Key comparisons CCEM-K9, EUROMET.EM-K9, SIM.EM-K9, APMP.EM-K9 and SIM.EM-K9.1

Key comparisons CCEM-K9 and EUROMET.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V

FREQUENCY : 1 kHz

X

adjusted value of the measurement reported by laboratory i (see on page 13 of the CCEM-K9 Final Report and on page 11 of

the EUROMET.EM-K9 Final Report)

Uia i expanded uncertainty of x; at a 95 % level of confidence
Lab i X ULap i Date of Participant in
[ (UWVIV) | | (UVIV) measurement CCEM-K9 EUROMET.EM-K9

LNE 6.0 16.1 Feb 2000 Yes Yes
BEV 0.7 18.1 Apr 2000 No Yes
MIKES 0.1 10.1 May 2000 No Yes
INETI 13.7 32.0 Jun 2000 No Yes
AREPA 4.7 21.1 Jul 2000 Yes Yes
NPL -0.3 13.1 Aug 2000 Yes Yes
SP 2.7 9.1 Sep 2000 Yes Yes
IEN -0.7 14.9 Oct 2000 Yes Yes
CEM -6.3 36.0 Nov 2000 Yes Yes
PTB -0.5 8.0 Jan 2001 Yes Yes
NMi-VSL 3.0 20.0 May 2001 Yes Yes
OMH -0.6 43.0 Oct 2001 No Yes
JV -1.1 22.1 Mar 2002 No Yes
UME 0.9 30.1 Apr 2002 No Yes
INTI -4.5 14.1 Jul 2000 Yes No
NMIA 1.0 11.1 Nov 2000 Yes No
NRC 0.5 10.1 Mar 2001 Yes No
VNIIM -0.6 20.3 May 2001 Yes No
METAS -1.5 6.2 Aug 2001 Yes Yes
NIST 7.4 17.1 Jan 2002 Yes No
NIM -0.8 24.3 May 2002 Yes No
CMI 7.5 50.0 Dec 2002 No Yes
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Key comparison SIM.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 1 kHz

SLabi-sim: result of measurement carried out by laboratory i participant in SIM.EM-K9
Uiabi-sime expanded uncertainty (k = 2) of & ap i -sim
ULapi-sim- standard uncertainty (k = 1) of O api-sim
Lab i OLabi-sim ULabi-sim Date of

[ UVIV [ uVIV measurement
NIST 10 11.6 Jan to Feb 04
INTI 5.2 16 04 Mar to 16 Apr 04
INMETRO 5 18 28 Jun to 28 Jul 04
CENAM 5.7 15 07 to 24 Aug 04
NRC 6.7 10 Sep to Oct 04
Labi OLabi-siM Uiabi-sim Date of

[ uVIV | uWWIV measurement
UTE 4 11 18 May to 22 Jun 04

Key comparison APMP.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 1 kHz

Key comparison SIM.EM-K9.1

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 1 kHz

The BIPM key comparison database, February 2014

Measurement results of the participants in key comparison APMP.EM-K9 are
given in Table 3 of the Final Report. They were taken between 2000 and 2004.

Measurement results of the participants in key comparison SIM.EM-K9.1 are
given in Table IV of the Final Report. They were taken in 2012.
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Key comparisons CCEM-K9, EUROMET.EM-K9, SIM.EM-K9, APMP.EM-K9 and SIM.EM-K9.1
Key comparisons CCEM-K9 and EUROMET.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 1 kHz

The key comparison reference value, X , is computed as the weighted average of the adjusted values obtained by the CCEM-K9 participants. Its
expanded uncertainty is Ui = 2u g, where u is the standard uncertainty of the weighted average. All adjusted values from CCEM-K9 participants
have been taken into account in the calculation, except the value of AREPA, which is traceable to PTB.

Xr=0.2puVIV,Ug =31 pvivV

The degree of equivalence of laboratory i relative to the key comparison reference value is given by two terms:

D; = (x; - Xxg) and its expanded uncertainty U; at a 95 % level of confidence computed as explained on page 15 of the CCEM-K9 Final Report and on
page 12 of the EUROMET.EM-K9 Final Report, both expressed in pV/V.

The degree of equivalence between two laboratories i and j is given by two terms:

D =(D; -Dj) and its expanded uncertainty U;; at a 95 % level of confidence computed as explained in the Appendices 1 of the

CCEM-K9 Final Report and EUROMET.EM-K9 Final Report, both expressed in pVv/V.

The CCEM-K9 Matrix of equivalence is extended with degrees of equivalence between participants in EUROMET.EM-K®9.

Linking SIM.EM-K9 to CCEM-K9

INTI, NRC and NIST provide the link between key comparisons CCEM-K9 and SIM.EM-K?9.

The linkage process is described in section 11 of the SIM.EM-K9 Final Report.

The degree of equivalence of the laboratory i participant in SIM.EM-K9 with respect to the key

comparison reference value is given by a pair of terms both expressed in pVv/V:

D; and U;, its expanded uncertainty (k = 2).

The computation of the degrees of equivalence is explained in the SIM.EM-K9 Final Report.

The degree of equivalence between two laboratories i and j is not computed for the laboratories participant in key comparison SIM.EM-K9.

Linking APMP.EM-K9 to CCEM-K9

The linkage process is based on the results of the common participants, NMIA and PTB, and is detailed in Sections 8 and 9 of the APMP.EM-K9
Final Report. This makes it possible to extend the graph of equivalence to participants in APMP.EM-K9 only.
Pair-wise degrees of equivalence inside APMP.EM-K9 are given in Table 17 of the Final Report. They are not reported here.

Linking SIM.EM-K9.1 to CCEM-K9

The linkage process is based on the results of the common participant, the LNE, and is detailed in Section 9 of the SIM.EM-K9.1 Final Report. This
makes it possible to extend the graph of equivalence to INMETRO.
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Key comparisons CCEM-K9, EUROMET.EM-K9, SIM.EM-K9, APMP.EM-K9 and SIM.EM-K9.1

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 1 kHz

Degrees of equivalence

D; U;
L(RVIV) T (UVIV)

LNE 5.8 15.8

AREPA 4.5 20.9

NPL -0.5 12.7

SP 2.5 8.6

IEN -0.9 14.6

CEM -6.5 35.9

PTB -0.7 7.4

NMi-VSL 2.8 19.8 D, U,

INTI -4.7 13.8 [ (UVIV) | (UVIV)

NMIA 0.8 10.7 BEV 0.5 18.4

NRC 0.3 9.6 MIKES -0.1 10.6

VNIIM -0.8 20.1 INETI 13.5 32.1

METAS -1.7 54 OMH -0.8 43.1 bi U;

NIST 7.2 16.8 JV -1.3 22.3 [ (UVIV) [ (uVIV) D, U;

NIM -1.0 24.1 UME 0.7 30.3 UTE -2.3 24.8 I (UVIV) | (uVIV)

CMI 7.3 50.1 INMETRO -1.3 21.3 -5.1 22
CENAM -0.6 18.3 1.3 18

0.2 17
6.9 41
-0.6 22
2.3 25
0.6 14
1.3 14

Red: participants in CCEM-K9 -2.8 22

Green: participants in EUROMET.EM-K9 only

Blue: participants in SIM.EM-K9 only D, U,

: participants in APMP.EM-K9 [ (UVIV) [ (PVIV)
Brown: participant in SIM.EM-K9.1 only |INMETRO 3.6 | 20.9

The BIPM key comparison database, February 2014
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CCEM-K9, EUR.EM-K9, SIM.EM-K9&K9.1 and APMP.EM-K9, AC-DC transfer difference: 1000 V, 1 kHz
Degrees of equivalence, D; and expanded uncertainty U; (95 % level of confidence)

A
* L 2 A »

2 ¢ '|' [ | ¥

\.\J.\‘\ U L \I\ \A\‘\ \‘\fv_‘\ \!—v_.\ T \._v—!\-\

¢ ? n

w < 4 a =z m J E < O 0 = > n E I w = w n - O x 2
iz s anfoEsREZ220bZ00E338EERZ2S02F7Z5%2020¢8
Sow oz 0o >==22zZkFHZZoX z 5 5 0> F zZ0 0 ks Z 3 EZ 2 F
14 s > u s = W 0w S Y w
< = = = O 2 & =
Z = <

z

Red diamonds: participants in CCEM-K9 ; Green triangles: participants in EUROMET.EM-K9
Blue circles: participants in SIM.EM-K9 only ; Orange squares: participants in APMP.EM-K9 ; Brown square: participant in SIM.EM-K9.1 only

The BIPM key comparison database, February 2014
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Key comparisons CCEM-K9 and EUROMET.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 1 kHz

Matrix of Equivalence

Pair-wise degrees of equivalence involving participants in SIM.EM-K9 and
APMP.EM-K9 are not given here.

Lab j —>

Lab i LNE AREPA NPL SP IEN CEM
ﬂ D, U, D, U, D, U, D; U; D; U; D, U, D, U;
Tvyy Lvivy | L ravy ravy | rqvy rviy | vy rqvivy | vy vy | vy vy | vy viv)
LNE 5.8 15.8 13 | 266 6.3 20.8 3.3 185 6.7 22.0 12.3 39.5
AREPA 45 20.9 13 26.6 5.0 24.9 2.0 23.0 54 25.9 11.0 | 418
NPL 05 12.7 6.3 20.8 50 24.9 3.0 16.0 0.4 19.9 6.0 38.4
SP 2.5 8.6 3.3 185 2.0 23.0 3.0 16.0 3.4 17.5 9.0 37.2
IEN 0.9 14.6 6.7 22.0 54 25.9 0.4 19.9 34 175 5.6 39.0

CEM 65 35.9 123 | 395 | -11.0 | 418 6.0 38.4 9.0 37.2 56 39.0

PTB 0.7 74 65 18.0 52 196 0.2 15.4 32 12.2 0.2 17.0 58 36.9
NMi-VSL 2.8 19.8 3.0 25.7 1.7 20.1 3.3 24.0 0.3 22.0 3.7 25.0 9.3 712
INTI 47 13.8 105 | 215 9.2 25.4 42 19.3 72 16.8 38 20.6 18 38.7
NMIA 0.8 10.7 5.0 19.6 3.7 23.9 13 17.2 1.7 14.4 17 18.6 7.3 37.7
NRC 0.3 9.6 55 19.1 42 23.4 0.8 16.6 22 13.6 12 8.1 6.8 37.4
VNIV 038 20.1 6.6 26.0 53 29.3 0.3 24.2 33 22.3 0.1 25.2 5.7 114
METAS -1.7 54 -7.5 17.3 -6.2 22.0 -1.2 14.5 -4.2 11.1 -0.8 16.2 4.8 36.6
NIST 7.2 16.8 14 23.5 2.7 27.2 77 21.6 4.7 19.4 8.1 22.7 13.7 | 39.9
NIM 1.0 24.1 6.8 29.2 55 32.2 05 27.7 35 26.0 0.1 28.6 55 43.5
BEV 05 18.4 53 243 2.0 27.8 1.0 22.4 2.0 20.3 14 235 7.0 70.3
MIKES 0.1 10.6 59 19.1 46 23.4 0.4 16.6 26 13.6 0.8 18.1 6.4 37.4
INETI 135 32.1 7.7 35.9 9.0 38.4 14.0 34.6 11.0 33.3 4.4 35.3 200 | 482
OMH 038 43.1 6.6 6.0 53 47.9 0.3 5.0 33 44.0 0.1 5.6 57 56.1
IV 13 22.3 71 27.4 58 30.6 038 25.7 38 24.0 0.4 26.7 52 42.3
UME 0.7 30.3 51 34.2 38 36.8 12 32.9 18 315 16 33.6 7.2 47.0
CMI 7.3 50.1 15 52.6 2.8 54.3 78 51.7 7.8 50.9 8.2 52.2 13.8 61.7
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Key comparisons CCEM-K9 and EUROMET.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 1 kHz

Matrix of Equivalence (Continued)

Lab j —>
Lab i PTB NMi-VSL INTI NMIA NRC VNIIM

ﬂ D, U, D, U, D, U, D; U; D; U; D, U, D, U;

Tvyy Lvivy | L ravy ravy | rqvy rviy | vy rqvivy | vy vy | vy vy | vy viv)

LNE 5.8 15.8 6.5 18.0 3.0 25.7 10.5 215 5.0 19.6 55 19.1 6.6 26.0
AREPA 45 20.9 5.2 196 17 20.1 9.2 25.4 3.7 23.9 .2 23.4 53 29.3
NPL 05 12.7 0.2 15.4 33 24.0 4.2 19.3 13 7.2 038 16.6 0.3 24.2
SP 25 8.6 3.2 12.2 0.3 22.0 7.2 16.8 17 4.4 2.2 13.6 3.3 22.3
IEN 0.9 14.6 0.2 7.0 3.7 25.0 3.8 20.6 1.7 18.6 12 8.1 0.1 25.2
CEM 65 35.9 58 36.9 03 41.0 18 38.7 73 37.7 6.8 37.4 5.7 11.4
PTB 0.7 74 35 21.6 2.0 16.3 15 13.7 10 12.9 0.1 21.9
NMi-VSL 2.8 19.8 35 216 75 245 2.0 22.9 2.5 225 3.6 285
INTI -4.7 13.8 -4.0 16.3 -7.5 24.5 -55 18.0 -5.0 17.4 -3.9 24.8
NMIA 0.8 10.7 15 13.7 2.0 22.9 55 18.0 0.5 5.1 16 23.2
NRC 0.3 9.6 10 12.9 25 22.5 5.0 17.4 05 15.1 11 22.7
VNIIM 038 20.1 0.1 21.9 36 285 3.9 24.8 16 23.2 11 22.7
METAS -1.7 54 -1.0 10.2 -4.5 21.0 3.0 15.5 -2.5 12.8 -2.0 11.9 -0.9 21.3
NIST 7.2 16.8 7.9 8.9 4.4 26.4 11.9 22.2 6.4 20.4 6. 19.9 8.0 26.6
NIM 1.0 24.1 0.3 25.6 38 31.5 3.7 28.1 18 26.8 13 26.4 0.2 3L.7
BEV 05 18.4 12 19.8 23 27.0 - - - - - - - -
MIKES 0.1 10.6 0.6 12.9 29 225 - - - - - - - -
INETI 135 32.1 14.2 33.0 10.7 37.8 - - - - - - - -
OMH 038 43.1 0.1 43.8 36 475 - - - - - - - -
IV 13 22.3 06 23.6 41 29.9 - - - - - - - -
UME 0.7 30.3 14 31.2 21 36.2 - - - - - - - -
CMI 7.3 50.1 8.0 50.7 45 53.9 - - - - - - - -
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Key comparisons CCEM-K9 and EUROMET.EM-K9

MEASURAND : AC-DC transfer difference

VOLTAGE : 1000 V
FREQUENCY : 1 kHz

Matrix of Equivalence (Continued)

Lab j —>
Lab i METAS NIST NIM BEV MIKES INETI
ﬂ D, U, D, U, D, U, D; U; D; U; D, U, D, U;
vy Lvvy | L rwvy ravy | rqvyy rviy | raviyy rqvivy | vy vy | vy vy | vy aviv)
LNE 5.8 15.8 75 17.3 14 23.5 6.8 29.2 5.3 24.3 5.9 19.1 77 35.9
AREPA 45 20.9 6.2 22.0 2.7 27.2 55 32.0 2.0 27.8 4.6 23.4 9.0 38.4
NPL 05 12.7 12 14.5 77 216 0.5 27.7 1.0 22.4 0.4 166 | -140 | 346
SP 25 8.6 4.2 1.1 47 194 3.5 26.0 2.0 20.3 2.6 13.6 | -11.0 | 33.3
IEN 0.9 14.6 0.8 16.2 8.1 22.7 0.1 28.6 14 23.5 08 181 | -144 | 353
CEM 65 35.9 43 366 | -13.7 | 39.9 S5 43.5 7.0 0.3 6.4 374 | 200 | 482
PTB 0.7 74 10 10.2 7.9 18.9 0.3 25.6 12 198 06 129 | 142 | 330
NMi-VSL 2.8 19.8 75 21.0 W 26.4 3.8 315 2.3 27.0 2.9 225 | -10.7 | 378
INTI -4.7 13.8 -3.0 15.5 -11.9 22.2 -3.7 28.1 - - - - - -
NMIA 0.8 10.7 2.5 12.8 6.4 20.4 18 26.8 - - - - - -
NRC 0.3 9.6 2.0 11.9 6.9 19.9 13 26.4 - - - - - -
VNIIM 038 20.1 0.9 213 8.0 26.6 0.2 31.7 - - - - - -
METAS -1.7 54 -8.9 18.2 -0.7 25.1 -2.2 19.2 -1.6 11.9 -15.2 32.6
NIST 7.2 16.8 8.9 18.2 8.2 29.8 - - - - - -
NIM 1.0 24.1 0.7 25.1 82 | 298 - - - - - -
BEV 05 18.4 2.2 19.2 - - - - 0.6 208 | -13.0 | 36.8
MIKES 0.1 10.6 16 11.9 - - - - 06 20.8 136 | 33.6
INETI 135 32.1 15.2 32.6 - - - - 13.0 36.8 13.6 33.6
OMH 038 43.1 0.9 43.5 - - - - 13 46.7 0.7 242 | 143 | 53.7
IV 13 22.3 0.4 23.0 - - - - 18 28.6 12 243 | -148 | 389
UME 0.7 30.3 2.4 30.8 - - - - 0.2 35.2 0.8 318 | 128 | 440
CMI 7.3 50.1 9.0 50.4 - - - - 6.8 53.2 74 51.1 6.2 59.4
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Key comparisons CCEM-K9 and EUROMET.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 1 kHz

Matrix of Equivalence (Continued)

Lab j —>
Lab i OMH JV UME CMI

ﬂ D, U, D, U, D, U, D; U; D; U;

vy Lvivy | L rwvy rvy | rqvy vy | vy T vy | vy vivy

LNE 5.8 15.8 6.6 46.0 71 27.4 51 34.0 15 52.6
AREPA 45 20.9 5.3 47.9 53 30.6 3.8 36.8 238 54.3
NPL 05 12.7 0.3 5.0 0.8 25.7 12 32.9 78 51.7
SP 2.5 8.6 3.3 44.0 3.8 24.0 18 31.5 438 50.9
IEN 0.9 14.6 0.1 756 0.4 26.7 16 33.6 8.2 52.2
CEM 65 35.9 5.7 56.1 5.2 42.3 72 470 | -138 | 6L7
PTB 0.7 74 0.1 43.8 0.6 23.6 14 31.0 8.0 50.7
NMi-VSL 2.8 19.8 3.6 475 7.1 29.9 2.1 36.2 45 53.
INTI -4.7 13.8 - - - - - - - -
NMIA 0.8 10.7 - - - - - - - -
NRC 0.3 9.6 - - - - - - - -
VNIV 038 20.1 - - - - - - - -
METAS -1.7 54 -0.9 43.5 -0.4 23.0 -2.4 30.8 -9.0 50.4
NIST 7.2 16.8 - - - - - - - -
NIM 1.0 24.1 - - - - - - - -
BEV 05 18.4 1.3 76.7 18 28.6 0.2 35.2 6.8 53.2
MIKES -0.1 10.6 0.7 44.2 1.2 24.3 -0.8 31.8 -7.4 51.1
INETI 135 32.1 14.3 53.7 14.8 38.9 12.8 44.0 6.2 59.4
OMH 038 43.1 05 48.4 15 52.5 81 66.0
IV 13 22.3 05 438.4 2.0 37.4 86 54.7
UME 0.7 30.3 1.5 52.5 2.0 37.4 -6.6 58.4
CMI 7.3 50.1 8.1 66.0 8.6 54.7 66 | 584

The BIPM key comparison database, February 2014
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Key comparisons CCEM-K9, EUROMET.EM-K9, SIM.EM-K9 and APMP.EM-K9
Key comparisons CCEM-K9 and EUROMET.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V

FREQUENCY : 10 kHz

X adjusted value of the measurement reported by laboratory i (see on page 13 of the CCEM-K9 Final Report and on page 11 of
the EUROMET.EM-K9 Final Report)

Uiab i expanded uncertainty of x; at a 95 % level of confidence
Lab i X ULap i Date of Participant in
[ (UVIV) | 1 (UVIV) measurement CCEM-K9 EUROMET.EM-K9

LNE -1.0 35.0 Feb 2000 Yes Yes
BEV 0.9 20.1 Apr 2000 No Yes
MIKES -9.1 10.0 May 2000 No Yes
INETI 22.9 40.0 Jun 2000 No Yes
AREPA 1.9 21.1 Jul 2000 Yes Yes
NPL -5.1 13.1 Aug 2000 Yes Yes
SP 0.9 10.1 Sep 2000 Yes Yes
IEN -4.9 15.3 Oct 2000 Yes Yes
CEM -2.1 40.0 Nov 2000 Yes Yes
PTB -3.8 8.0 Jan 2001 Yes Yes
NMi-VSL -3.1 20.0 May 2001 Yes Yes
OMH 1.0 52.0 Oct 2001 No Yes
JV -2.8 24.1 Mar 2002 No Yes
UME 1.2 30.1 Apr 2002 No Yes
INTI -4.6 16.1 Jul 2000 Yes No
NMIA 0.4 14.1 Nov 2000 Yes No
NRC 1.4 10.1 Mar 2001 Yes No
VNIIM -3.0 20.7 May 2001 Yes No
METAS -4.0 7.2 Aug 2001 Yes Yes
NIST 1.6 17.1 Jan 2002 Yes No
NIM -1.7 24.5 May 2002 Yes No
CMI 0.4 50.0 Dec 2002 No Yes
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Key comparison SIM.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 10 kHz

SLabi-siv: result of measurement carried out by laboratory i participant in SIM.EM-K9
Uiabi-siv: expanded uncertainty (k =2) of & api-sim
ULabi-sim: standard uncertainty (k = 1) of & ap i -sim
Lab i OLabi-sim | ULabi-sim Date of

[ UV [ UV measurement
NIST 4 11.7 Jan to Feb 04
INTI 3.2 20 04 Mar to 16 Apr 04
INMETRO 0 18 28 Jun to 28 Jul 04
CENAM 4.2 15 07 to 24 Aug 04
NRC 2.9 10 Sep to Oct 04
Lab i OLabi-sim | ULabi-sim Date of

[ WV [ WINV measurement
UTE 10 12 18 May to 22 Jun 04

Key comparison APMP.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 10 kHz

The BIPM key comparison database, February 2014

Measurement results of the participants in key comparison APMP.EM-K9
are given in Table 3 of the Final Report. They were taken between 2000 and
2004.
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Key comparisons CCEM-K9, EUROMET.EM-K9, SIM.EM-K9 and APMP.EM-K9
Key comparisons CCEM-K9 and EUROMET.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 10 kHz

The key comparison reference value, X , is computed as the weighted average of the adjusted values obtained by the CCEM-K9 participants. Its
expanded uncertainty is Ui = 2u g, where u is the standard uncertainty of the weighted average. All adjusted values from CCEM-K9 participants
have been taken into account in the calculation, except the value of AREPA, which is traceable to PTB.

Xg=2.3 W/, Ug=34puviv

The degree of equivalence of laboratory i relative to the key comparison reference value is given by two terms:

D; = (x; - Xxg) and its expanded uncertainty U; at a 95 % level of confidence computed as explained on page 15 of the CCEM-K9 Final Report and on
page 12 of the EUROMET.EM-K9 Final Report, both expressed in pV/V.

The degree of equivalence between two laboratories i and j is given by two terms:

D =(D; -Dj) and its expanded uncertainty U;; at a 95 % level of confidence computed as explained in the Appendices 1 of the

CCEM-K9 Final Report and EUROMET.EM-K9 Final Report, both expressed in pVv/V.

The CCEM-K9 Matrix of equivalence is extended with degrees of equivalence between participants in EUROMET.EM-K®9.

Linking SIM.EM-K9 to CCEM-K9

INTI, NRC and NIST provide the link between key comparisons CCEM-K9 and SIM.EM-K9.

The linkage process is described in section 11 of the SIM.EM-K9 Final Report.

The degree of equivalence of the laboratory i participant in SIM.EM-K9 with respect to the key

comparison reference value is given by a pair of terms both expressed in pVv/V:

D; and U, its expanded uncertainty (k = 2).

The computation of the degrees of equivalence is explained in the SIM.EM-K9 Final Report.

The degree of equivalence between two laboratories i and j is not computed for the laboratories participant in key comparison SIM.EM-K9.

Linking APMP.EM-K9 to CCEM-K9

The linkage process is based on the results of the common participants, NMIA and PTB, and is detailed in Sections 8 and 9 of the APMP.EM-K9
Final Report. This makes it possible to extend the graph of equivalence to participants in APMP.EM-K9 only.
Pair-wise degrees of equivalence inside APMP.EM-K9 are given in Table 18 of the Final Report. They are not reported here.
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Key comparisons CCEM-K9, EUROMET.EM-K9, SIM.EM-K9 and APMP.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 10 kHz

Degrees of equivalence

D; U,
[(UVV) [ (UVIV)

LNE 1.3 34.8

AREPA 4.2 20.8

NPL -2.8 12.7

SP 3.2 9.5

IEN -2.6 14.9

CEM 0.2 39.9

PTB -1.5 7.2

NMi-VSL -0.8 19.7 D, U,

INTI -2.3 15.7 [ (UVIV) | (UVIV)

NMIA 2.7 13.7 BEV 3.2 20.4

NRC 3.7 9.5 MIKES -6.8 10.6

VNIIM -0.7 20.4 INETI 25.2 40.1

METAS -1.7 6.3 OMH 3.3 52.1 D, U,

NIST 3.9 16.8 JV -0.5 24.3 [ (UVIV) | (UVIV) D, U,

NIM 0.6 24.3 UME 35 30.3 UTE 9.7 26.7 [ (UVIV) | (UVIV)

CMI 2.7 50.1 INMETRO -0.3 21.5 -8.4 22
CENAM 3.9 18.5 -4.1 20

1.8 19
12.8 41
-1.4 22
0.9 25
2.1 15
1.4 14

Red: participants in CCEM-K9 2.1 22

Green: participants in EUROMET.EM-K9 only
Blue: participants in SIM.EM-K9 only
. participants in APMP.EM-K9

The BIPM key comparison database, February 2014
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Key comparisons CCEM-K9 and EUROMET.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V

FREQUENCY : 10 kHz

Matrix of Equivalence

Pair-wise degrees of equivalence involving participants in SIM.EM-K9 and
APMP.EM-K9 are not given here.

Lab j —>

Lab i LNE AREPA NPL SP IEN CEM
ﬂ D, U, D, U, D, U, D; U; D; U; D, U, D, U;
Tvyy Lvivy | L ravy ravy | rqvy rviy | vy rqvivy | vy vy | vy vy | vy viv)
LNE 13 34.8 29 | 409 4.1 37.4 1.9 36.5 3.9 38.2 11 53.2
AREPA .2 20.8 2.9 20.9 7.0 24.9 10 23.4 6.8 26.1 4.0 453
NPL 238 12.7 41 374 7.0 249 6.0 16.6 0.2 20.2 3.0 721
SP 3.2 95 1.9 36.5 1.0 23.4 6.0 16.6 5.8 18.4 3.0 713
IEN 256 4.9 3.9 38.2 6.8 26.1 0.2 20.2 ) 18.4 238 42.9

CEM 0.2 39.9 11 53.2 2.0 453 3.0 42.1 3.0 71.3 2.8 42.9

PTB 15 72 238 36.0 5.7 196 13 15.4 47 12.9 11 17.3 17 20.8
NMi-VSL 038 19.7 21 20.4 50 20.1 2.0 24.0 2.0 225 18 25.2 10 748
INTI 23 15.7 36 38.6 6.5 26.6 0.5 20.8 55 19.1 0.3 22.3 25 43.2
NMIA 2.7 13.7 14 37.8 15 25.4 55 19.3 05 17.4 5.3 20.9 25 42.5
NRC 3.7 95 2.4 36.5 05 23.4 6.5 16.6 05 14.3 6.3 18.4 35 713
VNIIM 0.7 20.4 2.0 20.7 29 29.6 2.1 245 3.9 23.1 1.9 25.8 0.9 5.1
METAS -1.7 6.3 -3.0 35.8 -5.9 22.3 1.1 15.0 -4.9 12.5 0.9 17.0 -1.9 40.7
NIST 3.9 16.8 2.6 39.0 0.3 27.2 6.7 21.6 0.7 19.9 6.5 23.0 3.7 43.6
NIM 0.6 24.3 0.7 42.8 36 32.4 3.4 27.8 256 26.6 3.2 28.9 0.4 47.0
BEV 3.2 20.4 1.9 70.4 10 29.2 6.0 24.0 0.0 22.5 5.8 25.3 3.0 14.8
MIKES 6.8 10.6 81 365 | -11.0 | 234 2.0 165 | -100 | 143 42 18.3 7.0 713
INETI 25.2 0.1 23.9 53.2 21.0 453 28.0 42.1 22.0 71.3 27.8 42.9 25.0 56.6
OMH 3.3 52.1 2.0 62.7 0.9 56.2 6.1 53.7 0.1 53.0 5.9 54.3 3.1 65.7
IV 05 24.3 18 425 4.7 32.1 2.3 275 3.7 26.2 2.1 28.6 0.7 46.7
UME 35 30.3 2.2 16.2 0.7 36.8 6.3 32.9 0.3 31.8 6.1 33.8 3.3 50.1
CMI 2.7 50.1 14 61.1 15 54.3 55 51.7 05 51.1 5.3 52.3 25 64.1
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Key comparisons CCEM-K9 and EUROMET.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V

FREQUENCY : 10 kHz

Matrix of equivalence (Continued)

Lab j —>
Lab i PTB NMi-VSL INTI NMIA NRC VNIIM
ﬂ D, U, D, U, D, U, D; U; D; U; D, U, D, U;
Tvyy Lvivy | L ravy ravy | rqvy rviy | vy rqvivy | vy vy | vy vy | vy viv)
LNE 13 34.8 2.8 36.0 21 40.4 3.6 38.6 14 37.8 24 36.5 2.0 40.7
AREPA .2 20.8 5.7 196 5.0 20.1 6.5 26.6 15 25.4 05 23.4 2.9 29.6
NPL 238 12.7 13 15.4 2.0 24.0 05 20.8 55 19.3 65 16.6 21 24.5
SP 3.2 9.5 4.7 12.9 4.0 22.5 55 19.1 0.5 17.4 -0.5 14.3 3.9 23.1
IEN 256 4.9 11 17.3 18 25.2 0.3 22.3 53 20.9 6.3 18.4 19 25.8
CEM 0.2 39.9 17 70.8 1.0 44.8 25 43.2 25 42.5 35 71.3 0.9 5.1
PTB 15 72 0.7 21.6 0.8 18.0 42 16.3 52 12.9 08 22.2
NMi-VSL 038 19.7 0.7 216 15 25.7 35 245 45 225 0.1 28.8
INTI -2.3 15.7 -0.8 18.0 -1.5 25.7 -5.0 21.5 -6.0 19.1 -1.6 26.3
NMIA 2.7 13.7 4.2 16.3 35 24.5 5.0 215 1.0 17.4 3.4 25.1
NRC 3.7 95 5.2 12.9 45 22.5 6.0 19.1 10 17.4 4.4 23.1
VNIIM 0.7 20.4 0.8 22.2 0.1 28.8 16 26.3 3.4 25.1 4.4 23.1
METAS -1.7 6.3 -0.2 10.8 -0.9 21.3 0.6 17.7 -4.4 15.9 54 12.5 -1.0 22.0
NIST 3.9 16.8 54 8.9 4.7 26.4 6.2 23.5 12 22.2 0.2 19.9 1.6 26.9
NIM 0.6 24.3 2.1 25.8 14 31.7 2.9 29.4 21 28.3 3.1 26.6 13 32.1
BEV 3.2 20.4 7.7 21.7 7.0 28.4 - - - - - - - -
MIKES 6.8 10.6 53 12.9 6.0 22.4 - - - - - - - -
INETI 25.2 0.1 26.7 0.8 26.0 44.8 - - - - - - - -
OMH 3.3 52.1 2.8 52.7 7.1 55.8 - - - - - - - -
IV 05 24.3 10 25.4 0.3 31.4 - - - - - - - -
UME 35 30.3 5.0 31.2 4.3 36.2 - - - - - - - -
CMI 2.7 50.1 4.2 50.7 35 53.9 - - - - - - - -
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Key comparisons CCEM-K9 and EUROMET.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V

FREQUENCY : 10 kHz

Matrix of equivalence (Continued)

Lab j —>
Lab i METAS NIST NIM BEV MIKES INETI

ﬂ D, U, D, U, D, U, D; U; D; U; D, U, D, U;

vy Lvvy | L rwvy ravy | rqvyy rviy | raviyy rqvivy | vy vy | vy vy | vy aviv)

LNE 13 34.8 3.0 35.8 26 39.0 0.7 42.8 19 40.4 8.1 365 | -239 | 532
AREPA .2 20.8 5.9 22.3 0.3 27.2 36 32.4 10 29.2 11.0 234 | 210 | 453
NPL 238 12.7 11 15.0 6.7 216 3.4 27.8 6.0 24.0 7.0 165 | 280 | 421
SP 3.2 95 7.9 12.5 0.7 19.9 2.6 26.6 0.0 225 10.0 43 | 220 | 413
IEN 256 4.9 0.9 7.0 6.5 23.0 3.2 28.9 58 25.3 4.2 183 | -27.8 | 42.9
CEM 0.2 39.9 19 0.7 3.7 43.6 0.4 47.0 3.0 44.8 7.0 213 | 250 | 566
PTB 15 72 0.2 10.8 54 18.9 21 25.8 47 21.7 5.3 129 | 26.7 | 408
NMi-VSL 038 19.7 0.9 213 47 26.4 14 317 2.0 28.4 6.0 224 | 260 | 448
INTI 23 15.7 06 7.7 6.2 235 29 20.4 - - - - - -
NMIA 2.7 13.7 7.4 15.9 12 22.2 2.1 28.3 - - - - - -
NRC 3.7 95 54 125 0.2 19.9 31 26.6 - - - - - -
VNIIM 0.7 20.4 1.0 22.0 26 26.9 13 32.1 - - - - - -
METAS -1.7 6.3 -5.6 18.6 -2.3 25.6 -4.9 21.4 51 12.4 -26.9 40.7
NIST 3.9 16.8 5.6 18.6 3.3 29.9 - - - - - -
NIM 0.6 24.3 2.3 25.6 3.3 | 299 - - - - - -
BEV 3.2 20.4 7.9 214 - - - - 10.0 225 | 220 | 448
MIKES 6.8 10.6 51 12.4 - - - - 100 | 225 320 | 413
INETI 25.2 0.1 26.9 20.7 - - - - 22.0 44.8 32.0 71.3
OMH 3.3 52.1 5.0 52.5 - - - - 0.1 55.8 10.1 530 | 219 | 657
IV 05 24.3 12 25.2 - - - - 3.7 31.4 6.3 261 | -25.7 | 46.7
UME 35 30.3 5.2 31.0 - - - - 0.3 36.2 10.3 318 | 2.7 | 50.1
CMI 2.7 50.1 7.4 50.6 - - - - 05 53. 95 51.0 | 225 | 64.1

The BIPM key comparison database, February 2014

17/45



Key comparisons CCEM-K9 and EUROMET.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V

FREQUENCY : 10 kHz

Matrix of equivalence (Continued)

Lab j —>
Lab i OMH JV UME CMI

ﬂ D, U, D, U, D, U, D; U; D; U;

vy Lvivy | L rwvy rvy | rqvy vy | vy T vy | vy vivy

LNE 13 34.8 2.0 62.7 18 42.5 22 46.2 14 61.1
AREPA .2 20.8 0.9 56.2 7.7 32.1 0.7 36.8 15 54.3
NPL 238 12.7 6.1 53.7 23 275 6.3 32.9 55 51.7
SP 3.2 95 0.1 53.0 3.7 26.2 0.3 31.8 05 51.1
IEN 256 4.9 5.9 54.3 2.1 28.6 6.1 33.8 53 52.3
CEM 0.2 39.9 3.1 65.7 0.7 46.7 3.3 50.1 25 64.1
PTB 15 72 43 52.7 10 25.4 50 31.0 42 50.7
NMi-VSL 038 19.7 41 55.8 0.3 31.4 43 36.2 35 53.
INTI -2.3 15.7 - - - - - - - -
NMIA 2.7 13.7 - - - - - - - -
NRC 3.7 95 - - - - - - - -
VNIV 0.7 20.4 - - - - - - - -
METAS -1.7 6.3 -5.0 52.5 -1.2 25.2 -5.2 31.0 -4.4 50.6
NIST 3.9 16.8 - - - - - - - -
NIM 0.6 24.3 - - - - - - - -
BEV 3.2 20.4 0.1 55.8 3.7 31.4 0.3 36.2 05 53.9
MIKES 6.8 10.6 101 | 53.0 6.3 261 | -103 | 318 95 51.0
INETI 25.2 0.1 21.9 65.7 25.7 46.7 21.7 50.1 22.5 64.1
OMH 3.3 52.1 3.8 57.4 0.2 60.1 0.6 72.2
IV 05 24.3 38 57.4 2.0 38.6 32 55.6
UME 35 30.3 0.2 60.1 4.0 38.6 0.8 58.4
CMI 2.7 50.1 06 72.2 3.2 55.6 08 | 584
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Key comparisons CCEM-K9, EUROMET.EM-K9, SIM.EM-K9, APMP.EM-K9 and SIM.EM-K9.1
Key comparisons CCEM-K9 and EUROMET.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V

FREQUENCY : 20 kHz

X adjusted value of the measurement reported by laboratory i (see on page 13 of the CCEM-K9 Final Report and on page 11 of
the EUROMET.EM-K9 Final Report)

Uia i expanded uncertainty of x; at a 95 % level of confidence
Lab i X ULap i Date of Participant in
[ (UWVIV) | | (UVIV) measurement CCEM-K9 EUROMET.EM-K9

LNE -8.0 35.0 Feb 2000 Yes Yes
BEV 0.1 24.1 Apr 2000 No Yes
MIKES -16.8 10.9 May 2000 No Yes
INETI 29.1 52.0 Jun 2000 No Yes
AREPA 0.1 26.0 Jul 2000 Yes Yes
NPL -10.9 23.1 Aug 2000 Yes Yes
SP -2.9 11.1 Sep 2000 Yes Yes
IEN -11.8 25.1 Oct 2000 Yes Yes
CEM -6.9 44.0 Nov 2000 Yes Yes
PTB -7.2 8.0 Jan 2001 Yes Yes
NMi-VSL -10.1 25.0 May 2001 Yes Yes
OMH -20.6 80.0 Oct 2001 No Yes
JV -7.6 28.0 Mar 2002 No Yes
UME -0.6 40.0 Apr 2002 No Yes
INTI -10.2 20.0 Jul 2000 Yes No
NMIA -2.2 16.1 Nov 2000 Yes No
NRC 0.8 10.1 Mar 2001 Yes No
VNIIM -10.1 32.4 May 2001 Yes No
METAS -6.8 7.1 Aug 2001 Yes Yes
NIST 0.5 16.3 Jan 2002 Yes No
NIM -3.8 29.2 May 2002 Yes No
CMI -1.2 62.0 Dec 2002 No Yes
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Key comparison SIM.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 20 kHz

SLabi-sim: result of measurement carried out by laboratory i participant in SIM.EM-K9
Uiabi-sime expanded uncertainty (k = 2) of | ap i -sim
ULabi-siv: standard uncertainty (k = 1) of & api-sm
Lab i OLabi-sM Uiabi-sim Date of

[ uVIV [ UV measurement
NIST 1 14.1 Jan to Feb 04
INTI 6.1 33 04 Mar to 16 Apr 04
INMETRO -2 18 28 Jun to 28 Jul 04
CENAM 3.9 17 07 to 24 Aug 04
NRC -2.2 10 Sep to Oct 04
Lab i OLabi-sM ULabi-siM Date of

[ uVIV [ UV measurement
UTE 11 11 18 May to 22 Jun 04

Key comparison APMP.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 20 kHz

Key comparison SIM.EM-K9.1

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 20 kHz

The BIPM key comparison database, February 2014

Measurement results of the participants in key comparison APMP.EM-K9 are given
in Table 3 of the Final Report. They were taken between 2000 and 2004.

Measurement results of the participants in key comparison SIM.EM-K9.1 are given
in Table IV of the Final Report. They were taken in 2012.
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Key comparisons CCEM-K9, EUROMET.EM-K9, SIM.EM-K9, APMP.EM-K9 and SIM.EM-K9.1
Key comparisons CCEM-K9 and EUROMET.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 20 kHz

The key comparison reference value, X g, is computed as the weighted average of the adjusted values obtained by the CCEM-K9 participants. Its
expanded uncertainty is Ug = 2u g, where u i is the standard uncertainty of the weighted average. All adjusted values from CCEM-K9 participants
have been taken into account in the calculation, except the value of AREPA, which is traceable to PTB.

Xgr =-5.2 uV/IV, U = 3.7 pVIV

The degree of equivalence of laboratory i relative to the key comparison reference value is given by two terms:

D, =(x; - Xg) and its expanded uncertainty U; at a 95 % level of confidence computed as explained on page 15 of the CCEM-K9 Final Report and on
page 12 of the EUROMET.EM-K9 Final Report, both expressed in pV/V.

The degree of equivalence between two laboratories i and j is given by two terms:

Dj =(D; - Dj) and its expanded uncertainty U;; at a 95 % level of confidence computed as explained in the Appendices 1 of the

CCEM-K9 Final Report and EUROMET.EM-K9 Final

The CCEM-K9 Matrix of equivalence is extended with degrees of equivalence between participants in EUROMET.EM-K9.

Linking SIM.EM-K9 to CCEM-K9

INTI, NRC and NIST provide the link between key comparisons CCEM-K9 and SIM.EM-K®9.

The linkage process is described in section 11 of the SIM.EM-K9 Final Report.

The degree of equivalence of the laboratory i participant in SIM.EM-K9 with respect to the key

comparison reference value is given by a pair of terms both expressed in pVv/V:

D; and U;, its expanded uncertainty (k = 2).

The computation of the degrees of equivalence is explained in the SIM.EM-K9 Final Report.

The degree of equivalence between two laboratories i and j is not computed for the laboratories participant in key comparison SIM.EM-K9.

Linking APMP.EM-K9 to CCEM-K9

The linkage process is based on the results of the common participants, NMIA and PTB, and is detailed in Sections 8 and 9 of the APMP.EM-K9
Final Report. This makes it possible to extend the graph of equivalence to participants in APMP.EM-K9 only.
Pair-wise degrees of equivalence inside APMP.EM-K9 are given in Table 19 of the Final Report. They are not reported here.

Linking SIM.EM-K9.1 to CCEM-K9

The linkage process is based on the results of the common participant, the LNE, and is detailed in Section 9 of the SIM.EM-K9.1 Final Report. This
makes it possible to extend the graph of equivalence to INMETRO.
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Key comparisons CCEM-K9, EUROMET.EM-K9, SIM.EM-K9, APMP.EM-K9 and SIM.EM-K9.1

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 20 kHz

Degrees of equivalence

D; U;
L(RVIV) T (UVIV)

LNE -2.8 34.8

AREPA 5.3 25.7

NPL -5.7 22.8

SP 2.3 10.5

IEN -6.6 24.8

CEM -1.7 43.8

PTB -2.0 7.1

NMi-VSL -4.9 24.7 D, U,

INTI -5.0 19.7 [ (UVIV) | (UVIV)

NMIA 3.0 15.7 BEV 5.3 24.4

NRC 6.0 9.4 MIKES -11.6 11.5

VNIIM -4.9 32.2 INETI 34.3 52.1

METAS -1.6 6.1 OMH -154 80.1 bi U;

NIST 5.7 15.9 JV -2.4 28.2 [ (UVIV) [ (uVIV) D, U;

NIM 14 29.0 UME 4.6 40.2 UTE 17.2 25.2 I (UVIV) | (uVIV)

CMI 4.0 62.1 INMETRO 4.2 21.8 -15.1 28
CENAM 10.1 20.3 -5.1 31

1.4 21
13.9 41
-9.4 28
-1.1 30
-9.1 26
1.9 16

Red: participants in CCEM-K9 -4.1 22

Green: participants in EUROMET.EM-K9 only

Blue: participants in SIM.EM-K9 only D, U,

: participants in APMP.EM-K9 [ (UVIV) [ (PVIV)
Brown: participant in SIM.EM-K9.1 only |INMETRO 0.5 | 37.8
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CCEM-K9, EUR.EM-K9, SIM.EM-K9&K9.1 and APMP.EM-K9 AC-DC transfer difference: 1000 V, 20 kHz
Degrees of equivalence, D, and expanded uncertainty U; (95 % level of confidence)
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Red diamonds: participants in CCEM-K9 ; Green triangles: participants in EUROMET.EM-K9
Blue circles: participants in SIM.EM-K9 only ; Orange squares: participants in APMP.EM-K9 ; Brown square: participant in SIM.EM-K9.1 only
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Key comparisons CCEM-K9 and EUROMET.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V

FREQUENCY : 20 kHz

Matrix of Equivalence

Pair-wise degrees of equivalence involving participants in SIM.EM-K9 and
APMP.EM-K9 are not given here.

Lab j —>
Lab i LNE AREPA NPL SP IEN CEM
ﬂ D, U, D, U, D, U, D; U; D; U; D, U, D, U;
Tvyy Lvivy | L ravy ravy | rqvy rviy | vy rqvivy | vy vy | vy vy | vy viv)
LNE 238 34.8 81 | 43.7 2.9 42.0 51 36.8 3.8 43.1 11 56.3
AREPA 5.3 25.7 8.1 43.7 11.0 34.8 3.0 28.3 11.9 36.2 7.0 51.2
NPL 5.7 228 29 220 | -110 | 348 8.0 25.7 0.9 34.2 2.0 49.7
SP 2.3 105 5.1 36.8 3.0 28.3 8.0 25.7 8.9 275 7.0 454
IEN 6.6 24.8 38 431 | -11.9 | 362 0.9 34.2 8.9 27.5 29 50.7
CEM 1.7 43.8 11 56.3 7.0 51.0 2.0 29.7 2.0 454 7.9 50.7
PTB 2.0 71 0.8 36.0 73 24.8 3.7 24.5 23 13.7 4.6 26.4 0.3 44.8
NMi-VSL 29 24.7 21 231 | -102 | 361 0.8 341 72 274 17 355 32 50.7
INTI 5.0 19.7 22 204 | -103 | 329 0.7 30.6 73 22.9 16 32.1 33 48.4
NMIA 3.0 15.7 5.8 38.6 23 30.6 8.7 28.2 0.7 19.6 9.6 29.9 4.7 76.9
NRC 6.0 9.4 8.8 36.5 0.7 27.9 11.7 25.3 3.7 15.1 12.6 27.1 7.7 5.0
VNIIM 29 32.2 21 277 | 102 | 416 0.8 39.8 72 34.3 17 71.0 32 54.7
METAS 16 6.1 12 35.8 6.9 27.0 7.1 24.0 39 13.2 5.0 26.1 0.1 746
NIST 5.7 15.9 8.5 38.7 0.4 30.7 11.4 28.3 3.4 19.8 12.3 30.0 74 47.0
NIM 14 29.0 4.2 45.6 3.9 30.1 71 37.3 0.9 31.3 8.0 38.6 3.1 52.9
BEV 5.3 244 8.1 125 0.0 355 11.0 334 3.0 26.6 11.9 34.8 7.0 50.2
MIKES -11.6 11.5 -8.8 36.7 -16.9 28.2 -5.9 25.6 -13.9 15.6 -5.0 27.4 -9.9 45.4
INETI 34.3 52.1 37.1 62.7 29.0 58.2 0.0 56.9 32.0 53.2 20.9 57.8 36.0 68.2
OMH 154 | 801 126 | 874 | 207 | 842 9.7 833 | -17.7 | 808 88 839 | -13.7 | 914
IV 24 28.2 0.4 44.9 7.7 38.3 3.3 36.3 47 30.2 4.2 37.7 0.7 52.2
UME 4.6 40.2 7.4 53.2 -0.7 47.8 10.3 46.2 2.3 41.6 11.2 47.3 6.3 59.5
CMI 2.0 62.1 6.8 71.2 13 67.3 9.7 66.2 1.7 63.0 10.6 66.0 5.7 76.1
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Key comparisons CCEM-K9 and EUROMET.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V

FREQUENCY : 20 kHz

Matrix of Equivalence (Continued)

Lab j —>
Lab i PTB NMi-VSL INTI NMIA NRC VNIIM

ﬂ D, U, D, U, D, U, D; U; D; U; D, U, D, U;

Tvyy Lvivy | L ravy ravy | rqvy rviy | vy rqvivy | vy vy | vy vy | vy viv)

LNE 238 34.8 0.8 36.0 21 43.1 2.2 40.4 58 38.6 8.8 36.5 2.1 47.7
AREPA 5.3 25.7 7.3 24.8 10.2 36.1 10.3 32.9 2.3 30.6 0.7 27.9 102 | 416
NPL 5.7 228 3.7 245 038 341 0.7 30.6 8.7 282 | -11.7 | 253 0.8 39.8
SP 2.3 10.5 4.3 13.7 7.2 274 7.3 22.9 0.7 19.6 3.7 15.1 7.2 34.3
IEN 6.6 24.8 456 26.4 1.7 355 16 32.1 06 299 | 126 | 271 1.7 41.0
CEM 1.7 43.8 0.3 44.8 3.2 50.7 3.3 48.4 47 76.9 77 452 3.2 54.7
PTB 2.0 71 2.9 26.3 3.0 21.6 50 18.0 8.0 12.9 2.9 33.4
NMi-VSL 29 24.7 29 26.3 0.1 32.1 79 298 | -109 | 270 0.0 1.0
INTI 5.0 19.7 3.0 216 0.1 32.1 8.0 257 | -11.0 | 225 0.1 38.1
NMIA 3.0 15.7 5.0 18.0 7.9 20.8 8.0 25.7 3.0 19.1 7.9 36.2
NRC 6.0 9.4 8.0 12.9 10.9 27.0 11.0 22.5 3.0 19.1 109 | 340
VNIIM 29 32.2 29 33.4 0.0 71.0 0.1 38.1 7.9 36.2 | -109 | 34.0
METAS 16 6.1 0.4 10.7 3.3 26.0 3.4 21.3 26 17.6 76 12.4 3.3 33.2
NIST 5.7 15.9 7.7 18.2 10.6 29.9 10.7 25.9 2.7 23.0 0.3 19.2 106 | 363
NIM 14 29.0 3.4 30.3 6.3 38.5 6.4 35.4 16 33.4 456 30.9 6.3 43.7
BEV 5.3 244 7.3 25.4 10.2 348 - - - - - - - -
MIKES -11.6 11.5 -9.6 13.6 -6.7 27.3 - - - - - - - -
INETI 34.3 52.1 36.3 52.7 39.2 57.7 - - - - - - - -
OMH 154 | 801 134 | 804 | -105 | 839 - - - - - - - -
IV 24 28.2 0.4 29.2 25 37.6 - - - - - - - -
UME 7.6 20.2 6.6 70.8 95 47.2 - - - - - - - -
CMI 2.0 62.1 6.0 62.6 8.9 66.9 - - - - - - - -
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Key comparisons CCEM-K9 and EUROMET.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V

FREQUENCY : 20 kHz

Matrix of Equivalence (Continued)

Lab j —>
Lab i METAS NIST NIM BEV MIKES INETI
ﬂ D, U, D, U, D, U, D; U; D; U; D, U, D, U;
vy Lvvy | L rwvy ravy | rqvyy rviy | raviyy rqvivy | vy vy | vy vy | vy aviv)
LNE 238 34.8 12 35.8 85 38.7 42 45.6 8.1 42.5 8.8 36.7 | -37.1 | 62.7
AREPA 5.3 25.7 6.9 27.0 0.4 30.7 3.9 30.1 0.0 35.5 16.9 282 | 290 | 582
NPL 57 22.8 41 242 | 114 | 283 71 373 | 1.0 | 334 5.9 256 | -400 | 56.9
SP 2.3 105 3.9 13.2 3.4 19.8 0.9 31.3 3.0 26.6 13. 156 | 320 | 532
IEN 6.6 24.8 5.0 261 | -12.3 | 30.0 8.0 386 | -11.0 | 348 5.0 274 | 4090 | 57.8
CEM 1.7 43.8 0.1 14.6 74 47.0 31 52.9 7.0 50.2 9.9 254 | 360 | 682
PTB 2.0 71 0.4 10.7 7.7 18.2 34 30.3 73 25.4 9.6 136 | 363 | 52.7
NMi-VSL 29 24.7 33 260 | -106 | 299 6.3 385 | -102 | 348 6.7 273 | 39.2 | 57.7
INTI -5.0 19.7 -3.4 21.3 -10.7 25.9 -6.4 35.4 - - - - - -
NMIA 3.0 15.7 7.6 17.6 2.7 23.0 16 33.4 - - - - - -
NRC 6.0 9.4 7.6 12.4 0.3 19.2 4.6 30.9 - - - - - -
VNIIM 29 32.2 33 332 | -106 | 363 6.3 43.7 - - - - - -
METAS 16 6.1 73 17.8 3.0 30.1 6.9 25.2 10.0 131 | 359 | 525
NIST 5.7 15.9 7.3 17.8 4.3 33.5 - - - - - -
NIM 14 29.0 3.0 30.1 43 33.5 - - - - - -
BEV 5.3 244 6.9 25.2 - - - - 16.9 265 | 290 | 57.4
MIKES -11.6 11.5 -10.0 13.1 - - - - -16.9 26.5 -45.9 53.2
INETI 34.3 52.1 35.9 52.5 - - - - 29.0 57.4 45.9 53.2
OMH 154 | 801 138 | 804 - - - - 207 | 836 38 808 | 49.7 | 955
IV 24 28.2 038 28.9 - - - - 77 37.0 9.2 301 | -36.7 | 59.1
UME 4.6 40.2 6.2 40.7 - - - - -0.7 46.7 16.2 41.5 -29.7 65.7
CMI 2.0 62.1 5.6 62.5 - - - - 13 66.6 15.6 630 | 303 | 8L0
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Key comparisons CCEM-K9 and EUROMET.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 20 kHz

Matrix of Equivalence (Continued)

Lab j —>
Lab i OMH JV UME CMI
ﬂ D, U, D, U, D, U, D; U; D; U;
vy Lvivy | L rwvy rvy | rqvy vy | vy T vy | vy vivy
LNE 238 34.8 12.6 87.4 0.4 44.9 74 53.2 6.8 71.2
AREPA 5.3 25.7 20.7 84.2 7.7 38.3 0.7 47.8 13 67.3
NPL 5.7 228 9.7 83.3 33 363 | -103 | 46.2 0.7 66.2
SP 2.3 10.5 7.7 80.8 .7 30.2 23 716 17 63.0
IEN 6.6 24.8 8.8 83.9 42 377 | -11.2 | 473 | -106 | 669
CEM 1.7 43.8 13.7 91.4 0.7 52.0 6.3 50.5 5.7 76.1
PTB 2.0 71 13.4 80.4 0.4 29.0 6.6 20.8 6.0 62.6
NMi-VSL 29 24.7 10.5 83.9 25 37.6 905 472 8.9 66.9
INTI -5.0 19.7 - - - - - - - -
NMIA 3.0 15.7 - - - - - - - -
NRC 6.0 9.4 - - - - - - - -
VNIV 29 32.2 - - - - - - - -
METAS 16 6.1 13.8 80.4 0.8 28.9 6.2 20.7 56 62.5
NIST 5.7 15.9 - - - - - - - -
NIM 14 29.0 - - - - - - - -
BEV 5.3 244 20.7 83.6 7.7 37.0 0.7 76.7 13 66.6
MIKES 116 | 115 3.8 80.8 9.2 301 | -16.2 | 415 | -156 | 630
INETI 34.3 52.1 49.7 95.5 36.7 59.1 29.7 65.7 30.3 81.0
OMH 154 | 801 130 | 848 | -200 | 895 | -194 | 1013
IV 24 28.2 13.0 84.8 7.0 48.9 6.4 68.1
UME 7.6 20.2 20.0 89.5 7.0 78.9 0.6 73.8
CMI 2.0 62.1 194 | 1013 6.4 68.1 06 | 738
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Key comparisons CCEM-K9, EUROMET.EM-K9, SIM.EM-K9, APMP.EM-K9 and SIM.EM-K9.1
Key comparisons CCEM-K9 and EUROMET.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V

FREQUENCY : 50 kHz

X adjusted value of the measurement reported by laboratory i (see on page 13 of the CCEM-K9 Final Report and on page 11 of

the EUROMET.EM-K9 Final Report)
Uia i expanded uncertainty of x; at a 95 % level of confidence
Lab i X ULap i Date of Participant in

[ (UWVIV) | | (UVIV) measurement CCEM-K9 EUROMET.EM-K9

LNE -31.7 69.0 Feb 2000 Yes Yes
BEV - - Apr 2000 No Yes
MIKES -47.2 23.3 May 2000 No Yes
INETI 33.9 68.0 Jun 2000 No Yes
AREPA -18.1 41.0 Jul 2000 Yes Yes
NPL -27.1 32.0 Aug 2000 Yes Yes
SP -15.1 15.1 Sep 2000 Yes Yes
IEN -30.9 37.2 Oct 2000 Yes Yes
CEM -36.1 64.0 Nov 2000 Yes Yes
PTB -21.9 10.0 Jan 2001 Yes Yes
NMi-VSL -25.2 35.0 May 2001 Yes Yes
OMH -45.2 120.0 Oct 2001 No Yes
JV -19.5 42.0 Mar 2002 No Yes
UME -13.5 44.0 Apr 2002 No Yes
INTI -24.0 24.1 Jul 2000 Yes No
NMIA -15.0 28.0 Nov 2000 Yes No
NRC -12.0 12.1 Mar 2001 Yes No
VNIIM -42.2 51.6 May 2001 Yes No
METAS -21.2 10.1 Aug 2001 Yes Yes
NIST -23.2 215 Jan 2002 Yes No
NIM -22.7 45.4 May 2002 Yes No
CMI -28.0 78.0 Dec 2002 No Yes
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Key comparison SIM.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 50 kHz

SLabi-sim: result of measurement carried out by laboratory i participant in SIM.EM-K9
Uiabi-sime expanded uncertainty (k = 2) of | ap i -sim
Labi Stavi-sm | ULabi-sim Date of
I\Y\Y% I\Y\Y% measurement
NIST 18 154 Jan to Feb 04
INTI -1.7 37 04 Mar to 16 Apr 04
INMETRO -9 18 28 Jun to 28 Jul 04
CENAM 3.3 27 07 to 24 Aug 04
NRC -10.6 13 Sep to Oct 04

Key comparison APMP.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 50 kHz

Key comparison SIM.EM-K9.1

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 50 kHz

The BIPM key comparison database, February 2014

Measurement results of the participants in key comparison
APMP.EM-K9 are given in Table 3 of the Final Report. They
were taken between 2000 and 2004.

Measurement results of the participants in key comparison
SIM.EM-K9.1 are given in Table IV of the Final Report. They
were taken in 2012,
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Key comparisons CCEM-K9, EUROMET.EM-K9, SIM.EM-K9, APMP.EM-K9 and SIM.EM-K9.1
Key comparisons CCEM-K9 and EUROMET.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 50 kHz

The key comparison reference value, X , is computed as the weighted average of the adjusted values obtained by the CCEM-K9 participants. Its
expanded uncertainty is Ui = 2u g, where u is the standard uncertainty of the weighted average. All adjusted values from CCEM-K9 participants
have been taken into account in the calculation, except the value of AREPA, which is traceable to PTB.

Xgr=-19.9 uV/V, Ug = 5.0 uv/V

The degree of equivalence of laboratory i relative to the key comparison reference value is given by two terms:

D; = (x; - Xxg) and its expanded uncertainty U; at a 95 % level of confidence computed as explained on page 15 of the CCEM-K9 Final Report and on
page 12 of the EUROMET.EM-K9 Final Report, both expressed in pV/V.

The degree of equivalence between two laboratories i and j is given by two terms:

D =(D; -Dj) and its expanded uncertainty U;; at a 95 % level of confidence computed as explained in the Appendices 1 of the

CCEM-K9 Final Report and EUROMET.EM-K9 Final Report, both expressed in pVv/V.

The CCEM-K9 Matrix of equivalence is extended with degrees of equivalence between participants in EUROMET.EM-K®9.

Linking SIM.EM-K9 to CCEM-K9

INTI, NRC and NIST provide the link between key comparisons CCEM-K9 and SIM.EM-K?9.

The linkage process is described in section 11 of the SIM.EM-K9 Final Report.

The degree of equivalence of the laboratory i participant in SIM.EM-K9 with respect to the key

comparison reference value is given by a pair of terms both expressed in pVv/V:

D; and U;, its expanded uncertainty (k = 2).

The computation of the degrees of equivalence is explained in the SIM.EM-K9 Final Report.

The degree of equivalence between two laboratories i and j is not computed for the laboratories participant in key comparison SIM.EM-K9.

Linking APMP.EM-K9 to CCEM-K9

The linkage process is based on the results of the common participants, NMIA and PTB, and is detailed in Sections 8 and 9 of the APMP.EM-K9
Final Report. This makes it possible to extend the graph of equivalence to participants in APMP.EM-K9 only.
Pair-wise degrees of equivalence inside APMP.EM-K9 are given in Table 20 of the Final Report. They are not reported here.

Linking SIM.EM-K9.1 to CCEM-K9

The linkage process is based on the results of the common participant, the LNE, and is detailed in Section 9 of the SIM.EM-K9.1 Final Report. This
makes it possible to extend the graph of equivalence to INMETRO.
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Key comparisons CCEM-K9, EUROMET.EM-K9, SIM.EM-K9, APMP.EM-K9 and SIM.EM-K9.1

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 50 kHz

Degrees of equivalence

Labi
ﬂ. D, U,
[ (UVIV) [ (UVIV)
LNE -11.8 68.8
AREPA 1.8 40.7
NPL -7.2 31.6
SP 4.8 14.2
IEN -11.0 36.9
CEM -16.2 63.8
PTB -2.0 8.7
NMi-VSL 5.3 34.6 D, U,
INTI -4.1 23.6 [ (LVIV) | (UVIV)
NMIA 4.9 27.5 BEV - -
NRC 7.9 11.0 MIKES -27.3 23.8
VNIIM -22.3 51.4 INETI 53.8 68.2
METAS -1.3 8.8 OMH -25.3 120.1 D, U;
NIST -3.3 20.9 JVv 0.4 42.3 [ (UVIV) [ (UVIV) D, U;
NIM -2.8 45.1 UME 6.4 44.3 UTE - - [ (UVIV) | (LVIV)
CMI -8.1 78.2 INMETRO 7.0 23.5 -24.7 42
CENAM 19.3 29.4 = -
19.3 34
109 42
-28.7 44
5.3 44
-6.7 36
12.3 23
Red: participants in CCEM-K9 0.5 27
Green: participants in EUROMET.EM-K9 only
Blue: participants in SIM.EM-K9 only D; U;
: participants in APMP.EM-K9 [ (UVIV) | (UVIV)
Brown: participant in SIM.EM-K9.1 only ||NMETRO 2.0 | 71.3
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CCEM-K9, EUR.EM-K9, SIM.EM-K9&K9.1 and APMP.EM-K9 AC-DC transfer difference: 1000 V, 50 kHz
Degrees of equivalence, D, and expanded uncertainty U; (95 % level of confidence)
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Red diamonds: participants in CCEM-K9 ; Green triangles: participants in EUROMET.EM-K9
Blue circles: participants in SIM.EM-K9 only ; Orange squares: participants in APMP.EM-K9 ; Brown square: participant in SIM.EM-K9.1 only
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Key comparisons CCEM-K9 and EUROMET.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 50 kHz

Matrix of Equivalence

Pair-wise degrees of equivalence involving participants in SIM.EM-K9 and
APMP.EM-K9 are not given here.

Lab j —>
Lab i LNE AREPA NPL SP IEN CEM
ﬂ D, U, D, U, D, U, D; U; D; U; D, U, D, U;

Tvyy Lvivy | L ravy ravy | rqvy rviy | vy rqvivy | vy vy | vy vy | vy viv)
LNE 118 | 688 136 | 803 46 761 | -166 ]| 70.7 0.8 78.4 4.4 94.2
AREPA 18 20.7 13.6 80.3 9.0 52.1 3.0 43.7 12.8 55.4 18.0 76.1
NPL 72 316 7.6 76.1 9.0 52.1 120 | 354 3.8 9.1 9.0 71.6
SP 7.8 4.2 16.6 70.7 3.0 43.7 12.0 354 15.8 0.2 21.0 65.8
IEN 110 | 369 0.8 784 | -12.8 | 554 38 291 | -158 | 402 5.2 741
CEM 162 | 638 44 942 | -180 | 76.1 9.0 716 | -21.0 | 658 52 74.1
PTB 2.0 8.7 9.8 69.8 38 39.8 52 33.6 6.8 18.2 9.0 38.6 14.2 64.8
NMi-VSL 53 34.6 6.5 774 71 54.0 1.9 475 | -101 | 382 5.7 511 10.9 73.0
INTI 4.1 23.6 7.7 73.1 -5.9 47.6 3.1 40.1 -8.9 28.5 6.9 44.4 12.1 68.4
NMIA 7.9 27.5 16.7 74.5 3.1 29.7 2.1 42.6 0.1 31.9 15.9 76.6 21.1 69.9
NRC 7.9 11.0 19.7 70.1 6.1 42.8 15.1 34.3 3.1 19.4 18.9 39.2 24.1 65.2
VNIIM 223 | 514 105 | 862 | 241 | 660 | -151 | 608 | 271 | 538 | -11.3 | 637 6.1 82.3
METAS 13 8.8 105 69.8 3.1 42.3 5.9 33.6 6.1 18.2 9.7 38.6 14.9 64.8
NIST 3.3 20.9 8.5 72.3 5.1 76.3 3.9 38.6 8.1 26.3 7.7 43.0 12.9 67.6
NIM 238 5.1 9.0 82.6 46 61.2 4.4 55.6 76 47.9 8.2 58.7 134 | 785
BEV - - - - - - - - - - - - - -
MIKES 273 | 238 155 | 729 | 291 | 472 | 201 | 396 | 321 | 278 | -163 | 239 | -11.1 | 682
INETI 53.8 68.2 65.6 96.9 52.0 79.5 61.0 75.2 9.0 69.7 64.8 776 70.0 93.4
OMH 253 | 120.1 135 | 1385 | -27.1 | 1269 | -181 | 1242 | 301 | 1210 | 143 | 1257 | 91 | 136.0
IV 0.4 42.3 12.2 80.8 14 58.7 7.6 52.9 44 44.7 11.4 56.2 16.6 76.6
UME 6.4 44.3 18.2 81.9 4.6 60.2 13.6 54.5 1.6 46.6 17.4 57.7 22.6 7.7
CMI 8.1 78.2 3.7 1042 | 9.9 88.2 0.9 844 | -129 | 795 2.9 86.5 8.1 100.9

The BIPM key comparison database, February 2014

33/45



Key comparisons CCEM-K9 and EUROMET.EM-K9

MEASURAND : AC-DC transfer difference

VOLTAGE : 1000 V
FREQUENCY : 50 kHz

Matrix of Equivalence (Continued)

Lab j —>
Lab i PTB NMi-VSL INTI NMIA NRC VNIIM
ﬂ D, U, D, U, D, U, D; U; D; U; D, U, D, U;
Tvyy Lvivy | L ravy ravy | rqvy rviy | vy rqvivy | vy vy | vy vy | vy viv)
LNE 118 | 688 08 69.8 6.5 774 77 731 | -16.7 | 745 | -19.7 | 701 10.5 86.2
AREPA 18 20.7 3.8 39.8 71 54.0 59 47.6 31 29.7 6.1 42.8 24.1 66.0
NPL 72 316 52 33.6 19 775 31 201 | 121 | 426 | -151 | 343 15.1 60.8
SP 7.8 4.2 6.8 18.2 10.1 38.2 8.9 28.5 0.1 319 31 19.4 271 53.8
IEN 110 | 369 9.0 38.6 5.7 51.1 6.9 444 | -159 | 466 | -189 | 392 11.3 63.7
CEM 162 | 638 142 | 648 | -100 | 730 | -121 | 684 | 2.1 | 699 | 241 | 652 6.1 82.3
PTB 2.0 8.7 3.3 36.5 21 26.1 6.9 29.8 9.9 15.7 20.3 52.6
NMi-VSL 5.3 34.6 33 36.5 12 225 | -102 | 449 | -132 | 371 17.0 62.4
INTI 41 23.6 21 26.1 12 425 9.0 370 | 120 | 270 18.2 57.0
NMIA 7.9 27.5 6. 29.8 10.2 44.9 9.0 37.0 3.0 30.6 27.2 58.8
NRC 7.9 11.0 9.9 15.7 13.2 37.1 12.0 27.0 3.0 30.6 30.2 53.0
VNIV 223 | 514 203 | 526 | -170 | 624 | -182 | 570 | 272 | 588 | 302 | 530
METAS 13 8.8 0.7 14.3 7.0 365 2.8 26.2 6.2 20.8 9.2 15.8 21.0 52.6
NIST 3.3 20.9 13 23.8 2.0 71.1 0.8 32.3 8.2 354 | -11.2 | 24.7 19.0 55.
NIM 238 5.1 0.8 76.5 25 57.4 13 51.5 77 534 | -10.7 | 47.0 195 68.8
BEV - - - - - - - - - - - - - -
MIKES 273 | 238 253 | 254 | 220 | 421 - - - - - - - -
INETI 53.8 68.2 55.8 68.8 59.1 76.5 - - - - - - - -
OMH 253 | 120.1 233 | 1205 | 200 | 1250 - - - - - - - -
IV 0.4 42.3 2.4 43.2 5.7 54.7 - - - - - - - -
UME 6.4 44.3 8.4 45.2 11.7 56.3 - - - - - - - -
CMI 8.1 78.2 6.1 78.7 238 855 - - - - - - - -
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Key comparisons CCEM-K9 and EUROMET.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 50 kHz

Matrix of Equivalence (Continued)

Lab j —>
Lab i METAS NIST NIM BEV MIKES INETI
ﬂ D, U, D, U, D, U, D; U; D; U; D, U, D, U;
vy Lvvy | L rwvy ravy | rqvyy rviy | raviyy rqvivy | vy vy | vy vy | vy aviv)
LNE 118 | 688 105 | 69.8 85 72.3 9.0 82.6 - - 155 729 | -656 ] 96.9
AREPA 18 20.7 3.1 42.3 51 46.3 4.6 61.2 - - 29.1 472 | 520 | 795
NPL 72 31.6 5.9 33.6 3.9 38.6 44 55.6 - - 20.1 396 | 610 | 752
SP 7.8 4.2 6.1 18.2 8.1 26.3 76 47.9 - - 32.1 278 | 490 | 69.7
IEN 110 | 369 0.7 38.6 77 43.0 8.2 58.7 - - 16.3 739 | 648 | 776
CEM 162 | 638 140 | 648 | 129 | 676 | -134 | 785 - - 1.1 682 | -700 | 934
PTB 2.0 8.7 0.7 14.3 13 23.8 0.8 46.5 - - 253 254 | 558 | 688
NMi-VSL 53 34.6 2.0 36.5 2.0 711 25 57.4 - - 22.0 221 | 591 | 765
INTI 41 23.6 238 26.2 038 32.3 13 51.5 - - - - - -
NMIA 7.9 27.5 6.2 29.8 8.2 35.4 77 53.4 - - - - - -
NRC 7.9 11.0 9.2 15.8 11.2 24.7 10.7 47.0 - - - - - -
VNIV 223 | 514 210 | 526 | -190 | 559 | -195 | 688 - - - - - -
METAS 13 8.8 2.0 23.8 15 76.6 - - 26.0 254 | 551 | 68.8
NIST 3.3 20.9 2.0 23.8 05 50.3 - - - - - -
NIM 238 5.1 15 76.6 05 50.3 - - - - - -
BEV - - - - - - - - - - - -
MIKES 273 | 238 260 | 254 - - - - - - 811 | 719
INETI 53.8 68.2 55.1 68.8 - - - - - - 811 71.9
OMH 253 | 120.1 240 | 1205 - - - - - - 2.0 1223 | -79.1 | 138.0
IV 0.4 42.3 17 43.2 - - - - - - 27.7 281 | 534 | 800
UME 6.4 44.3 7.7 45.2 - - - - - - 33.7 49.8 -47.4 81.0
CMI 8.1 78.2 6.8 78.7 - - - - - - 19.2 815 | 610 | 1035
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Key comparisons CCEM-K9 and EUROMET.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 50 kHz

Matrix of Equivalence (Continued)

Lab j —>
Lab i OMH JV UME CMI
ﬂ D, U, D, U, D, U, D; U; D; U;
vy Lvivy | L rwvy rvy | rqvy vy | vy T vy | vy vivy
LNE 118 | 688 135 | 1385 | -122 | 808 | -182 | 819 37 | 1042
AREPA 18 20.7 271 | 126.9 14 58.7 26 60.2 9.9 88.2
NPL 72 316 181 | 1242 | 76 529 | -136 | 545 0.9 84.4
SP 4.8 14.2 30.1 121.0 4.4 44.7 -1.6 46.6 12.9 79.5
IEN 110 | 369 143 | 1257 | 114 | 562 | -174 | 577 2.9 86.5
CEM 162 | 638 9.1 1360 | -166 | 766 | 226 | 777 81 | 1009
PTB 2.0 8.7 233 | 1205 | 24 43.0 8.4 450 6.1 78.7
NMi-VSL 53 34.6 200 | 1250 | 5.7 54.7 | -1L.7 | 56.3 2.8 85.5
INTI 4.1 23.6 - - - - - - - -
NMIA 7.9 27.5 - - - - - - - -
NRC 7.9 11.0 - - - - - - - -
VNIV 223 | 514 - - - - - - - -
METAS -1.3 8.8 24.0 120.5 -1.7 43.2 -7.7 45.2 6.8 78.7
NIST 3.3 20.9 - - - - - - - -
NIM 238 5.1 - - - - - - - -
BEV - - - - - - - - - -
MIKES 273 | 238 20 | 1223 | 27.7 | 481 | 337 | 498 | -192 | 815
INETI 53.8 68.2 791 | 1380 | 534 80.0 474 81.0 610 | 1035
OMH 253 | 120.1 257 | 1272 | 3L7 | 1279 | 172 | 1432
IV 0.4 42.3 25.7 | 127.2 6.0 60.9 85 88.6
UME 6.4 743 317 | 1279 6.0 60.9 4.5 89.6
CMI 8.1 78.2 172 | 1432 | -85 886 | -145 | 89.6
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Key comparisons CCEM-K9, EUROMET.EM-K9, SIM.EM-K9, APMP.EM-K9 and SIM.EM-K9.1
Key comparisons CCEM-K9 and EUROMET.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V

FREQUENCY : 100 kHz

X adjusted value of the measurement reported by laboratory i (see on page 13 of the CCEM-K9 Final Report and on page 11 of the

EUROMET.EM-K9 Final Report)
Uia i expanded uncertainty of x; at a 95 % level of confidence
Lab i X ULap i Date of Participant in

[ (UVIV) | | (UVIV) measurement CCEM-K9 EUROMET.EM-K9
LNE -73.6 69.0 Feb 2000 Yes Yes
BEV - - Apr 2000 No Yes
MIKES -93.4 82.1 May 2000 No Yes
INETI 36.4 102.0 Jun 2000 No Yes
AREPA -52.6 81.0 Jul 2000 Yes Yes
NPL -63.6 62.0 Aug 2000 Yes Yes
SP -42.6 23.1 Sep 2000 Yes Yes
IEN -66.5 79.4 Oct 2000 Yes Yes
CEM -62.6 98.0 Nov 2000 Yes Yes
PTB -56.6 30.0 Jan 2001 Yes Yes
NMi-VSL -61.4 50.0 May 2001 Yes Yes
OMH -80.2 200.0 Oct 2001 No Yes
JV -41.5 68.0 Mar 2002 No Yes
UME -41.1 66.0 Apr 2002 No Yes
INTI -55.8 40.0 Jul 2000 Yes No
NMIA -40.8 41.0 Nov 2000 Yes No
NRC -53.8 24.0 Mar 2001 Yes No
VNIIM -30.4 101.0 May 2001 Yes No
METAS -49.8 28.0 Aug 2001 Yes Yes
NIST -59.2 29.2 Jan 2002 Yes No
NIM -72.7 59.6 May 2002 Yes No
CMI -63.8 112.0 Dec 2002 No Yes

The BIPM key comparison database, February 2014 37/45



Key comparison SIM.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 100 kHz

SLabi-sim: result of measurement carried out by laboratory i participant in SIM.EM-K9
Uiabi-sime expanded uncertainty (k = 2) of | ap i -sim
Lab i Oravi-sm | ULabi-sim Date of
[ uvIv [ uvIv measurement
NIST -35 23.4 Jan to Feb 04
INTI 10.5 74 04 Mar to 16 Apr 04
INMETRO -25 42 28 Jun to 28 Jul 04
CENAM 3.9 27 07 to 24 Aug 04
NRC -18 25 Sep to Oct 04

Key comparison APMP.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 100 kHz

Key comparison SIM.EM-K9.1

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 100 kHz

The BIPM key comparison database, February 2014

Measurement results of the participants in key comparison APMP.EM-K9 are given in
Table 3 of the Final Report. They were taken between 2000 and 2004.

Measurement results of the participants in key comparison SIM.EM-K9.1 are given in
Table IV of the Final Report. They were taken in 2012.
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Key comparisons CCEM-K9, EUROMET.EM-K9, SIM.EM-K9, APMP.EM-K9 and SIM.EM-K9.1
Key comparisons CCEM-K9 and EUROMET.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 100 kHz

The key comparison reference value, X , is computed as the weighted average of the adjusted values obtained by the CCEM-K9 participants. Its
expanded uncertainty is Ui = 2u g, where u is the standard uncertainty of the weighted average. All adjusted values from CCEM-K9 participants
have been taken into account in the calculation, except the value of AREPA, which is traceable to PTB.

Xg = -53.1 pV/V, Uk = 10.0 pV/vV

The degree of equivalence of laboratory i relative to the key comparison reference value is given by two terms:

D; = (x; - Xxg) and its expanded uncertainty U; at a 95 % level of confidence computed as explained on page 15 of the CCEM-K9 Final Report and on
page 12 of the EUROMET.EM-K9 Final Report, both expressed in pV/V.

The degree of equivalence between two laboratories i and j is given by two terms:

D =(D; -Dj) and its expanded uncertainty U;; at a 95 % level of confidence computed as explained in the Appendices 1 of the

CCEM-K9 Final Report and EUROMET.EM-K9 Final Report, both expressed in pVv/V.

The CCEM-K9 Matrix of equivalence is extended with degrees of equivalence between participants in EUROMET.EM-K®9.

Linking SIM.EM-K9 to CCEM-K9

INTI, NRC and NIST provide the link between key comparisons CCEM-K9 and SIM.EM-K?9.

The linkage process is described in section 11 of the SIM.EM-K9 Final Report.

The degree of equivalence of the laboratory i participant in SIM.EM-K9 with respect to the key

comparison reference value is given by a pair of terms both expressed in pVv/V:

D; and U;, its expanded uncertainty (k = 2).

The computation of the degrees of equivalence is explained in the SIM.EM-K9 Final Report.

The degree of equivalence between two laboratories i and j is not computed for the laboratories participant in key comparison SIM.EM-K9.

Linking APMP.EM-K9 to CCEM-K9

The linkage process is based on the results of the common participants, NMIA and PTB, and is detailed in Sections 8 and 9 of the APMP.EM-K9
Final Report. This makes it possible to extend the graph of equivalence to participants in APMP.EM-K9 only.
Pair-wise degrees of equivalence inside APMP.EM-K9 are given in Table 21 of the Final Report. They are not reported here.

Linking SIM.EM-K9.1 to CCEM-K9

The linkage process is based on the results of the common participant, the LNE, and is detailed in Section 9 of the SIM.EM-K9.1 Final Report. This
makes it possible to extend the graph of equivalence to INMETRO.
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Key comparisons CCEM-K9, EUROMET.EM-K9, SIM.EM-K9, APMP.EM-K9 and SIM.EM-K9.1

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 100 kHz

Degrees of equivalence

D, U,
[ (UVIV) | (UVIV)
LNE -20.5 68.3
AREPA 0.5 80.4
NPL -10.5 61.2
SP 10.5 20.8
IEN -13.4 78.8
CEM -9.5 97.5
PTB -3.5 28.3
NMi-VSL -8.3 49.0 D Ui
INTI -2.7 38.7 [ (LVIV) | (UVIV)
NMIA 12.3 39.8 BEV > =
NRC -0.7 21.8 MIKES -40.3 82.7
VNIIM 22.7 100.5 INETI 89.5 102.5
METAS 3.3 26.2 OMH -27.1 200.2 D, U;
NIST -6.1 27.4 JV 11.6 68.7 [ (UVIV) [ (uVIV) D; U;
NIM -19.6 58.8 UME 12.0 66.8 UTE - - [ (UVIV) [ (UVIV)
CMI -10.7 112.4 INMETRO -2.5 50.0 -46.9 55
CENAM 26.4 35.8 = -
32.5 53
403 104
-73.9 76
-1.9 86
-6.9 68
20.1 48
Red: participants in CCEM-K9 5.9 41
Green: participants in EUROMET.EM-K9 only
Blue: participants in SIM.EM-K9 only D; U;
. participants in APMP.EM-K9 [ (UVIV) [ (UVIV)
Brown: participant in SIM.EM-K9.1 only [INMETRO 40 | 776
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CCEM-K9, EUR.EM-K9, SIM.EM-K9&K9.1 and APMP.EM-K9, AC-DC transfer difference: 1000 V, 100 kHz
Degrees of equivalence, D, and expanded uncertainty U; (95 % level of confidence)
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Red diamonds: participants in CCEM-K9 ; Green triangles: participants in EUROMET.EM-K9
Blue circles: participants in SIM.EM-K9 only ; Orange squares: participants in APMP.EM-K9 ; Brown square: participant in SIM.EM-K9.1 only
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Key com—parisons CCEM-K9 and EUROMET.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 100 kHz

Matrix of Equivalence

Pair-wise degrees of equivalence involving participants in SIM.EM-K9 and
APMP.EM-K9 are not given here.

Lab j —>
Lab i LNE AREPA NPL SP IEN CEM
ﬂ D, U, D, U, D, U, D; U; D; U; D, U, D, U;

Tvyy Lvivy | L ravy ravy | rqvy rviy | vy rqvivy | vy vy | vy vy | vy viv)
LNE 205 | 683 210 | 1065 | -100 | 928 | -310 | 728 71 | 1052 | -11.0 | 119.9
AREPA 05 80.4 21.0 | 1065 11.0 | 1021 | -100 | 843 139 | 1135 | 100 | 1272
NPL 105 | 61.2 10.0 928 | -11.0 | 102.1 210 | 662 2.9 1008 | -1.0 | 116.0
SP 105 20.8 31.0 72.8 10.0 84.3 21.0 66.2 23.9 82.7 20.0 | 100.7
IEN 134 | 788 71 1052 | -139 | 1135 | 29 | 1008 | 239 | 827 39 | 1262
CEM 05 97.5 11.0 | 1199 | -100 | 127.2 1.0 1160 | -20.0 | 100.7 3.9 126.2
PTB 35 28.3 17.0 75.3 2.0 753 7.0 689 | -140 | 379 9.9 84.9 6.0 102.5
NMi-VSL 83 79.0 12.2 853 88 95.2 2.2 79.7 | -188 | 55.1 5.1 93.9 12 110.1
INTI 2.7 38.7 17.8 79.8 3.2 90.4 7.8 738 | -13.2 | 462 10.7 89.0 6.8 105.9
NMIA 12.3 39.8 32.8 80.3 1.8 90.8 22.8 74.4 18 47.1 25.7 89.4 21.8 | 106.3
NRC 0.7 21.8 198 73.1 12 84.5 9.8 665 | -112 | 334 12.7 83.0 8.8 100.9
VNIV 22.7 | 1005 432 | 1224 | 222 | 1295 | 332 | 1186 | 122 | 1037 | 361 | 1285 | 322 | 1408
METAS 3.3 26.2 23.8 745 2.8 85.8 13.8 68.1 72 36.3 16.7 84.2 12.8 | 102.0
NIST 6.1 274 4.4 75.0 6.6 86.2 4.4 686 | -166 | 373 7.3 84.6 3.4 102.3
NIM 196 | 588 0.9 912 | -20.1 | 1006 | 9.1 86.1 | 30.1 | 640 6.2 993 | -10.1 | 1148
BEV - - - - - - - - - - - - - -
MIKES 403 | 827 198 | 1073 | -40.8 | 1154 | 298 | 1029 | 508 | 853 | -260 | 1143 | -30.8 | 1279
INETI 895 | 1025 1100 | 1232 | 89.0 | 130.3 | 1000 | 11904 | 790 | 1046 | 1029 | 1293 | 99.0 | 1415
OMH 271 | 2002 6.6 | 2116 | 276 | 2158 | -166 | 2094 | 376 | 204 | -137 | 2152 | -176 | 2228
IV 11.6 68.7 32.1 96.9 1.1 | 1058 | 221 92.1 11 71.9 250 | 1046 | 2.1 | 1193
UME 12 66.8 32.5 95.5 115 | 1045 | 225 90.6 15 70.0 254 | 1033 | 215 | 1182
CMI 107 | 112.4 9.8 131.6 | -11.2 | 1383 | 02 | 1281 | 212 | 1144 2.7 1373 | -1.2 | 1489
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Key comparisons CCEM-K9 and EUROMET.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 100 kHz

Matrix of Equivalence (Continued)

Lab j —>
Lab i PTB NMi-VSL INTI NMIA NRC VNIIM
ﬂ D, U, D, U, D, U, D; U; D; U; D, U, D, U;
Tvyy Lvivy | L ravy ravy | rqvy rviy | vy rqvivy | vy vy | vy vy | vy viv)
LNE 205 | 683 170 | 753 | -122 | 853 | -178 | 798 | 328 | 803 | -198 | 731 | 432 | 1224
AREPA 05 80.4 2.0 75.3 8.8 95.2 3.2 904 | -11.8 | 908 12 845 | 222 | 1295
NPL 105 | 61.2 7.0 68.9 22 79.7 78 738 | 228 | 744 08 665 | -33.2 | 1186
SP 105 20.8 4.0 37.9 18.8 55.1 13.2 76.2 18 771 11.2 334 | 122 | 1037
IEN 134 | 788 9.9 84.9 5.1 939 | -10.7 | 890 | 257 | 894 | -127 | 830 | 361 | 1285
CEM 05 97.5 6.0 | 1025 | -12 | 1101 | 68 | 1059 | 218 | 1063 | -88 | 1009 | -32.2 | 1408
PTB 35 28.3 7.8 58.4 08 500 | -158 | 509 238 385 | 262 | 1054
NMi-VSL 83 79.0 438 58.4 56 641 | 206 | 647 76 555 | -31.0 | 112.7
INTI 2.7 38.7 0.8 50.0 5.6 64.1 -15.0 57.3 -2.0 46.7 -25.4 108.7
NMIA 12.3 39.8 15.8 50.9 20.6 64.7 15.0 57.3 13.0 476 | -104 | 100.1
NRC 0.7 21.8 2.8 38.5 76 55.5 2.0 267 | -130 | 476 234 | 103.9
VNIIM 22.7 | 1005 262 | 1054 | 310 | 1127 | 254 | 1087 | 104 | 1091 | 234 | 1039
METAS 3.3 26.2 6.8 711 11.6 57.4 6.0 78.9 9.0 49.7 7.0 369 | -19.4 | 1049
NIST 6.1 274 256 71.9 2.2 58.0 34 206 | -184 | 504 54 37.8 | -28.8 | 1052
NIM 196 | 588 161 | 668 | -11.3 | 778 | -169 | 718 | 3190 | 724 | -1890 | 643 | 423 | 1173
BEV - - - - - - - - - - - - - -
MIKES 403 | 827 368 | 875 | 320 | 962 - - - - - - - -
INETI 895 | 1025 930 | 1064 | 978 | 1136 - - - - - - - -
OMH 271 | 2002 236 | 2023 | -188 | 2062 - - - - - - - -
IV 11.6 68.7 15.1 74.4 19.9 84.5 - - - - - - - -
UME 12 66.8 155 72.5 20.3 82.9 - - - - - - - -
CMI 107 | 112.4 72 | 1160 | -24 | 122.7 - - - - - - - -
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Key comparisons CCEM-K9 and EUROMET.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V
FREQUENCY : 100 kHz

Matrix of Equivalence (Continued)

Lab j —>
Lab i METAS NIST NIM BEV MIKES INETI
ﬂ D, U, D, U, D, U, D; U; D; U; D, U, D, U;
vy Lvvy | L rwvy ravy | rqvyy rviy | raviyy rqvivy | vy vy | vy vy | vy aviv)
LNE 205 | 683 238 | 745 | -144 | 750 0.9 91.2 - - 198 | 107.3 | -1100 | 1232
AREPA 05 80.4 238 85.8 6.6 86.2 201 | 1006 - - 208 | 1154 | -89.0 | 1303
NPL 105 | 61.2 138 | 681 44 68.6 9.1 86.1 - - 20.8 | 102.9 | -100.0 | 119.4
SP 105 20.8 7.2 36.3 16.6 37.3 30.1 64.0 - - 50.8 853 | -79.0 | 1046
IEN 134 | 788 167 | 84.2 73 84.6 6.2 99.3 - - 269 | 114.3 | -102.9 | 129.3
CEM 05 97.5 128 | 1020 | 34 | 1023 | 10.1 | 1148 - - 30.8 | 1279 | 990 | 1415
PTB 35 28.3 6.8 211 26 71.9 16.1 66.8 - - 36.8 875 | 930 | 1064
NMi-VSL 83 79.0 116 | 574 22 58.0 11.3 77.8 - - 32.0 9.2 | 978 | 1136
INTI 2.7 38.7 6.0 78.9 3.4 79.6 16.9 71.8 - - - - - -
NMIA 12.3 39.8 9.0 9.7 18.4 50.4 31.9 72.4 - - - - - -
NRC 0.7 21.8 2.0 36.9 54 37.8 18.9 64.3 - - - - - -
VNIIM 22.7 | 1005 194 | 1049 | 288 | 1052 | 423 | 1173 - - - - - -
METAS 3.3 26.2 9.4 20.5 22.9 65. - - 43.6 86.8 | -86.2 | 1058
NIST 6.1 274 04 20.5 135 66.4 - - - - - -
NIM 196 | 588 229 | 659 | -135 | 664 - - - - - -
BEV - - - - - - - - - - - -
MIKES 403 | 827 436 | 868 - - - - - - "129.8 | 131.0
INETI 895 | 1025 86.2 | 1058 - - - - - - 129.8 | 13L.0
OMH 271 | 2002 304 | 202.0 - - - - - - 132 | 2162 | -1166 | 2246
IV 11.6 68.7 8.3 73.6 - - - - - - 519 | 12067 | -779 | 1226
UME 12 66.8 8.7 71.7 - - - - - - 52.3 105.4 -77.5 121.5
CMI 107 | 112.4 140 | 1155 - - - - - - 29.6 | 1389 | -100.2 | 1515
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Key comparisons CCEM-K9 and EUROMET.EM-K9

MEASURAND : AC-DC transfer difference
VOLTAGE : 1000 V

FREQUENCY : 100 kHz

Matrix of Equivalence (Continued)

Lab j —>
Lab i OMH JV UME CMI
ﬂ D, U, D, U, D, U, D; U; D; U;
vy Lvivy | L rwvy rvy | rqvy vy | vy T vy | vy vivy
LNE 205 | 683 6.6 2116 | 321 | 969 | -325 | 95 08 | 1316
AREPA 05 80.4 276 | 2158 | -11.1 | 1058 | -115 | 1045 | 112 | 1383
NPL 105 | 61.2 166 | 2094 | 221 | 921 | 225 | 906 0.2 128.1
SP 10.5 20.8 37.6 201.4 -1.1 71.9 -1.5 70.0 21.2 114.4
IEN 134 | 788 13.7 | 2152 | 250 | 1046 | 254 | 1033 | 2.7 | 1373
CEM 05 97.5 176 | 2228 | 2.1 | 1193 | 215 | 1182 12 148.9
PTB 35 28.3 236 | 2023 | 1561 | 744 | 155 | 725 7.2 116.0
NMi-VSL 8.3 79.0 188 | 2062 | -199 | 845 | 203 | 829 2.4 122.7
INTI 2.7 38.7 - - - - - - - -
NMIA 12.3 39.8 - - - - - - - -
NRC 0.7 21.8 - - - - - - - -
VNIV 22.7 | 1005 - - - - - - - -
METAS 3.3 26.2 304 | 2020 | -83 736 8.7 71.7 140 | 1155
NIST 6.1 274 - - - - - - - -
NIM 196 | 588 - - - - - - - -
BEV - - - - - - - - - -
MIKES 403 | 827 132 | 2162 | 519 | 106.7 | 523 | 1054 | -296 | 1389
INETI 895 | 1025 1166 | 2246 | 779 | 1226 | 775 | 1215 | 1002 | 1515
OMH 271 | 2002 387 | 2113 | 391 | 210.7 | -164 | 2293
IV 11.6 68.7 38.7 | 2113 0.4 94.8 223 | 13L.1
UME 12 66.8 39.1 | 210.7 0.4 948 22.7 | 130.0
CMI 107 | 112.4 164 | 2293 | 223 | 1811 | 22.7 | 1300
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