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Abstract: The article is devoted to the analysis of the results of the interlaboratory comparison (ILC) of the
electric energy meter, which were carried out in 2024. ILC results of calibration of the energy meter at the points of
alternating voltage 230 V, currents from 0.05 A to 10 A, power factors from +1.0 to 0.5 at a frequency of 50 Hz are
presented. The deviations of the results obtained by each laboratory were determined, and the consistency of the ob-
tained results was assessed, taking into account the uncertainty of the measurements using the criterion of functioning
statistics. In general, laboratories have received satisfactory accuracy and there is good agreement between participants
for this quantity. Laboratories meet the established requirements and confirms their qualification (technical compe-
tence) during the calibration in accordance with the requirements of the standard ISO/IEC 17025. It is expected that
this ILC will be able to provide support for participants’ calibration capabilities.
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MEI'YJIABOPATOPHUCKA CIIOPEBA HA PE3YJITATH OJ] KAJTUBPALIMJA
HA BPOWJIA 3A EJIEKTPUYHA EHEPTHUJA

AmncTpaxkT: TpydoT e MOCBETCH Ha aHANIM3aTa Ha pe3yiTaTutTe oJ Merynaboparopuckara cnopenda (ILC)
Ha Opomnara 3a eJeKTpUYHA eHepruja, Koja Oemre HampaBeHa Bo 2024 roamna. [IpukakaHu ce pesyiTaTute Of
criopen6ata 3a Haron o 230 V, ctpymn ox 0,05 A no 10 A, dakropure Ha MokHOCT 01 £1,0 10 +0,5, pu dpexBeHIHja
on 50 Hz. YTBpaeHH ce oTcTamyBama Ha pe3yTaTiute JoOMeHH 01 ceKoja lJabopaTopHja 1 OlleHeTa € KOH3UCTEHTHOCTa
Ha JOOMEHHTE PE3yNITaTH, 3eMajKH ja MpeIBH] MEepHaTa HeOqpeIeHOCT. | eHepaHo, TabopaTopuute N00Hja 3a10BOJIH-
TeJIHA TOYHOCT U TI0CTOM JI00pO CoBMarame Ha JOOHeHHTe pe3ynTaTh. JlabopaTtopunuTe I HCIOJIHYBAaaT YTBPACHUTE
Oapama 1 ja IOTBpAyBaaT HUBHATA KBATU(HUKANHKja (TEXHUYKA KOMIIETEHTHOCT) 3a KaluOpalujaTa BO COTJIACHOCT CO
Oapamara Ha cragapaoT ISO/IEC 17025. Ce ouekyBa nmeka MerymabopaTopucKaTa cropenda ke TpHIoHece 3a
Pa3BOjOT Ha KaJIUOPALMCKUTE KaalUTeTH Ha J[BETE JIabopaToOpuH.

Kayunn 36opoBu: kanuOpanuja; Opousio 3a eJeKTpHYHA SHEPTHja; MeryaadopaToprcka cropenoda;
MepHa HEOZIPEeICHOCT

1. INTRODUCTION

Electrical energy measurement is important for
a variety of purposes, including: calculating elec-
tricity consumption; consumption management; di-
agnostics and network support; research and devel-
opment, etc. For commercial and residential users,
energy measurement allows one to accurately cal-
culate the cost of used electricity. For industrial en-
terprises or power supply networks, it is important

to measure energy for effective consumption man-
agement, resource planning and optimization of
production processes. Monitoring power consump-
tion helps to detect anomalies that may indicate net-
work problems, such as overloads or faults. Energy
measurement is also used in scientific research and
development of new technologies to improve en-
ergy efficiency and create new energy sources.

Interlaboratory comparisons (ILCs) are the
process of comparing the results of measurements
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made in different laboratories in order to assess and
confirm the accuracy, reliability and reproducibility
of measurements. They have several important
meanings: validation of measurement methods;
evaluation of measurement standards and measur-
ing instruments; confirmation of mutual acceptabil-
ity of results; increasing confidence in measurement
results; data quality assurance, etc. Comparing re-
sults between different laboratories helps to deter-
mine the effectiveness and reproducibility of used
standards and measuring instruments. ILCs contrib-
ute to the improvement of the data quality control
system and help to identify possible sources of error
or discrepancies in measurements. The ILC results
can contribute to increasing confidence in the data
obtained in measuring laboratories and provide
greater objectivity and reliability of measurements.

Confirmation of the competence of laborato-
ries is an important process for ensuring the quality
and reliability of measurement results. The main
stages of this process include: accreditation as the
first step in confirming competence; participation in
ILCs; laboratory quality system; periodic inspection
and calibration of measurement equipment to en-
sure the required accuracy of measurements; assess-
ment of personnel qualifications; internal and exter-
nal audits, etc. Together, these steps ensure a high
level of competence of the laboratories in the per-
formance of their functions and ensure the reliabil-
ity and objectivity of the results of their activities.

ILC is one of the forms of experimental verifi-
cation of the activity of laboratories with the aim of
determining technical competence in a certain type
of activity. A laboratory can participate in ILC pro-
grams, where its measurement results are compared
with the results of other laboratories. This helps to
assess the accuracy and reliability of its measure-
ment methods. Successful ILC results for the labor-
atory are confirmation of competence in carrying
out certain types of measurements by a specific spe-
cialist on specific equipment. National agencies for
the accreditation of laboratories have established
strict requirements for participation in the relevant
ILCs, in particular for calibration laboratories (CL)
for each type of measurement and each type of
measurement value, which are included in the scope
of laboratory accreditation.

2. RELATED PAPERS

Publications devoted to issues of organization
of ILCs and methods of processing the received data
in specific types of measurement or test are of con-
siderable interest. The ILC program is developed

taking into account the requirements of interna-
tional standards ISO/IEC 17025 [2], ISO/IEC 17043
[1], ISO 13528 [3]. Improvement of the methods of
processing ILC results is necessary to obtain relia-
ble ILC results. Unsatisfactory ILC results can be
associated not only with a deviation from the normal
state of competence of the laboratory, but also with
malfunctions of the equipment available in the la-
boratory or insufficient competence of the specialist
who worked with it.

Scientific publications deal with a number of
important issues regarding conducting ILC for CL,
which mainly relate to the specifics of calibration
for certain types of measurements. Algorithms and
results of ILCs are given in works [4-8] for the pur-
pose of evaluating the measuring capabilities of la-
boratories and obtaining highly accurate and precise
data. Approaches for improvement of measurement
methods and uncertainty assessment of ILC partici-
pating laboratories for various types of measure-
ments (pressure, water flow, active power, temper-
ature) are considered in [9-12]. Evaluation of the
results of laboratories that participated in ILCs on
specific types of measurements (reactive power,
length, pressure) are presented in [13-15].

3. PROBLEM STATEMENT

The purpose of the carried-out research was to
process the data received from ILC participating la-
boratories and compare them.

To achieve the set goal, it is necessary to solve
the following problems:

— to research the calibration item for the ILC
of energy meters, determine the assigned value and
its extended uncertainty of this ILC;

— to calculate the degree of equivalence for
each of the ILC participating laboratories and their
expanded uncertainties;

— to evaluate the results of the calibration by
participating laboratories of the ILC, taking into ac-
count the criteria of functioning statistics.

4. OVERVIEW OF THE INTERLABORATORY
COMPARISON RESULTS

ILC for calibration of energy meter (UMTS-
ILC-E:2024) was conducted from February to April
2024. In this ILC two laboratories carried out: State
Enterprise “All-Ukrainian State Research and Pro-
duction Center for Standardization, Metrology, Cer-
tification and Consumers Rights Protection” (SE
“Ukrmetrteststandard” — UMTS, Ukraine), and
SATEC Calibration Lab. (Israel). UMTS is accre-
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dited of the National Accreditation Agency of Ukraine
(NAAU), Calibration No. 40004. SATEC Calibra-
tion Lab. is accredited of the Israel Laboratory Ac-
creditation Authority (ISRAC), Calibration No. 357.
NAAU and ISRAC are one of the signatories of the
International Accreditation Cooperation (ILAC) ar-
rangement for the mutual recognition of calibration
results.

UMTS was selected as the referent laboratory
(RL). Dr. Oleh Velychko was the ILC coordinator.
The RL is responsible for providing the calibration
item (CI) for ILC, coordinating the schedule, col-
lecting and analyzing the comparison data, prepar-
ing the draft of report, etc. The ILC program was
developed taking into account the requirements of
international standards ISO/IEC 17025 [2], 1SO/
IEC 17043 [1] and 1SO 13528 [3]. ILC was carried
out in accordance with ISO/IEC 17025 standard to
confirm the competence of accredited calibration la-
boratories.

Selected Cl is SATEC EM133-XM(SE) 5A, an
self-energized version of EM133 energy meter, se-
rial number 40004123. SATEC EM133 is an energy
meter family, ideal for a wide range of applications
such as revenue active/reactive multi-tariff energy
metering (Time of Use tariff system), industrial
power monitoring and for interfacing SCADA in
utility substations — with direct & indirect (trans-
former operated) measuring connection. Based the
SATEC PM13X family functionality, it is a version
designed as DIN-rail mount, equipped with built-in
communication ports, digital 1/0Os and antitamper
enclosures. The family comprises of meters with di-
rect connection (up to 63 A) and transformer oper-
ated application (up to 10 A); self-energized (SE)
and auxiliary power supply versions. More infor-
mation of the EM133 is available at [16].

Meter chosen for comparison has 5A nominal
measured current/10A max current is intended for
transformer-operated applications (connection to
High Voltage power lines).

Main characteristics of EM133-XM(SE)-5A
(self-energized version, powered from measured
voltages):

— measured voltage/supply voltage

57/100-277/480 V (L-L/L-N);

— measurement frequency range for voltage

25-400 Hz;
— current rating direct upto 10 A;
—current burden for 10 A <0.4VA;

— voltage burden (total) 5VA;

— frequency range measurement  50/60 Hz;
— operational range of

temperature -25°C to 60°C;
— dimensions 125 x 90 x 75 mm.

Ciiuc. Enexiupotaexn. Ungh. Texnon. 9 (1), 5-12 (2024)

Appearance of EM133-XM(SE)-5A is shown
on Figure 1.
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Fig. 1. Appearance of EM133-XM (SE)-5A

Main measurements should be performed with
the input signals and environmental conditions:

— AC voltage 230V £0.05 %;
—current from 0.05to 10 A £ 0.05 %;
— power factor (PF) 1.0, £0.5;
— frequency 50 + 0.01 Hz;
— ambient temperature 22 £3°C;
— relative humidity 40 = 3 %.

UMTS as a basis for the AC power standard
uses National AC Power Measurement Standard of
Ukraine (NDETU EM-08-2023), which consists of
a reference standard COM 3003 ZERA AC energy
and a Highly Stable Power Source. This measure-
ment setup is usually for calibration service. A block
diagram of the measurement setup of the UMTS AC
energy measurement is shown in Figure 2.

The operating principle is based on comparing
the measured energy values of the reference stand-
ard COM 3003 ZERA and the device under test
(DUT) SATEC EM133 electric energy meter. Using
a reference generator, the highly stable voltage and
current signals were applied to the reference stand-
ard and the electric energy meter with the setting of
the corresponding phase shifts between them. Volt-
age and current connection scheme is three-phase,
star (WYE).

With the help of the measuring head, which is
connected to the reference standard, the numbers of
pulses of the electric energy meter, which are pro-
portional to the corresponding measured value of
electric energy for a certain period of time, were
scanned. These pulses were compared with the ref-
erence pulses, which are proportional to the meas-
ured value of electrical energy using the reference
standard. The errors and standard deviation of the
electrical energy readings were calculated with the
help of software of NDETU EM-08-2023.
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Fig. 2. Simplified schematic diagram of the measurement setup of the UMTS

The full measurement report of UMTS and
SATEC contained all relevant data and uncertainty
estimates. The reports included a description of the
measurement method, the traceability to the Sl, and

the results and associated uncertainties. The calibra-
tion errors x; and their expanded uncertainties U(x;)
reported by the laboratories are given in Table 1 for
AC voltage 230 V at frequencies of 50 Hz.

Table 1
Calibration results of measurement of electric energy for laboratories
Current N _ Calibration error xi Uncertainty U(xi)
A PF Flow positive/negative % %
UMTS SATEC UMTS SATEC
0.05 —0.06 —0.055 0.049 0.049
0.5 -0.02 -0.029 0.047 0.036
1.0 Positive
5 -0.021 -0.031 0.046 0.036
10 -0.044 -0.054 0.046 0.036
0.5 0.077 0.092 0.044 0.05
5 0.5 Positive -0.03 -0.033 0.045 0.05
10 -0.108 -0.067 0.044 0.05
5 ) -0.023 -0.032 0.046 0.036
1.0 Negative
10 —0.045 —0.056 0.045 0.036
5 -0.033 -0.041 0.044 0.05
0.5 Negative
10 -0.115 -0.101 0.045 0.05

5. RESULTS OF THE ANALYSIS

UMTS was a pilot laboratory of COOMET key
comparison of power (COOMET. EM-K5) [18],
and GULFMET supplementary comparison of AC

energy (GULFMET. EM-S5) [19], responsible for
providing the travelling standard, coordinating the
schedule, collecting and analyzing the comparison
data, and preparing the draft report.
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The uncertainty was calculated following the
GUM [17]: standard uncertainties, degrees of free-
dom, correlations, scheme for the uncertainty eval-
uation. All contributions to the uncertainty of meas-
urement were listed separately in the report and
identified as either Type A or Type B uncertainties.
The overall uncertainty, as calculated from the indi-
vidual uncertainties, was stated.

Uncertainties were evaluated at the level of
one standard uncertainty. The main uncertainty
components were expected: experimental standard
uncertainty of the mean of N independent measure-
ments; uncertainty in the primary standard or work-
ing standard against which the CI is measured; un-
certainty due to leads correction. Participants in-
cluded additional sources of uncertainty also.

The uncertainty budget for the UMTS refer-
ence for PF = 1.0, AC current of 0.05 A, AC voltage
of 230 V at frequency of 50 Hz is presented in Table
2.

The ILC assigned values (AV) Xay are calcu-
lated as the mean of participant data:

Xy = (xumTs ";CSATEC) )

Table 2

UXgy) =2

; — ©
( )

uZ(xymrs) - w2 (xsATEC)

where Xyrs and Xsarec are measurement error for

UMTS and SATEC, accordingly, u(xymrs) and
u(xsatpc) are combined standard uncertainty for
UMTS and SATEC, accordingly.

Assigned values with expanded standard un-
certainties is given for AC voltage of 230 V and
frequency of 50 Hz in Table 3. Only one value is
reported for laboratories. Degrees of equivalence
(DoE) of the laboratories are reported for AC volt-
age of 230 V at frequencies of 50 Hz.

The DoE of i-th laboratory with expanded un-
certainties with respect to the AV is estimated as

Diapi = X1ap i — Xav, (3)

UDiap ) = JU2(iap ) + U2(Kay).  (4)

DoE with expanded uncertainties for laborato-
ries for AC voltage 230 V at frequencies of 50 Hz
are given in Table 4.

The uncertainty budget for the UMTS for PF = 1.0, AC current of 0.05 A, AC voltage of 230 V
at frequencies of 50 Hz

i Quantity (unit) Distribution Xi u(xi), % i Ci ui(y), %
1 Standard deviation of the relative mean value of the

observation of the differences between the value energy

meter and the reference standard normal —0.059 0.010 4 1 0.010
2 Correction due to the accuracy of reproduction of the

voltage by the power source rectangular 0 0.014 o0 1 0.014
3 Correction due to the accuracy of reproduction of the

current strength by the power source (PS) rectangular 0 0.014 o0 1 0.014
4 Correction due to the accuracy of the electrical energy

measurement by the reference standard COM 3003 ZERA normal 0 0.005 0 1 0.005
5 Correction due to the accuracy of the frequency internal

generator of impulse signals of the COM 3003 ZERA for

energy comparison normal 0 5-10°° o0 1 5-10°°
6 Correction determined by the stability of voltage re-

production by the PS normal 0 0.005 o0 1 0.005
7 Correction determined by the stability of current re-

production by the PS normal 0 0.005 0 1 0.005
8 Drift of the reference standard COM 3003 since the last

calibration normal —-0.0017 0 0 1 0
Y | Combined standard uncertainty, % 0.024

Expanded uncertainty (95 %, k = 2), % 0.049

Ciiuc. Enexiupotaexn. Ungh. Texnon. 9 (1), 5-12 (2024)



10 0. Velychko, Y. Kulish, B. Gendelman

Table 3
AV and expanded uncertainties of AV for AC voltage of 230 V at frequencies of 50 Hz
Current . . AV Xav Uncertainty U(Xav)
A PF Flow positive/negative % %
0.05 -0.058 0.0346
0.5 -0.026 0.0286
1.0
5 -0.027 0.0284
10 Positive -0.050 0.0284
0.5 0.084 0.0330
5 0.5 -0.031 0.0334
10 -0.090 0.0330
5 -0.029 0.0284
1.0
10 _ -0.052 0.0281
Negative
5 -0.036 0.0330
0.5
10 -0.109 0.0334
Table 4
DoE with expanded uncertainties for laboratories
Current - - DOEOA)Dtab i Uncertainty o(;o DoE U(Diab i)
A positive/negative UMTS SATEC UMTS SATEC
0.05 0.000 0.003 0.0600 0.0600
0.5 0.006 -0.003 0.0550 0.0460
1.0 Positive
5 0.006 -0.004 0.0540 0.0458
10 0.006 -0.004 0.0540 0.0458
0.5 -0.007 0.008 0.0550 0.0599
5 0.5 Positive 0.001 -0.002 0.0561 0.0602
10 -0.018 0.023 0.0550 0.0599
5 0.006 -0.003 0.0540 0.0458
1.0
10 _ 0.007 -0.004 0.0531 0.0457
Negative
5 0 0.003 -0.005 0.0550 0.0599
5
10 -0.006 0.008 0.0561 0.0602
6. RESULTS OF THE ANALYSIS E o MDwanil 4 (5)
nlabi UDap) —

The criterion of functioning statistics — the Ex,
number is chosen for the analysis of the obtained re-
sults of the ILC and the formation of conclusions
about the laboratories.

Additionally, the performance E, number is
calculated as:

E» number for laboratories for AC voltage of
230 V at frequencies of 50 Hz are given in Table 5.
Laboratories meet the established requirements for
En number (IEql < 1.0): UMTS — from 0.00 to 0.33;
SATEC — from 0.04 to 0.39.

J. Electr. Eng. Inf. Technol. 9 (1), 5-12 (2024)
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Table 5

DoE with expanded uncertainties for laboratories

Current PE Flow En for En for
A positive/negative | UMTS = SATEC

0.05 0.00 0.04

0.5 0.10 0.07
1.0

5 0.11 0.08

10 Positive 0.11 0.08

0.5 0.12 0.14

5 0.5 0.02 0.03

10 0.33 0.39

5 0.10 0.07
1.0

10 0.13 0.09

Negative

5 0.06 0.08
0.5

10 0.11 0.13

7. CONCLUSION

A ILC of active and reactive energy meter at
the points of alternating voltage of 230 V, currents
from 0.05 A to 10 A, power factors from £1.0 to
0.5 at a frequency of 50 Hz has been conducted
between participating calibration laboratories from
Ukraine and Israel. In general, laboratories have re-
ceived satisfactory accuracy and there is good
agreement between participants for this quantity.
Laboratories meet the established requirements for
En number (IE,l < 1.0) and confirms the its qualifi-
cation (technical competence) during the calibration
in accordance with the requirements of the standard
ISO/IEC 17025. It is expected that this ILC will be
able to provide support for participants’ calibration
capabilities.
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