -5.0 34.7
PTB -61.9 22.0 8.8 27.4 4.3 14.1 -0.7 29.8 -12.7 29.2
INTI -61.3 24.1 9.4 29.1 4.9 35.6 -0.1 31.4 -12.1 30.9
NMIA -53.3 18.1 17.4 24.3 12.9 31.8 7.9 27.1 -4.1 26.4
NRC -56.3 22.7 14.4 27.9 9.9 34.6 4.9 30.4 -7.1 29.8
VNIIM -61.0 40.5 9.7 43.7 5.2 48.2 0.2 45.3 -11.8 44.9
METAS -60.3 24.1 10.4 29.1 5.9 35.6 0.9 31.4 -11.1 30.9
NIST -58.5 11.0 12.2 19.6 7.7 28.4 2.7 23.0 -9.3 22.2
NIM -65.9 13.4 4.8 21.1 0.3 29.4 -4.7 24.2 -16.7 23.5

Voltage : 200 V IEN CEM PTB INTI
Frequency : 100 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(2/4) -71.5 42.5 -54.2 28.9 -61.9 22.0 -61.3 24.1

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -70.7 16.2 0.8 45.5 -16.5 33.2 -8.8 27.4 -9.4 29.1
DANIAmet-AREPA -66.2 26.1 5.3 49.9 -12.0 39.0 -4.3 14.1 -4.9 35.6
NPL -61.2 20.1 10.3 47.1 -7.0 35.3 0.7 29.8 0.1 31.4
SP -49.2 19.2 22.3 46.7 5.0 34.7 12.7 29.2 12.1 30.9
IEN -71.5 42.5 -17.3 51.4 -9.6 47.9 -10.2 48.9
CEM -54.2 28.9 17.3 51.4 7.7 36.4 7.1 37.7
PTB -61.9 22.0 9.6 47.9 -7.7 36.4 -0.6 32.7
INTI -61.3 24.1 10.2 48.9 -7.1 37.7 0.6 32.7
NMIA -53.3 18.1 18.2 46.2 0.9 34.2 8.6 28.5 8.0 30.2
NRC -56.3 22.7 15.2 48.2 -2.1 36.8 5.6 31.7 5.0 33.2
VNIIM -61.0 40.5 10.5 58.8 -6.8 49.8 0.9 46.1 0.3 47.2
METAS -60.3 24.1 11.2 48.9 -6.1 37.7 1.6 32.7 1.0 34.1
NIST -58.5 11.0 13.0 44.0 -4.3 31.0 3.4 24.6 2.8 26.5
NIM -65.9 13.4 5.6 44.6 -11.7 31.9 -4.0 25.8 -4.6 27.6



 

Table 3s : Degree of equivalence at 200 V / 100 kHz (3/4) 

 

Table 3t : Degree of equivalence at 200 V / 100 kHz (4/4) 

 

Voltage : 200 V NMIA NRC VNIIM METAS
Frequency : 100 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(3/4) -53.3 18.1 -56.3 22.7 -61.0 40.5 -60.3 24.1

Di,j U i,j Di,j U i,j Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -70.7 16.2 -17.4 24.3 -14.4 27.9 -9.7 43.7 -10.4 29.1
DANIAmet-AREPA -66.2 26.1 -12.9 31.8 -9.9 34.6 -5.2 48.2 -5.9 35.6
NPL -61.2 20.1 -7.9 27.1 -4.9 30.4 -0.2 45.3 -0.9 31.4
SP -49.2 19.2 4.1 26.4 7.1 29.8 11.8 44.9 11.1 30.9
IEN -71.5 42.5 -18.2 46.2 -15.2 48.2 -10.5 58.8 -11.2 48.9
CEM -54.2 28.9 -0.9 34.2 2.1 36.8 6.8 49.8 6.1 37.7
PTB -61.9 22.0 -8.6 28.5 -5.6 31.7 -0.9 46.1 -1.6 32.7
INTI -61.3 24.1 -8.0 30.2 -5.0 33.2 -0.3 47.2 -1.0 34.1
NMIA -53.3 18.1 3.0 29.1 7.7 44.4 7.0 30.2
NRC -56.3 22.7 -3.0 29.1 4.7 46.5 4.0 33.2
VNIIM -61.0 40.5 -7.7 44.4 -4.7 46.5 -0.7 47.2
METAS -60.3 24.1 -7.0 30.2 -4.0 33.2 0.7 47.2
NIST -58.5 11.0 -5.2 21.2 -2.2 25.3 2.5 42.0 1.8 26.5
NIM -65.9 13.4 -12.6 22.6 -9.6 26.4 -4.9 42.7 -5.6 27.6

Voltage : 200 V NIST NIM
Frequency : 100 kHz dadj j u(d adj j ) dadj j u(d adj j )
(4/4) -58.5 11.0 -65.9 13.4

Di,j U i,j Di,j U i,j

dadj i u(d adj i )
BNM-LNE -70.7 16.2 -12.2 19.6 -4.8 21.1
DANIAmet-AREPA -66.2 26.1 -7.7 28.4 -0.3 29.4
NPL -61.2 20.1 -2.7 23.0 4.7 24.2
SP -49.2 19.2 9.3 22.2 16.7 23.5
IEN -71.5 42.5 -13.0 44.0 -5.6 44.6
CEM -54.2 28.9 4.3 31.0 11.7 31.9
PTB -61.9 22.0 -3.4 24.6 4.0 25.8
INTI -61.3 24.1 -2.8 26.5 4.6 27.6
NMIA -53.3 18.1 5.2 21.2 12.6 22.6
NRC -56.3 22.7 2.2 25.3 9.6 26.4
VNIIM -61.0 40.5 -2.5 42.0 4.9 42.7
METAS -60.3 24.1 -1.8 26.5 5.6 27.6
NIST -58.5 11.0 7.4 17.4
NIM -65.9 13.4 -7.4 17.4



APPENDIX 2 
 
Uncertainty budgets 
 



UNCERTAINTY BUDGET FOR BNM-LNE (FRANCE) 

 

 

STEP UP PROCEDURE 1 kHz 10 kHz 20 kHz 50 kHz 100 kHz
PRIMARY STANDARD Voltage (V) : 3
(PTB 3D-MJTC) Standard uncertainty 1 1 1 2 2

Step n° 1 Voltage (V) : 5
Measurement uncertainty : Type A 0.2 0.2 0.2 0.2 0.5

Type B 1.5 1.5 1.5 1.5 1.5
Uncertainty arising from voltage dependence : 0 0 0 0 0
Resulting standard uncertainty 1.9 1.9 1.9 2.6 2.6

Step n° 2 Voltage (V) : 10
Measurement uncertainty : Type A 0.4 0.2 0.2 0.4 0.2

Type B 1.8 1.8 1.8 1.8 1.8
Uncertainty arising from voltage dependence : 0 0 0 0 0
Resulting standard uncertainty 2.7 2.7 2.7 3.2 3.2

Step n° 3 Voltage (V) : 20
Measurement uncertainty : Type A 0.4 0.3 0.2 0.3 0.9

Type B 2 2 2 2 2
Uncertainty arising from voltage dependence : 0 0 0 0 0
Resulting standard uncertainty 3.4 3.4 3.4 3.8 3.9

Step n° 4 Voltage (V) : 30
Measurement uncertainty : Type A 0.2 0.1 0.4 0.2 0.3

Type B 1.1 1.1 1.1 1.1 1
Uncertainty arising from voltage dependence : 0 0 0 0 0
Resulting standard uncertainty 3.6 3.6 3.6 4 4.1

Step n° 5 Voltage (V) : 50
Measurement uncertainty : Type A 0.2 0.5 1 0.3 0.4

Type B 1.3 1.3 1.3 1.3 1.3
Uncertainty arising from voltage dependence : 0 0 0 0 0
Resulting standard uncertainty 3.9 3.9 4 4.3 4.4

Step n° 6 Voltage (V) : 100
Measurement uncertainty : Type A 0.3 0.5 0.6 0.6 0.7

Type B 1.9 1.9 1.9 1.9 1.9
Uncertainty arising from voltage dependence : 0 0 0 0 0
Resulting standard uncertainty 4.4 4.4 4.5 4.8 4.9

Step n° 7 Voltage (V) : 200
Measurement uncertainty : Type A 0.4 0.3 0.3 0.4 0.3

Type B 2 2 2 2 2
Uncertainty arising from voltage dependence : 0 2 2 5 5
Resulting standard uncertainty 4.9 5.3 5.4 7.3 7.3

Step n° 8 Voltage (V) : 300
Measurement uncertainty : Type A 0.3 0.3 0.3 0.3 0.3

Type B 1.1 1.1 1.1 1.1 1.1
Uncertainty arising from voltage dependence : 1 4 4 8 8
Resulting standard uncertainty 5.2 6.8 6.9 10.9 10.9

Step n° 9 Voltage (V) : 500
Measurement uncertainty : Type A 0.4 0.3 0.4 0.2 0.2

Type B 1.4 1.4 1.4 1.4 1.4
Uncertainty arising from voltage dependence : 2 7 7 14 14
Resulting standard uncertainty 5.8 9.9 10 17.8 17.8

Step n° 10 Voltage (V) : 1000
Measurement uncertainty : Type A 0.6 0.6 0.4 0.5 0.5

Type B 2 2 2 2 2
Uncertainty arising from voltage dependence : 4 14 14 29 29
Resulting standard uncertainty 7.4 17.3 17.4 34.1 34.1



 

 

Calculation of the uncertainties 

The difference between the AC-DC differences dx of the converter under test, and dref  
of the reference converter is given by (see the description of the measurement set up in [1]) : 
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where : 
• nx (resp. nref) is a characteristic parameter of the converter under test (rep. reference) ; 
• Va (resp. Vc) is the measured output voltage of the reference converter in response to 

an AC (resp. DC) signal ; 
• Vda (rsp. VDc) is a measured differential voltage between the outputs of both converters 

in response to an AC (resp. DC) signal ; 
• k is the ratio of the resistive divider connected at the output of the converter under test. 

For each measurement, the type B measurement uncertainty uB is given by : 
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where uBi is the uncertainty on xi. The value of this component was taken equal to 5 
parts in 103 for nx and nref, 5 parts in 104 for k, Va and Vc, and 5 parts in 106 for VDa and VDc. 

One determination of  dx – dref  is computed from a set of values of Va, Vc, Vda and VDc 
measured during a sequence AC, DC+, DC-, AC, DC+, DC-, AC, DC+, DC-, AC, applied to 
the input of the converters, using a least mean square method, and then, can be associated 
with a standard deviation. The final value given for dx is the weighted mean of four 
determinations dx,i (i = 1,…4), calculated using : 

TRAVELLING STANDARDS 1 kHz 10 kHz 20 kHz 50 kHz 100 kHz
Measurement voltage (V) : 200

Standard uncertainty of the reference standard : 4.9 5.3 5.4 7.3 7.3
Measurement uncertainty Type A 0.2 0.7 0.9 0.6 0.6

Type B 2 2 2 2 2
Resulting standard uncertainty (travelling standard) 5.3 5.8 5.9 7.6 7.6
Expanded uncertainty [k = 2] (travelling standard) 10.6 11.6 11.8 15.2 15.2

Measurement voltage (V) : 500
Standard uncertainty of the reference standard : 5.8 9.9 10 17.8 17.8
Measurement uncertainty Type A 0.3 0.4 0.4 0.2 0.5

Type B 0.6 0.6 0.6 0.6 0.6
Resulting standard uncertainty (travelling standard) 5.9 10 10.1 17.9 17.9
Expanded uncertainty [k = 2] (travelling standard) 11.8 20 20.2 35.8 35.8

Measurement voltage (V) : 1000
Standard uncertainty of the reference standard : 7.4 17.3 17.4 34.1 34.1
Measurement uncertainty Type A 0.2 0.3 0.1 0.3 0.3

Type B 0.8 0.8 0.8 0.8 0.8
Resulting standard uncertainty (travelling standard) 7.5 17.4 17.5 34.2 34.2
Expanded uncertainty [k = 2] (travelling standard) 15 34.8 35 68.4 68.4
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where uA,i is the standard deviation calculated for dx,i. 
The type A uncertainty uA, associated with dx, is computed using : 
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The resulting standard uncertainty associated with dx is finally given by : 
2222
VoltDeprefBA uuuuu +++=  

where uref is the uncertainty associated with the reference converter, and uVoltDep, the 
uncertainty arising from the voltage level dependence (in the case of measurements performed 
in the frame of the step up procedure). This last uncertainty component was estimated from 
discrepancies observed between complementary measurements performed at two different 
voltage levels, assuming the same value of the AC-DC difference at both levels. 
 
 
 

* * * * * * * * * * 
 
 
 [1] Andre POLETAEFF, “Automated Comparator for Accurate AC-DC Difference 
Measurement at the BNM-LCIE”, IEEE Trans. Instr. Meas., vol 48, n° 2, April 1999. 
 
 
 
 
 



UNCERTAINTY BUDGET FOR DANIAMet-AREPA (DENMARK) 

 
Uncertainty. 
 
The overall uncertainties of the measurement results are estimated in accordance with EAL-
R2 / EA-4/02. It has been distinguished between category A and B uncertainties. The category 
A uncertainty is stated as the estimated value of the experimental standard deviation. 
Estimates of the category B uncertainties are based either on experience or on stated 
specifications of the manufactorers. Here the limits of errors are estimated. In this case a 
suitable population ditribution is assumed and the standard deviation is estimated by 
multiplying the error estimate with the corresponding factor. 
 
The estimated uncertainties of the measured AC-DC differences are stated in table 2, whereas 
table 3 contains the complete uncertainty budget. 
 
All the uncertainty contributions (ui) listed in table 3 are uncorrelated, and so the standard 
uncertainty u is calculated as: 
 
 

u = ∑ 2
iu  

 
 
The expanded uncertainty U is determined by: 
 
 

U = ku 
 
 
where the coverage factor k for a coverage probability of 95% is found from the effective 
number of degrees of freedom νeff and a t-distribution: 
 
 

νeff = 
∑ νi

4
iu

4u  

 
 
 
 
 
 
 
 
 
 
 



 
 

Measured AC-DC voltage transfer difference in 10–6 

Voltage 1 kHz 10 kHz 20 kHz 50 kHz 100 kHz 

200 V 2 –1 –6 –26 –72 

500 V 3 0 –4 –22 –60 

1000 V 4 1 –1 –20 –58 
 
Table 1: Measurement results. 
 
 
 

Uncertainty of the AC-DC voltage transfer difference in 10–6 

Voltage 1 kHz 10 kHz 20 kHz 50 kHz 100 kHz 

200 V 11 11 11 11 26 

500 V 21 21 21 21 41 

1000 V 21 21 26 41 81 
 
Table 2: Measurement uncertainties (k = 2). 
 
 
 



 
Reason of deviation 
Standard Uncertainty ui in 10–6 Category 

1kHz   10kHz   20kHz   50kHz 100kHz 
Distribution 

Remarks 
Fluke 792A traceability: 

200 V 
500 V 

1000 V 

B 
 

 
  5         5         5          5      12,5 
10       10       10        10       20 
10       10      12,5      20       40 

gaussian 
 

Fluke 792A drift: 
200 V 
500 V 

1000 V 

B 
 

 
  2         2         2         3         5 
  3         3         3         5         7 
  5        5          5         7        10 

gaussian 
 

Measurement set-up: 
Stability, resolution, noise 

B 
 

 
      2         2         2         2         2 

uniform 
 

Standard deviation, νi > 12: 
200 V 
500 V 

1000 V 

A 
 

 
  0,2     0,2      0,2      0,2       0,2 
  0,1     0,1      0,1      0,1       0,2 
  0,2     0,2      0,2      - - -      - - - 

gaussian 
 

Standard uncertainty u: 
200 V 
500 V 

1000 V 

 
 

 
 5,3      5,3      5,3      5,5      12,9 
10,3    10,3    10,3    10,5     20,5 
10,5    10,5    12,9    20,5     40,5 

νeff > 1000 
 

Expanded uncertainty U: 
200 V 
500 V 

1000 V 

 
 

 
 11         11       11       11        26 
 21         21       21       21        41 
 21         21       26       41        81 

k = 2 
 

 
Table 3: Uncertainty budget. 
 
 
 














































































































































