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Abstract

A Supplementary Comparison of Regional Metrology Organizations (RMOs) is a comparison, usually carried out by an
RMO to meet specific metrological needs not covered by Key Comparison of Consultative Committee of the International
Committee for Weights and Measures (CIPM) or RMOs. The outcomes of the CIPM Mutual Recognition Arrangement
(MRA) are the internationally recognized Calibration and Measurement Capabilities (CMCs) of the participants of comparisons
and CMCs of National Metrology Institutes published in Key Comparison Database (KCDB) of the International Bureau
for Weights and Measures (BIPM).

Main results of the participating laboratories which have been measuring the same inductance travelling standard for 10
and 100 mH at 1 kHz in a framework of GULFMET.EM-S4 Supplementary Comparison of Inductance are presented. The
paper describes the evaluation of drift effect of the travelling standard and Reference Value of a Supplement Comparison.

Degrees of Equivalence and Expanded Uncertainties of NMI participants are determined.

E_number was calculated for each NMI participating in GULFMET.EM-S4 comparison with the aim of determining
data consistency. Linked results of COOMET.EM-S14 and GULFMET.EM-S4 supplementary comparisons for inductance
were presented. Obtained results of both comparisons have good data consistency for all NMI participants.
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1. Introduction

Key comparisons (KC) are the special compa-
risons for National Metrology Institutes (NMlIs) in a
frame of Consultative Committee (CC) and Regional
Metrology Organizations (RMOs) around the world,
which are carried out within the framework of the
International Committee for Weights and Measures
(CIPM) of Mutual Recognition Arrangement (MRA)
[1, 2]. The main purpose of KC is the determination
of the equivalence between laboratories of different
NMIs. A supplementary comparison (SC) of RMO is
a comparison, usually carried out by a RMO to meet
specific metrological needs not covered by KC of CC
or RMOs.

The CIPM MRA describes in general how the
data of KC should be evaluated but it does not provide
enough specifics to define an unambiguous analysis.
Consequently, many different ways of evaluating KC
data have been suggested over the years [3—5]. The
degree of equivalence (DoE) of a laboratory is obtained
as the deviation of its measurement result from the
KC reference value (RV), together with the uncertainty
associated with this deviation according to the CIPM
MRA [6].
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RMOs have procedures for carry out of compari-
sons, but only the Euro-Asian Cooperation of National
Metrological Institutions (COOMET) has guidelines
on KC and SC data evaluation [7, 8]. The outcomes
of the CIPM MRA are the internationally recognized
Calibration and Measurement Capabilities (CMCs) of
the participants of comparisons and CMCs of NMIs
published in Key Comparison Database (KCDB) of
the International Bureau for Weights and Measures
(BIPM) [9, 10].

2. Brief review of carried out comparisons of
inductance

The Consultative Committee for Electricity and
Magnetism (CCEM) of CIPM was a sponsor of in-
ternational comparisons of the national measurement
standards of electromagnetic quantities between labo-
ratories of different NMIs in the CIPM—MRA frame-
work. From 1989 to 1999, CCEM-K3 KC [11] for in-
ductance of 10 mH at 1 kHz was carried out. 11 NMIs
that are the members of four RMOs: EURAMET,
APMP, COOMET and SIM, participated in this KC.
The PTB was the pilot laboratory of this KC.
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In 2006, EURAMET.EM-K3 [12] KC for induc-
tance 10 mH at 1 kHz was carried out. 3 NMIs par-
ticipated in this KC and PTB was the pilot laboratory.
In 2016, SIM.EM-K3 [13] KC for inductance 10 mH
at 1 kHz was carried out. 7 NMIs participated in this
KC and SENAM (Mexico) was the pilot laboratory.

From 2002 to 2003, EURAMET.EM-S20 [14]
SC for inductance 100 mH at 1 kHz was carried out.
3 NMIs participated in this SC and PTB was the pilot
laboratory. From 2006 to 2008, EURAMET.EM-S26 [15]
SC for inductance 100 mH at 1 kHz was carried out.
7 NMIs participated in this SC and SENAM (Mexico)
was the pilot laboratory. SE “UKRMETRTESTSTAN-
DART” (UMTS, Ukraine) took part as the participant
in EURAMET.EM-S26 SC with the aim of publishing
CMC:s for inductance in the KCDB of the BIPM.

From 2013 to 2014, the COOMET.EM-S14 [16]
SC for inductance 10 and 100 mH at 1 kHz was car-
ried out in the CIPM—MRA framework. The SC was
carried out between 4 NMIs which are the members of
two RMOs: COOMET and GULFMET. The UMTS
(Ukraine) was the pilot laboratory of this SC.

The procedure was proposed for linking results
of EURAMET.EM-S20, EURAMET.EM-S26 and
COOMET.EM-S14 SCs to those NMIs which have
also taken part in those comparisons [17].

3. Participants of supplementary comparison of inductance

The GULFMET.EM-S4 [18] SC for inductance
10 and 100 mH at 1 kHz was carried out in the
CIPM—-MRA framework from June to October 2018.
The SC was carried out between 3 NMIs which are the
members of two RMOs: COOMET and GULFMET.

The travelling standards (TSs) were compared at
UMTS (Ukraine), QCC EMI (United Arab Emirates),
and SASO-NMCC (Saudi Arabia). UMTS was a pilot
laboratory responsible for providing the TSs, coordinat-
ing the schedule, collecting and analysing the compa-
rison data, preparing the draft report, etc.

4. General review of travelling standards

The UMTS as pilot laboratory has performed re-
peated measurements on the TSs of types P5109 10 mH
and P5113100 mH during the course of this compa-
rison as well as COOMET.EM-S14 comparison [16].
TSs of inductance are shown on Fig. 1.

MIPA IHQYKTUBHOCT!
ETANOHHA TEPMOCTATOBAHA

MIPA IHQYKTUBHOCTI
ETANNOHHA TEPMOCTATOBAHA
100 MMH

Fig. 1. TSs for inductance 10 and 100 mH

Thermostatically regulated standards of inductance
of types P5109 and P5113 allow the monitoring of critical
parameters: the temperature difference of values within
each standard thermostat and internal supply voltage.
The standards contain inbuilt precision thermostat with
dual temperature sensors, which provides increased reli-
ability and accuracy of the measurement results.

Main characteristics of the standards of induc-
tance:

* instability: 10 ppm/year;

+ temperature inside the thermostat: 29.5
30.5 °C;

* temperature instability: 0.05 °C/hour;

* time to thermostat operating mode: not more
than 3 hours;

+ weight: 9 kg.

°C to

5. Behaviour of the travelling standard

Connection of TSs in accordance with connection
schemes for 2- and 3-terminal is shown on Fig. 2.
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Fig. 2. Connection scheme: a) for 2-terminal; b) for 3-terminal

From these measurements, the behaviour of the
TSs can be seen in Fig. 3—6.

As the values of the inductance are time-depen-
dent they were measured before and after each visit so
that a drift curve for each one could be established.
The drift of the TSs by using all results weighted with
the variance of the measurements was checked. The
drift was neglected.

6. The reference values of comparison

The RV x_, calculated as the mean of participant
results with GULFMET EM-S4 data are given by [3—5]

x”f_,lu(x)/ V() M
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mH Traveling standard drift for 10 mH, 1 kHz, 2-terminal
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Fig. 3. Behaviour of the TS for 10 mH (2-terminal)
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Fig. 4. Behaviour of the TS for 10 mH (3-terminal)

mH Traveling standard drift for 100 mH, 1 kHz, 2-terminal
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Fig. 5. Behaviour of the TS for 100 mH (2-terminal)
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mH Traveling standard drift for 100 mH, 1 kHz, 3-terminal
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Fig. 6. Behaviour of the TS for 10 mH (3-terminal)

with associated standard uncertainty
N
1
2
u(x )=1 —. 2
(i) ;uz(xi) )

In cases the calculated simple weighted mean of
all results was x . = 0.448 mH/H for 10 mH (2-ter-
minal) and x . = 0.435 mH/H for 10 mH (3-terminal)
with expanded uncertainty (k = 2) U .= 0.020 mH/H;
x . = 0977 mH/H for 100 mH (2-terminal) and
X = 0.833 mH/H for 100 mH (3-terminal) with ex-
panded uncertainty (k = 2) U . = 0.020 mH/H.

The UMTS as pilot laboratory has provided the
traceability to the SI of the national measurement
standards. All of the participating NMIs made measu-
rements at the same measurement points for 10 and
100 mH at 1 kHz.

UMTS inductance measurements are traceable to
the PTB (Germany). QCC EMI and SASO-NMCC
inductance measurements are traceable to the UME
(Turkey). The PTB and UME participated in
CCEM-K3 [11] KC, and EURAMET.EM-S20 [14]
and EURAMET.EM-S26 [15] SC. The PTB partici-
pated also in EURAMET.EM-K3 [12] KC.

7. Degrees of equivalence of participants

Only one value is reported for each of NMI

rement for 10 and 100 mH at 1 kHz for 2- and
3-terminals.

The degrees of equivalence of the i-th NMI and
its expanded uncertainties with respect to the compa-
rison reference value are estimated as [8]

Dy =X = X (3)
U(D)=U*(x)+U*(x,)- (4)

The declared uncertainties are judged as con-

firmed if the following equation is satisfied
D.| <2u(D,).

| 1| ( 1) (5)

The Degrees of Equivalence (DoE) of the NMI

participants and their expanded uncertainties (kK = 2)

with respect to the KCRYV for 10 and 100 mH at 1 kHz

for 2- and 3-terminal are also presented in Table 1 and
the graphs in Fig. 7—10.

8. Results of participants of comparison

The maximum E_number and declared uncertain-
ties for degrees of equivalence of all NMIs for 10 and
100 mH (Table 2) are judged as confirmed by equations:

x

i xrcf

participants. Degrees of equivalence of the NMI max En = > > <1.0. (6)
participants are reported with respect to the measu- 2\/ u (%) —u” (X))
Table 1
DoE of the NMI participants, mH/H
10 mH 100 mH
NMI 2-terminal 3-terminal 2-terminal 3-terminal
D, uw) D, Uu(p) D, uw) D, u)
QCC EMI 0.010 0.074 0.007 0.073 0.073 0.122 0.084 0.089
SASO-NMCC -0.020 0.082 — — 0.041 0.083 — —
UMTS 0.001 0.029 -0.001 0.029 -0.006 0.029 -0.005 0.029
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mH/H  GULFMET.EM-S4 - DoE for 10 mH, 2-terminal
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Fig. 7. Degree of equivalence of the NMI participants for 10 mH (2-terminal)

mH/H GULFMET.EM-S4 - DoE for 10 mH, 3-terminal
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Fig. 8. Degree of equivalence of the NMI participants for 10 mH (3-terminal)

mH/H  GULFMET.EM-$4 - DoE for 100 mH, 2-terminal
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Fig. 9. Degree of equivalence of the NMI participants for 100 mH (2-terminal)
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mH/H  GULFMET.EM-S4 - DoE for 100 mH, 3-terminal
0.20
0.15
0.10
L 2
0.05
0.00 1
-0.05
NMI QCC EMI UMTS
Fig. 10. Degree of equivalence of the NMI participants for 100 mH (3-terminal)
Table 2 linking NMI in GULFMET.EM-S4 SC and standard
Values for E, number uncertainty of corrected factor:
10 mH 100 mH , , )
NMI 2-ter- 3-ter- 2-ter- 3-ter- u (d):u (DUMTS-SI4)+u (DUMTS-S4)’ (8)
minal | minal | minal | minal
QCC EMI 0.14 0.11 0.62 0.99 where: u(DUMTs,sm) is standard uncertainty of linking
SASO-NMCC | 0.26 — 0.54 — NMI in COOMET.EM-S14 SC; U(DUMTS.SA) is
UMTS 0.07 0.09 0.66 0.63 standard uncertainty of linking NMI in GULFMET.

9. Linking results of COOMET and GULFMET
supplementary comparisons for inductance

Results of GULFMET.EM-S4 (3 participants)
[18] SC can be linked in terms of RV, (100 mH,
1 kHz). Results of those comparisons are expressed to
COOMET.EM-S14 (4 participants) SC [16]. UMTS
(Ukraine) participated in COOMET.EM-S14 and
GULFMET.EM-S4 SCs, therefore, the UMTS results
can be used to determine the link.

DoE of GULFMET.EM-S4 SC needs to be cor-
rected by a value d [17], which is determined from the
results of the participant linking NMI:

d= DUMTS-SI4 - DUMTS-S4’ (7)
where: Dunssis is the DoE of linking NMI (UMTS)
in COOMET.EM-S14 SC; Dyyss is the DoE of

EM-S4 SC.

The corrected DoE for i-th NMI participants [17]
in GULFMET.EM-S4 SC in terms of COOMET.EM-
S14 SC RV are then is given by:

DS'41' =Dy, + d )

and corrected standard uncertainty of DoE:

u” (Dgy) = u’ (DS4i)+u2(d)’ (10)
where: Dy, is the DoE of i-th NMI in GULFMET.
EM-S4 SC; u(Ds,,).

The results from NMlIs in COOMET.EM-S14
and GULFMET.EM-S4 SCs for 100 mH in terms
of RV, are shown in Table 3 and Fig. 11. The sign
“*” in Table 3 and Fig. 11 indicates those NMIs
that participated in both comparisons and have two
different results.

Table 3
DoE of NMIs in GULFMETEM-S4 SC in terms of RV, ,, mH/H

NMI D514 U(Dsm) Ds4 U(Ds4) D’SM U(D,sm)
BelGIM -0.010 0.101 -0.010 0.101
KazInMetr -0.014 0.027 -0.014 0.027
GUM -0.006 0.017 -0.006 0.017
UMTS* 0.007 0.010 -0.010 0.030 0.007 0.010
QCC EMI 0.073 0.122 0.090 0.126
SASO-NMCC 0.041 0.083 0.058 0.089
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D,/ pH/H
0.140 -
0.120

COOMET.EM-S14 and GULFMET.EM-S4
Inductance, 100 mH, 1 kHz
Degrees of equivalence D, and expanded uncertainty U, (k = 2)
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-0.080 . T

BelGIM KazInMetr GUM

UMTS* QCCEMI SASO-NMCC

Red diamonds: COOMET.EM-S14; Blue circles: GULFMET.EM-S4

Fig. 11. DoE of NMiIs in COOMET.EM-S14 and GULFMET.EM-S4 SCs in terms of RV,

In Fig. 1 red dashed lines indicate the boundaries
of the minimum expanded uncertainty of the linking
laboratory.

10. Conclusion

A SC of inductance for 10 and 100 mH at 1 kHz
has been carried out between participating GULFMET
and COOMET member laboratories. In general, there is
good agreement between participating laboratories for this
quantity at a nominal value of 10 mH and acceptable
agreement at a nominal value of 100 mH. It is expected
that this comparison will be able to provide support for
participants’ entries in Appendix C of the CIPM MRA.

The calculated values of drift effect for GULFMET.
EM-S4 TS were linear and small for all measurement

points, so it was neglected. Also the RV of SC and
its expanded uncertainties were calculated. The RV of
SC lies in the range from 0.448 mH/H (2-terminal)
to 0.435 mH/H (3-terminal) for 10 mH with expan-
ded uncertainty 0.020 mH/H, and from 0.977 mH/H
(2-terminal) to 0.833 mH/H (3-terminal) for 100 mH
with expanded uncertainty 0.020 mH/H.

DoE and its expanded uncertainties of NMI par-
ticipants were calculated. The £ numbers lies in the
range from 0.07 to 0.99 for all NMI participants that
satisfies the condition of performance £ < 1.0 and
characterizes good data consistency.

Linked results of COOMET.EM-S14 and
GULFMET.EM-S4 SCs for inductance were presen-
ted. Obtained results for all NMI participants of both
comparisons have good data consistency.

OCHOBHI pe3yJbTaTH J0JATKOBHUX 3Bipe€Hb iHIYKTHBHOCTI
GULFMET.EM-S4 naa 10 ta 100 mH na 1 kHz

O.M. Bennuko', C.M. WeBkyH', T.6. lNopaieHko?

T O “YkpmempmecmcmaHdapm”, eyn. MemponoeiyHa, 4, 03143, Kuis, YkpaiHa

velychko@ukrcsm.kiev.ua; shevkun@ukrcsm.kiev.ua

2 Odecbka OepxasHa akaleMisi mexHiYHo20 peaynosarHHs ma skocmi (OLATPS), eyn. Kosanbcbka, 15, 65020, Odeca, YkpaiHa

t gord@hotmail.com

Anorauis

JlonaTtkoBe 3BipeHHSI perioHaJIbHUX METpOJoriyHux opranizaiuiii (RMO) — 1ie 3BipeHHS, 110 3a3BMYail BUKOHYETHCS
RMO ms 3am0BOJIEeHHS KOHKPETHUX METPOJIOTIYHMX TOTpeO, sIKi He OXOIUIIOIOTHCS KIIIOUOBUMU 3BipeHHSIMM KOHCYITb-
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tatuBHOro Komirety (CC) MixHapomHoro komitery 3 Mip Ta Bar (CIPM) a6o RMO. Pesynbratom Yromm mpo B3aeMHe
Bu3HaHHs CIPM (MRA) € mixHapoaHo BU3HaHi KaiiOpyBajibHi Ta BUMiptoBajibHi MoxauBocTi (CMC) yyacHUKIB 3BipeHb
i onmy6mikoBani CMC HamioHanbHUX MeTposioriyHux iHcTUTyTiB (NMI) y 6a3i maHux xmodoBux 3BipeHb (KCDB) Mix-
HapoaHoro 0wopo Mip Ta Bar (BIPM).

HanaHo xopoTky iHpopMalilo ILIOJ0 KJIHYOBUX i JTOJaTKOBUX 3BipeHb €TaJlOHIB iHAYKTUBHOCTI, SIKi IPOBOIM-
auck CC 3 enextpuku ta RMO. Hanano ocHOBHi pesynbTatu Jiabopatopiii NMI-yyacHUKiIB N10JaTKOBUX 3BipeHb
inagyktuBHocti GULFMET.EM-S4, gki gociIXyloTh OAUH i TOW e TpaHCIopTaOeJbHUI €TalOH iHIAYKTUBHOCTI JUJIsSt
10 ra 100 mH npu 1 kHz. HaBeneHo ouiHKy craHmapTHoOro edexTy apeidy Ta OonmopHi 3HauyeHHS HOAATKOBOTO 3Bi-
PEeHHS JJIs ABO- i TPUTEPMiHAJbHOTO BKJIIOUEHHSI TPAHCIOPTAOEIbHOrO eTajoHa iHIAYKTUBHOCTI. BcTaHOBIEGHO CTyNeHi
€KBiBaJIEHTHOCTI Ta PO3LIMpeHi HeBU3HAuYeHOCTi 1 Bcix NMI-yuacHukiB 3BipeHb. [linorHowo naboparopiero AIT
“Ykpmetprectctanaapt” (YkpaiHa) Oyjo BCTAHOBJIEHO MPOCTEXYBaHICTh BUMIiplOBaHb iHAYKTUBHOCTI MJISI KOXHOTO
NMI-yyacHuka 3BipeHb.

3 MeTO BM3HAYEHHS Y3TOIKEHOCTI JaHuX Oynu pospaxoBaHi E uucia misg KoxHoro NMI-yyacHuka 3BipeHb
GULFMET.EM-S4. Otpumani pe3ynbratu mis Bcix NMI-yyacHUKIB 3BipeHb MarOTh TapHY Y3TroIKeHicTh naHux. Koporko
HalaHO MpoLeAypy MOB’sI3yBaHHSI pe3yJibTaTiB gonatkoBux 3BipeHb RMO. HamaHo 1oB’sg3aHi pe3yjbTaTh JOJATKOBUX 3Bi-
peab COOMET.EM-S14 i GULFMET.EM-S4 nng etanoHiB iHGyKTuBHOCTI. NMI-y4acHUKM 3BipeHb MOXYTb BUKOPHUCTATH
OTpUMaHi pe3yJbTaTu I PO3pOOJIEHHS 4YM TiATBepaXeHHs1 cBoix CMC.

Kmouosi cioBa: edext apelidy; iHIyKTUBHICTD; 10AaTKOBE 3BipEeHHS; OMOPHE 3HAUYEHHS; TpaHCTIOPTaOeIbHUI eTajloH;
CTYMiHb €KBiBaJICHTHOCTI.

OcHoBHbIE pe3yJbTaTbl JONOJHUTEIbHBIX CJIWYEHHIH
nHaAYKTUBHOCTH GULFMET.EM-S4 naa 10 u 100 mH
Ha 1 kHz
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2 O0ecckasi eocydapcmeeHHasi akadeMusi mexHU4eckoeo peeyrnuposaHusi u kadecmea (OFATPK), yn. Koeanbckas, 15, 65020,
Odecca, YkpauHa
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AHHOTAUMS

JloMmoJIHUTENIbHOE CIAWYEHUE PErMOHAIbHBIX MeTpoJsiornueckux opraHmusanuit (RMO) — 310 canueHune, oOBIYHO
BhITTOSTHsIeMoe RMO mist ynoBiIeTBOpeHUs KOHKPETHBIX METPOJIOTMYECKUX MOTPEOHOCTEN, KOTOPhle HE OXBAaTBHIBAIOTCS
KJIoueBbIMU candyeHusiMu KoHcynbTaTUBHOTO KoMHUTeTa MexayHapoaHoro komutetra mep u BecoB (CIPM) wim
RMO. Pesynabratom CornameHuss o B3auMHOM npusHaHuu CIPM (MRA) gBasiioTcs MeXAyHapOJAHO MpPU3HAHHbIE
KaJIuOpOBOYHbBIE M U3MepUTeabHbie BO3MOXHOCTM (CMC) y4yacTHUKOB claMYeHU M omnybiukoBaHHble CMC
HALIMOHAJIBHBIX METpOJIorndeckux MHCTUTYTOB (NMI) B 6aze maHHbIX KiawoueBbix cimdyeHuii (KCDB) MexnyHapon-
Horo Oropo Mep u BecoB (BIPM).

IIpencTaBieHbl OCHOBHBIE pE3yJbTaThl YYACTBYIOIIMX JA0OpATOPUi, KOTOpHIE WCCIEOyIOT OAWH U TOT 3XKe
TpaHCHOPTUPYEeMbIii 3TajioH MHAYKTUBHOCTU st 10 m 100 mH npu 1 kHz B pamkax AOMOJHUTENbHBIX CAMYEHUI
nHayktuBHOocTH GULFMET.EM-S4. OmnucheiBaeTcs olieHKa CTaHmapTHOro adgdgexra npeiipa ¥ 3TalOHHOE 3HAUYCHUE
IOTIOJTHUTEJIBHOTO CIIMYCHUSI. YCTaHOBJIEHBI CTEIIeHNU 3KBUBAJICHTHOCTU M PAaCIIMpPEeHHbIE HEOTPEeNeJeHHOCTU YIacTBY-
omux NMI.

E_ 4ucio ObuIo paccuutaHo Juid Kaxnoro ydactByroiiero B cindeHusx GULFMET.EM-S4 NMI ¢ wenbio ompe-
JIeJICHUsI COTJIACOBAaHHOCTM NaHHBIX. IIpeacTaBieHbl CBSI3aHHBIE Pe3yJbTaThl AOMOMHUTENbHBIX cinuyeHuii COOMET.EM-
S14 u GULFMET.EM-S4 nng unnyktuBHocTU. [lonydyeHHble pe3yabTaThl Mg Beex ydacTByommnx NMI umeror xopoiiyio
COTJIACOBAaHHOCTb TaHHbIX.

Kmouesbie ciioBa: adekT apeiida; MHIYKTUBHOCTD; JOMOJHUTEIbHbIE CIMYSHUST; OTTIOPHOE 3HAYEHME; TPAHCTIOPTUPYEMbIi
STAJIOH; CTEIEHb SKBUBAJIEHTHOCTH.
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