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Abstract. Interlaboratory comparisons (ILC) are used to evaluate and confirm measurements' accuracy, reliability, and
reproducibility. ILCs are conducted for both testing and calibration laboratories (CL). They are comparing the results of
measurements or calibrations obtained by different laboratories. The main stages of confirming the competence of laboratories
include accreditation as the first step of such confirmation, as well as periodic participation in the ILCs. This is the basis for
confirmation of the competence of laboratories and contributes to increasing confidence in the data obtained in these laboratories.
The proposed approach to linking the results obtained by the laboratories in different rounds made it possible to jointly evaluate the
CL results of two rounds of the ILC on the calibration of measures of electrical resistance on direct current. This provided
confirmation of the competence of a larger number of CLs in the calibration of resistance measures. This approach can be applied to
the evaluation of the laboratory results and a larger number of ILC rounds, but under the condition that the same CL is chosen as the
reference laboratory. The majority of CLs, which participated in two rounds of the ILC for the calibration of resistance measures of
nominal values of 1 Q, 10 Q, 100 Q, received positive evaluation results using a modified criterion based on functioning statistics —
the En number. They have confirmed their qualification in performing calibration for this measurand in accordance with the
requirements of ISO/IEC 17025 standard. Several CLs do not meet the requirements for the value of En, so they need to implement

the necessary corrective measures.
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1. Introduction

Measurement of electrical resistance on direct
current is important for ensuring the safety, quality, and
reliability of electrical systems, as well as for their
effective management and maintenance. Electrical
resistance is an important characteristic of materials,
especially conductors and insulators. Resistance
measurements are performed to assess the quality of
materials and their suitability for specific applications.
Measurand resistance can detect electrical conduction
problems in electrical systems, help identify problems
with electrical connections such as poor welds or defects
in connections between conductors, and can indicate
potential problems such as short circuits or leakage
currents that may lead to fire or electric shock [1-4].

Interlaboratory comparisons (ILC) are designed to
evaluate and confirm measurements' accuracy, reliability,
and reproducibility. ILCs are conducted for both testing and
calibration laboratories (CL) [5, 6]. They are the process of
comparing the results of measurements or calibrations
obtained by different laboratories. ILCs help determine the
reproducibility of laboratory measurement standards and
measuring instruments. They also help improve data quality
control and help identify discrepancies in laboratory
measurements. This is the basis for confirming the
competence of laboratories and contributes to increasing
confidence in the data obtained in these laboratories.

National accreditation agencies set a requirement
for periodic confirmation by the CL of ensuring the
quality and reliability of the results of the performed
calibrations. The main stages of confirming the
competence of laboratories include accreditation as the
first step of such confirmation, as well as periodic
participation in the ILCs. To prove their competence,
laboratories must maintain a quality system at an
appropriate level, carry out periodic calibration of their
standards and measuring instruments, evaluate the
qualifications of their personnel, conduct internal and
external audits, etc.

2. Drawbacks

The scientific publications mainly consider the
peculiarities of calibration for certain types of measu-
rements or calibration in laboratories and the evaluation
of ILC results. Improvement of calibration methods and
uncertainty assessment of laboratories participating in
ILC for various types of calibrations is considered in [7—
10]. Peculiarities of evaluating the results of ILC for CL
are reflected in [11-13]. Algorithms for evaluating the
results of ILC are given in [14-18]. These works do not
consider such an important issue as linking the laboratory
results in different rounds with each other.
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3. Goal

Aim of current research is to evaluate the laboratory
results of two rounds of ILC on the calibration of electrical
resistance measures and to link their results with each
other. This can prove the competence of a

greater number of CLs on the direct current calibration.

4. Calibration object and participants

State Enterprise (SE) “Ukrmetrteststandard”
(Kyiv, Ukraine), as a national metrological institute,
initiated and conducted two rounds of ILC on the cali-
bration of electrical resistance measures according to the
requirements of the ISO/IEC 17025 standard [5]. The
main purpose of the ILC rounds was to check the quali-
fication of calibration laboratories in measuring electri-
cal resistance. Conduction of ILCs was carried out with
ISO/IEC 17043 [6] and I1SO 13528 [19] standards. The
qualification verification program was implemented with
the requirements of the ISO/IEC 17043 standard [6].

Electrical resistance measures P321 (1 Q, 10 Q),
and P331 (100 Q) with an accuracy class of 0.01 were
chosen as calibration objects for qualification testing. The
high stability of these measures over a fairly long period
is confirmed by continuous calibrations. These measures
are a component of precision measurement setup for
calibration of resistance measures of less preci- sion,
electrical resistance meters, multimeters, and cali- brators
of electrical quantities. As calibration points for ILCs,
electrical resistance ratings corresponding to the selected
measures were chosen: 1 Q, 10 Q, 100 Q.

Calibration was performed under normal condi-
tions:

- ambient air temperature — (20 £ 0.1) °C;

- relative air humidity — (55 * 25) %;

- atmospheric pressure — (100 * 6) kPa.
8 CL took part in the 1st round of the ILC, and 5

CLs — in the 2nd round of the ILC. The laboratories
carried out calibration with their methods. The reference
laboratory (RL) — SE “Ukrmetrteststandard” prepared the
transported comparison objects, and determined their
values before and after the comparisons, the stability of
the sample, and the corresponding uncertainties.

The general view of the precision measurement
setup for the calibration of RL is shown in Fig. 1, and its
block diagram is in Fig. 2. To calibrate precision meas-
ures with this measurement setup, the method of com-
parison measure to be calibrated and a reference meas-
ure, the P3015 bridge-comparator is applied.

The electrical resistance value of the measure Ry
being calibrated is determined by the equation [20-22]:

x = Rnom +ARx+ Arc + Arres +As+ +Adr , (1)
where Rnom is nominal value of electrical resistance; AR
is deviation of the measured value of electrical resistance
from the nominal value; AR is correction that occurs
when measuring electrical resistance with a comparator;
ARyes is the correction that occurs when measuring elec-
trical resistance due to the finite resolution of the com-
parator; As is correction for the value of the reference
measure; Aqr is correction for reference measure drift
since its last calibration.

Uncertainty budget for 10 Q of RL is given in Table 1.

Fig. 1 The general view of the precision measurement setup for the calibration of RL
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Table 1. Uncertainty budget of RL for 10 Q

Qua)r(litlty, Estl)r::ate, Standardul(J)Q;:enamty, Probability distribution Sen5|(t:|i\e/;\tg :::ioeffl- Uncerttiagrr::[):J :E(;?tnbu-
Rnom 10.00000 Q
AR -0.00058 Q
ARc 0 0.00000025 Q Rectangular (k = V3) 1.0 0.00000025 Q
ARpes 0 0.00000289 Q Rectangular (k = V3) 1.0 0.00000289 Q
As 0 0.0000045 Q Normal (k = 2) 1.0 0.00000450 Q
Agr 0 0.0000173 Q Rectangular (k = V3) 1.0 0.00001730 Q
Rx 9.99942 Q 0.0000187 @
P3015 The expanded uncertainties for the nominal of 1 Q
and 100 Q for RL are values of 0.000002 Q and 0.00071
Ry Ry Q, respectively.

BRI ? AR TITET RL tracked the drifts of the calibration objects that
were set for both rounds of ILC. From the beginning of
round 1 to the end of round 2 of the ILCs, the drift of the
1 Q measure was 0.000001 Q, the 10 Q — 0.00005 Q, and

i the 100 Q — 0.0001 Q. The values of these drifts were so
- small that their contribution to the combined standard
uncertainty during the calibration of the calibra- tion
|t w|e |E object can be neglected.

__________________

Fig. 2 Block diagram of the precision measurement setup
for the calibration of resistance measures.
Ry is a calibrated measure; R is a reference measure.

The value Ry of the resistance measure of 10 Q of
RL at a temperature of 20 "C is (9.999420 + 0.000037) Q.

5. Laboratory calibration results

Table 2 and Figs 3-5 show the calibration results
of the laboratories that participated in the ILC rounds (the
deviation of the measurement results of the Dia
laboratories, their expanded uncertainties U(Xia). The
graphical interpretation of the results obtained by the
laboratories was carried out with the help of the special
software “IntLab 1.0”, developed by the specialists of the
SE “Ukrmetrteststandard” [23].

Table 2. Laboratory results for measure of nominals of 1 Q, 10 Q, and 100 Q

| Ref-Labl | Lab1-1 [ Lab1-2 | Lab1-3 | Lab1l4 | Labl-5 [ Labl-6 [ Lab1-7
10
Rx 1.000021 1.000561 1.0000156 0.999820 0.999979 1.000020 1.000059 0.999987
Dian1 0.000000 0.000540 -0.0000054 -0.000201 -0.000042 -0.000001 0.000038 | -0.000034
UXjab1) 0.000006 0.002166 0.0000212 0.023940 0.0000068 0.000008 0.000015 0.001600
Ref-Lab 2 Lab 2-1 Lab 2-2 Lab 2-3 Lab 2-4
Rx 1.000029 1.000022 1.001500 1.000024 1.000265
Dianz 0.000000 -0.000007 0.001471 -0.000005 0.000236
UXianz) 0.000002 0.000002 0.027500 0.000009 0.007440
10Q
Ref-Lab 1 Lab 1-1 Lab 1-2 Lab 1-3 Lab 1-4 Lab 1-5 Lab 1-6 Lab 1-7
Rx 9.99942 9.998564 9.9997334 9.9989 9.99935 9.99944 9.99933 9.99890
Dian1 0.00000 -0.000856 0.0003134 -0.0005 -0.00007 0.00002 -0.00009 -0.00052
UXiap1) 0.00005 0.000435 0.0000130 0.0292 0.00007 0.00006 0.00013 0.01600
Ref-Lab 2 Lab 2-1 Lab 2-2 Lab 2-3 Lab 2-4
Rx 9.999420 9.999430 10.001600 9.999423 9.999806
Dian2 0.000000 0.000010 0.002180 0.000003 0.000386
U(Xianz) 0.000037 0.000036 0.033500 0.000061 0.007583
100 Q
Ref-Lab 1 Lab 1-1 Lab 1-2 Lab 1-3 Lab 1-4 Lab 1-5 Lab 1-6 Lab 1-7
Rx 99.9988 99.98997 100.00397 99.995 99.9990 99.9983 100.00024 99.9950
Dian1 0.0000 -0.00883 0.00517 -0.0038 0.0002 -0.0005 0.00144 -0.0038
UXiab1) 0.0007 0.00980 0.00102 0.044 0.00094 0.0008 0.00130 0.0650
Ref-Lab 2 Lab 2-1 Lab 2-2 Lab 2-3 Lab 2-4
Rx 99.99830 99.99860 100.00510 99.99869 100.00076
Dian2 0.00000 0.00030 0.00680 0.00039 0.00246
U(Xjanz) 0.00071 0.00070 0.05100 0.00079 0.00760
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Fig. 3. Laboratory results for a measure with a nominal value of 1 Q.
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Fig. 4. Laboratory results for a measure with a nominal value of 10 Q.
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Fig. 5. Laboratory results for a measure with a nominal value of 100 Q.
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The deviation of laboratory measurement results
in round 1 was determined as:

Dlabl = Xiap i1 — X ref —labl 1 )
where Xiap1 is the value of the electrical resistance meas-

ured by the i-th laboratory in round 1 of the ILC; Xretan1
is the value of electrical resistance, determined as the

arithmetic mean value of the values of measurements
performed by RL in round 1 of the ILC.

The deviation of laboratory measurement results
in round 2 of the ILC was set as follows:

Dlab2 = Xiapiz ( X ref —labl Xref —Iabz) )

where X2 is the value of the electrical resistance meas-
ured by the i-th laboratory in round 2 of the ILC; Xyeflan2
is the value of electrical resistance, determined as the
arithmetic mean value of the values of measurements
performed by RL in round 2 of the ILC.

Measuring equipment and metrology. Vol. 85, No. 2, 2024

The expanded uncertainty of RL measurements
when setting the value of electrical resistance, taken as the
assigned value of ILC in each of the rounds of ILC, given
the value:

U

O

ref —lab

2 ,
\/“2 (Xref—lab )"’”2 (Xstab )

where u(Xrer.1ab) is the combined standard uncertainty
obtained during the calibration of the electrical resis-
tance measure of the RL at the corresponding nominal
value; u(Xstab) is the combined standard uncertainty from
the instability of the transported measure during the ILC.

6. Discussion of the obtained results

The results of each laboratory for each of the rounds
with modified criteria according to the functioning statistics —
E, indicator are shown in Table 3 and Figs 6-8.

Table 3. Laboratory results according to the E, number for measure of nominals of 1 Q, 10 ©, and 100 Q

1Q
Ref-Lab 1 Lab 1-1 Lab 1-2 Lab 1-3 Lab 1-4 Lab 1-5 Lab 1-6 Lab 1-7
- 0.25 -0.25 -0.01 -4.63 -0.10 2.35 -0.02
Ref-Lab 2 Lab 2-1 Lab 2-2 Lab 2-3 Lab 2-4
- -1.51 0.05 -0.55 0.03
10Q
Ref-Lab 1 Lab 1-1 Lab 1-2 Lab 1-3 Lab 1-4 Lab 1-5 Lab 1-6 Lab 1-7
- -0.20 2.25 -0.02 -0.78 0.26 -0.65 -0.03
Ref-Lab 2 Lab 2-1 Lab 2-2 Lab 2-3 Lab 2-4
- 0.12 0.07 0.03 0.05
100 Q
Ref-Lab 1 Lab 1-1 Lab 1-2 Lab 1-3 Lab 1-4 Lab 1-5 Lab 1-6 Lab 1-7
- -0.90 4.19 -0.09 0.17 -0.47 0.98 -0.06
Ref-Lab 2 Lab 2-1 Lab 2-2 Lab 2-3 Lab 2-4
- 0.22 0.13 0.37 0.32

Quantitative indicators "En"

The value of the indicator
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Fig. 6. Laboratory results according to the E, number for the measure of nominals of 1 Q
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or a measure of nominals of 100 Q

Evaluation of the results of the i-th laboratory for
each of the rounds ILC according to the E, number was
defined as:

-X

)+ ”Ie(ifl%b ref —lab ) ’

X

= o (o

®)

where u(Xiap i) is the combined standard uncertainty of
measurements when determining the value of electrical
resistance by each laboratory.

At the same time, if: E, < 1 is the laboratory result
that does not require correction; E, > 1 is the laboratory
result that requires corrective or response action.

Lab 1-3, Lab 1-5, and Lab 1-7 for nominals of 1 Q, 10
Q,and 100 Q, Lab 1-1 and Lab 1-2 for 1 Q, Lab 1-4 and
Lab 1-6 for 10 Q, Lab 1-1, Lab 1-4 and Lab 1-6 satisfy

the criterion requirements for the value of E, number for

10 Q. Those laboratories confirm their qualification in
performing calibration with the requirements of the
ISO/IEC 17025 standard. The results of Lab 1-1, Lab 1-
3, and Lab 1-7 are significantly different from the RL
value, and their uncertainty is much larger than the val-
ues of other laboratories, so they are recommended to
enter corrections to the method of calculating corrections
to reduce the overall uncertainty. Lab 1-4 and Lab 1-6
received unsatisfactory results regarding the value of E,
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number for all nominals, so they need to implement the
necessary corrective action.

Lab 2-1, Lab 2-2, Lab 2-3, and Lab 2-4 for nomi-
nal 10 Q and 100 Q, Lab 2-2 and Lab 4 for measures of
nominal 1 Q meet the requirements for the value of E,
number, which confirms the qualification of CLs when
they perform calibration with the established require-
ments. Lab 2-1 and Lab 2-3 for 1 Q do not meet the
requirements for the value of E, number, so they need to
implement the necessary corrective measures. However,
it is recommended for Lab 2-2, and Lab 2-4 to apply more
accurate of calibration methods.

7. Conclusions

The proposed approach linking the laboratory re-
sults obtained in different rounds allows jointly evaluat-
ing the CL results of two rounds of the ILC of the cali-
bration of measures of electrical resistance on direct
current. This confirmed the competence of a larger num-
ber of CLs in the calibration of resistance measures. The
approach can be applied to the evaluation of the labora-
tory results and a larger number of ILC rounds, but un-
der the condition that the same CL is chosen as the RL.

The majority of CLs, which participated in two
rounds of the ILC for the calibration of resistance meas-
ures of nominal values of 1 , 10 ©, and 100 Q, re- ceived
positive evaluation results using a modified crite- rion
based on functioning statistics — the E, number. They have
confirmed their qualification in performing calibration for
this measurand under the requirements of ISO/IEC 17025
standard. Several CLs do not meet the requirements for
the value of E,, so they need to imple- ment the necessary
corrective action.
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