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Abstract

The outcomes of the CIPM MRA are the internationally recognized Calibration and Measurement Capabilities (CMCs) of the
participants of comparisons. Main results of the participating laboratories of National Metrology Institutes (NMIs) and Designated
Institutes (DIs), measuring the same power in a framework EURAMET.EM-K5.1 and COOMET.EM-KS5 key comparisons (KCs),
are presented. 12 NMIs/DIs took part in EURAMET.EM-KS5.1 KC. 13 NMlIs/DlIs participated in COOMET.EM-K5 KC. UME
(Turkey), UMTS (Ukraine) and SMU (Slovakia) were joint participants in EURAMET.EM-K5.1 and COOMET.EM-K5 KCs.

For Global Metrological Traceability, it is advisable to use a methodology for linking the results of Constative Committees
(CCs) KC to Regional Metrology Organizations (RMOs) KC. The linking procedure of RMOs KC with respect to reference
value of CC KC is described. Linked results of EURAMET.EM-K5.1 and COOMET.EM-KS5 KCs for power are presented.

Special conclusions on the results of UME, UMTS and SMU who participated in both KCs are presented.
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1. Introduction

The Mutual Recognition Arrangement (MRA)
of the International Committee for Weights and
Measures (CIPM) [1] plays an important role for
Global Metrological Traceability (GMT) [2]. Key
comparisons (KCs) of the national measurement
standards in different fields of measurements are the
special comparisons of National Metrology Institutes
(NMIs) and Designated Institutes (DIs) in the frame
of Constative Committee (CC) of CIPM and Regional
Metrology Organizations (RMOs). KCs of RMOs are
equivalent to CC KCs.

For all KCs (CCs and RMOs) the reference value
(RV) of KC and degree of equivalence (DoE) of the
national measurement standards with corresponding
uncertainty are established [3]. DoE is obtained as
the deviation of its measurement result from the KC
RV, together with the uncertainty associated with
this deviation according to the CIPM MRA. DoE
derived from an RMO KC has the same status as that
derived from a CC KC. The CIPM MRA describes
in general how the data of KC will be evaluated, but
many different ways of evaluating KC data have been
suggested [4—6].
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RMOs have procedures for carry out the
comparisons, in particular the Euro-Asian Cooperation
of National Metrological Institutions (COOMET)
and the European Association of National Metrology
Institutes (EURAMET). Results of KCs CC and
KCs RMOs are published in special Key Comparison
Database (KCDB) of the International Bureau of
Weights and Measures (BIPM) [7]. Only COOMET
has guidelines on KC data evaluation [8].

The outcomes of the CIPM MRA are
the internationally recognized Calibration and
Measurement Capabilities (CMCs) of the participating
in comparisons. The internationally recognized NMIs
and DIs CMCs are those that are published in the
KCDB of BIPM [9, 10].

Establishment of GMT is carried out in accordance
with procedures through international comparisons of the
national measurement standards of NMIs or DIs. For
GMT, it is advisable to use a methodology for linking
the results of CC KC to RMO KC and RMO KC to
other analogical RMO KC [11, 12]. Refer methodologies
can be used for practical assessment of results of specific
RMOs KCs as an extension of the technical basis of
confirmation of CMCs of NMIs or DIs.
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2. Brief review of performed key comparisons of power

The Consultative Committee for Electricity and
Magnetism (CCEM) of CIPM was a sponsor of
international comparisons of the national measurement
standards of power between laboratories of different
NMIs and DIs in the CIPM MRA framework. From
1995 to 2000, CCEM-KS5 KC for 50/60 Hz alternating
current (AC) power was carried out [13]. 15 NMIs/
DIs participated in this KC, which are the members of
five RMOs: EURAMET, APMP, COOMET, SIM and
AFRIMET. The NIST (USA) was the pilot laboratory
of this KC.

From 2003 to 2008, EURAMET.EM-K5.1 KC
for 50/60 Hz power was carried out [14]. 12 NMIs/
DIs participated in this KC, which are the members of
three RMOs: EURAMET, APMP and COOMET. The
UME (Turkey) was the pilot laboratory of this KC. SE
“Ukrmetrteststandart” (UMTS, Ukraine) took part as
the participant in this KC with the aim of publishing
CMCs for power in the KCDB of the BIPM. PTB
(Germany) was linking NMI for the linking process
between CCEM-K5 KC and EURAMET.EM-KS5.1
KC because of participating in CCEM-K5.

From 2016 to 2018, COOMET.EM-K5 KC
[15, 16] for power was carried out. 13 NMlIs/DIs
participated in this KC, which are the members
of five RMOs: COOMET, EURAMET, APMP,
AFRIMET and GULFMET. UMTS (Ukraine) was the
pilot laboratory. NIM (China) and VNIIM (Russia)
were linking NMIs for the linking process between
CCEM-K5 KC and COOMET.EM-K5 KC because
of participating in CCEM-KS.

The link between the CCEM-K5, EURAMET.
EM-K5&KS5.1, SIM.EM-K5 and COOMET.EM-K5
was established [17].

RVs and standard uncertainties for EURAMET.
EM-K5.1 and COOMET.EM-K5 KCs at frequency
53 Hz for power factor (PF) 1.0, 0.5 Lag, 0.5 Lead,
0.0 Lag, 0.0 Lead are presented in Table 1.

Table 1
RVs and uncertainties for EURAMET.EM-K5.1
and COOMET.EM-K5 KCs

POWCI‘ XKCRV’ uKCRV’ XKCRV’ uKCRV’

factor |LUW/(VA) [uW/(VA) | uW/(VA) | uW/(VA)
EURAMET.EM-KS.1| COOMET.EM-K5

1.0 -1.5 3.2 -2.1 2.9

0.5 Lag -0.7 3.3 8.0 2.3

0.5 Lead| -2.1 3.3 -9.7 2.3

0.0 Lag -0.1 3.2 6.4 2.6

0.0 Lead -1.5 3.1 -10.2 2.6

The degrees of equivalence of i-th NMI or DIs
and its expanded uncertainties with respect to the KC
RV are estimated as [8]:

Di :xi_XKCRV’ (1)
U*(D)=U(x)+U* (X cn)» (2)

where x; is relative deviations from nominal values i-th

NMI or DIs in EURAMET.EM-K5.1 or COOMET.

EM-K5 KCs;

Xy 18 RV of EURAMET.EM-K5.1 or COOMET.

EM-K5 KCs;

U(x,) is expanded uncertainty of relative deviations

from nominal values i-th NMI or DIs in EURAMET.

EM-KS5.1 or COOMET.EM-K5 KCs;

U(Xywy) is expanded uncertainty of RV of

EURAMET.EM-K5.1 or COOMET.EM-K5 KCs.
Result for all NMI/DIs participants of both KCs

satisfies the condition of performance and characterizes

good data consistency.

3. Evaluation of results of EURAMET and COOMET
key comparisons

The DoE of i-th NMI/DI with respect to linking
to CCEM-KS5 is estimated as

d, =D, +A, (3)

where D. is result from EURAMET.EM-KS5.1
or COOMET.EM-K5 for a NMI participant in
respectively KC only; di is best estimate of result
from i-th NMI/DI to linking to CCEM-KS5.

Measurements from the linking NMIs/DIs provide
estimates

A =d

iLINK iLINK

- DiLINK (4)

for the correction A.
The correction A is then calculated as the weighted
mean of the linking NMIs/Dls estimates, that is:

A= Z WiLINKAiLINK’ )

iLINK

where: d, . is result from CCEM-K5 for a linking
NMIs/Dls;
D, .« is result from EURAMET.EM-K5.1 or
COOMET.EM-KS5 for a linking NMI/DI;

s*(4) 'SZ(A):I/.ZSZ L ®©

w. - ~ 7
(AiLINK )

iLINK S2 (A
s (A,HNK) is the uncertainty associated with A, ., given
as the root-sum-square of u, , u(p), ¥y, Where u; is
the transfer uncertainty in the CCEM-KS5 comparison;
u(p) is the transfer uncertainty in the EURAMET.
EM-K5.1 or COOMET.EM-K5 comparison;
T, 18 the uncertainty associated with the imperfect
reproducibility of the results of NMI;, |, in the time period
spanning its two measurements (whence the factor of 2 for
this term in the RSS equation) in the CCEM-KS5 and
EURAMET.EM-K5.1 or COOMET.EM-KS5 comparisons.
The best estimate of the result from i-th NMI/DI
that it had participating in CCEM-K35 is calculated.
The standard uncertainty u’ (di) is calculated as:
u? (d. ) =u’ (Di)+u2 (A) =u? (Di)-i-s2 (A)+u2 (mref), (7)

1

b
JLINK )
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where: u(mref) is the uncertainty in the CCEM-KS5
KC RV.

The expanded uncertainty is U(d,)=k,u(d,)
where is chosen k, = 2 to give 95 % coverage.

Results of NMfs/Dls in EURAMET.EM-KS5.1 and
COOMET.EM-KS5 KCs at frequency of 53 Hz for PF
1.0, 0.5 Lag, 0.5 Lead, 0.0 Lag, 0.0 Lead were linked with
respect to the KC RV of CCEM-KS5 KC (only for CIPM
MRA members) and are presented in [14, 15], Table 2,
3 respectively and on Fig. 1-5. UME (Turkey), UMTS
(Ukraine) and SMU (Slovakia) were joint participants
in EURAMET.EM-K5.1 and COOMET.EM-K5 KCs.
The sign “*” (only for COOMET.EM-KS5 KC) indicates
those NMIs/DlIs that participated in both comparisons
and have two different results.

Table 2
DoE of NMIs/DIs in EURAMET.EM-K5.1 KC
D, um), D, um),
NMI/DI | uW/(VA) | uW/(VA) | uW/(VA) | uW/(VA)
PF = 1.0 PF = 0.5 Lag
BIM -14 74 -2 99
LNE 5 32 7 62
MKEH 8 64 9 62
INM (RO) 24 83 8 83
DMDM 23 48 46 40
MIKES 6 35 11 29
VSL -15 19 -4 23
NPLI -15 81 10 67
SMU 16 60 15 23
UMTS 18 34 77 93
UME 0 25 9 24
NMI/DI PF = 0.5 Lead PF = 0.0 Lag
BIM 2 95 1 103
LNE -5 23 7 18
MKEH -12 62 1 62
INM (RO) 25 83 -16 83
DMDM 17 40 14 38
MIKES 0 29 3 28
VSL -23 23 14 24
NPLI 3 67 -8 63
SMU 18 62 -11 63
UMTS -54 93 19 155
UME -6 24 -1 24
NMI/DI PF = 0.0 Lead -
BIM 19 105 - -
LNE -5 19 - -
MKEH -19 62 - -
INM (RO) 23 83 - -
DMDM -9 39 - -
MIKES 0 28 - -
VSL 4 25 - -
NPLI 12 64 - -
SMU 4 64 - -
UMTS -9 147 - -
UME -9 25 - -

Table 3
DoE of NMIs/DIs in COOMET.EM-K5 KC
D, u(b), D, u(D),
NMI/DI  |[uW/(VA) [uW/(VA) |uW/(VA) [ uW/(VA)
PF = 1.0 PF = 0.5 Lag
UME* -6 27 -12 22
UMTS* 4 25 -4 27
SMU* -50 60 -1 70
BelGIM 2 45 -10 42
GEOSTM 18 91 9 136
MASM 4 77 24 115
QCC EMI -7 28 -6 25
NIS -5 40 22 37
SASO-
NMCC -15 43 -21 40
NMI/DI PF = 0.5 Lead PF = 0.0 Lag
UME* 4 22 -15 23
UMTS* 5 27 -3 24
SMU* -12 70 21 78
BelGIM 4 42 -10 41
GEOSTM 2 136 5 203
MASM -26 77 21 84
QCC EMI -3 25 1 21
NIS 22 38 -31 41
SASO-
NMCC 6 40 -3 24
NMI/DI PF = 0.0 Lead -
UME* 5 23 - -
UMTS* 6 25 - -
SMU* 56 78 - -
BelGIM 8 41 - -
GEOSTM -8 203 - -
MASM -23 84 - -
QCC EMI 2 21 - -
NIS -21 39 - -
SASO-
NMCC 14 41 - -

DoE difference of NMlIs/DIs in COOMET.EM-
K5 and EURAMET.EM-K5.1 KCs at frequency of
53 Hz for PF 1.0, 0.5 Lag, 0.5 Lead, 0.0 Lag, 0.0
Lead was calculated by formula:

Ay =D, -D (8)

iKS iK5.1°

DoE uncertainty difference of NMIs/DIs in

COOMET.EM-K5 and EURAMET.EM-K5.1 KCs

at frequency of 53 Hz for PF 1.0, 0.5 Lag, 0.5 Lead,
0.0 Lag, 0.0 Lead was calculated by formula:

AU, =U(D,,)-U(D,.)). ©)

DoE difference (the smaller the number module,
the better) and DoE uncertainty difference (the sign “-”
means less uncertainty) of NMIs/DIs in COOMET.
EM-K5 and EURAMET.EM-KS5.1 KCs are presented
in Table 4.
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EURAMET.EM-KS.1 and COOMET.EM-KS Power factor 1.0
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Red diamonds: participants in EURAMET.EM-K5. only; Blue circles: participants in COOMET.EM-K5 only
Fig. 1. DoE of NMIs/Dls in EURAMET.EM-K5.1 and COOMET.EM-K5 KCs in terms of RV, for PF 1.0
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Fig. 2. DoE of NMIs/DIs in EURAMET.EM-K5.1 and COOMET.EM-K5 KCs in terms of RV, for PF 0.5 Lag
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EURAMET.EM-K5.1 and COOMET.EM-KS Power factor 0.5 Lead
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Fig. 3. DoE of NMis/DIs in EURAMET.EM-K5.1 and COOMET.EM-K5 KCs in terms of RV,, for PF 0.5 Lead
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Fig. 4. DoE of NMIs/DIs in EURAMET.EM-K5.1 and COOMET.EM-K5 KCs in terms of RV, for PF 0.0 Lag
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EURAMET.EM-KS.1 and COOMET.EM-KS Power factor 0.0 Lead
Degrees of equilence [D; and its expanded uncertainty (k = 2), U}
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Fig. 5. DoE of NMIs/DIs in EURAMET.EM-K5.1 and COOMET.EM-K5 KCs in terms of RV, for PF 0.0 Lead

Table 4
DoE difference and DoE uncertainty difference
of NMIs/DIs in EURAMET.EM-KS5.1 and
COOMET.EM-K5 KCs

A, | AUy, | Aps | AU,

NMI/DL| yw/(VA) | uW/(VA) | tW/(VA) | uW/(VA)
PF=1.0 PF = 0.5 Lag

UME* -6 2 -21 -2
UMTS* -14 -9 -81 -66
SMU* -66 0 -8 8
NMI/DI| PF = 0.5 Lead PF = 0.0 Lag
UME* 10 -2 -14 -2
UMTS* 59 -66 -22 -131
SMU* -30 8 32 15
NMI/DI PF = 0.0 Lead -
UME* 14 -3 - -
UMTS* 15 -122 - -
SMU* 52 14 - -

Results UME (Turkey) in EURAMET.EM-KS5.1
and COOMET.EM-K5 KCs are quite stable, taking
into account the time drift between comparisons
(DoE uncertainty difference from 2 to —3 uW/(VA)).
Results UMTS (Ukraine) in COOMET.EM-K5 KC

are much better than in EURAMET.EM-K5.1 KC
(DoE uncertainty difference from —9 to —131 uW/
(VA)), since a significant modification of the national
measurement standard of power was made. Results
SMU (Slovakia) in COOMET.EM-KS5 KC are worse
than in EURAMET.EM-K5.1 KC (DoE uncertainty
difference from 0 to 15 uW/(VA)). It’s may be due to
the change of contact person in NMI.

4. Conclusion

KCs play an important role in internationally
recognizing the measurement results of NMI/DI and
achieving traceability of GMT. Obtained results for all
NMIs/DIs of both KCs have good data consistency.
Those KCs will be able to provide support CMCs
entries for NMIs/DIs for power in Appendix C of
the CIPM MRA.

The described procedure of linking of RMO KCs
with respect to CCEM-K5 KC RV is used for linking
results of EURAMET.EM-KS5.1 and COOMET.EM-
K5 KCs for power at frequency 53 Hz for PF 1.0,
0.5 Lag, 0.5 Lead, 0.0 Lag, and 0.0 Lead. Special
conclusions on the results of NMIs/DIs of the
participants of both comparisons are presented.
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MoxxmmBocTi 3B’s13yBaHHs pe3ybTaTiB EURAMET
i COOMET xiii0uoBHMX 3BipeHb 1Sl MOTYXKHOCTI

O.M. Benunuko!, T.b. lNopaieHko?

T A “YkpmempmecmcemaHdapm”, eyn. MemponoaiyHa, 4, 03143, Kuie, YkpaiHa

velychko@ukrcsm.kiev.ua

2 Odecbka OepxxasHa akadeMiss mexHiYHo20 peayrosaHHs ma sikocmi (OLATPS), eyn. Koeanbcbka, 15, 65020, Odeca, YkpaiHa
t_gord@hotmail.com

AnoTauis

PesynbraTamu peaiizaiiii Yroau npo B3aeMHe BU3HaHHSI MixHapoaHoro Komitety 3 mip Tta Bar (CIPM MRA) € mix-
HapOIHO BUW3HaHI KaliOpyBaibHi Ta BuUMiptoBaibHi MoxiauBocTi (CMC) yyacHUKIB MiKHapOmIHUX 3BipeHb. KiodoBuMm
3BipeHHsIMU (K3) eTayioHiB € crneuiaiabHi 3BipeHHS A HaliOHaJbHMX MeTposioriynux iHctutyTiB (HMI) i npusHauyeHux
incturytiB (I11) y pamkax KoncynbsratuBHux kowmiteriB (KK) CIPM i perioHanbHMX MeTpoJoriyHux opraHizauiii (PMO).
K3 PMO exsiBasienTHi K3 KK.

Ilonano ocHoBHi pesdynabratt HMI Ta I1I, ski BumipromoTh motyxHicTh y pamkax K3 EURAMET.EM-KS5.1 Ta
COOMET.EM-K5. ¥V K3 EURAMET.EM-KS5.1 B3sin yyacte 12 HMI/TII, a minotHoto sa6opatopiero 6yB UME (Ty-
peuunHa). ¥ K3 COOMET.EM-KS B3sin yyacts 13 HMI/III, a minotHoto naboparopiero 6yB UMTS (Vkpaina). UME,
UMTS ta SMU (CnoBauunHa) B3I y4acTh y o6ox K3.

JIns mocsirHeHHs! 1J100aJIbHOI METPOJIOTIYHOI MPOCTEXKYBAHOCTI JOLIJIBHO BUKOPUCTOBYBATU METOJOJIOTIIO 3B’ SI3yBaHHS
pesynpratiB K3 PMO mo K3 KK. Onucano npouenypy 3B’s13yBanHg K3 PMO no omopHoro 3HadeHHsT K3 KK, aKky moxe
OyTM BUKOPMCTAHO IS MPAaKTUYHOI OLIIHKW pe3yabTariB KoHKpeTHUX K3 PMO mig po3livMpeHHsI TeXHiYHOI 0a3u mim-
tBepmkeHHs CMC HMI ra I1I.

Tlomano 3B’a3aHi pesyaptatu KiouyoBux 3BipeHb EURAMET.EM-KS.1 i COOMET.EM-KS ans moTyxXHoCTi Ha yac-
toTi 53 'l Ta KoediieHTiB moryxkHocTti 1.0, 0.5 Lag, 0.5 Lead, 0.0 Lag Ta 0.0 Lead. [lomaHo cnemiasbHi BUCHOBKH IIOIO
pesyabratiB UME, UMTS Ta SMU, ski Opaiu ydyactb B 060x K3. BcranosieHno, mo UME maB cTabiibHO Xopolii pe-
3yabTaTU B 000X 3BipeHHsAX, UMTS 3HauHO MoJIMIIMB CBOI pe3yJbTaTH B OCTaHHLOMY 3BipeHHi, a SMU genio moripmus
pe3yabrati. HoBux pesynbratiB UMTS nocsrHyTo 3a paxyHOK CYTTEBOI MOJEpHi3allii HallioHAJIbHOTO e€TajloHa MOTYXHOCTI.

KirouoBi ciioBa: KJ1104OBi 3BipeHHSI; OMOPHE 3HAYEHHS; HEBU3HAUEHICTh BUMIPIOBAHb; HALlIOHAJTbHUI METPOJIOTIYHUI
IHCTUTYT; 3B’SI3yBaHHS.

Bo3moxnocTy npuBsa3ku pe3yabratoB EURAMET
n COOMET xkmoueBbIX CJOMYCHMIA O MOIMHOCTH

O.H. Benuuko', T.b. NopaneHko?

" [T “Ykpmempmecmcemardapm”, yn. Memponoauyeckas, 4, 03143, Kues, YkpauHa

velychko@ukrcsm.kiev.ua

2 Odecckasi eocy0apcmeeHHas akadeMusi mexHU4eckoeo peeyrnuposaHusi u kadecmea (OFATPK), yn. Koeanbckas, 15, 65020,
Odecca, YkpauHa

t_gord@hotmail.com

AnHOTAIMS

PesynbraTtamu peanusaium CornameHusi o B3auMHoM rnipusHaHuu CIPM (MRA) gaBnsitoTcst MexXIyHapOIHO MpU3HAHHbIE
BO3MOXHOCTH KanuopoBku u uaMepeHuit (CMC) ydyacTHUKOB cianyeHMil. [1pencraBieHbl OCHOBHBIC Pe3yJIbTaThl Jlabopa-
TOPUI-YYaCTHULl HAIMOHAJIbHBIX MeTposiornueckux MHCTUTYTOB (HMMW) u HazHaueHHbIXx uHctutyToB (HU), KOTOpBIE U3-
MEpSIIOT OJMHAKOBYIO MOIITHOCTH B paMkax kiroueBbix cinyeHuii (KC) EURAMET.EM-K5.1 u COOMET.EM-KS. B KC
EURAMET.EM-KS5.1 npunsmu yuactue 12 HMUWU/HU. B padote COOMET.EM-K5 KC mpunsnu ywsactue 13 HMU/
HU. UME (Typuusa), UMTS (Ykpauna) u SMU (CnoBakust) 6t oommmu yyactHukamu KC EURAMET.EM-KS.1
u COOMET.EM-KS5.

Ykpaiucokuii memponoeiunuii scyprnan, 2019, Ne 4, 15-22 21



Possibilities of Linking Results of EURAMET and COOMET Key Comparisons for Power

[nst mocTukeHusl TI00aTbHON METPOJOTUIECKON TPOCIEeKMBAEMOCTH IIeIeCO00Pa3HO MCTIOIb30BaTh METOMOJIOTUIO
npuBsizku pesyaptaToB KC KoHcynbratuBHbix KoMuTeToB (KK) M KC pernoHaqbHBIX METpPOJOTMYECKMX OpraHu3aluii
(PMO). Onucana niponenypa npussisku KC PMO no onopromy 3HaueHuto KC KK. IIpencraBieHsl CBI3aHHBIE Pe3YIbTAaThl
EURAMET.EM-KS5.1 u COOMET.EM-KS5 nnsa moiHoctu. IlpencrapieHsl crieliMaibHble BbIBOAbI M0 pedynbratam UME,
UMTS u SMU, kotopbie yyacTBoBaiin B 06oux KC.

KinroueBbie cioBa: KiroueBble CIMYEHMS; ONTOPHOE 3HAUYEHUE; HEOIpPeneIeHHOCTh U3MEPEHUIT; HallMOHATbHBI METpPO-
JIOTUYIECKUIT WHCTUTYT; TIPUBS3KA.
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