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Abstract

When preparing for accreditation, testing and calibration laboratories face the problem of developing methods for
evaluating the measurement uncertainty. The interpretation of the Guide to the Expression of Uncertainty in Measurement
regarding the calibration is given in the document of the European Cooperation for Accreditation. Despite the availability
of guidance documents and publications on this issue, each evaluation case requires an analysis.

The paper considers the calibration of teraohmmeters and insulation resistance meters, the feature of which is the lack
of appropriate high resistance measures. Therefore, a resistance Y-network is used, which allows generating the reference
resistance using three measures, which in turn causes additional components of the uncertainty. The analysis of the uncertainty
components and the sensitivity coefficients of the deviation of indications to input values is conducted. The evaluation of
the combined standard uncertainty and the expanded measurement uncertainty of the deviation of the calibration object
indications is carried out, and the uncertainty budget is provided. An example of applying the developed method is given.
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1. Introduction

Teraohmmeters are widely used to measure large
input and output resistances and insulation resistances
for inspecting the power equipment — high-voltage
switchgears, powerful transformers, electric motors, etc.
To calibrate such instruments, it is necessary that there
is a calibration method for evaluating the measurement
uncertainty. This is due to the requirements of the
standard for accreditation of testing and calibration
laboratories DSTU EN ISO/IEC 17025:2019 [1] and
the International Laboratory Accreditation Cooperation
Policy ILAC P14:12/2010 [2].

The general interpretation of the Guide to the
Expression of Uncertainty in Measurement JCGM
100:2008 [3] regarding the calibration is given in the
document of the European Cooperation for Accre-
ditation EA-4/02 M:2013 [4]. However, each indivi-
dual case of developing a method for evaluating
the measurement uncertainty during the calibration
of measuring instruments is of great scientific and
practical interest.

The objective of the paper is to develop a method
for evaluating the measurement uncertainty during the
calibration of teraohmmeters and insulation resistance
meters using the substitution method.
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2. Method of measuring the electrical resistance over
10 G

A feature of calibrating high-resistance ohmmeters
is the lack of electrical resistance measures of the
nominal value above 12 GQ. Therefore, when mea-
suring the electrical resistance over 10 GQ, an equi-
valent substitution scheme is used, in which the
reference value of the measured resistance R, is set
by reference resistors R, R,, R, (Fig. 1).
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Fig. 1. Measurement of the electrical resistance over 10 GQ

Multivalued measures are used as reference
resistances P40108, P40103 and P40102 or similar
ones. The reference value of the measured resistance R,
generated by the measures is determined by formula [5]
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Table 1
Examples of setting resistance values
R, GQ R,, GQ R, GQ R, GQ

0.1 10 0.10101 20.00001

0.1 10 0.02506 50.00423

0.1 10 0.01252 89.97220
1 10 0.05291 200.00019
1 10 0.02045 499.99756
1 10 0.01124 899.88889
1 10 0.00503 1999.07157
1 10 0.00200 5011.00000
1 10 0.00111 9020.00901

R,, R,, R, are the values of the resistances set on
reference measures P40108, P40103 and P40102
respectively.

Because the measures P40108 (R,), P40103 (R,)
have limited possibilities for regulation, then, using
formula (1), the set of reference values of the measured
resistance R, can be obtained using the formula

_ RIRZ
"R, —(R+R,)

Table 1 shows the examples of setting resistance
values.

3. Evaluation of the measurement uncertainty during
the calibration of teraohmmeters

In calibration, the deviation of the calibration
object indications is determined as the difference
between the measured value of the electrical resistance
and the actual (reference) value set on the standard
(multivalued electrical resistance measure) [6]. For
similar calibration objects, the deviation is the largest
deviation of the value from the deviations obtained
by smoothly summing the pointer, first from the
lower resistance values, and then from the higher
ones.

The equation for measuring the deviation of the
electrical resistance is

(R +38R ) (R, +3R,)+(R, +3R ) (R, + 3R, )+

+(R, +8R,)(R, +8R,) )
R, +38R, ’

AR=R, +8R, —

AR is the deviation of the calibration object indica-
tions; R, is the electrical resistance value measured
by the calibration object; 6R, is the correction of
the indication error of the calibration object; R,
OR,, 3R, are the corrections of the indication error
of multivalued electrical resistance measures P40108,
P40103, P40102 respectively.

For budgeting the measurement uncertainty of the
deviation of the calibration object indications, we use
approach [7] and recommendations [4].

With the uniform distribution of the error within
the limits ¢g/a, the evaluation of type B standard
uncertainty of the deviation of the calibration object
indications is obtained by the formula

q

uy (3R, ) = o

for similar calibration objects, ¢ is the scale-division
value, o = 2; 3; 4 or 5 depending on g¢; for digital
calibration objects, ¢ is the unit of the lowest digit,
o= 2.

The evaluation of type B standard uncertainty of
the deviation of the indications of working standards
is obtained by the formula

uy (3R )= ) 3)

U(R)) and k; are the expanded measurement uncer-
tainties of the deviation of indications or permis-
sible error limits and coverage factor specified in
the calibration certificate of the working standard,
i=1;2; 3.

The sensitivity coefficient of the deviation of in-
dications to input values is calculated using expres-
sion (2) by formulas:

— associated with the correction of the indication
error of the calibration object

6R,

— associated with the correction of the indication
error of working standards

c(8Ry) L 4)

C(SR):aAR:_ R,+3R, ). 5)
'/ OBR, R, +3R,
OAR R +3R
3R,)= =—| - Li1y;
<(OR) = 5, [R3+5R3+ ] ©)
R R )(R R
¢(5R,) OAR _ (R, +3R,)(R, +8 2). o

" 3R, (R, +3R,)’
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Table 2

The uncertainty budget of the deviation of the calibration object indications for the resistance over 10 GQ2

Evaluation Standard C Sensitivity Contributions of uncertainty
Input . . Distribution of . . .
of input uncertainty of . coefficient of output | of input value to combined
value . input value . .
value input value value to input value standard uncertainty
R, R, - - - -
3R, 0 u, (SRX ) uniform 1 Usp, (AR)
R, R, - - - -
3R, 0 u, (8R)) normal c(8R)) Us (AR)
R, R, - - - -
SR, 0 u, (OR,) normal c(dR,) g, (AR)
R, R, — — - -
3R, 0 u, (8R;) normal c(3Ry) gy, (AR)
Output Evaluation Combined Distribution of Coverage Expanded measurement
of output standard .
value . output value factor uncertainty
value uncertainty
AR AR u,(AR) normal 2 U(AR)

The contributions of the standard uncertainty of
input values to the combined standard uncertainty
of output values are calculated as the product of the
evaluation of type B standard measurement uncer-
tainty of the deviation of the indications of working
standards (formula (3)) and the sensitivity coeffi-
cient of the deviation of indications to input values
(formulas (4) — (7)):

— for the correction of the indication error of the
calibration object

Usg, (AR):C(SRX)'MB (BRX):uB (SRX); (3)

— for the correction of the indication error of
working standards

Usg, (AR)=c(8R )-u, (SR )=

— | BB ), (BR);
R, +0R,

€)

Usg, (AR) = C(SRZ)'”B (6R2) =

=— Rl+—6Rl+1 ‘U (5R2);
R, +0R,

(10)

Usp, (AR) = c(8R3 )'”B (8R3 ) =

_ (R +0R)(R, téRZ)'uB (5R,).
(R, +3R,)

The evaluation of the combined standard
measurement uncertainty of the deviation of the
calibration object indications is calculated by the
formula

an

(uSRX (AR))2 +(u5R] (AR))2 +

u, (AR)= , )
+(“5RZ (AR)) +(u§R3 (AR))

the contributions of the standard uncertainty of input
values are calculated by formulas (8) — (11).

The evaluation of the expanded measurement
uncertainty of the deviation of the calibration object
indications is calculated by the formula

U (aR) =k, (AR).

k is the coverage factor. With the normal (Gaussian)
distribution, k£ = 2 at coverage probability P = 0.95.
The uncertainty budget is provided in Table 2.

4. Example of evaluating the measurement uncertainty
during the calibration of teraohmmeters

Let us consider the algorithm for evaluating the
measurement uncertainty on the example of the Megger
MIT515 Insulation Resistance Tester calibration at
89.972 GQ with the test voltage of 1 kV.

The unit of the lowest digit of the teraohmmeter
in the measuring range of 100 GQ is 0.1 GQ.

The acceptable limit of relative errors of resistance
multipliers P40108 and P40102 (according to the values
of resistances R, and R;) is 0.02%, and the acceptable
limit of relative error of resistance multiplier P40103
(the value of resistance R,) is 0.1%.

The uncertainty budget of the electrical resistance
deviation of the Megger MIT515 Insulation Resistance
Tester at 89.972 GQ with the test voltage of 1 kV is
presented in Table 3.

Thus, the result of measuring the deviation of the
electrical resistance indications is

AR =(0.23+0.12) GQ, p = 0.95.

It should be noted that type A measurement
uncertainty can be neglected, since the teraohmmeter
is an integrating device and averages many multiple
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Table 3
The uncertainty budget of the electrical resistance deviation of the Megger MIT515 Insulation Resistance Tester

Evaluation Standard C Sensrflwty Contributions of uncertainty
Input . . Distribution of coefficient of ) .
value of input uncertainty of input value output value to of input value to the combined
value, GQ input value, GQ . standard uncertainty, GQ
input value
R, 90.2
OR, 0 0.02887 uniform 1 0.02887
R, 0.1
OR, 0 0.0000115 uniform —799.722 —-0.009197
R, 10
R, 0 0.005774 uniform —8.987 —0.05189
R, 0.01252
OR, 0 1.5x10¢ uniform 6379.569 0.009569
Evaluation Combined C
Output Distribution of Coverage Expanded measurement
of output standard .
value . output value factor uncertainty
value uncertainty
AR 0.228 0.0608 normal 2 0.122

measurements, so the measurements were performed bration object indications during the calibration of

in a single mode. teraohmmeters and insulation resistance meters has
been developed.
5. Conclusion The example of applying the developed method by

A method for evaluating the measurement calibrating the Megger MIT515 Insulation Resistance
uncertainty of the absolute deviation of the cali- Tester is given.
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AHoTanis

ITin yac miAroToBKM 10 aKpenuTallii BUIMPOOYBaJibHI Ta KaJliOpyBaJibHi J1JabopaTopii CTUKAIOTLCS 3 TMPOOJIEMOIO
PO3pO0JIEHHSI METOMK OLIIHKM HEBM3HAYEHOCTEH BUMMIipIOBaHHS, 1110 BMMararoThcsl 6a3oBum ctanaaptom HACTY EN ISO/
IEC 17025:2019, a Ttakox 3amekiapoBaHi [lomiTmkoio MiXXHApOTHOTO CITIBPOOITHUIITBA 3 aKpemWTAaIlii J1abopaTopiii.
TpakryBanHsg HactaHoBM 3 momaHHsS HEBU3HAYEHOCTI BUMIpIOBaHHSI BiJHOCHO KaJiOpyBaHHSI HaBEJIEHO B JIOKYMEHTI
€Bpormneiicbkoi Koorepallii 3 akpeauTarlii. [lormpu HasIBHICTb KepiBHUX JOKYMEHTIB Ta TyOJiKalliii 1100 IIbOTO IMUTAHHS,
KOXHa CHUTYyallisl OLIHKM BMMAarae oKpeMmoro aHajizy.

Y crarTi po3risiaaeTbes OLiHIOBAHHSI HEBU3HAYEHOCTI BUMIPIOBAaHHS MU KaliOpyBaHHI 1LJISIXOM BUKOPUCTAHHS 3aMiCTh
JIBOBUBIZIHOT Mipy OMOpPY TPUBUBIIHOI CXeMU iMiTaTopa OIOpY 3aMillleHHSI TepaOMMETPiB Ta BUMIpIOBayiB OMOpY i30Js1lii,
1110 IIMPOKO 3aCTOCOBYIOTHCS ITPU OOCTEXEHHI CHIOBOro objagHaHHs. OCcoOIMBICTIO KaliOpyBaHHS BUCOKOOMHHUX OMMETPIB
€ nediumT BiIMOBIAHUX Mip BEJIUKOro oropy. ToMy 3aCTOCOBYEThCS CXeMa-iMiTaTop, siKa 103BoJisie c(hopMyBaTH €TaTOHHUM
OITip 3a JOIMOMOroio Tpbox Mip. lLle mpu3BOAUTH A0 BUHUKHEHHS JOJATKOBMX CKJIAJOBUX HEBU3HAYEHOCTI BUMIipIOBaHHS.
Yepes Te, 110 3pa3KoBi Mipy MalOTh 0OMeXXeHi MOXITMBOCTI IIIOI0 PETYJIIOBAHHS, €TAIOHHE 3HAYSHHST OTOPY BCTAHOBITIOETHCS
3a JOIOMOrol0 KoMOiHallii 3HauyeHb BiAnoBigHUX Mip. IIpoBOaUTBCS aHalli3 CKJIAgOBUX HEBM3HAYEHOCTI Ta Koe(illi€HTiB
YyTJIMBOCTI BiIXWJIEHHSI TMOKa3iB 10 BXiAHUX BeJuuuH. HaBomuTbcsl olliHKa cyMapHOi CTaHIApTHOI HEBU3HAUYEHOCTI

24 Ukrainian Metrological Journal, 2022, No 3, 21-25



M. Serhiienko, I. Skrypka, N. Shtefan

Ta PO3IIMPEHOI HEBM3HAUYEHOCTI BUMIpIOBAaHHS BiIXWICHHS TIOKa3iB 00’e€KTa KajiOpyBaHHS. BHecku cTaHmapTHUX
HEBU3HAYEHOCTE! BXiIHUX BEJMYUH Y CYMapHy CTaHAAPTHY HEBM3HAYEHICTh BUXiMHOI BEJIMYMHU PO3PAXOBYIOTHCS SIK JOOYTOK
OLIIHKM CTaHIApTHUX HEBU3HAUYEHOCTEW TuUIly B BUMIpIOBaHHS BUIIPaBI€Hb Ha BIAXWJIEHHS MOKa3iB poOOUYMX €TajlOHiB
Ha KoedilliEHTU YyTIIMBOCTI BiIXWJEHHS MOKa3iB 10 BXiAHMX BeJWyMH. HaBomutbcs OlOKET HEBM3HAUEHOCTI Ta MPUKIIAL
3aCTOCYBaHHSI pPO3POOJIEHOr0 METONY JUISl OLIHIOBAHHS HEBM3HAYEHOCTI BMMIpIOBaHHSI BiIXWIEHHSI MOKAa3iB €JIEKTPUUYHOTO
ornopy nonan 10 'OMm npu KaniOpyBaHHiI TepaoMMmeTpa.

KirouoBi cioBa: TepaoMMeTp; KasliOpyBaHHSI; HEBU3HAYEHICTh BUMIPIOBaHb; OLIIHIOBAHHS; €JIEKTPUYHUIA OIip.
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AHHOTAIMS

Ilpu moaroToBKe K aKKPEOIUTALMK HUCIBITATEIbHBIE M KAIMOPOBOYHBIE JIAOOPATOPUU CTAJIKMBAIOTCS C IIPOOIEMOI
pa3paboTKN METOIMK OLIEHKHW HEOIpeaeIeHHOCTH n3MepeHus. TpakTtoBka PyKoBoacTBa 1O BBIPaKEHUIO HEOIPEIEIeHHOCTEM
M3MEpPEHMII OTHOCHUTEIbHO KaJIMOPOBKM IpHUBedeHA B JOKyMeHTe EBpomeiickoii Koomepauuu o akkpenurauuu. HecMoTps
Ha HaJlM4ue PYKOBOASIIMX JTOKYMEHTOB M MyOJMKALIMi, Kaxnasi CUTyalllsl OLIEHKU TpeOyeT OTHEeIbHOTO aHali3a.

B crathe paccMaTpuBaeTcsl KaauOpOBKAa TEPAOMMETPOB M M3MEPUTENICHl CONMPOTUBICHUS U3OJISILNUUA, OCOOEHHOCTDHIO
KOTOPOil ABJISIETCS OeUINUT COOTBETCTBYIOLIUX Mep OOJBIIOr0o COMpOTHBIEHMS. [To3TOMYy NMpHUMeHSeTCS SKBUBAJCHTHAs
cxeMa, KOTopasl I03BoJisseT C(OpMUpPOBATHL 3TAJOHHOE COMPOTHMBIECHME C IIOMOIIBIO TpeX Mep, 4YTO OOyCllaBjiuBaeT
JIOTTOJTHUTEJIbHBIC COCTABJISIONINE HEOoIpeneaeHHOCTU. [IpoBOAMTCS aHAIM3 COCTABISIONINX HEOMpPEIeIeHHOCTH M KO3(d-
(DULIMEeHTOB YYBCTBUTEJIBHOCTH OTKJIOHEHMSI IMOKA3aHWi K BXOAHBIM BeduvyuMHaM. [IpMBOAMTCS OlleHKAa CyMMapHOI
CTAaHIAPTHON HEOIPENeJeHHOCTH W PaCIIMPEHHON HEOIpENeJeHHOCTH M3MEPEHUsT OTKJIOHEHMS IIOKa3aHMil OObeKTa
KaMOpOBKU, (OpMHUpYeTCs OIOMKET HeoIpeneJIeHHOCTU. [IpruBOIUTCS MpUMep MpUMEHEHUsT pa3paboTaHHONW METOMUKMU.

Knwouesbie cioBa: TEPAOMMETD; KaJTVIGpOBKa; HEONPEACICHHOCTb MU3MEPEHUA;, OLUCHUBAHUE, OJICKTPUYCCKOEC

COIIPOTUBJIICHUE.
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