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Abstract : The international EUROMET 557 key comparison of AC-DC high voltage 
transfer standards started in February 2000 and was completed in March 2003. AC-DC 
transfer standards were compared at 200 V, 500 V and 1000 V. At 1 kHz, the agreement 
between the results given 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 at 500 V and 
1000 V is in the order of 15 µV/V. In this comparison, the same travelling standards and then 
the same reference value as in the CCEM-K9 key comparison were used. 

1 ) Introduction : 

AC-DC thermal transfer techniques provide at present time the most accurate link 
between AC RMS voltages and DC voltages. These techniques imply thermal converters 
usually operating in the 1 V to 3 V ranges, 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 by 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 
µV/V at 1 kHz and 1.4 µV/V 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 (> 20 kHz) 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 guildlines 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, was started in parallel. In this way, both comparison were directly connected ideally and 
no extra reference value had to be calculated. Let’s notice that works performed in number of 
NMIs during this last decade 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. 

                                                 
* Since January 2005, when the activities of BNM were transfered to LNE, the french national metrology 
institute has been named LNE (Laboratoire National de Métrologie et d’Essais). 
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3 ) Organisation of the comparison and description of the travelling standards 

This 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 PTB-IPHT 
400 Ω planar multijunction thermal converter, provided by PTB, associated with a 1000 V 
range resistor (s/n 030) for FLUKE 792 A transfer standard provided by NIST. This standard 
had to be measured at all the 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, who 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 finally used 
in this 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 and 200 V, also called S5. 

4 ) Participating NMI’s 

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 NMI’s. 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 
BEV : Bundesamt für Eich- und Vermessungswesen 
MIKES : Mittatekniikan keskus Mätteknikcentralen 
INETI : Instituto Nacional de Engenharia, Tecnologia e Inovaçao 
DANIAmet-AREPA :  
NPL : National Physical Laboratory 
SP : Sveriges Provningsanstalt 
IEN : Instituto Elettrotecnico Nazionale 
CEM : Centro Espanol de Metrologia 
PTB : Physikalisch-Technische Bundesanstalt 
NMi-VSL : Nederlands Meetinstituut – Van Swiden Laborarorium 
OMH : Orszagos Mérésügyi Hivatal 
JV : Justervesenet 
UME : Ulusal Metroloji Enstitüsü 
METAS : Métrologie et Accréditation Suisse 
CMI : Cesky Metrologicky Institut 

5 ) Laboratory procedures and standards 

The measuring procedures and standards used in the different NMI’s 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 differs 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 BEV Austria Martin GARCOCZ April 2000 EUR-557
3 MIKES Finland Tapio MANSTEN May 2000 EUR-557
4 INETI Portugal Rui de MELLO FREITAS June 2000 EUR-557
5 DANIAmet-AREPA Denmark Torsten LIPPERT July 2000 CCEM-K9 EUR-557
6 NPL United Kingdom Gareth JONES August 2000 CCEM-K9 EUR-557
7 SP Sweden Karl Erik RYDLER September 2000 CCEM-K9 EUR-557
8 IEN Italy Umberto POGLIANO October 2000 CCEM-K9 EUR-557
9 CEM Spain Miguel NEIRA November 2000 CCEM-K9 EUR-557

Travelling standard : NIST-PTB/1000V[2]        (S2)
10 PTB Germany Manfred KLONZ January 2001 CCEM-K9 EUR-557
11 VSL The Netherlands Cees Van MULLEM May 2001 CCEM-K9 EUR-557
12 OMH Hungary Attila BARANYAI October 2001 EUR-557

Travelling standard : NIST-PTB/1000V[3]        (S3)
13 JV Norway Harald SLINDE March 2002 EUR-557
14 UME Turkey M. ARIFOVIC April 2002 EUR-557

Travelling standards : METAS/1000V (S4)  and  NIST-PTB/500V (S5)
15 METAS Switzerland Marc FLUELI August 2001 CCEM-K9 EUR-557
16 CMI Czech Republic Jana HORSKA December 2002 EUR-557
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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 reference value 

As the same travelling standards have been used during the same period in the CCEM 
and the EUROMET comparisons, both comparisons are directly connected ideally. Then the 
reference value determined for the CCEM project has been also used in the EUROMET 
comparison. Nevertheless, the method used for this determination is described in both reports. 

Although several travelling standards have been used, only one value should be given 
as the reference value for the comparison. For this reason, the AC-DC transfer difference of 
the travelling standard S2 (see the list of the travelling standards in paragraph 3) has been 
arbitrary chosen as the reference value. Values reported by each participant in the comparison 
were then adjusted by subtracting the deviation from S2 of the standard he measured. In this 
way, results of all participants were referred to standard S2. 

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 : 

drep(Si,Lj)k = d(Si) + d(Lj) + εk      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 
the measurements performed by this laboratory at given test point ; 

• εk is the random measurement error on drep(Si,Lj)k. 

Each reported value leads then to an equation. In order to get only one solution for this 
system, the supplementary condition  ∑

j
δ(Lj) = K  has been added. Values computed for 

the d(Si)’s are depending on the value given to K, but not 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 has been written in the matrix form : 

][]].[[][ ε+= YXSMeasRESULT  

with the solution : 

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

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



 7

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 on the deviations of the different standards from 
standard S2. 

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

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

]].[[][][ estYXSMeasRESULT −=ε  

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

pn
s l

l

−
=
∑ 2ε

 

where : 

• n is the number of equations ; 

• p, the number of parameters to determine. 

The standard uncertainties of the determined parameters (matrix [estY]) are given in 
the main diagonal of matrix Var[estY]. If upr(Si) represents the standard uncertainty on 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 

Calculation of the reference value 
The reference value dref and the associated uncertainty uref were calculated from the set 

of adjusted values of participants in the CCEM project using : 

∑
∑

=

i
iadj

i
iadjiadj

ref u

ud
d 2

,

2
,,

/1

/
     and     

∑
=

i
iadj

ref u
u 2

,/1
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 this laboratory from the standard S2. 
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Numerical values  
Numerical values deduced from measurements made in the frame of the CCEM 

project are given in tables 2 (deviation from standard S2) and 3a to 3c (reference value). 

Table 2 : Deviation of the different travelling standards from standard S2 and associated 
expanded uncertainties (µV/V) 

 

Table 3a : Reference value (“d”) and associated expanded uncertainty (“U”) at 1000 V 
(Values in µV/V) 

 

Table 3b : Reference value (“d”) and associated expanded uncertainty (“U”) at 500 V (Values 
in µV/V) 

 

Table 3c : Reference value (“d”) and associated expanded uncertainty (“U”) at 200 V (Values 
in µV/V) 

8 ) Presentation of the results 

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

Reported values 

Tables 4a to 4d show the reported values (column “d”) and reported uncertainties 
(column “u”) by all participants. Results of complementary participations of BNM-LNE, PTB 
and METAS to establish the link between the standards and check their long time stability are 
presented on dark background. 

 

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

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 -53.1 10

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

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

 

Table 4b : Reported values (“d”) and expanded uncertainties (“U”) at 500 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
BEV Austria 0 18 0 20 -1 24
MIKES Finland -0.6 10 -10 9.9 -17.9 10.8 -49.1 23.2 -98.8 82.1
INETI Portugal 13 32 22 40 28 52 32 68 31 102
DANIAmet-AREPA Denmark 4 21 1 21 -1 26 -20 41 -58 81
NPL United Kingdom -1 13 -6 11 -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 6 -7.6 6 -21.7 10 -51 26
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
OMH Hungary -0.6 15.2 1 36 -20.6 140 -45.2 120 -80.2 200

Travelling standard : NIST-PTB/1000V[3]        (S3)
PTB Germany 0.3 8 1.5 8 12.2 8 87.5 10 329.5 30
JV Norway -1 22 2 24 11 28 90 42 352 68
UME Turkey 1 30 6 30 18 40 96 44 355 66
METAS Switzerland -1.3 5.6 1 5.8 11.4 5.8 88.7 9.4 351 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 5.4 2 5.4 9.7 5.6 59.8 8.4 241 24
METAS Switzerland -1 5.8 1.6 6 9.4 6 59.8 9 241 26
METAS Switzerland -0.6 5.4 2 5.6 9.4 5.8 59.7 8.8 241 26
CMI Czech Republic 8 50 6 50 15 62 53 78 227 112
BNM-LNE France 8 16 6.2 35 8.4 36 51 69 217.4 69

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
BEV Austria 0 13 -1 15 -3 19 -16 21 -47 31
MIKES Finland -0.7 8 -9.4 7.3 -14.8 8 -45.1 13 -97.2 35.9
INETI Portugal 4 26 -12 30 -19 36 -40 46 -78 72
DANIAmet-AREPA Denmark 3 21 0 21 -4 21 -22 21 -60 41
NPL United Kingdom -1 13 -8 10 -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 8 -58 24
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
OMH Hungary -0.4 22 -5.3 32 -7.1 30 -19 56 -61.1 94

Travelling standard : NIST-PTB/1000V[3]        (S3)
PTB Germany 0.1 8 2.4 8 12.4 8 88 10 332.1 22
JV Norway 0 20 3 22 13 24 91 34 351 48
UME Turkey -1 22 5 22 15 26 92 36 348 56
METAS Switzerland -1.3 5.4 0.9 5.6 11.2 5.6 87.6 8.8 343 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 5 1.5 5.4 9.3 5.6 59.2 8 238 22
METAS Switzerland -1.2 5.6 1.6 5.8 9.2 5.8 59.6 8.6 238 24
METAS Switzerland -1.2 5.2 1.6 5.4 8.9 5.6 58.9 8.2 238 24
CMI Czech Republic 2 38 0 38 8 46 42 56 221 80
BNM-LNE France 3.4 14 3.5 21 10.6 21 56.8 37 229.7 37



 10

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

 

Tables 4d : Reported values (“d”) and expanded uncertainties (“U”) at 200 V (in µV/V) 

 

Long term stability of the travelling standards 
Discrepancies between PTB and METAS appear for standard S3 at 100 kHz for all 

voltage levels while 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 ; 

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 5.4 -1.2 5.6 -0.3 5.6 6.8 8.6 38 24
METAS Switzerland -1.3 5.6 -1.1 5.8 -0.3 5.8 6.9 8.6 38 24
METAS Switzerland -1.7 5.2 -1.3 5.4 -0.4 5.4 6.3 8.2 36 24
CMI Czech Republic 2 38 -6 38 -3 46 2 56 30 80
BNM-LNE France 3.9 13 1.3 21 2.1 21 5.8 37 31.9 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/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
BEV Austria 0 10 -2 10 -5 12 -22 16 -58 21
MIKES Finland -0.9 6.7 -3.2 5.3 -6.1 6.5 -23.1 6.8 -60.3 8.2
INETI Portugal 5 16 1 16 -3 18 -19 20 -55 30
DANIAmet-AREPA Denmark 2 11 -1 11 -6 11 -26 11 -72 26
NPL United Kingdom 5 8 -9 7 -11 10 -26 9 -67 13
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
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 4.6 -4.5 6 -8.2 6 -23.5 8 -61 24
VSL The Netherlands
BNM-LNE France 0.8 12 -4.8 13 -8.7 13 -26.5 16 -71.6 16
OMH Hungary

Travelling standard : NIST-PTB/1000V[3]        (S3)
PTB Germany -0.1 8 2.6 8 12.5 8 87.3 10 333.6 22
JV Norway 0.3 18.4 3.7 18.4 14 20 91 26 352 36
UME Turkey 0 18 3 18 11 24 89 30 343 44
METAS Switzerland -1.5 5 1.1 5.2 11.2 5.4 88.2 8.4 345 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 5 -1.1 5.4 -0.3 5.4 6.9 8.2 38 24
METAS Switzerland -1.4 5.4 -1.2 5.6 -0.2 5.8 6.9 8.2 38 22
METAS Switzerland -1.6 5 -1.3 5.2 -0.5 5.4 6.6 7.8 37 22
CMI Czech Republic -1 24 -7 24 -3 28 3 36 35 60
BNM-LNE France 1.4 11 -1.3 12 -0.4 12 2.1 16 25.8 16
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• d(S2/METAS), the value reported by METAS for S3 ; 
• d(S3/PTB), the value reported by PTB for S3. 

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

Adjusted values 
Adjusted values have been obtained by subtracting from the reported values (Tables 4a 

to 4d), the deviation of the measured standard from standard S2 (Table 2). 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 5a to 5d show the adjusted values (column “d”) with the associated 
expanded uncertainty (column “U”). 

Table 5a : Adjusted values (“d”) and associated expanded uncertainties (“U”) at 1000 V       
(in µV/V) 

 

Table 5b : Adjusted values (“d”) and associated expanded uncertainties (“U”) at 500 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 6.0 16.1 -1.0 35.0 -8.0 35.0 -31.7 69.0 -73.6 69.0
2 BEV Austria 0.7 18.1 0.9 20.1 0.1 24.1
3 MIKES Finland 0.1 10.1 -9.1 10.0 -16.8 10.9 -47.2 23.3 -93.4 82.1
4 INETI Portugal 13.7 32.0 22.9 40.0 29.1 52.0 33.9 68.0 36.4 102.0
5 DANIAmet-AREPA Denmark 4.7 21.1 1.9 21.1 0.1 26.0 -18.1 41.0 -52.6 81.0
6 NPL United Kingdom -0.3 13.1 -5.1 13.1 -10.9 23.1 -27.1 32.0 -63.6 62.0
7 SP Sweden 2.7 9.1 0.9 10.1 -2.9 11.1 -15.1 15.1 -42.6 23.1
8 IEN Italy -0.7 14.9 -4.9 15.3 -11.8 25.1 -30.9 37.2 -66.5 79.4
9 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)
10 PTB Germany -0.5 8.0 -3.8 8.0 -7.2 8.0 -21.9 10.0 -56.6 30.0
11 VSL The Netherlands 3.0 20.0 -3.1 20.0 -10.1 25.0 -25.2 35.0 -61.4 50.0
12 OMH Hungary -0.6 43.0 1.0 52.0 -20.6 80.0 -45.2 120.0 -80.2 200.0

Travelling standard : NIST-PTB/1000V[3]        (S3)
13 JV Norway -1.1 22.1 -2.8 24.1 -7.6 28.0 -19.5 42.0 -41.5 68.0
14 UME Turkey 0.9 30.1 1.2 30.1 -0.6 40.0 -13.5 44.0 -41.1 66.0

Travelling standard : METAS/1000V               (S4)
15 METAS Switzerland -1.5 6.2 -4.0 7.2 -6.8 7.1 -21.2 10.1 -49.8 28.0
16 CMI Czech Republic 7.5 50.0 0.4 50.0 -1.2 62.0 -28.0 78.0 -63.8 112.0

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 3.4 13.2 -2.5 21.1 -6.0 21.1 -23.6 36.0 -61.6 36.1
2 BEV Austria 1.6 13.2 -0.3 15.1 -2.2 19.1 -13.9 21.1 -40.9 31.1
3 MIKES Finland 0.9 8.3 -8.7 7.5 -14.0 8.2 -43.0 13.1 -91.1 36.0
4 INETI Portugal 5.6 26.1 -11.3 30.0 -18.2 36.0 -37.9 46.0 -71.9 72.0
5 DANIAmet-AREPA Denmark 4.6 21.1 0.7 21.1 -3.2 21.1 -19.9 21.1 -53.9 41.1
6 NPL United Kingdom 0.6 13.2 -7.3 13.1 -12.2 17.1 -28.9 24.1 -68.9 46.1
7 SP Sweden 3.6 8.3 0.7 9.1 -4.2 10.2 -15.9 14.1 -48.9 21.1
8 IEN Italy 1.0 9.7 -5.0 9.5 -12.3 14.1 -33.1 20.3 -74.3 47.7
9 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)
10 PTB Germany -0.5 8.0 -2.8 8.0 -7.0 8.0 -22.5 10.0 -60.5 22.0
11 VSL The Netherlands 2.6 15.0 -4.3 15.0 -9.2 20.0 -25.7 25.0 -63.8 40.0
12 OMH Hungary -0.4 31.0 -5.3 36.0 -7.1 40.0 -19.0 63.0 -61.1 100.0

Travelling standard : NIST-PTB/1000V[3]        (S3)
13 JV Norway 1.3 20.1 -1.8 22.1 -5.7 24.1 -19.1 34.0 -45.5 48.1
14 UME Turkey 0.3 22.1 0.2 22.1 -3.7 26.1 -18.1 36.0 -49.9 56.1

Travelling standard : METAS/1000V               (S4)
15 METAS Switzerland 0.4 6.3 -3.5 6.2 -6.9 6.2 -21.3 9.1 -56.0 26.1
16 CMI Czech Republic 3.6 38.1 -5.1 38.0 -8.1 46.0 -38.9 56.0 -73.0 80.0
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Table 5c : Adjusted values (“d”) and associated expanded uncertainties (“U”) at 500 V 
(optional) (in µV/V) 

 

Table 5d : Adjusted values (“d”) and associated expanded uncertainties (“U”) at 200 V        
(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 5a to 5d) from the reference 
value. 

For laboratories contributing to the reference valence and for laboratories strongly 
correlated to one of them like AREPA (directly linked to PTB), 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 the other laboratories (BEV, MIKES, INETI, OMH, JV, UME and CMI) the final 
uncertainty was computed from  22

refadjfin uuu +=  

Tables 6a to 6d present the final results (column “d”) with the associated expanded 
uncertainties (column “U”). Graphs 1 to 15 show the same results in a graphical form. 

 

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)
15 METAS Switzerland 0.8 6.3 -3.6 6.2 -7.1 6.2 -21.8 9.1 -56.4 26.1
16 CMI Czech Republic 4.1 38.1 -8.5 38.0 -9.8 46.0 -26.7 56.0 -64.4 80.0

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 -0.1 12.2 -5.8 13.1 -7.7 13.1 -28.2 16.2 -70.7 16.2
2 BEV Austria 1.5 10.2 -0.6 10.2 -3.6 12.1 -19.1 16.2 -52.2 21.1
3 MIKES Finland 0.6 7.1 -1.8 5.9 -4.7 6.6 -20.2 7.1 -54.5 8.5
4 INETI Portugal 6.5 16.2 2.4 16.1 -1.6 18.0 -16.1 20.1 -49.2 30.1
5 DANIAmet-AREPA Denmark 3.5 11.2 0.4 11.1 -4.6 11.1 -23.1 11.2 -66.2 26.1
6 NPL United Kingdom 6.5 12.2 -7.6 12.1 -9.6 14.1 -23.1 16.2 -61.2 20.1
7 SP Sweden 3.5 7.3 2.4 8.2 -1.6 9.1 -18.1 13.2 -49.2 19.2
8 IEN Italy 2.2 8.9 -3.6 9.0 -11.0 12.9 -31.8 18.3 -71.5 42.5
9 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)
10 PTB Germany -0.5 8.0 -3.3 8.0 -7.3 8.0 -22.7 10.0 -61.9 22.0
11 VSL The Netherlands
12 OMH Hungary

Travelling standard : NIST-PTB/1000V[3]        (S3)
13 JV Norway 0.6 18.5 -1.5 18.5 -5.1 20.0 -19.3 26.1 -48.6 36.1
14 UME Turkey 0.3 18.1 -2.2 18.1 -8.1 24.0 -21.3 30.1 -59.3 44.1

Travelling standard : NIST-PTB/500V              (S5)
15 METAS Switzerland -1.5 6.3 -4.4 6.2 -7.5 6.1 -22.8 9.2 -60.3 24.1
16 CMI Czech Republic -1.1 24.1 -10.2 24.1 -10.3 28.0 -26.7 36.1 -63.3 60.0
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 Table 6a : Degree of equivalence with KCRV (“D”) and associated expanded uncertainties 
(“U”) at 1000 V 

 

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

 

   Table 6c : Degree of equivalence with KCRV (“D”) and associated 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)
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 BEV Austria 0.5 18.4 3.2 20.4 5.3 24.4
3 MIKES Finland -0.1 10.6 -6.8 10.6 -11.6 11.5 -27.3 23.8 -40.3 82.7
4 INETI Portugal 13.5 32.1 25.2 40.1 34.3 52.1 53.8 68.2 89.5 102.5
5 DANIAmet-AREPA Denmark 4.5 20.9 4.2 20.8 5.3 25.7 1.8 40.7 0.5 80.4
6 NPL United Kingdom -0.5 12.7 -2.8 12.7 -5.7 22.8 -7.2 31.6 -10.5 61.2
7 SP Sweden 2.5 8.6 3.2 9.5 2.3 10.5 4.8 14.2 10.5 20.8
8 IEN Italy -0.9 14.6 -2.6 14.9 -6.6 24.8 -11.0 36.9 -13.4 78.8
9 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)
10 PTB Germany -0.7 7.4 -1.5 7.2 -2.0 7.1 -2.0 8.7 -3.5 28.3
11 VSL The Netherlands 2.8 19.8 -0.8 19.7 -4.9 24.7 -5.3 34.6 -8.3 49.0
12 OMH Hungary -0.8 43.1 3.3 52.1 -15.4 80.1 -25.3 120.1 -27.1 200.2

Travelling standard : NIST-PTB/1000V[3]        (S3)
13 JV Norway -1.3 22.3 -0.5 24.3 -2.4 28.2 0.4 42.3 11.6 68.7
14 UME Turkey 0.7 30.3 3.5 30.3 4.6 40.2 6.4 44.3 12.0 66.8

Travelling standard : METAS/1000V               (S4)
15 METAS Switzerland -1.7 5.4 -1.7 6.3 -1.6 6.1 -1.3 8.8 3.3 26.2
16 CMI Czech Republic 7.3 50.1 2.7 50.1 4.0 62.1 -8.1 78.2 -10.7 112.4

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 BEV Austria -0.2 13.5 1.9 15.4 3.6 19.4 7.0 21.5 19.0 32.0
3 MIKES Finland -0.9 8.8 -6.5 8.0 -8.2 8.8 -22.1 13.8 -31.2 36.8
4 INETI Portugal 3.8 26.2 -9.1 30.1 -12.4 36.1 -17.0 46.2 -12.0 72.4
5 DANIAmet-AREPA Denmark 2.8 20.9 2.9 20.9 2.6 20.9 1.0 20.7 6.0 40.4
6 NPL United Kingdom -1.2 12.9 -5.1 12.8 -6.4 16.8 -8.0 23.7 -9.0 45.5
7 SP Sweden 1.8 7.8 2.9 8.7 1.6 9.7 5.0 13.5 11.0 19.7
8 IEN Italy -0.8 9.3 -2.8 9.1 -6.5 13.7 -12.2 19.9 -14.4 47.1
9 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)
10 PTB Germany -2.3 7.5 -0.6 7.5 -1.2 7.3 -1.6 9.1 -0.6 20.6
11 VSL The Netherlands 0.8 14.7 -2.1 14.7 -3.4 19.7 -4.8 24.6 -3.9 39.3
12 OMH Hungary -2.2 31.1 -3.1 36.1 -1.3 40.1 1.9 63.1 -1.2 100.3

Travelling standard : NIST-PTB/1000V[3]        (S3)
13 JV Norway -0.5 20.3 0.4 22.3 0.1 24.3 1.8 34.3 14.4 48.7
14 UME Turkey -1.5 22.3 2.4 22.3 2.1 26.3 2.8 36.2 10.0 56.6

Travelling standard : METAS/1000V               (S4)
15 METAS Switzerland -1.4 5.6 -1.3 5.5 -1.1 5.3 -0.4 8.1 3.9 25.0
16 CMI Czech Republic 1.8 38.2 -2.9 38.1 -2.3 46.1 -18.0 56.2 -13.1 80.4

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)
15 METAS Switzerland -1.0 5.6 -1.4 5.5 -1.3 5.3 -0.9 8.1 3.5 25.0
16 CMI Czech Republic 2.3 38.2 -6.3 38.1 -4.0 46.1 -5.8 56.2 -4.5 80.4
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   Table 6d : Degree of equivalence with KCRV (“D”) and associated expanded uncertainties 
(“U”) at 200 V (in µV/V)  

 

Graph 1 : Degree of equivalence with KCRV and corresponding expanded uncertainty 
at 1000 V / 1 kHz 

At 1000 V / 1 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 (12/16). 
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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 BEV Austria 0.1 10.5 1.9 10.5 2.3 12.4 2.8 16.6 8.2 21.8
3 MIKES Finland -0.8 7.5 0.7 6.4 1.2 7.1 1.7 7.9 5.9 10.0
4 INETI Portugal 5.1 16.4 4.9 16.3 4.3 18.2 5.8 20.4 11.2 30.6
5 DANIAmet-AREPA Denmark 2.1 10.9 2.9 10.8 1.3 10.8 -1.2 10.6 -5.8 25.6
6 NPL United Kingdom 5.1 12.0 -5.1 11.8 -3.7 13.9 -1.2 15.8 -0.8 19.4
7 SP Sweden 2.1 6.9 4.9 7.8 4.3 8.7 3.8 12.7 11.2 18.5
8 IEN Italy 0.8 8.6 -1.1 8.6 -5.1 12.6 -9.9 18.0 -11.1 42.2
9 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)
10 PTB Germany -1.9 7.6 -0.8 7.6 -1.4 7.6 -0.8 9.4 -1.5 21.4
11 VSL The Netherlands
12 OMH Hungary

Travelling standard : NIST-PTB/1000V[3]        (S3)
13 JV Norway -0.8 18.7 1.0 18.7 0.8 20.2 2.6 26.3 11.8 36.5
14 UME Turkey -1.1 18.3 0.3 18.3 -2.2 24.1 0.6 30.3 1.1 44.4

Travelling standard : NIST-PTB/500V              (S5)
15 METAS Switzerland -2.9 5.8 -1.9 5.7 -1.6 5.5 -0.9 8.5 0.1 23.5
16 CMI Czech Republic -2.5 24.2 -7.7 24.2 -4.4 28.1 -4.8 36.3 -2.9 60.2
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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 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 (14/16). 

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 except one overlap the reference 
value. Results of 10 participants deviate from the KCRV by more than the reference 
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uncertainty. The agreement with the reference value is better than 7 µV/V for most of the 
participants (13/16). 

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 except one overlap the reference 
value. Results of 10 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 (11/15).  
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Graph 5 : Degree of equivalence with KCRV and corresponding associated expanded 
uncertainty at 1000 V / 100 kHz 

At 1000 V / 100 kHz, all given expanded uncertainties overlap the reference value. 
Results of 10 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 (11/15). 

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

At 500 V / 1 kHz, all given expanded uncertainties overlap the reference value. Result 
of only 1 participant deviates from the KCRV by more than the reference uncertainty. The 
agreement with the reference value is better than 4 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 (13/16). 

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 except one overlap the reference 
value. Results of 6 participants deviate from the KCRV by more than the reference 
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uncertainty. The agreement with the reference value is better than 5 µV/V for most of the 
participants (12/16). 

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 except one overlap the reference 
value. Results of 9 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 (12/16). 
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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 9 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 (14/16). 

Graph 11 : 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 (12/14). 
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Graph 12 : 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 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 (11/14). 

Graph 13 : 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 14 : 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 (11/14). 

Graph 15 : 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 9 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 (9/14). 
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9 ) Conclusion 

In December 2002, key comparison EUROMET 557 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 most of 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 
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 BEV MIKES INETI
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 0.7 18.1 0.1 10.1 13.7 32.0

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 5.3 24.3 5.9 19.1 -7.7 35.9
BEV 0.7 18.1 -5.3 24.3 0.6 20.8 -13.0 36.8
MIKES 0.1 10.1 -5.9 19.1 -0.6 20.8 -13.6 33.6
INETI 13.7 32.0 7.7 35.9 13.0 36.8 13.6 33.6
DANIAmet-AREPA 4.7 21.1 -1.3 26.6 4.0 27.8 4.6 23.4 -9.0 38.4
NPL -0.3 13.1 -6.3 20.8 -1.0 22.4 -0.4 16.6 -14.0 34.6
SP 2.7 9.1 -3.3 18.5 2.0 20.3 2.6 13.6 -11.0 33.3
IEN -0.7 14.9 -6.7 22.0 -1.4 23.5 -0.8 18.1 -14.4 35.3
CEM -6.3 36.0 -12.3 39.5 -7.0 40.3 -6.4 37.4 -20.0 48.2
PTB -0.5 8.0 -6.5 18.0 -1.2 19.8 -0.6 12.9 -14.2 33.0
VSL 3.0 20.0 -3.0 25.7 2.3 27.0 2.9 22.5 -10.7 37.8
OMH -0.6 43.0 -6.6 46.0 -1.3 46.7 -0.7 44.2 -14.3 53.7
JV -1.1 22.1 -7.1 27.4 -1.8 28.6 -1.2 24.3 -14.8 38.9
UME 0.9 30.1 -5.1 34.2 0.2 35.2 0.8 31.8 -12.8 44.0
METAS -1.5 6.2 -7.5 17.3 -2.2 19.2 -1.6 11.9 -15.2 32.6
CMI 7.5 50.0 1.5 52.6 6.8 53.2 7.4 51.1 -6.2 59.4

Voltage : 1000 V DANIAmet-AREPA NPL SP IEN
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) 4.7 21.1 -0.3 13.1 2.7 9.1 -0.7 14.9

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 6.7 22.0
BEV 0.7 18.1 -4.0 27.8 1.0 22.4 -2.0 20.3 1.4 23.5
MIKES 0.1 10.1 -4.6 23.4 0.4 16.6 -2.6 13.6 0.8 18.1
INETI 13.7 32.0 9.0 38.4 14.0 34.6 11.0 33.3 14.4 35.3
DANIAmet-AREPA 4.7 21.1 5.0 24.9 2.0 23.0 5.4 25.9
NPL -0.3 13.1 -5.0 24.9 -3.0 16.0 0.4 19.9
SP 2.7 9.1 -2.0 23.0 3.0 16.0 3.4 17.5
IEN -0.7 14.9 -5.4 25.9 -0.4 19.9 -3.4 17.5
CEM -6.3 36.0 -11.0 41.8 -6.0 38.4 -9.0 37.2 -5.6 39.0
PTB -0.5 8.0 -5.2 19.6 -0.2 15.4 -3.2 12.2 0.2 17.0
VSL 3.0 20.0 -1.7 29.1 3.3 24.0 0.3 22.0 3.7 25.0
OMH -0.6 43.0 -5.3 47.9 -0.3 45.0 -3.3 44.0 0.1 45.6
JV -1.1 22.1 -5.8 30.6 -0.8 25.7 -3.8 24.0 -0.4 26.7
UME 0.9 30.1 -3.8 36.8 1.2 32.9 -1.8 31.5 1.6 33.6
METAS -1.5 6.2 -6.2 22.0 -1.2 14.5 -4.2 11.1 -0.8 16.2
CMI 7.5 50.0 2.8 54.3 7.8 51.7 4.8 50.9 8.2 52.2



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 CEM PTB VSL OMH
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) -6.3 36.0 -0.5 8.0 3.0 20.0 -0.6 43.0

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 12.3 39.5 6.5 18.0 3.0 25.7 6.6 46.0
BEV 0.7 18.1 7.0 40.3 1.2 19.8 -2.3 27.0 1.3 46.7
MIKES 0.1 10.1 6.4 37.4 0.6 12.9 -2.9 22.5 0.7 44.2
INETI 13.7 32.0 20.0 48.2 14.2 33.0 10.7 37.8 14.3 53.7
DANIAmet-AREPA 4.7 21.1 11.0 41.8 5.2 19.6 1.7 29.1 5.3 47.9
NPL -0.3 13.1 6.0 38.4 0.2 15.4 -3.3 24.0 0.3 45.0
SP 2.7 9.1 9.0 37.2 3.2 12.2 -0.3 22.0 3.3 44.0
IEN -0.7 14.9 5.6 39.0 -0.2 17.0 -3.7 25.0 -0.1 45.6
CEM -6.3 36.0 -5.8 36.9 -9.3 41.2 -5.7 56.1
PTB -0.5 8.0 5.8 36.9 -3.5 21.6 0.1 43.8
VSL 3.0 20.0 9.3 41.2 3.5 21.6 3.6 47.5
OMH -0.6 43.0 5.7 56.1 -0.1 43.8 -3.6 47.5
JV -1.1 22.1 5.2 42.3 -0.6 23.6 -4.1 29.9 -0.5 48.4
UME 0.9 30.1 7.2 47.0 1.4 31.2 -2.1 36.2 1.5 52.5
METAS -1.5 6.2 4.8 36.6 -1.0 10.2 -4.5 21.0 -0.9 43.5
CMI 7.5 50.0 13.8 61.7 8.0 50.7 4.5 53.9 8.1 66.0

Voltage : 1000 V JV UME METAS CMI
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 )
(4/4) -1.1 22.1 0.9 30.1 -1.5 6.2 7.5 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 6.0 16.1 7.1 27.4 5.1 34.2 7.5 17.3 -1.5 52.6
BEV 0.7 18.1 1.8 28.6 -0.2 35.2 2.2 19.2 -6.8 53.2
MIKES 0.1 10.1 1.2 24.3 -0.8 31.8 1.6 11.9 -7.4 51.1
INETI 13.7 32.0 14.8 38.9 12.8 44.0 15.2 32.6 6.2 59.4
DANIAmet-AREPA 4.7 21.1 5.8 30.6 3.8 36.8 6.2 22.0 -2.8 54.3
NPL -0.3 13.1 0.8 25.7 -1.2 32.9 1.2 14.5 -7.8 51.7
SP 2.7 9.1 3.8 24.0 1.8 31.5 4.2 11.1 -4.8 50.9
IEN -0.7 14.9 0.4 26.7 -1.6 33.6 0.8 16.2 -8.2 52.2
CEM -6.3 36.0 -5.2 42.3 -7.2 47.0 -4.8 36.6 -13.8 61.7
PTB -0.5 8.0 0.6 23.6 -1.4 31.2 1.0 10.2 -8.0 50.7
VSL 3.0 20.0 4.1 29.9 2.1 36.2 4.5 21.0 -4.5 53.9
OMH -0.6 43.0 0.5 48.4 -1.5 52.5 0.9 43.5 -8.1 66.0
JV -1.1 22.1 -2.0 37.4 0.4 23.0 -8.6 54.7
UME 0.9 30.1 2.0 37.4 2.4 30.8 -6.6 58.4
METAS -1.5 6.2 -0.4 23.0 -2.4 30.8 -9.0 50.4
CMI 7.5 50.0 8.6 54.7 6.6 58.4 9.0 50.4



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 BEV MIKES INETI
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 0.9 20.1 -9.1 10.0 22.9 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 -1.0 35.0 -1.9 40.4 8.1 36.5 -23.9 53.2
BEV 0.9 20.1 1.9 40.4 10.0 22.5 -22.0 44.8
MIKES -9.1 10.0 -8.1 36.5 -10.0 22.5 -32.0 41.3
INETI 22.9 40.0 23.9 53.2 22.0 44.8 32.0 41.3
DANIAmet-AREPA 1.9 21.1 2.9 40.9 1.0 29.2 11.0 23.4 -21.0 45.3
NPL -5.1 13.1 -4.1 37.4 -6.0 24.0 4.0 16.5 -28.0 42.1
SP 0.9 10.1 1.9 36.5 0.0 22.5 10.0 14.3 -22.0 41.3
IEN -4.9 15.3 -3.9 38.2 -5.8 25.3 4.2 18.3 -27.8 42.9
CEM -2.1 40.0 -1.1 53.2 -3.0 44.8 7.0 41.3 -25.0 56.6
PTB -3.8 8.0 -2.8 36.0 -4.7 21.7 5.3 12.9 -26.7 40.8
VSL -3.1 20.0 -2.1 40.4 -4.0 28.4 6.0 22.4 -26.0 44.8
OMH 1.0 52.0 2.0 62.7 0.1 55.8 10.1 53.0 -21.9 65.7
JV -2.8 24.1 -1.8 42.5 -3.7 31.4 6.3 26.1 -25.7 46.7
UME 1.2 30.1 2.2 46.2 0.3 36.2 10.3 31.8 -21.7 50.1
METAS -4.0 7.2 -3.0 35.8 -4.9 21.4 5.1 12.4 -26.9 40.7
CMI 0.4 50.0 1.4 61.1 -0.5 53.9 9.5 51.0 -22.5 64.1

Voltage : 1000 V DANIAmet-AREPA NPL SP IEN
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) 1.9 21.1 -5.1 13.1 0.9 10.1 -4.9 15.3

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 -1.0 35.0 -2.9 40.9 4.1 37.4 -1.9 36.5 3.9 38.2
BEV 0.9 20.1 -1.0 29.2 6.0 24.0 0.0 22.5 5.8 25.3
MIKES -9.1 10.0 -11.0 23.4 -4.0 16.5 -10.0 14.3 -4.2 18.3
INETI 22.9 40.0 21.0 45.3 28.0 42.1 22.0 41.3 27.8 42.9
DANIAmet-AREPA 1.9 21.1 7.0 24.9 1.0 23.4 6.8 26.1
NPL -5.1 13.1 -7.0 24.9 -6.0 16.6 -0.2 20.2
SP 0.9 10.1 -1.0 23.4 6.0 16.6 5.8 18.4
IEN -4.9 15.3 -6.8 26.1 0.2 20.2 -5.8 18.4
CEM -2.1 40.0 -4.0 45.3 3.0 42.1 -3.0 41.3 2.8 42.9
PTB -3.8 8.0 -5.7 19.6 1.3 15.4 -4.7 12.9 1.1 17.3
VSL -3.1 20.0 -5.0 29.1 2.0 24.0 -4.0 22.5 1.8 25.2
OMH 1.0 52.0 -0.9 56.2 6.1 53.7 0.1 53.0 5.9 54.3
JV -2.8 24.1 -4.7 32.1 2.3 27.5 -3.7 26.2 2.1 28.6
UME 1.2 30.1 -0.7 36.8 6.3 32.9 0.3 31.8 6.1 33.8
METAS -4.0 7.2 -5.9 22.3 1.1 15.0 -4.9 12.5 0.9 17.0
CMI 0.4 50.0 -1.5 54.3 5.5 51.7 -0.5 51.1 5.3 52.3



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 CEM PTB VSL OMH
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) -2.1 40.0 -3.8 8.0 -3.1 20.0 1.0 52.0

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 1.1 53.2 2.8 36.0 2.1 40.4 -2.0 62.7
BEV 0.9 20.1 3.0 44.8 4.7 21.7 4.0 28.4 -0.1 55.8
MIKES -9.1 10.0 -7.0 41.3 -5.3 12.9 -6.0 22.4 -10.1 53.0
INETI 22.9 40.0 25.0 56.6 26.7 40.8 26.0 44.8 21.9 65.7
DANIAmet-AREPA 1.9 21.1 4.0 45.3 5.7 19.6 5.0 29.1 0.9 56.2
NPL -5.1 13.1 -3.0 42.1 -1.3 15.4 -2.0 24.0 -6.1 53.7
SP 0.9 10.1 3.0 41.3 4.7 12.9 4.0 22.5 -0.1 53.0
IEN -4.9 15.3 -2.8 42.9 -1.1 17.3 -1.8 25.2 -5.9 54.3
CEM -2.1 40.0 1.7 40.8 1.0 44.8 -3.1 65.7
PTB -3.8 8.0 -1.7 40.8 -0.7 21.6 -4.8 52.7
VSL -3.1 20.0 -1.0 44.8 0.7 21.6 -4.1 55.8
OMH 1.0 52.0 3.1 65.7 4.8 52.7 4.1 55.8
JV -2.8 24.1 -0.7 46.7 1.0 25.4 0.3 31.4 -3.8 57.4
UME 1.2 30.1 3.3 50.1 5.0 31.2 4.3 36.2 0.2 60.1
METAS -4.0 7.2 -1.9 40.7 -0.2 10.8 -0.9 21.3 -5.0 52.5
CMI 0.4 50.0 2.5 64.1 4.2 50.7 3.5 53.9 -0.6 72.2

Voltage : 1000 V JV UME METAS CMI
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 )
(4/4) -2.8 24.1 1.2 30.1 -4.0 7.2 0.4 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 -1.0 35.0 1.8 42.5 -2.2 46.2 3.0 35.8 -1.4 61.1
BEV 0.9 20.1 3.7 31.4 -0.3 36.2 4.9 21.4 0.5 53.9
MIKES -9.1 10.0 -6.3 26.1 -10.3 31.8 -5.1 12.4 -9.5 51.0
INETI 22.9 40.0 25.7 46.7 21.7 50.1 26.9 40.7 22.5 64.1
DANIAmet-AREPA 1.9 21.1 4.7 32.1 0.7 36.8 5.9 22.3 1.5 54.3
NPL -5.1 13.1 -2.3 27.5 -6.3 32.9 -1.1 15.0 -5.5 51.7
SP 0.9 10.1 3.7 26.2 -0.3 31.8 4.9 12.5 0.5 51.1
IEN -4.9 15.3 -2.1 28.6 -6.1 33.8 -0.9 17.0 -5.3 52.3
CEM -2.1 40.0 0.7 46.7 -3.3 50.1 1.9 40.7 -2.5 64.1
PTB -3.8 8.0 -1.0 25.4 -5.0 31.2 0.2 10.8 -4.2 50.7
VSL -3.1 20.0 -0.3 31.4 -4.3 36.2 0.9 21.3 -3.5 53.9
OMH 1.0 52.0 3.8 57.4 -0.2 60.1 5.0 52.5 0.6 72.2
JV -2.8 24.1 -4.0 38.6 1.2 25.2 -3.2 55.6
UME 1.2 30.1 4.0 38.6 5.2 31.0 0.8 58.4
METAS -4.0 7.2 -1.2 25.2 -5.2 31.0 -4.4 50.6
CMI 0.4 50.0 3.2 55.6 -0.8 58.4 4.4 50.6



 

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 BEV MIKES INETI
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 24.1 -16.8 10.9 29.1 52.0

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 -8.1 42.5 8.8 36.7 -37.1 62.7
BEV 0.1 24.1 8.1 42.5 16.9 26.5 -29.0 57.4
MIKES -16.8 10.9 -8.8 36.7 -16.9 26.5 -45.9 53.2
INETI 29.1 52.0 37.1 62.7 29.0 57.4 45.9 53.2
DANIAmet-AREPA 0.1 26.0 8.1 43.7 0.0 35.5 16.9 28.2 -29.0 58.2
NPL -10.9 23.1 -2.9 42.0 -11.0 33.4 5.9 25.6 -40.0 56.9
SP -2.9 11.1 5.1 36.8 -3.0 26.6 13.9 15.6 -32.0 53.2
IEN -11.8 25.1 -3.8 43.1 -11.9 34.8 5.0 27.4 -40.9 57.8
CEM -6.9 44.0 1.1 56.3 -7.0 50.2 9.9 45.4 -36.0 68.2
PTB -7.2 8.0 0.8 36.0 -7.3 25.4 9.6 13.6 -36.3 52.7
VSL -10.1 25.0 -2.1 43.1 -10.2 34.8 6.7 27.3 -39.2 57.7
OMH -20.6 80.0 -12.6 87.4 -20.7 83.6 -3.8 80.8 -49.7 95.5
JV -7.6 28.0 0.4 44.9 -7.7 37.0 9.2 30.1 -36.7 59.1
UME -0.6 40.0 7.4 53.2 -0.7 46.7 16.2 41.5 -29.7 65.7
METAS -6.8 7.1 1.2 35.8 -6.9 25.2 10.0 13.1 -35.9 52.5
CMI -1.2 62.0 6.8 71.2 -1.3 66.6 15.6 63.0 -30.3 81.0

Voltage : 1000 V DANIAmet-AREPA NPL SP IEN
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) 0.1 26.0 -10.9 23.1 -2.9 11.1 -11.8 25.1

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 3.8 43.1
BEV 0.1 24.1 0.0 35.5 11.0 33.4 3.0 26.6 11.9 34.8
MIKES -16.8 10.9 -16.9 28.2 -5.9 25.6 -13.9 15.6 -5.0 27.4
INETI 29.1 52.0 29.0 58.2 40.0 56.9 32.0 53.2 40.9 57.8
DANIAmet-AREPA 0.1 26.0 11.0 34.8 3.0 28.3 11.9 36.2
NPL -10.9 23.1 -11.0 34.8 -8.0 25.7 0.9 34.2
SP -2.9 11.1 -3.0 28.3 8.0 25.7 8.9 27.5
IEN -11.8 25.1 -11.9 36.2 -0.9 34.2 -8.9 27.5
CEM -6.9 44.0 -7.0 51.2 4.0 49.7 -4.0 45.4 4.9 50.7
PTB -7.2 8.0 -7.3 24.8 3.7 24.5 -4.3 13.7 4.6 26.4
VSL -10.1 25.0 -10.2 36.1 0.8 34.1 -7.2 27.4 1.7 35.5
OMH -20.6 80.0 -20.7 84.2 -9.7 83.3 -17.7 80.8 -8.8 83.9
JV -7.6 28.0 -7.7 38.3 3.3 36.3 -4.7 30.2 4.2 37.7
UME -0.6 40.0 -0.7 47.8 10.3 46.2 2.3 41.6 11.2 47.3
METAS -6.8 7.1 -6.9 27.0 4.1 24.2 -3.9 13.2 5.0 26.1
CMI -1.2 62.0 -1.3 67.3 9.7 66.2 1.7 63.0 10.6 66.9



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 CEM PTB VSL OMH
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) -6.9 44.0 -7.2 8.0 -10.1 25.0 -20.6 80.0

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 -1.1 56.3 -0.8 36.0 2.1 43.1 12.6 87.4
BEV 0.1 24.1 7.0 50.2 7.3 25.4 10.2 34.8 20.7 83.6
MIKES -16.8 10.9 -9.9 45.4 -9.6 13.6 -6.7 27.3 3.8 80.8
INETI 29.1 52.0 36.0 68.2 36.3 52.7 39.2 57.7 49.7 95.5
DANIAmet-AREPA 0.1 26.0 7.0 51.2 7.3 24.8 10.2 36.1 20.7 84.2
NPL -10.9 23.1 -4.0 49.7 -3.7 24.5 -0.8 34.1 9.7 83.3
SP -2.9 11.1 4.0 45.4 4.3 13.7 7.2 27.4 17.7 80.8
IEN -11.8 25.1 -4.9 50.7 -4.6 26.4 -1.7 35.5 8.8 83.9
CEM -6.9 44.0 0.3 44.8 3.2 50.7 13.7 91.4
PTB -7.2 8.0 -0.3 44.8 2.9 26.3 13.4 80.4
VSL -10.1 25.0 -3.2 50.7 -2.9 26.3 10.5 83.9
OMH -20.6 80.0 -13.7 91.4 -13.4 80.4 -10.5 83.9 0.0 113.2
JV -7.6 28.0 -0.7 52.2 -0.4 29.2 2.5 37.6 13.0 84.8
UME -0.6 40.0 6.3 59.5 6.6 40.8 9.5 47.2 20.0 89.5
METAS -6.8 7.1 0.1 44.6 0.4 10.7 3.3 26.0 13.8 80.4
CMI -1.2 62.0 5.7 76.1 6.0 62.6 8.9 66.9 19.4 101.3

Voltage : 1000 V JV UME METAS CMI
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 )
(4/4) -7.6 28.0 -0.6 40.0 -6.8 7.1 -1.2 62.0

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 -0.4 44.9 -7.4 53.2 -1.2 35.8 -6.8 71.2
BEV 0.1 24.1 7.7 37.0 0.7 46.7 6.9 25.2 1.3 66.6
MIKES -16.8 10.9 -9.2 30.1 -16.2 41.5 -10.0 13.1 -15.6 63.0
INETI 29.1 52.0 36.7 59.1 29.7 65.7 35.9 52.5 30.3 81.0
DANIAmet-AREPA 0.1 26.0 7.7 38.3 0.7 47.8 6.9 27.0 1.3 67.3
NPL -10.9 23.1 -3.3 36.3 -10.3 46.2 -4.1 24.2 -9.7 66.2
SP -2.9 11.1 4.7 30.2 -2.3 41.6 3.9 13.2 -1.7 63.0
IEN -11.8 25.1 -4.2 37.7 -11.2 47.3 -5.0 26.1 -10.6 66.9
CEM -6.9 44.0 0.7 52.2 -6.3 59.5 -0.1 44.6 -5.7 76.1
PTB -7.2 8.0 0.4 29.2 -6.6 40.8 -0.4 10.7 -6.0 62.6
VSL -10.1 25.0 -2.5 37.6 -9.5 47.2 -3.3 26.0 -8.9 66.9
OMH -20.6 80.0 -13.0 84.8 -20.0 89.5 -13.8 80.4 -19.4 101.3
JV -7.6 28.0 -7.0 48.9 -0.8 28.9 -6.4 68.1
UME -0.6 40.0 7.0 48.9 6.2 40.7 0.6 73.8
METAS -6.8 7.1 0.8 28.9 -6.2 40.7 -5.6 62.5
CMI -1.2 62.0 6.4 68.1 -0.6 73.8 5.6 62.5



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 MIKES INETI DANIAmet-AREPA
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 -47.2 23.3 33.9 68.0 -18.1 41.0

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 15.5 72.9 -65.6 96.9 -13.6 80.3
MIKES -47.2 23.3 -15.5 72.9 -81.1 71.9 -29.1 47.2
INETI 33.9 68.0 65.6 96.9 81.1 71.9 52.0 79.5
DANIAmet-AREPA -18.1 41.0 13.6 80.3 29.1 47.2 -52.0 79.5
NPL -27.1 32.0 4.6 76.1 20.1 39.6 -61.0 75.2 -9.0 52.1
SP -15.1 15.1 16.6 70.7 32.1 27.8 -49.0 69.7 3.0 43.7
IEN -30.9 37.2 0.8 78.4 16.3 43.9 -64.8 77.6 -12.8 55.4
CEM -36.1 64.0 -4.4 94.2 11.1 68.2 -70.0 93.4 -18.0 76.1
PTB -21.9 10.0 9.8 69.8 25.3 25.4 -55.8 68.8 -3.8 39.8
VSL -25.2 35.0 6.5 77.4 22.0 42.1 -59.1 76.5 -7.1 54.0
OMH -45.2 120.0 -13.5 138.5 2.0 122.3 -79.1 138.0 -27.1 126.9
JV -19.5 42.0 12.2 80.8 27.7 48.1 -53.4 80.0 -1.4 58.7
UME -13.5 44.0 18.2 81.9 33.7 49.8 -47.4 81.0 4.6 60.2
METAS -21.2 10.1 10.5 69.8 26.0 25.4 -55.1 68.8 -3.1 42.3
CMI -28.0 78.0 3.7 104.2 19.2 81.5 -61.9 103.5 -9.9 88.2

Voltage : 1000 V NPL SP IEN CEM
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) -27.1 32.0 -15.1 15.1 -30.9 37.2 -36.1 64.0

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 -4.6 76.1 -16.6 70.7 -0.8 78.4 4.4 94.2
MIKES -47.2 23.3 -20.1 39.6 -32.1 27.8 -16.3 43.9 -11.1 68.2
INETI 33.9 68.0 61.0 75.2 49.0 69.7 64.8 77.6 70.0 93.4
DANIAmet-AREPA -18.1 41.0 9.0 52.1 -3.0 43.7 12.8 55.4 18.0 76.1
NPL -27.1 32.0 -12.0 35.4 3.8 49.1 9.0 71.6
SP -15.1 15.1 12.0 35.4 15.8 40.2 21.0 65.8
IEN -30.9 37.2 -3.8 49.1 -15.8 40.2 5.2 74.1
CEM -36.1 64.0 -9.0 71.6 -21.0 65.8 -5.2 74.1
PTB -21.9 10.0 5.2 33.6 -6.8 18.2 9.0 38.6 14.2 64.8
VSL -25.2 35.0 1.9 47.5 -10.1 38.2 5.7 51.1 10.9 73.0
OMH -45.2 120.0 -18.1 124.2 -30.1 121.0 -14.3 125.7 -9.1 136.0
JV -19.5 42.0 7.6 52.9 -4.4 44.7 11.4 56.2 16.6 76.6
UME -13.5 44.0 13.6 54.5 1.6 46.6 17.4 57.7 22.6 77.7
METAS -21.2 10.1 5.9 33.6 -6.1 18.2 9.7 38.6 14.9 64.8
CMI -28.0 78.0 -0.9 84.4 -12.9 79.5 2.9 86.5 8.1 100.9



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 PTB VSL OMH JV
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) -21.9 10.0 -25.2 35.0 -45.2 120.0 -19.5 42.0

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 -9.8 69.8 -6.5 77.4 13.5 138.5 -12.2 80.8
MIKES -47.2 23.3 -25.3 25.4 -22.0 42.1 -2.0 122.3 -27.7 48.1
INETI 33.9 68.0 55.8 68.8 59.1 76.5 79.1 138.0 53.4 80.0
DANIAmet-AREPA -18.1 41.0 3.8 39.8 7.1 54.0 27.1 126.9 1.4 58.7
NPL -27.1 32.0 -5.2 33.6 -1.9 47.5 18.1 124.2 -7.6 52.9
SP -15.1 15.1 6.8 18.2 10.1 38.2 30.1 121.0 4.4 44.7
IEN -30.9 37.2 -9.0 38.6 -5.7 51.1 14.3 125.7 -11.4 56.2
CEM -36.1 64.0 -14.2 64.8 -10.9 73.0 9.1 136.0 -16.6 76.6
PTB -21.9 10.0 3.3 36.5 23.3 120.5 -2.4 43.2
VSL -25.2 35.0 -3.3 36.5 20.0 125.0 -5.7 54.7
OMH -45.2 120.0 -23.3 120.5 -20.0 125.0 -25.7 127.2
JV -19.5 42.0 2.4 43.2 5.7 54.7 25.7 127.2
UME -13.5 44.0 8.4 45.2 11.7 56.3 31.7 127.9 6.0 60.9
METAS -21.2 10.1 0.7 14.3 4.0 36.5 24.0 120.5 -1.7 43.2
CMI -28.0 78.0 -6.1 78.7 -2.8 85.5 17.2 143.2 -8.5 88.6

Voltage : 1000 V UME METAS CMI
Frequency : 50 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(4/4) -13.5 44.0 -21.2 10.1 -28.0 78.0

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 -18.2 81.9 -10.5 69.8 -3.7 104.2
MIKES -47.2 23.3 -33.7 49.8 -26.0 25.4 -19.2 81.5
INETI 33.9 68.0 47.4 81.0 55.1 68.8 61.9 103.5
DANIAmet-AREPA -18.1 41.0 -4.6 60.2 3.1 42.3 9.9 88.2
NPL -27.1 32.0 -13.6 54.5 -5.9 33.6 0.9 84.4
SP -15.1 15.1 -1.6 46.6 6.1 18.2 12.9 79.5
IEN -30.9 37.2 -17.4 57.7 -9.7 38.6 -2.9 86.5
CEM -36.1 64.0 -22.6 77.7 -14.9 64.8 -8.1 100.9
PTB -21.9 10.0 -8.4 45.2 -0.7 14.3 6.1 78.7
VSL -25.2 35.0 -11.7 56.3 -4.0 36.5 2.8 85.5
OMH -45.2 120.0 -31.7 127.9 -24.0 120.5 -17.2 143.2
JV -19.5 42.0 -6.0 60.9 1.7 43.2 8.5 88.6
UME -13.5 44.0 7.7 45.2 14.5 89.6
METAS -21.2 10.1 -7.7 45.2 6.8 78.7
CMI -28.0 78.0 -14.5 89.6 -6.8 78.7



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 MIKES INETI DANIAmet-AREPA
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 -93.4 82.1 36.4 102.0 -52.6 81.0

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 19.8 107.3 -110.0 123.2 -21.0 106.5
MIKES -93.4 82.1 -19.8 107.3 0.0 116.2 -40.8 115.4
INETI 36.4 102.0 110.0 123.2 129.8 131.0 0.0 144.3 89.0 130.3
DANIAmet-AREPA -52.6 81.0 21.0 106.5 40.8 115.4 -89.0 130.3 0.0 114.6
NPL -63.6 62.0 10.0 92.8 29.8 102.9 -100.0 119.4 -11.0 102.1
SP -42.6 23.1 31.0 72.8 50.8 85.3 -79.0 104.6 10.0 84.3
IEN -66.5 79.4 7.1 105.2 26.9 114.3 -102.9 129.3 -13.9 113.5
CEM -62.6 98.0 11.0 119.9 30.8 127.9 -99.0 141.5 -10.0 127.2
PTB -56.6 30.0 17.0 75.3 36.8 87.5 -93.0 106.4 -4.0 75.3
VSL -61.4 50.0 12.2 85.3 32.0 96.2 -97.8 113.6 -8.8 95.2
OMH -80.2 200.0 -6.6 211.6 13.2 216.2 -116.6 224.6 -27.6 215.8
JV -41.5 68.0 32.1 96.9 51.9 106.7 -77.9 122.6 11.1 105.8
UME -41.1 66.0 32.5 95.5 52.3 105.4 -77.5 121.5 11.5 104.5
METAS -49.8 28.0 23.8 74.5 43.6 86.8 -86.2 105.8 2.8 85.8
CMI -63.8 112.0 9.8 131.6 29.6 138.9 -100.2 151.5 -11.2 138.3

Voltage : 1000 V NPL SP IEN CEM
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) -63.6 62.0 -42.6 23.1 -66.5 79.4 -62.6 98.0

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 -10.0 92.8 -31.0 72.8 -7.1 105.2 -11.0 119.9
MIKES -93.4 82.1 -29.8 102.9 -50.8 85.3 -26.9 114.3 -30.8 127.9
INETI 36.4 102.0 100.0 119.4 79.0 104.6 102.9 129.3 99.0 141.5
DANIAmet-AREPA -52.6 81.0 11.0 102.1 -10.0 84.3 13.9 113.5 10.0 127.2
NPL -63.6 62.0 0.0 87.7 -21.0 66.2 2.9 100.8 -1.0 116.0
SP -42.6 23.1 21.0 66.2 23.9 82.7 20.0 100.7
IEN -66.5 79.4 -2.9 100.8 -23.9 82.7 -3.9 126.2
CEM -62.6 98.0 1.0 116.0 -20.0 100.7 3.9 126.2
PTB -56.6 30.0 7.0 68.9 -14.0 37.9 9.9 84.9 6.0 102.5
VSL -61.4 50.0 2.2 79.7 -18.8 55.1 5.1 93.9 1.2 110.1
OMH -80.2 200.0 -16.6 209.4 -37.6 201.4 -13.7 215.2 -17.6 222.8
JV -41.5 68.0 22.1 92.1 1.1 71.9 25.0 104.6 21.1 119.3
UME -41.1 66.0 22.5 90.6 1.5 70.0 25.4 103.3 21.5 118.2
METAS -49.8 28.0 13.8 68.1 -7.2 36.3 16.7 84.2 12.8 102.0
CMI -63.8 112.0 -0.2 128.1 -21.2 114.4 2.7 137.3 -1.2 148.9



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 PTB VSL OMH JV
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) -56.6 30.0 -61.4 50.0 -80.2 200.0 -41.5 68.0

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 -17.0 75.3 -12.2 85.3 6.6 211.6 -32.1 96.9
MIKES -93.4 82.1 -36.8 87.5 -32.0 96.2 -13.2 216.2 -51.9 106.7
INETI 36.4 102.0 93.0 106.4 97.8 113.6 116.6 224.6 77.9 122.6
DANIAmet-AREPA -52.6 81.0 4.0 75.3 8.8 95.2 27.6 215.8 -11.1 105.8
NPL -63.6 62.0 -7.0 68.9 -2.2 79.7 16.6 209.4 -22.1 92.1
SP -42.6 23.1 14.0 37.9 18.8 55.1 37.6 201.4 -1.1 71.9
IEN -66.5 79.4 -9.9 84.9 -5.1 93.9 13.7 215.2 -25.0 104.6
CEM -62.6 98.0 -6.0 102.5 -1.2 110.1 17.6 222.8 -21.1 119.3
PTB -56.6 30.0 4.8 58.4 23.6 202.3 -15.1 74.4
VSL -61.4 50.0 -4.8 58.4 18.8 206.2 -19.9 84.5
OMH -80.2 200.0 -23.6 202.3 -18.8 206.2 -38.7 211.3
JV -41.5 68.0 15.1 74.4 19.9 84.5 38.7 211.3
UME -41.1 66.0 15.5 72.5 20.3 82.9 39.1 210.7 0.4 94.8
METAS -49.8 28.0 6.8 41.1 11.6 57.4 30.4 202.0 -8.3 73.6
CMI -63.8 112.0 -7.2 116.0 -2.4 122.7 16.4 229.3 -22.3 131.1

Voltage : 1000 V UME METAS CMI
Frequency : 100 kHz dadj j u(d adj j ) dadj j u(d adj j ) dadj j u(d adj j )
(4/4) -41.1 66.0 -49.8 28.0 -63.8 112.0

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 -32.5 95.5 -23.8 74.5 -9.8 131.6
MIKES -93.4 82.1 -52.3 105.4 -43.6 86.8 -29.6 138.9
INETI 36.4 102.0 77.5 121.5 86.2 105.8 100.2 151.5
DANIAmet-AREPA -52.6 81.0 -11.5 104.5 -2.8 85.8 11.2 138.3
NPL -63.6 62.0 -22.5 90.6 -13.8 68.1 0.2 128.1
SP -42.6 23.1 -1.5 70.0 7.2 36.3 21.2 114.4
IEN -66.5 79.4 -25.4 103.3 -16.7 84.2 -2.7 137.3
CEM -62.6 98.0 -21.5 118.2 -12.8 102.0 1.2 148.9
PTB -56.6 30.0 -15.5 72.5 -6.8 41.1 7.2 116.0
VSL -61.4 50.0 -20.3 82.9 -11.6 57.4 2.4 122.7
OMH -80.2 200.0 -39.1 210.7 -30.4 202.0 -16.4 229.3
JV -41.5 68.0 -0.4 94.8 8.3 73.6 22.3 131.1
UME -41.1 66.0 8.7 71.7 22.7 130.0
METAS -49.8 28.0 -8.7 71.7 14.0 115.5
CMI -63.8 112.0 -22.7 130.0 -14.0 115.5



 

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 BEV MIKES INETI
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 1.6 13.2 0.9 8.3 5.6 26.1

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 3.4 13.2 1.8 18.7 2.5 15.6 -2.2 29.3
BEV 1.6 13.2 -1.8 18.7 0.7 15.6 -4.0 29.3
MIKES 0.9 8.3 -2.5 15.6 -0.7 15.6 -4.7 27.4
INETI 5.6 26.1 2.2 29.3 4.0 29.3 4.7 27.4
DANIAmet-AREPA 4.6 21.1 1.2 24.9 3.0 24.9 3.7 22.7 -1.0 33.6
NPL 0.6 13.2 -2.8 18.7 -1.0 18.7 -0.3 15.6 -5.0 29.3
SP 3.6 8.3 0.2 15.6 2.0 15.6 2.7 11.8 -2.0 27.4
IEN 1.0 9.7 -2.4 16.4 -0.6 16.4 0.1 12.8 -4.6 27.9
CEM -0.4 30.1 -3.8 32.9 -2.0 32.9 -1.3 31.3 -6.0 39.9
PTB -0.5 8.0 -3.9 15.5 -2.1 15.5 -1.4 11.6 -6.1 27.3
VSL 2.6 15.0 -0.8 20.0 1.0 20.0 1.7 17.2 -3.0 30.2
OMH -0.4 31.0 -3.8 33.7 -2.0 33.7 -1.3 32.1 -6.0 40.6
JV 1.3 20.1 -2.1 24.1 -0.3 24.1 0.4 21.8 -4.3 33.0
UME 0.3 22.1 -3.1 25.8 -1.3 25.8 -0.6 23.7 -5.3 34.2
METAS 0.4 6.3 -3.0 14.7 -1.2 14.7 -0.5 10.5 -5.2 26.9
CMI 3.6 38.1 0.2 40.4 2.0 40.4 2.7 39.0 -2.0 46.2

Voltage : 500 V DANIAmet-AREPA NPL SP IEN
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) 4.6 21.1 0.6 13.2 3.6 8.3 1.0 9.7

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 -1.2 24.9 2.8 18.7 -0.2 15.6 2.4 16.4
BEV 1.6 13.2 -3.0 24.9 1.0 18.7 -2.0 15.6 0.6 16.4
MIKES 0.9 8.3 -3.7 22.7 0.3 15.6 -2.7 11.8 -0.1 12.8
INETI 5.6 26.1 1.0 33.6 5.0 29.3 2.0 27.4 4.6 27.9
DANIAmet-AREPA 4.6 21.1 4.0 24.9 1.0 22.7 3.6 23.3
NPL 0.6 13.2 -4.0 24.9 -3.0 15.6 -0.4 16.4
SP 3.6 8.3 -1.0 22.7 3.0 15.6 2.6 12.8
IEN 1.0 9.7 -3.6 23.3 0.4 16.4 -2.6 12.8
CEM -0.4 30.1 -5.0 36.8 -1.0 32.9 -4.0 31.3 -1.4 31.7
PTB -0.5 8.0 -5.1 19.6 -1.1 15.5 -4.1 11.6 -1.5 12.6
VSL 2.6 15.0 -2.0 25.9 2.0 20.0 -1.0 17.2 1.6 17.9
OMH -0.4 31.0 -5.0 37.5 -1.0 33.7 -4.0 32.1 -1.4 32.5
JV 1.3 20.1 -3.3 29.2 0.7 24.1 -2.3 21.8 0.3 22.4
UME 0.3 22.1 -4.3 30.6 -0.3 25.8 -3.3 23.7 -0.7 24.2
METAS 0.4 6.3 -4.2 22.1 -0.2 14.7 -3.2 10.5 -0.6 11.6
CMI 3.6 38.1 -1.0 43.6 3.0 40.4 0.0 39.0 2.6 39.4



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 CEM PTB VSL OMH
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) -0.4 30.1 -0.5 8.0 2.6 15.0 -0.4 31.0

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 3.8 32.9 3.9 15.5 0.8 20.0 3.8 33.7
BEV 1.6 13.2 2.0 32.9 2.1 15.5 -1.0 20.0 2.0 33.7
MIKES 0.9 8.3 1.3 31.3 1.4 11.6 -1.7 17.2 1.3 32.1
INETI 5.6 26.1 6.0 39.9 6.1 27.3 3.0 30.2 6.0 40.6
DANIAmet-AREPA 4.6 21.1 5.0 36.8 5.1 19.6 2.0 25.9 5.0 37.5
NPL 0.6 13.2 1.0 32.9 1.1 15.5 -2.0 20.0 1.0 33.7
SP 3.6 8.3 4.0 31.3 4.1 11.6 1.0 17.2 4.0 32.1
IEN 1.0 9.7 1.4 31.7 1.5 12.6 -1.6 17.9 1.4 32.5
CEM -0.4 30.1 0.1 31.2 -3.0 33.7 0.0 43.3
PTB -0.5 8.0 -0.1 31.2 -3.1 17.0 -0.1 32.1
VSL 2.6 15.0 3.0 33.7 3.1 17.0 3.0 34.5
OMH -0.4 31.0 0.0 43.3 0.1 32.1 -3.0 34.5
JV 1.3 20.1 1.7 36.2 1.8 21.7 -1.3 25.1 1.7 37.0
UME 0.3 22.1 0.7 37.4 0.8 23.6 -2.3 26.8 0.7 38.1
METAS 0.4 6.3 0.8 30.8 0.9 10.2 -2.2 16.3 0.8 31.7
CMI 3.6 38.1 4.0 48.6 4.1 39.0 1.0 41.0 4.0 49.2

Voltage : 500 V JV UME METAS CMI
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 )
(4/4) 1.3 20.1 0.3 22.1 0.4 6.3 3.6 38.1

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 3.4 13.2 2.1 24.1 3.1 25.8 3.0 14.7 -0.2 40.4
BEV 1.6 13.2 0.3 24.1 1.3 25.8 1.2 14.7 -2.0 40.4
MIKES 0.9 8.3 -0.4 21.8 0.6 23.7 0.5 10.5 -2.7 39.0
INETI 5.6 26.1 4.3 33.0 5.3 34.2 5.2 26.9 2.0 46.2
DANIAmet-AREPA 4.6 21.1 3.3 29.2 4.3 30.6 4.2 22.1 1.0 43.6
NPL 0.6 13.2 -0.7 24.1 0.3 25.8 0.2 14.7 -3.0 40.4
SP 3.6 8.3 2.3 21.8 3.3 23.7 3.2 10.5 0.0 39.0
IEN 1.0 9.7 -0.3 22.4 0.7 24.2 0.6 11.6 -2.6 39.4
CEM -0.4 30.1 -1.7 36.2 -0.7 37.4 -0.8 30.8 -4.0 48.6
PTB -0.5 8.0 -1.8 21.7 -0.8 23.6 -0.9 10.2 -4.1 39.0
VSL 2.6 15.0 1.3 25.1 2.3 26.8 2.2 16.3 -1.0 41.0
OMH -0.4 31.0 -1.7 37.0 -0.7 38.1 -0.8 31.7 -4.0 49.2
JV 1.3 20.1 1.0 29.9 0.9 21.1 -2.3 43.1
UME 0.3 22.1 -1.0 29.9 -0.1 23.0 -3.3 44.1
METAS 0.4 6.3 -0.9 21.1 0.1 23.0 -3.2 38.7
CMI 3.6 38.1 2.3 43.1 3.3 44.1 3.2 38.7



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 BEV MIKES INETI
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 -0.3 15.1 -8.7 7.5 -11.3 30.0

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 -2.2 26.0 6.2 22.4 8.8 36.7
BEV -0.3 15.1 2.2 26.0 8.4 16.9 11.0 33.6
MIKES -8.7 7.5 -6.2 22.4 -8.4 16.9 2.6 31.0
INETI -11.3 30.0 -8.8 36.7 -11.0 33.6 -2.6 31.0
DANIAmet-AREPA 0.7 21.1 3.2 29.9 1.0 26.0 9.4 22.4 12.0 36.7
NPL -7.3 13.1 -4.8 24.9 -7.0 20.0 1.4 15.1 4.0 32.8
SP 0.7 9.1 3.2 23.0 1.0 17.7 9.4 11.8 12.0 31.4
IEN -5.0 9.5 -2.5 23.2 -4.7 17.9 3.7 12.2 6.3 31.5
CEM -3.3 30.0 -0.8 36.7 -3.0 33.6 5.4 31.0 8.0 42.5
PTB -2.8 8.0 -0.3 22.6 -2.5 17.1 5.9 11.0 8.5 31.1
VSL -4.3 15.0 -1.8 25.9 -4.0 21.3 4.4 16.8 7.0 33.6
OMH -5.3 36.0 -2.8 41.8 -5.0 39.1 3.4 36.8 6.0 46.9
JV -1.8 22.1 0.7 30.6 -1.5 26.8 6.9 23.4 9.5 37.3
UME 0.2 22.1 2.7 30.6 0.5 26.8 8.9 23.4 11.5 37.3
METAS -3.5 6.2 -1.0 22.0 -3.2 16.4 5.2 9.8 7.8 30.7
CMI -5.1 38.0 -2.6 43.5 -4.8 40.9 3.6 38.8 6.2 48.5

Voltage : 500 V DANIAmet-AREPA NPL SP IEN
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) 0.7 21.1 -7.3 13.1 0.7 9.1 -5.0 9.5

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 2.5 23.2
BEV -0.3 15.1 -1.0 26.0 7.0 20.0 -1.0 17.7 4.7 17.9
MIKES -8.7 7.5 -9.4 22.4 -1.4 15.1 -9.4 11.8 -3.7 12.2
INETI -11.3 30.0 -12.0 36.7 -4.0 32.8 -12.0 31.4 -6.3 31.5
DANIAmet-AREPA 0.7 21.1 8.0 24.9 0.0 23.0 5.7 23.2
NPL -7.3 13.1 -8.0 24.9 -8.0 16.0 -2.3 16.2
SP 0.7 9.1 0.0 23.0 8.0 16.0 5.7 13.2
IEN -5.0 9.5 -5.7 23.2 2.3 16.2 -5.7 13.2
CEM -3.3 30.0 -4.0 36.7 4.0 32.8 -4.0 31.4 1.7 31.5
PTB -2.8 8.0 -3.5 19.6 4.5 15.4 -3.5 12.2 2.2 12.5
VSL -4.3 15.0 -5.0 25.9 3.0 20.0 -5.0 17.6 0.7 17.8
OMH -5.3 36.0 -6.0 41.8 2.0 38.4 -6.0 37.2 -0.3 37.3
JV -1.8 22.1 -2.5 30.6 5.5 25.7 -2.5 24.0 3.2 24.1
UME 0.2 22.1 -0.5 30.6 7.5 25.7 -0.5 24.0 5.2 24.1
METAS -3.5 6.2 -4.2 22.0 3.8 14.5 -4.2 11.1 1.5 11.4
CMI -5.1 38.0 -5.8 43.5 2.2 40.2 -5.8 39.1 -0.1 39.2



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 CEM PTB VSL OMH
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) -3.3 30.0 -2.8 8.0 -4.3 15.0 -5.3 36.0

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 0.8 36.7 0.3 22.6 1.8 25.9 2.8 41.8
BEV -0.3 15.1 3.0 33.6 2.5 17.1 4.0 21.3 5.0 39.1
MIKES -8.7 7.5 -5.4 31.0 -5.9 11.0 -4.4 16.8 -3.4 36.8
INETI -11.3 30.0 -8.0 42.5 -8.5 31.1 -7.0 33.6 -6.0 46.9
DANIAmet-AREPA 0.7 21.1 4.0 36.7 3.5 19.6 5.0 25.9 6.0 41.8
NPL -7.3 13.1 -4.0 32.8 -4.5 15.4 -3.0 20.0 -2.0 38.4
SP 0.7 9.1 4.0 31.4 3.5 12.2 5.0 17.6 6.0 37.2
IEN -5.0 9.5 -1.7 31.5 -2.2 12.5 -0.7 17.8 0.3 37.3
CEM -3.3 30.0 -0.5 31.1 1.0 33.6 2.0 46.9
PTB -2.8 8.0 0.5 31.1 1.5 17.0 2.5 36.9
VSL -4.3 15.0 -1.0 33.6 -1.5 17.0 1.0 39.0
OMH -5.3 36.0 -2.0 46.9 -2.5 36.9 -1.0 39.0
JV -1.8 22.1 1.5 37.3 1.0 23.6 2.5 26.8 3.5 42.3
UME 0.2 22.1 3.5 37.3 3.0 23.6 4.5 26.8 5.5 42.3
METAS -3.5 6.2 -0.2 30.7 -0.7 10.2 0.8 16.3 1.8 36.6
CMI -5.1 38.0 -1.8 48.5 -2.3 38.9 -0.8 40.9 0.2 52.4

Voltage : 500 V JV UME METAS CMI
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 )
(4/4) -1.8 22.1 0.2 22.1 -3.5 6.2 -5.1 38.0

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 -0.7 30.6 -2.7 30.6 1.0 22.0 2.6 43.5
BEV -0.3 15.1 1.5 26.8 -0.5 26.8 3.2 16.4 4.8 40.9
MIKES -8.7 7.5 -6.9 23.4 -8.9 23.4 -5.2 9.8 -3.6 38.8
INETI -11.3 30.0 -9.5 37.3 -11.5 37.3 -7.8 30.7 -6.2 48.5
DANIAmet-AREPA 0.7 21.1 2.5 30.6 0.5 30.6 4.2 22.0 5.8 43.5
NPL -7.3 13.1 -5.5 25.7 -7.5 25.7 -3.8 14.5 -2.2 40.2
SP 0.7 9.1 2.5 24.0 0.5 24.0 4.2 11.1 5.8 39.1
IEN -5.0 9.5 -3.2 24.1 -5.2 24.1 -1.5 11.4 0.1 39.2
CEM -3.3 30.0 -1.5 37.3 -3.5 37.3 0.2 30.7 1.8 48.5
PTB -2.8 8.0 -1.0 23.6 -3.0 23.6 0.7 10.2 2.3 38.9
VSL -4.3 15.0 -2.5 26.8 -4.5 26.8 -0.8 16.3 0.8 40.9
OMH -5.3 36.0 -3.5 42.3 -5.5 42.3 -1.8 36.6 -0.2 52.4
JV -1.8 22.1 -2.0 31.3 1.7 23.0 3.3 44.0
UME 0.2 22.1 2.0 31.3 3.7 23.0 5.3 44.0
METAS -3.5 6.2 -1.7 23.0 -3.7 23.0 1.6 38.6
CMI -5.1 38.0 -3.3 44.0 -5.3 44.0 -1.6 38.6



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 BEV MIKES INETI
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 -2.2 19.1 -14.0 8.2 -18.2 36.0

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 -3.8 28.5 8.0 22.7 12.2 41.8
BEV -2.2 19.1 3.8 28.5 11.8 20.8 16.0 40.8
MIKES -14.0 8.2 -8.0 22.7 -11.8 20.8 4.2 37.0
INETI -18.2 36.0 -12.2 41.8 -16.0 40.8 -4.2 37.0
DANIAmet-AREPA -3.2 21.1 2.8 29.9 -1.0 28.5 10.8 22.7 15.0 41.8
NPL -12.2 17.1 -6.2 27.2 -10.0 25.7 1.8 19.0 6.0 39.9
SP -4.2 10.2 1.8 23.5 -2.0 21.7 9.8 13.1 14.0 37.5
IEN -12.3 14.1 -6.3 25.4 -10.1 23.8 1.7 16.4 5.9 38.7
CEM -4.2 30.1 1.8 36.8 -2.0 35.7 9.8 31.2 14.0 47.0
PTB -7.0 8.0 -1.0 22.6 -4.8 20.8 7.0 11.5 11.2 36.9
VSL -9.2 20.0 -3.2 29.1 -7.0 27.7 4.8 21.7 9.0 41.2
OMH -7.1 40.0 -1.1 45.3 -4.9 44.4 6.9 40.9 11.1 53.9
JV -5.7 24.1 0.3 32.1 -3.5 30.8 8.3 25.5 12.5 43.4
UME -3.7 26.1 2.3 33.6 -1.5 32.4 10.3 27.4 14.5 44.5
METAS -6.9 6.2 -0.9 22.0 -4.7 20.1 7.1 10.3 11.3 36.6
CMI -8.1 46.0 -2.1 50.7 -5.9 49.9 5.9 46.8 10.1 58.5

Voltage : 500 V DANIAmet-AREPA NPL SP IEN
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) -3.2 21.1 -12.2 17.1 -4.2 10.2 -12.3 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 -6.0 21.1 -2.8 29.9 6.2 27.2 -1.8 23.5 6.3 25.4
BEV -2.2 19.1 1.0 28.5 10.0 25.7 2.0 21.7 10.1 23.8
MIKES -14.0 8.2 -10.8 22.7 -1.8 19.0 -9.8 13.1 -1.7 16.4
INETI -18.2 36.0 -15.0 41.8 -6.0 39.9 -14.0 37.5 -5.9 38.7
DANIAmet-AREPA -3.2 21.1 9.0 27.2 1.0 23.5 9.1 25.4
NPL -12.2 17.1 -9.0 27.2 -8.0 20.0 0.1 22.2
SP -4.2 10.2 -1.0 23.5 8.0 20.0 8.1 17.5
IEN -12.3 14.1 -9.1 25.4 -0.1 22.2 -8.1 17.5
CEM -4.2 30.1 -1.0 36.8 8.0 34.7 0.0 31.8 8.1 33.3
PTB -7.0 8.0 -3.8 19.6 5.2 18.9 -2.8 13.0 5.3 16.3
VSL -9.2 20.0 -6.0 29.1 3.0 26.4 -5.0 22.5 3.1 24.5
OMH -7.1 40.0 -3.9 45.3 5.1 43.6 -2.9 41.3 5.2 42.5
JV -5.7 24.1 -2.5 32.1 6.5 29.6 -1.5 26.2 6.6 28.0
UME -3.7 26.1 -0.5 33.6 8.5 31.3 0.5 28.1 8.6 29.7
METAS -6.9 6.2 -3.7 22.0 5.3 18.2 -2.7 12.0 5.4 15.5
CMI -8.1 46.0 -4.9 50.7 4.1 49.1 -3.9 47.2 4.2 48.2



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

 

 

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

 

 

Voltage : 500 V CEM PTB VSL OMH
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) -4.2 30.1 -7.0 8.0 -9.2 20.0 -7.1 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 -6.0 21.1 -1.8 36.8 1.0 22.6 3.2 29.1 1.1 45.3
BEV -2.2 19.1 2.0 35.7 4.8 20.8 7.0 27.7 4.9 44.4
MIKES -14.0 8.2 -9.8 31.2 -7.0 11.5 -4.8 21.7 -6.9 40.9
INETI -18.2 36.0 -14.0 47.0 -11.2 36.9 -9.0 41.2 -11.1 53.9
DANIAmet-AREPA -3.2 21.1 1.0 36.8 3.8 19.6 6.0 29.1 3.9 45.3
NPL -12.2 17.1 -8.0 34.7 -5.2 18.9 -3.0 26.4 -5.1 43.6
SP -4.2 10.2 0.0 31.8 2.8 13.0 5.0 22.5 2.9 41.3
IEN -12.3 14.1 -8.1 33.3 -5.3 16.3 -3.1 24.5 -5.2 42.5
CEM -4.2 30.1 2.8 31.2 5.0 36.2 2.9 50.1
PTB -7.0 8.0 -2.8 31.2 2.2 21.6 0.1 40.8
VSL -9.2 20.0 -5.0 36.2 -2.2 21.6 -2.1 44.8
OMH -7.1 40.0 -2.9 50.1 -0.1 40.8 2.1 44.8
JV -5.7 24.1 -1.5 38.6 1.3 25.4 3.5 31.4 1.4 46.7
UME -3.7 26.1 0.5 39.9 3.3 27.3 5.5 32.9 3.4 47.8
METAS -6.9 6.2 -2.7 30.8 0.1 10.2 2.3 21.0 0.2 40.5
CMI -8.1 46.0 -3.9 55.0 -1.1 46.7 1.1 50.2 -1.0 61.0

Voltage : 500 V JV UME METAS CMI
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 )
(4/4) -5.7 24.1 -3.7 26.1 -6.9 6.2 -8.1 46.0

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 -0.3 32.1 -2.3 33.6 0.9 22.0 2.1 50.7
BEV -2.2 19.1 3.5 30.8 1.5 32.4 4.7 20.1 5.9 49.9
MIKES -14.0 8.2 -8.3 25.5 -10.3 27.4 -7.1 10.3 -5.9 46.8
INETI -18.2 36.0 -12.5 43.4 -14.5 44.5 -11.3 36.6 -10.1 58.5
DANIAmet-AREPA -3.2 21.1 2.5 32.1 0.5 33.6 3.7 22.0 4.9 50.7
NPL -12.2 17.1 -6.5 29.6 -8.5 31.3 -5.3 18.2 -4.1 49.1
SP -4.2 10.2 1.5 26.2 -0.5 28.1 2.7 12.0 3.9 47.2
IEN -12.3 14.1 -6.6 28.0 -8.6 29.7 -5.4 15.5 -4.2 48.2
CEM -4.2 30.1 1.5 38.6 -0.5 39.9 2.7 30.8 3.9 55.0
PTB -7.0 8.0 -1.3 25.4 -3.3 27.3 -0.1 10.2 1.1 46.7
VSL -9.2 20.0 -3.5 31.4 -5.5 32.9 -2.3 21.0 -1.1 50.2
OMH -7.1 40.0 -1.4 46.7 -3.4 47.8 -0.2 40.5 1.0 61.0
JV -5.7 24.1 -2.0 35.6 1.2 24.9 2.4 52.0
UME -3.7 26.1 2.0 35.6 3.2 26.9 4.4 52.9
METAS -6.9 6.2 -1.2 24.9 -3.2 26.9 1.2 46.5
CMI -8.1 46.0 -2.4 52.0 -4.4 52.9 -1.2 46.5



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 BEV MIKES INETI
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 -13.9 21.1 -43.0 13.1 -37.9 46.0

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 -9.7 41.8 19.4 38.4 14.3 58.5
BEV -13.9 21.1 9.7 41.8 29.1 24.9 24.0 50.7
MIKES -43.0 13.1 -19.4 38.4 -29.1 24.9 -5.1 47.9
INETI -37.9 46.0 -14.3 58.5 -24.0 50.7 5.1 47.9
DANIAmet-AREPA -19.9 21.1 3.7 41.8 -6.0 29.9 23.1 24.9 18.0 50.7
NPL -28.9 24.1 -5.3 43.4 -15.0 32.1 14.1 27.5 9.0 52.0
SP -15.9 14.1 7.7 38.7 -2.0 25.4 27.1 19.3 22.0 48.2
IEN -33.1 20.3 -9.5 41.4 -19.2 29.3 9.9 24.2 4.8 50.3
CEM -26.9 38.0 -3.3 52.4 -13.0 43.5 16.1 40.2 11.0 59.7
PTB -22.5 10.0 1.1 37.4 -8.6 23.4 20.5 16.5 15.4 47.1
VSL -25.7 25.0 -2.1 43.9 -11.8 32.8 17.3 28.3 12.2 52.4
OMH -19.0 63.0 4.6 72.6 -5.1 66.5 24.0 64.4 18.9 78.1
JV -19.1 34.0 4.5 49.6 -5.2 40.1 23.9 36.5 18.8 57.3
UME -18.1 36.0 5.5 51.0 -4.2 41.8 24.9 38.4 19.8 58.5
METAS -21.3 9.1 2.3 37.2 -7.4 23.0 21.7 16.0 16.6 46.9
CMI -38.9 56.0 -15.3 66.6 -25.0 59.9 4.1 57.6 -1.0 72.5

Voltage : 500 V DANIAmet-AREPA NPL SP IEN
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) -19.9 21.1 -28.9 24.1 -15.9 14.1 -33.1 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 -23.6 36.0 -3.7 41.8 5.3 43.4 -7.7 38.7 9.5 41.4
BEV -13.9 21.1 6.0 29.9 15.0 32.1 2.0 25.4 19.2 29.3
MIKES -43.0 13.1 -23.1 24.9 -14.1 27.5 -27.1 19.3 -9.9 24.2
INETI -37.9 46.0 -18.0 50.7 -9.0 52.0 -22.0 48.2 -4.8 50.3
DANIAmet-AREPA -19.9 21.1 9.0 32.1 -4.0 25.4 13.2 29.3
NPL -28.9 24.1 -9.0 32.1 -13.0 28.0 4.2 31.6
SP -15.9 14.1 4.0 25.4 13.0 28.0 17.2 24.8
IEN -33.1 20.3 -13.2 29.3 -4.2 31.6 -17.2 24.8
CEM -26.9 38.0 -7.0 43.5 2.0 45.0 -11.0 40.6 6.2 43.1
PTB -22.5 10.0 -2.6 18.6 6.4 26.1 -6.6 17.3 10.6 22.7
VSL -25.7 25.0 -5.8 32.8 3.2 34.8 -9.8 28.8 7.4 32.3
OMH -19.0 63.0 0.9 66.5 9.9 67.5 -3.1 64.6 14.1 66.2
JV -19.1 34.0 0.8 40.1 9.8 41.7 -3.2 36.9 14.0 39.6
UME -18.1 36.0 1.8 41.8 10.8 43.4 -2.2 38.7 15.0 41.4
METAS -21.3 9.1 -1.4 23.0 7.6 25.8 -5.4 16.8 11.8 22.3
CMI -38.9 56.0 -19.0 59.9 -10.0 61.0 -23.0 57.8 -5.8 59.6



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 CEM PTB VSL OMH
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) -26.9 38.0 -22.5 10.0 -25.7 25.0 -19.0 63.0

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 3.3 52.4 -1.1 37.4 2.1 43.9 -4.6 72.6
BEV -13.9 21.1 13.0 43.5 8.6 23.4 11.8 32.8 5.1 66.5
MIKES -43.0 13.1 -16.1 40.2 -20.5 16.5 -17.3 28.3 -24.0 64.4
INETI -37.9 46.0 -11.0 59.7 -15.4 47.1 -12.2 52.4 -18.9 78.1
DANIAmet-AREPA -19.9 21.1 7.0 43.5 2.6 18.6 5.8 32.8 -0.9 66.5
NPL -28.9 24.1 -2.0 45.0 -6.4 26.1 -3.2 34.8 -9.9 67.5
SP -15.9 14.1 11.0 40.6 6.6 17.3 9.8 28.8 3.1 64.6
IEN -33.1 20.3 -6.2 43.1 -10.6 22.7 -7.4 32.3 -14.1 66.2
CEM -26.9 38.0 -4.4 39.3 -1.2 45.5 -7.9 73.6
PTB -22.5 10.0 4.4 39.3 3.2 27.0 -3.5 63.8
VSL -25.7 25.0 1.2 45.5 -3.2 27.0 -6.7 67.8
OMH -19.0 63.0 7.9 73.6 3.5 63.8 6.7 67.8
JV -19.1 34.0 7.8 51.0 3.4 35.5 6.6 42.3 -0.1 71.6
UME -18.1 36.0 8.8 52.4 4.4 37.4 7.6 43.9 0.9 72.6
METAS -21.3 9.1 5.6 39.1 1.2 13.6 4.4 26.7 -2.3 63.7
CMI -38.9 56.0 -12.0 67.7 -16.4 56.9 -13.2 61.4 -19.9 84.3

Voltage : 500 V JV UME METAS CMI
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 )
(4/4) -19.1 34.0 -18.1 36.0 -21.3 9.1 -38.9 56.0

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 -4.5 49.6 -5.5 51.0 -2.3 37.2 15.3 66.6
BEV -13.9 21.1 5.2 40.1 4.2 41.8 7.4 23.0 25.0 59.9
MIKES -43.0 13.1 -23.9 36.5 -24.9 38.4 -21.7 16.0 -4.1 57.6
INETI -37.9 46.0 -18.8 57.3 -19.8 58.5 -16.6 46.9 1.0 72.5
DANIAmet-AREPA -19.9 21.1 -0.8 40.1 -1.8 41.8 1.4 23.0 19.0 59.9
NPL -28.9 24.1 -9.8 41.7 -10.8 43.4 -7.6 25.8 10.0 61.0
SP -15.9 14.1 3.2 36.9 2.2 38.7 5.4 16.8 23.0 57.8
IEN -33.1 20.3 -14.0 39.6 -15.0 41.4 -11.8 22.3 5.8 59.6
CEM -26.9 38.0 -7.8 51.0 -8.8 52.4 -5.6 39.1 12.0 67.7
PTB -22.5 10.0 -3.4 35.5 -4.4 37.4 -1.2 13.6 16.4 56.9
VSL -25.7 25.0 -6.6 42.3 -7.6 43.9 -4.4 26.7 13.2 61.4
OMH -19.0 63.0 0.1 71.6 -0.9 72.6 2.3 63.7 19.9 84.3
JV -19.1 34.0 -1.0 49.6 2.2 35.2 19.8 65.6
UME -18.1 36.0 1.0 49.6 3.2 37.2 20.8 66.6
METAS -21.3 9.1 -2.2 35.2 -3.2 37.2 17.6 56.8
CMI -38.9 56.0 -19.8 65.6 -20.8 66.6 -17.6 56.8



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 BEV MIKES INETI
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 -40.9 31.1 -91.1 36.0 -71.9 72.0

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 -20.7 47.7 29.5 51.0 10.3 80.6
BEV -40.9 31.1 20.7 47.7 50.2 47.6 31.0 78.5
MIKES -91.1 36.0 -29.5 51.0 -50.2 47.6 -19.2 80.5
INETI -71.9 72.0 -10.3 80.6 -31.0 78.5 19.2 80.5
DANIAmet-AREPA -53.9 41.1 7.7 54.8 -13.0 51.6 37.2 54.7 18.0 83.0
NPL -68.9 46.1 -7.3 58.6 -28.0 55.7 22.2 58.5 3.0 85.5
SP -48.9 21.1 12.7 41.9 -8.0 37.6 42.2 41.8 23.0 75.1
IEN -74.3 47.7 -12.7 59.9 -33.4 57.0 16.8 59.8 -2.4 86.4
CEM -55.9 50.0 5.7 61.7 -15.0 58.9 35.2 61.7 16.0 87.7
PTB -60.5 22.0 1.1 42.3 -19.6 38.1 30.6 42.2 11.4 75.3
VSL -63.8 40.0 -2.2 53.9 -22.9 50.7 27.3 53.9 8.1 82.4
OMH -61.1 100.0 0.5 106.4 -20.2 104.8 30.0 106.3 10.8 123.3
JV -45.5 48.1 16.1 60.2 -4.6 57.3 45.6 60.1 26.4 86.6
UME -49.9 56.1 11.7 66.8 -9.0 64.2 41.2 66.7 22.0 91.3
METAS -56.0 26.1 5.6 44.6 -15.1 40.7 35.1 44.5 15.9 76.6
CMI -73.0 80.0 -11.4 87.8 -32.1 85.9 18.1 87.8 -1.1 107.7

Voltage : 500 V DANIAmet-AREPA NPL SP IEN
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) -53.9 41.1 -68.9 46.1 -48.9 21.1 -74.3 47.7

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 -61.6 36.1 -7.7 54.8 7.3 58.6 -12.7 41.9 12.7 59.9
BEV -40.9 31.1 13.0 51.6 28.0 55.7 8.0 37.6 33.4 57.0
MIKES -91.1 36.0 -37.2 54.7 -22.2 58.5 -42.2 41.8 -16.8 59.8
INETI -71.9 72.0 -18.0 83.0 -3.0 85.5 -23.0 75.1 2.4 86.4
DANIAmet-AREPA -53.9 41.1 15.0 61.8 -5.0 46.2 20.4 63.0
NPL -68.9 46.1 -15.0 61.8 -20.0 50.7 5.4 66.4
SP -48.9 21.1 5.0 46.2 20.0 50.7 25.4 52.2
IEN -74.3 47.7 -20.4 63.0 -5.4 66.4 -25.4 52.2
CEM -55.9 50.0 -2.0 64.8 13.0 68.1 -7.0 54.3 18.4 69.2
PTB -60.5 22.0 -6.6 34.8 8.4 51.1 -11.6 30.5 13.8 52.6
VSL -63.8 40.0 -9.9 57.4 5.1 61.1 -14.9 45.3 10.5 62.3
OMH -61.1 100.0 -7.2 108.2 7.8 110.2 -12.2 102.3 13.2 110.8
JV -45.5 48.1 8.4 63.3 23.4 66.7 3.4 52.6 28.8 67.8
UME -49.9 56.1 4.0 69.6 19.0 72.7 -1.0 60.0 24.4 73.7
METAS -56.0 26.1 -2.1 48.7 12.9 53.0 -7.1 33.6 18.3 54.4
CMI -73.0 80.0 -19.1 90.0 -4.1 92.4 -24.1 82.8 1.3 93.2



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 CEM PTB VSL OMH
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) -55.9 50.0 -60.5 22.0 -63.8 40.0 -61.1 100.0

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 -5.7 61.7 -1.1 42.3 2.2 53.9 -0.5 106.4
BEV -40.9 31.1 15.0 58.9 19.6 38.1 22.9 50.7 20.2 104.8
MIKES -91.1 36.0 -35.2 61.7 -30.6 42.2 -27.3 53.9 -30.0 106.3
INETI -71.9 72.0 -16.0 87.7 -11.4 75.3 -8.1 82.4 -10.8 123.3
DANIAmet-AREPA -53.9 41.1 2.0 64.8 6.6 34.8 9.9 57.4 7.2 108.2
NPL -68.9 46.1 -13.0 68.1 -8.4 51.1 -5.1 61.1 -7.8 110.2
SP -48.9 21.1 7.0 54.3 11.6 30.5 14.9 45.3 12.2 102.3
IEN -74.3 47.7 -18.4 69.2 -13.8 52.6 -10.5 62.3 -13.2 110.8
CEM -55.9 50.0 4.6 54.7 7.9 64.1 5.2 111.9
PTB -60.5 22.0 -4.6 54.7 3.3 45.7 0.6 102.4
VSL -63.8 40.0 -7.9 64.1 -3.3 45.7 -2.7 107.8
OMH -61.1 100.0 -5.2 111.9 -0.6 102.4 2.7 107.8
JV -45.5 48.1 10.4 69.4 15.0 52.9 18.3 62.6 15.6 111.0
UME -49.9 56.1 6.0 75.2 10.6 60.3 13.9 68.9 11.2 114.7
METAS -56.0 26.1 -0.1 56.5 4.5 34.2 7.8 47.8 5.1 103.4
CMI -73.0 80.0 -17.1 94.4 -12.5 83.0 -9.2 89.5 -11.9 128.1

Voltage : 500 V JV UME METAS CMI
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 )
(4/4) -45.5 48.1 -49.9 56.1 -56.0 26.1 -73.0 80.0

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 -16.1 60.2 -11.7 66.8 -5.6 44.6 11.4 87.8
BEV -40.9 31.1 4.6 57.3 9.0 64.2 15.1 40.7 32.1 85.9
MIKES -91.1 36.0 -45.6 60.1 -41.2 66.7 -35.1 44.5 -18.1 87.8
INETI -71.9 72.0 -26.4 86.6 -22.0 91.3 -15.9 76.6 1.1 107.7
DANIAmet-AREPA -53.9 41.1 -8.4 63.3 -4.0 69.6 2.1 48.7 19.1 90.0
NPL -68.9 46.1 -23.4 66.7 -19.0 72.7 -12.9 53.0 4.1 92.4
SP -48.9 21.1 -3.4 52.6 1.0 60.0 7.1 33.6 24.1 82.8
IEN -74.3 47.7 -28.8 67.8 -24.4 73.7 -18.3 54.4 -1.3 93.2
CEM -55.9 50.0 -10.4 69.4 -6.0 75.2 0.1 56.5 17.1 94.4
PTB -60.5 22.0 -15.0 52.9 -10.6 60.3 -4.5 34.2 12.5 83.0
VSL -63.8 40.0 -18.3 62.6 -13.9 68.9 -7.8 47.8 9.2 89.5
OMH -61.1 100.0 -15.6 111.0 -11.2 114.7 -5.1 103.4 11.9 128.1
JV -45.5 48.1 4.4 73.9 10.5 54.8 27.5 93.4
UME -49.9 56.1 -4.4 73.9 6.1 61.9 23.1 97.8
METAS -56.0 26.1 -10.5 54.8 -6.1 61.9 17.0 84.2
CMI -73.0 80.0 -27.5 93.4 -23.1 97.8 -17.0 84.2



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 BEV MIKES INETI
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 1.5 10.2 0.6 7.1 6.5 16.2

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 -1.6 16.0 -0.7 14.2 -6.6 20.3
BEV 1.5 10.2 1.6 16.0 0.9 12.5 -5.0 19.2
MIKES 0.6 7.1 0.7 14.2 -0.9 12.5 -5.9 17.7
INETI 6.5 16.2 6.6 20.3 5.0 19.2 5.9 17.7
DANIAmet-AREPA 3.5 11.2 3.6 16.6 2.0 15.2 2.9 13.3 -3.0 19.7
NPL 6.5 12.2 6.6 17.3 5.0 16.0 5.9 14.2 0.0 20.3
SP 3.5 7.3 3.6 14.3 2.0 12.6 2.9 10.2 -3.0 17.8
IEN 2.2 8.9 2.3 15.2 0.7 13.6 1.6 11.4 -4.3 18.5
CEM 3.5 22.1 3.6 25.3 2.0 24.4 2.9 23.3 -3.0 27.5
PTB -0.5 8.0 -0.4 14.6 -2.0 13.0 -1.1 10.7 -7.0 18.1
JV 0.6 18.5 0.7 22.2 -0.9 21.2 0.0 19.9 -5.9 24.6
UME 0.3 18.1 0.4 21.9 -1.2 20.8 -0.3 19.5 -6.2 24.3
METAS -1.5 6.3 -1.4 13.8 -3.0 12.0 -2.1 9.5 -8.0 17.4
CMI -1.1 24.1 -1.0 27.1 -2.6 26.2 -1.7 25.2 -7.6 29.1

Voltage : 200 V DANIAmet-AREPA NPL SP IEN
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) 3.5 11.2 6.5 12.2 3.5 7.3 2.2 8.9

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 -2.3 15.2
BEV 1.5 10.2 -2.0 15.2 -5.0 16.0 -2.0 12.6 -0.7 13.6
MIKES 0.6 7.1 -2.9 13.3 -5.9 14.2 -2.9 10.2 -1.6 11.4
INETI 6.5 16.2 3.0 19.7 0.0 20.3 3.0 17.8 4.3 18.5
DANIAmet-AREPA 3.5 11.2 -3.0 16.6 0.0 13.4 1.3 14.4
NPL 6.5 12.2 3.0 16.6 3.0 14.3 4.3 15.2
SP 3.5 7.3 0.0 13.4 -3.0 14.3 1.3 11.6
IEN 2.2 8.9 -1.3 14.4 -4.3 15.2 -1.3 11.6
CEM 3.5 22.1 0.0 24.8 -3.0 25.3 0.0 23.3 1.3 23.9
PTB -0.5 8.0 -4.0 7.9 -7.0 14.6 -4.0 10.9 -2.7 12.0
JV 0.6 18.5 -2.9 21.7 -5.9 22.2 -2.9 19.9 -1.6 20.6
UME 0.3 18.1 -3.2 21.3 -6.2 21.9 -3.2 19.6 -1.9 20.2
METAS -1.5 6.3 -5.0 12.9 -8.0 13.8 -5.0 9.7 -3.7 11.0
CMI -1.1 24.1 -4.6 26.6 -7.6 27.1 -4.6 25.2 -3.3 25.7



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 CEM PTB JV UME
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) 3.5 22.1 -0.5 8.0 0.6 18.5 0.3 18.1

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 -0.1 12.2 -3.6 25.3 0.4 14.6 -0.7 22.2 -0.4 21.9
BEV 1.5 10.2 -2.0 24.4 2.0 13.0 0.9 21.2 1.2 20.8
MIKES 0.6 7.1 -2.9 23.3 1.1 10.7 0.0 19.9 0.3 19.5
INETI 6.5 16.2 3.0 27.5 7.0 18.1 5.9 24.6 6.2 24.3
DANIAmet-AREPA 3.5 11.2 0.0 24.8 4.0 7.9 2.9 21.7 3.2 21.3
NPL 6.5 12.2 3.0 25.3 7.0 14.6 5.9 22.2 6.2 21.9
SP 3.5 7.3 0.0 23.3 4.0 10.9 2.9 19.9 3.2 19.6
IEN 2.2 8.9 -1.3 23.9 2.7 12.0 1.6 20.6 1.9 20.2
CEM 3.5 22.1 4.0 23.6 2.9 28.9 3.2 28.6
PTB -0.5 8.0 -4.0 23.6 -1.1 20.2 -0.8 19.8
JV 0.6 18.5 -2.9 28.9 1.1 20.2 0.3 25.9
UME 0.3 18.1 -3.2 28.6 0.8 19.8 -0.3 25.9
METAS -1.5 6.3 -5.0 23.0 -1.0 10.2 -2.1 19.6 -1.8 19.2
CMI -1.1 24.1 -4.6 32.7 -0.6 25.4 -1.7 30.4 -1.4 30.2

Voltage : 200 V METAS CMI
Frequency : 1 kHz dadj j u(d adj j ) dadj j u(d adj j )
(4/4) -1.5 6.3 -1.1 24.1

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

dadj i u(d adj i )
BNM-LNE -0.1 12.2 1.4 13.8 1.0 27.1
BEV 1.5 10.2 3.0 12.0 2.6 26.2
MIKES 0.6 7.1 2.1 9.5 1.7 25.2
INETI 6.5 16.2 8.0 17.4 7.6 29.1
DANIAmet-AREPA 3.5 11.2 5.0 12.9 4.6 26.6
NPL 6.5 12.2 8.0 13.8 7.6 27.1
SP 3.5 7.3 5.0 9.7 4.6 25.2
IEN 2.2 8.9 3.7 11.0 3.3 25.7
CEM 3.5 22.1 5.0 23.0 4.6 32.7
PTB -0.5 8.0 1.0 10.2 0.6 25.4
JV 0.6 18.5 2.1 19.6 1.7 30.4
UME 0.3 18.1 1.8 19.2 1.4 30.2
METAS -1.5 6.3 -0.4 25.0
CMI -1.1 24.1 0.4 25.0



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 BEV MIKES INETI
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 -0.6 10.2 -1.8 5.9 2.4 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 -5.8 13.1 -5.2 16.7 -4.0 14.4 -8.2 20.8
BEV -0.6 10.2 5.2 16.7 1.2 11.8 -3.0 19.1
MIKES -1.8 5.9 4.0 14.4 -1.2 11.8 -4.2 17.2
INETI 2.4 16.1 8.2 20.8 3.0 19.1 4.2 17.2
DANIAmet-AREPA 0.4 11.1 6.2 17.2 1.0 15.1 2.2 12.6 -2.0 19.6
NPL -7.6 12.1 -1.8 17.9 -7.0 15.9 -5.8 13.5 -10.0 20.2
SP 2.4 8.2 8.2 15.5 3.0 13.1 4.2 10.2 0.0 18.1
IEN -3.6 9.0 2.2 15.9 -3.0 13.7 -1.8 10.8 -6.0 18.5
CEM 3.4 22.1 9.2 25.7 4.0 24.4 5.2 22.9 1.0 27.4
PTB -3.3 8.0 2.5 15.4 -2.7 13.0 -1.5 10.0 -5.7 18.0
JV -1.5 18.5 4.3 22.7 -0.9 21.2 0.3 19.5 -3.9 24.6
UME -2.2 18.1 3.6 22.4 -1.6 20.8 -0.4 19.1 -4.6 24.3
METAS -4.4 6.2 1.4 14.5 -3.8 12.0 -2.6 8.6 -6.8 17.3
CMI -10.2 24.1 -4.4 27.5 -9.6 26.2 -8.4 24.9 -12.6 29.0

Voltage : 200 V DANIAmet-AREPA NPL SP IEN
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) 0.4 11.1 -7.6 12.1 2.4 8.2 -3.6 9.0

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 -5.8 13.1 -6.2 17.2 1.8 17.9 -8.2 15.5 -2.2 15.9
BEV -0.6 10.2 -1.0 15.1 7.0 15.9 -3.0 13.1 3.0 13.7
MIKES -1.8 5.9 -2.2 12.6 5.8 13.5 -4.2 10.2 1.8 10.8
INETI 2.4 16.1 2.0 19.6 10.0 20.2 0.0 18.1 6.0 18.5
DANIAmet-AREPA 0.4 11.1 8.0 16.5 -2.0 13.9 4.0 14.3
NPL -7.6 12.1 -8.0 16.5 -10.0 14.7 -4.0 15.1
SP 2.4 8.2 2.0 13.9 10.0 14.7 6.0 12.2
IEN -3.6 9.0 -4.0 14.3 4.0 15.1 -6.0 12.2
CEM 3.4 22.1 3.0 24.8 11.0 25.2 1.0 23.6 7.0 23.9
PTB -3.3 8.0 -3.7 7.7 4.3 14.6 -5.7 11.5 0.3 12.1
JV -1.5 18.5 -1.9 21.6 6.1 22.2 -3.9 20.3 2.1 20.6
UME -2.2 18.1 -2.6 21.3 5.4 21.8 -4.6 19.9 1.4 20.3
METAS -4.4 6.2 -4.8 12.8 3.2 13.6 -6.8 10.3 -0.8 11.0
CMI -10.2 24.1 -10.6 26.6 -2.6 27.0 -12.6 25.5 -6.6 25.8



 

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 CEM PTB JV UME
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) 3.4 22.1 -3.3 8.0 -1.5 18.5 -2.2 18.1

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 -9.2 25.7 -2.5 15.4 -4.3 22.7 -3.6 22.4
BEV -0.6 10.2 -4.0 24.4 2.7 13.0 0.9 21.2 1.6 20.8
MIKES -1.8 5.9 -5.2 22.9 1.5 10.0 -0.3 19.5 0.4 19.1
INETI 2.4 16.1 -1.0 27.4 5.7 18.0 3.9 24.6 4.6 24.3
DANIAmet-AREPA 0.4 11.1 -3.0 24.8 3.7 7.7 1.9 21.6 2.6 21.3
NPL -7.6 12.1 -11.0 25.2 -4.3 14.6 -6.1 22.2 -5.4 21.8
SP 2.4 8.2 -1.0 23.6 5.7 11.5 3.9 20.3 4.6 19.9
IEN -3.6 9.0 -7.0 23.9 -0.3 12.1 -2.1 20.6 -1.4 20.3
CEM 3.4 22.1 6.7 23.6 4.9 28.9 5.6 28.6
PTB -3.3 8.0 -6.7 23.6 -1.8 20.2 -1.1 19.8
JV -1.5 18.5 -4.9 28.9 1.8 20.2 0.7 25.9
UME -2.2 18.1 -5.6 28.6 1.1 19.8 -0.7 25.9
METAS -4.4 6.2 -7.8 23.0 -1.1 10.2 -2.9 19.6 -2.2 19.2
CMI -10.2 24.1 -13.6 32.7 -6.9 25.4 -8.7 30.4 -8.0 30.2

Voltage : 200 V METAS CMI
Frequency : 10 kHz dadj j u(d adj j ) dadj j u(d adj j )
(4/4) -4.4 6.2 -10.2 24.1

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

dadj i u(d adj i )
BNM-LNE -5.8 13.1 -1.4 14.5 4.4 27.5
BEV -0.6 10.2 3.8 12.0 9.6 26.2
MIKES -1.8 5.9 2.6 8.6 8.4 24.9
INETI 2.4 16.1 6.8 17.3 12.6 29.0
DANIAmet-AREPA 0.4 11.1 4.8 12.8 10.6 26.6
NPL -7.6 12.1 -3.2 13.6 2.6 27.0
SP 2.4 8.2 6.8 10.3 12.6 25.5
IEN -3.6 9.0 0.8 11.0 6.6 25.8
CEM 3.4 22.1 7.8 23.0 13.6 32.7
PTB -3.3 8.0 1.1 10.2 6.9 25.4
JV -1.5 18.5 2.9 19.6 8.7 30.4
UME -2.2 18.1 2.2 19.2 8.0 30.2
METAS -4.4 6.2 5.8 24.9
CMI -10.2 24.1 -5.8 24.9



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 BEV MIKES INETI
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 -3.6 12.1 -4.7 6.6 -1.6 18.0

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 -7.7 13.1 -4.1 17.9 -3.0 14.7 -6.1 22.3
BEV -3.6 12.1 4.1 17.9 1.1 13.8 -2.0 21.7
MIKES -4.7 6.6 3.0 14.7 -1.1 13.8 -3.1 19.2
INETI -1.6 18.0 6.1 22.3 2.0 21.7 3.1 19.2
DANIAmet-AREPA -4.6 11.1 3.1 17.2 -1.0 16.5 0.1 13.0 -3.0 21.2
NPL -9.6 14.1 -1.9 19.3 -6.0 18.6 -4.9 15.6 -8.0 22.9
SP -1.6 9.1 6.1 16.0 2.0 15.2 3.1 11.3 0.0 20.2
IEN -11.0 12.9 -3.3 18.4 -7.4 17.7 -6.3 14.5 -9.4 22.2
CEM -0.6 22.0 7.1 25.7 3.0 25.2 4.1 23.0 1.0 28.5
PTB -7.3 8.0 0.4 15.4 -3.7 14.6 -2.6 10.4 -5.7 19.7
JV -5.1 20.0 2.6 24.0 -1.5 23.4 -0.4 21.1 -3.5 27.0
UME -8.1 24.0 -0.4 27.4 -4.5 26.9 -3.4 24.9 -6.5 30.0
METAS -7.5 6.1 0.2 14.5 -3.9 13.6 -2.8 9.0 -5.9 19.1
CMI -10.3 28.0 -2.6 31.0 -6.7 30.6 -5.6 28.8 -8.7 33.3

Voltage : 200 V DANIAmet-AREPA NPL SP IEN
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) -4.6 11.1 -9.6 14.1 -1.6 9.1 -11.0 12.9

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 3.3 18.4
BEV -3.6 12.1 1.0 16.5 6.0 18.6 -2.0 15.2 7.4 17.7
MIKES -4.7 6.6 -0.1 13.0 4.9 15.6 -3.1 11.3 6.3 14.5
INETI -1.6 18.0 3.0 21.2 8.0 22.9 0.0 20.2 9.4 22.2
DANIAmet-AREPA -4.6 11.1 5.0 18.0 -3.0 14.4 6.4 17.1
NPL -9.6 14.1 -5.0 18.0 -8.0 16.8 1.4 19.2
SP -1.6 9.1 3.0 14.4 8.0 16.8 9.4 15.8
IEN -11.0 12.9 -6.4 17.1 -1.4 19.2 -9.4 15.8
CEM -0.6 22.0 4.0 24.7 9.0 26.2 1.0 23.9 10.4 25.6
PTB -7.3 8.0 -2.7 7.7 2.3 16.3 -5.7 12.2 3.7 15.2
JV -5.1 20.0 -0.5 22.9 4.5 24.5 -3.5 22.0 5.9 23.8
UME -8.1 24.0 -3.5 26.5 1.5 27.9 -6.5 25.7 2.9 27.3
METAS -7.5 6.1 -2.9 12.7 2.1 15.4 -5.9 11.0 3.5 14.3
CMI -10.3 28.0 -5.7 30.2 -0.7 31.4 -8.7 29.5 0.7 30.9



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 CEM PTB JV UME
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) -0.6 22.0 -7.3 8.0 -5.1 20.0 -8.1 24.0

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 -7.7 13.1 -7.1 25.7 -0.4 15.4 -2.6 24.0 0.4 27.4
BEV -3.6 12.1 -3.0 25.2 3.7 14.6 1.5 23.4 4.5 26.9
MIKES -4.7 6.6 -4.1 23.0 2.6 10.4 0.4 21.1 3.4 24.9
INETI -1.6 18.0 -1.0 28.5 5.7 19.7 3.5 27.0 6.5 30.0
DANIAmet-AREPA -4.6 11.1 -4.0 24.7 2.7 7.7 0.5 22.9 3.5 26.5
NPL -9.6 14.1 -9.0 26.2 -2.3 16.3 -4.5 24.5 -1.5 27.9
SP -1.6 9.1 -1.0 23.9 5.7 12.2 3.5 22.0 6.5 25.7
IEN -11.0 12.9 -10.4 25.6 -3.7 15.2 -5.9 23.8 -2.9 27.3
CEM -0.6 22.0 6.7 23.5 4.5 29.8 7.5 32.6
PTB -7.3 8.0 -6.7 23.5 -2.2 21.6 0.8 25.3
JV -5.1 20.0 -4.5 29.8 2.2 21.6 3.0 31.3
UME -8.1 24.0 -7.5 32.6 -0.8 25.3 -3.0 31.3
METAS -7.5 6.1 -6.9 22.9 -0.2 10.1 -2.4 21.0 0.6 24.8
CMI -10.3 28.0 -9.7 35.7 -3.0 29.2 -5.2 34.5 -2.2 36.9

Voltage : 200 V METAS CMI
Frequency : 20 kHz dadj j u(d adj j ) dadj j u(d adj j )
(4/4) -7.5 6.1 -10.3 28.0

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

dadj i u(d adj i )
BNM-LNE -7.7 13.1 -0.2 14.5 2.6 31.0
BEV -3.6 12.1 3.9 13.6 6.7 30.6
MIKES -4.7 6.6 2.8 9.0 5.6 28.8
INETI -1.6 18.0 5.9 19.1 8.7 33.3
DANIAmet-AREPA -4.6 11.1 2.9 12.7 5.7 30.2
NPL -9.6 14.1 -2.1 15.4 0.7 31.4
SP -1.6 9.1 5.9 11.0 8.7 29.5
IEN -11.0 12.9 -3.5 14.3 -0.7 30.9
CEM -0.6 22.0 6.9 22.9 9.7 35.7
PTB -7.3 8.0 0.2 10.1 3.0 29.2
JV -5.1 20.0 2.4 21.0 5.2 34.5
UME -8.1 24.0 -0.6 24.8 2.2 36.9
METAS -7.5 6.1 2.8 28.7
CMI -10.3 28.0 -2.8 28.7



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 BEV MIKES INETI
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 -19.1 16.2 -20.2 7.1 -16.1 20.1

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 -9.1 23.0 -8.0 17.7 -12.1 25.9
BEV -19.1 16.2 9.1 23.0 1.1 17.7 -3.0 25.9
MIKES -20.2 7.1 8.0 17.7 -1.1 17.7 -4.1 21.4
INETI -16.1 20.1 12.1 25.9 3.0 25.9 4.1 21.4
DANIAmet-AREPA -23.1 11.2 5.1 19.7 -4.0 19.7 -2.9 13.3 -7.0 23.1
NPL -23.1 16.2 5.1 23.0 -4.0 23.0 -2.9 17.7 -7.0 25.9
SP -18.1 13.2 10.1 20.9 1.0 20.9 2.1 15.0 -2.0 24.1
IEN -31.8 18.3 -3.6 24.5 -12.7 24.5 -11.6 19.7 -15.7 27.2
CEM -19.1 24.1 9.1 29.1 0.0 29.1 1.1 25.2 -3.0 31.4
PTB -22.7 10.0 5.5 19.1 -3.6 19.1 -2.5 12.3 -6.6 22.5
JV -19.3 26.1 8.9 30.8 -0.2 30.8 0.9 27.1 -3.2 33.0
UME -21.3 30.1 6.9 34.2 -2.2 34.2 -1.1 31.0 -5.2 36.2
METAS -22.8 9.2 5.4 18.7 -3.7 18.7 -2.6 11.7 -6.7 22.2
CMI -26.7 36.1 1.5 39.6 -7.6 39.6 -6.5 36.8 -10.6 41.4

Voltage : 200 V DANIAmet-AREPA NPL SP IEN
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) -23.1 11.2 -23.1 16.2 -18.1 13.2 -31.8 18.3

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 -28.2 16.2 -5.1 19.7 -5.1 23.0 -10.1 20.9 3.6 24.5
BEV -19.1 16.2 4.0 19.7 4.0 23.0 -1.0 20.9 12.7 24.5
MIKES -20.2 7.1 2.9 13.3 2.9 17.7 -2.1 15.0 11.6 19.7
INETI -16.1 20.1 7.0 23.1 7.0 25.9 2.0 24.1 15.7 27.2
DANIAmet-AREPA -23.1 11.2 0.0 19.7 -5.0 17.4 8.7 21.5
NPL -23.1 16.2 0.0 19.7 -5.0 20.9 8.7 24.5
SP -18.1 13.2 5.0 17.4 5.0 20.9 13.7 22.6
IEN -31.8 18.3 -8.7 21.5 -8.7 24.5 -13.7 22.6
CEM -19.1 24.1 4.0 26.6 4.0 29.1 -1.0 27.5 12.7 30.3
PTB -22.7 10.0 0.4 5.1 0.4 19.1 -4.6 16.6 9.1 20.9
JV -19.3 26.1 3.8 28.5 3.8 30.8 -1.2 29.3 12.5 31.9
UME -21.3 30.1 1.8 32.2 1.8 34.2 -3.2 32.9 10.5 35.3
METAS -22.8 9.2 0.3 14.5 0.3 18.7 -4.7 16.1 9.0 20.5
CMI -26.7 36.1 -3.6 37.8 -3.6 39.6 -8.6 38.5 5.1 40.5



 

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 CEM PTB JV UME
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) -19.1 24.1 -22.7 10.0 -19.3 26.1 -21.3 30.1

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 -9.1 29.1 -5.5 19.1 -8.9 30.8 -6.9 34.2
BEV -19.1 16.2 0.0 29.1 3.6 19.1 0.2 30.8 2.2 34.2
MIKES -20.2 7.1 -1.1 25.2 2.5 12.3 -0.9 27.1 1.1 31.0
INETI -16.1 20.1 3.0 31.4 6.6 22.5 3.2 33.0 5.2 36.2
DANIAmet-AREPA -23.1 11.2 -4.0 26.6 -0.4 5.1 -3.8 28.5 -1.8 32.2
NPL -23.1 16.2 -4.0 29.1 -0.4 19.1 -3.8 30.8 -1.8 34.2
SP -18.1 13.2 1.0 27.5 4.6 16.6 1.2 29.3 3.2 32.9
IEN -31.8 18.3 -12.7 30.3 -9.1 20.9 -12.5 31.9 -10.5 35.3
CEM -19.1 24.1 3.6 26.1 0.2 35.6 2.2 38.6
PTB -22.7 10.0 -3.6 26.1 -3.4 28.0 -1.4 31.8
JV -19.3 26.1 -0.2 35.6 3.4 28.0 2.0 39.9
UME -21.3 30.1 -2.2 38.6 1.4 31.8 -2.0 39.9
METAS -22.8 9.2 -3.7 25.8 -0.1 13.6 -3.5 27.7 -1.5 31.5
CMI -26.7 36.1 -7.6 43.5 -4.0 37.5 -7.4 44.6 -5.4 47.1

Voltage : 200 V METAS CMI
Frequency : 50 kHz dadj j u(d adj j ) dadj j u(d adj j )
(4/4) -22.8 9.2 -26.7 36.1

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

dadj i u(d adj i )
BNM-LNE -28.2 16.2 -5.4 18.7 -1.5 39.6
BEV -19.1 16.2 3.7 18.7 7.6 39.6
MIKES -20.2 7.1 2.6 11.7 6.5 36.8
INETI -16.1 20.1 6.7 22.2 10.6 41.4
DANIAmet-AREPA -23.1 11.2 -0.3 14.5 3.6 37.8
NPL -23.1 16.2 -0.3 18.7 3.6 39.6
SP -18.1 13.2 4.7 16.1 8.6 38.5
IEN -31.8 18.3 -9.0 20.5 -5.1 40.5
CEM -19.1 24.1 3.7 25.8 7.6 43.5
PTB -22.7 10.0 0.1 13.6 4.0 37.5
JV -19.3 26.1 3.5 27.7 7.4 44.6
UME -21.3 30.1 1.5 31.5 5.4 47.1
METAS -22.8 9.2 3.9 37.3
CMI -26.7 36.1 -3.9 37.3



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 BEV MIKES INETI
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 -52.2 21.1 -54.5 8.5 -49.2 30.1

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 -18.5 26.7 -16.2 18.3 -21.5 34.2
BEV -52.2 21.1 18.5 26.7 2.3 22.8 -3.0 36.8
MIKES -54.5 8.5 16.2 18.3 -2.3 22.8 -5.3 31.3
INETI -49.2 30.1 21.5 34.2 3.0 36.8 5.3 31.3
DANIAmet-AREPA -66.2 26.1 4.5 30.8 -14.0 33.6 -11.7 27.5 -17.0 39.9
NPL -61.2 20.1 9.5 25.9 -9.0 29.2 -6.7 21.9 -12.0 36.2
SP -49.2 19.2 21.5 25.2 3.0 28.6 5.3 21.0 0.0 35.8
IEN -71.5 42.5 -0.8 45.5 -19.3 47.5 -17.0 43.4 -22.3 52.1
CEM -54.2 28.9 16.5 33.2 -2.0 35.8 0.3 30.2 -5.0 41.8
PTB -61.9 22.0 8.8 27.4 -9.7 30.5 -7.4 23.6 -12.7 37.3
JV -48.6 36.1 22.1 39.6 3.6 41.9 5.9 37.1 0.6 47.1
UME -59.3 44.1 11.4 47.0 -7.1 48.9 -4.8 45.0 -10.1 53.4
METAS -60.3 24.1 10.4 29.1 -8.1 32.1 -5.8 25.6 -11.1 38.6
CMI -63.3 60.0 7.4 62.2 -11.1 63.7 -8.8 60.6 -14.1 67.2

Voltage : 200 V DANIAmet-AREPA NPL SP IEN
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) -66.2 26.1 -61.2 20.1 -49.2 19.2 -71.5 42.5

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 0.8 45.5
BEV -52.2 21.1 14.0 33.6 9.0 29.2 -3.0 28.6 19.3 47.5
MIKES -54.5 8.5 11.7 27.5 6.7 21.9 -5.3 21.0 17.0 43.4
INETI -49.2 30.1 17.0 39.9 12.0 36.2 0.0 35.8 22.3 52.1
DANIAmet-AREPA -66.2 26.1 -5.0 33.0 -17.0 32.5 5.3 49.9
NPL -61.2 20.1 5.0 33.0 -12.0 27.8 10.3 47.1
SP -49.2 19.2 17.0 32.5 12.0 27.8 22.3 46.7
IEN -71.5 42.5 -5.3 49.9 -10.3 47.1 -22.3 46.7
CEM -54.2 28.9 12.0 39.0 7.0 35.3 -5.0 34.7 17.3 51.4
PTB -61.9 22.0 4.3 14.1 -0.7 29.8 -12.7 29.2 9.6 47.9
JV -48.6 36.1 17.6 44.6 12.6 41.4 0.6 40.9 22.9 55.8
UME -59.3 44.1 6.9 51.3 1.9 48.5 -10.1 48.1 12.2 61.3
METAS -60.3 24.1 5.9 35.6 0.9 31.4 -11.1 30.9 11.2 48.9
CMI -63.3 60.0 2.9 65.5 -2.1 63.3 -14.1 63.0 8.2 73.6



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 CEM PTB JV UME
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) -54.2 28.9 -61.9 22.0 -48.6 36.1 -59.3 44.1

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 -16.5 33.2 -8.8 27.4 -22.1 39.6 -11.4 47.0
BEV -52.2 21.1 2.0 35.8 9.7 30.5 -3.6 41.9 7.1 48.9
MIKES -54.5 8.5 -0.3 30.2 7.4 23.6 -5.9 37.1 4.8 45.0
INETI -49.2 30.1 5.0 41.8 12.7 37.3 -0.6 47.1 10.1 53.4
DANIAmet-AREPA -66.2 26.1 -12.0 39.0 -4.3 14.1 -17.6 44.6 -6.9 51.3
NPL -61.2 20.1 -7.0 35.3 0.7 29.8 -12.6 41.4 -1.9 48.5
SP -49.2 19.2 5.0 34.7 12.7 29.2 -0.6 40.9 10.1 48.1
IEN -71.5 42.5 -17.3 51.4 -9.6 47.9 -22.9 55.8 -12.2 61.3
CEM -54.2 28.9 7.7 36.4 -5.6 46.3 5.1 52.8
PTB -61.9 22.0 -7.7 36.4 -13.3 42.3 -2.6 49.3
JV -48.6 36.1 5.6 46.3 13.3 42.3 10.7 57.0
UME -59.3 44.1 -5.1 52.8 2.6 49.3 -10.7 57.0
METAS -60.3 24.1 -6.1 37.7 1.6 32.7 -11.7 43.5 -1.0 50.3
CMI -63.3 60.0 -9.1 66.6 -1.4 64.0 -14.7 70.1 -4.0 74.5

Voltage : 200 V METAS CMI
Frequency : 100 kHz dadj j u(d adj j ) dadj j u(d adj j )
(4/4) -60.3 24.1 -63.3 60.0

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

dadj i u(d adj i )
BNM-LNE -70.7 16.2 -10.4 29.1 -7.4 62.2
BEV -52.2 21.1 8.1 32.1 11.1 63.7
MIKES -54.5 8.5 5.8 25.6 8.8 60.6
INETI -49.2 30.1 11.1 38.6 14.1 67.2
DANIAmet-AREPA -66.2 26.1 -5.9 35.6 -2.9 65.5
NPL -61.2 20.1 -0.9 31.4 2.1 63.3
SP -49.2 19.2 11.1 30.9 14.1 63.0
IEN -71.5 42.5 -11.2 48.9 -8.2 73.6
CEM -54.2 28.9 6.1 37.7 9.1 66.6
PTB -61.9 22.0 -1.6 32.7 1.4 64.0
JV -48.6 36.1 11.7 43.5 14.7 70.1
UME -59.3 44.1 1.0 50.3 4.0 74.5
METAS -60.3 24.1 3.0 64.7
CMI -63.3 60.0 -3.0 64.7
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Technical protocol 
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COMPARISON CCEM-K9 

High voltage AC-DC transfer 

TECHNICAL PROTOCOL 

Scope of the comparison 

The purpose of the comparison is to check the agreement between the NMIs in the field of 
high voltage AC-DC transfer (500 V and 1000 V), in the frequency range from 1 kHz to 
100 kHz. The main difficulty in this field is to take correctly into account the voltage level 
dependence of the AC-DC transfer difference due to the range resistor of the thermal 
converter. This voltage dependence impairs the calibration of the reference standards. 

Definition of the AC-DC transfer difference 

The relative AC-DC transfer difference δ of a thermal converter is defined as: 

δ =
−V V

V
AC DC

DC
 

where: VAC is the RMS value of the applied AC voltage. 

 VDC is the mean value of the direct and reversed DC voltages which produce the 
 same output voltage of the converter as VAC. 

Travelling standards 

The comparison will be performed in two parallel loops with two different travelling 
standards. 

One standard will circulate among the participating laboratories of countries where no 
ATA-carnet is needed. It consists of a 1000 V range resistor for a FLUKE 792 A AC/DC 
thermal voltage transfer standard (s/n 030) provided by the NIST associated with a PTB/IPHT 
planar multijonction thermal converter (n° 91 PTB/IPHT MJTC 1997). 

For the second loop two other standards will circulate in countries where an ATA-carnet is 
needed. The first one is a 1000 V standard developed and provided by the OFMET (ref. 
RS1000/E + US6), consisting of a 1000 V range resistor associated with a single junction 
thermal converter. The second one consists of a 500 V range resistor for a FLUKE 792 A  (s/n 
034), provided by the NIST, associated with a PTB/IPHT planar multijonction thermal 
converter (n° 92 PTB/IPHT MJTC 1997). 
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Several laboratories will take part in both loops to ensure reliable links between the 
measurements made on both sets of standards. 

The preliminary reference values for the OFMET standard are determined from 
calibrations performed at OFMET (Switzerland), SP (Sweden), NIST (USA) and BNM-LCIE 
(France) before starting the comparison. The preliminary reference values for the NIST/PTB 
standards are determined from calibrations performed at PTB (Germany), OFMET and BNM-
LCIE. 

Measurements 

The laboratories participating in the loop without ATA-carnet are asked to measure the 
AC-DC transfer difference of the NIST/PTB 1000 V standard at 1000 V, 500 V and 200 V. 

The laboratories participating in the loop with ATA-carnet are asked to measure the 
AC-DC transfer difference of : 

-  the OFMET 1000 V standard at 1000 V and 500 V; 

-  the NIST/PTB 500 V standard at 500 V and 200 V. 

All of these measurements are to be performed at 1 kHz, 10 kHz, 20 kHz, 50 kHz and 
100 kHz. 

Note: Measurements at 200 V are intended to check the agreement between the participants 
at a voltage where no significant voltage level dependence is assumed to come from the range 
resistors. 

Measurement conditions 

The input and the output of the thermal converter have to be earthed in order to 
protect the insulation between the heater and the thermocouple(s).  

It is advisable that all the participants perform the measurements at the reference 
temperature, 23 °C. In any case temperature, humidity and atmospheric pressure should be 
measured and mentioned in the report.  

The participants are asked to use their usual best measurement procedure. 

Report 

Each laboratory must send its report to the pilot laboratory within a delay of 3 months after 
finishing its measurements. This report must contain: 

-  a detailed description of the measurement set-up, including schematic diagrams, if 
necessary; 

-  a detailed description of the measurement procedure; 

-  the results of the measurements with their associated uncertainty (1 σ); 

- a description of the procedure used to calibrate the high voltage reference standards. This 
is usually a so-called step-up procedure. In particular, a detailed description  should be given 
of how the voltage level dependence of the AC-DC transfer difference was estimated; 
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-  a detailed uncertainty budget in accordance with the CIPM recommendations. A list of 
the main uncertainty components which have to be taken into account is given in the 
appendix. This list is not exhaustive. In the final uncertainty associated with the AC-DC 
transfer difference of the high voltage reference standards, the uncertainty arising from each 
step of the step-up procedure should be clearly expressed. 

Transportation 

The travelling standards should be carried by car, train or plane, whichever appears to be 
the most appropriate way to assure their safety.  

Each participating laboratory is responsible for arranging the transportation of the 
travelling standard to the next laboratory. It has to inform the pilot laboratory as soon as it 
receives the standard from the previous laboratory and again when it sends the standard to 
the next participant. 

Customs 

Inside the European Community no customs papers are necessary. For the participants 
outside the European Community, an ATA-carnet will be provided. 

Organisation 

The pilot laboratory for this comparison is BNM-LCIE. For any questions, the person to 
contact at the pilot laboratory is: 

André POLETAEFF 
BNM-LCIE 
33, Avenue du Général Leclerc 
F - 92260  FONTENAY-aux-ROSES 

Tel:  + 33 (0)1 40 95 61 45 
Fax: + 33 (0)1 40 95 55 99 
E-mail: andre.poletaeff@lcie.fr 



  p 4/4 

APPENDIX 

About the uncertainty budget 

The guidelines for CIPM key comparison (March 1st, 1999) specify that the technical 
protocol has to include a list of the main components of uncertainty common to all the 
participants. All these components must be evaluated by each participant and appear in the 
report. 

List of the main components of the uncertainty budget which must be taken into account 
by each participant: 

1 - ) Uncertainty of the primary AC-DC transfer standard (for example MJTC at the 
1 V or 3 V level): 

If the AC-DC transfer difference of the primary standard has been calculated, all the 
influence quantities have to be estimated and the resulting standard uncertainty reported. If it 
has been calibrated in another NMI (which should be identified), only the combined standard 
uncertainty given by this institute has to be reported. 

2 - ) Uncertainty arising from the step-up procedure: 

This component includes the change of the AC-DC transfer difference with the voltage 
level and the type-A uncertainty of the measurements. The uncertainty must be estimated and 
reported for each part of the step-up procedure. The combined uncertainty resulting from the 
full step-up procedure must also be reported. 

3 - ) Uncertainty on the reference standard used in the comparison (deduced from the 
two previous components): 

In particular, detailed information should be given about the step-up procedure between 
500 V and 1000 V, the estimation or measurement of the voltage level dependence and the 
estimation or calculation of the associated uncertainty. 

4 - ) Uncertainty on the comparison of the reference of the laboratory with the 
travelling standard: 

This component includes the type-A uncertainty for a series of measurements of the 
AC-DC transfer difference (reproducibility of the measurements) and the short term stability 
of the travelling standard and the reference over the period of time the travelling standard 
stays at the participating laboratory. 

In addition to the above mentioned components, individual participants may add any 
component they feel relevant for the evaluation of their uncertainty. 

Uncertainties have to be evaluated at a level of one standard deviation (see the “Guidelines 
for CIPM key comparisons”, March 1st, 1999) and information must be given on the number 
of effective degrees of freedom. This is required for a proper estimate of the confidence level. 


