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Motivation & Introduction

Ukraine has a huge energy system, consisting of about 100 different energy generating
stations (nuclear, thermal, hydro, wind, solar) and electric and thermal networks, other
electric power facilities, which are united by a common mode of production, transmission
and distribution electric and thermal energy, therefore metrological support of AC power
and energy measurements is necessary in our country. In addition, since March 2022,
energy system of Ukraine is part of the European energy system ENTSO-E. At the moment,
the main capabilities of calibration and measurement of AC power and energy are
performed by our NMI, which is provided by the National Primary Standard of Electric
Power and Power Factor, which was established in 2002, has 10 CMCs published on BIPM
KCDB and participation in international comparisons. But the growing demands for control
of electricity displays, electricity quality and the use of advanced equipment require
improvement of the National Standard of Electric Power and Power Factor.

Tre main objectives of the project were to get new knowledge of methods implementation,
transfer and measurement AC Power unit which will help to improve the National Primary
Standard of Electric Power and Power Factor; to improve my theoretical and practical skills
in calibration methods of power and energy meters, instrument transformers and power
quality meters; to study the AC Power Measurement Standard (Digital Sampling Wattmeter
- DSWM); to study the correct calculation of measurement uncertainties.

Research

The primary standard DSWM is a digital multifunction sampling wattmeter. It is based on
stable power source, the proven 3458A digital multimeters along with current shunts,
voltage dividers, trigger unit and PC software (developed in Labview). Shunts and dividers



have very low phase angle errors and cover current ranges from 5 mA to 100 A and voltage
ranges from 50 mV to 1000 V at frequencies from 16 Hz to 100 kHz. DSWM has a very wide
range of measurements of electrical power and energy parameters, as well as power
quality, so our NMI is very interested in using DSWM during the modernization of the
National Standard of AC power and energy.

At first, the Resistor Voltages Dividers (RVD set) DSWM were calibrated by step-up method
for characterization for both ratio error and phase shift by applying certain voltages within
1 V and 10 V (Figure 1). This method consists of 8 steps. The first step was direct
measurement RVD of 4 V: 0.8 V by applying the same signal 4 V from Source Fluke 6105A
to DVM1 (set 10 V range) and to input RVD of 4 V: 0.8 V. The output of RVD (0.8 V) was
connected to DVM2 (set 1 V range). The ratio and phase correction values for each
frequency and each voltage level were saved to be used in the next verification steps. The
next steps were comparison measurement of two RVD from RVD of 4 V: 0.8 V to RVD of
1000 V: 0.8 V by order on 50 Hz, 53 Hz, 60 Hz. Successful calibration results were obtained:
deviation of ratio does not exceed 10 ppm, phase does not exceed 6 prad.
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Figure 1. The calibration of the Resistor Voltages Dividers (RVD set) DSWM.

During the training for improving my theoretical and practical skills in calibration,
reference standard COM3003 ZERA was calibrated of two methods by using DSWM (from
0.01A to 20 A) and RD-22 (from 50 A to 100 A) (Figure 2). The methods were based on
comparison the active power, reactive power and apparent power measurement functions
DSWM and device under test (DUT), then reference standard RD-22 and DUT. Also Applied
Precision RS2x30 and the client device KOM 120.1 were calibrated by using DSWM, and
also power quality meter was calibrated.
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Figure2. Calibration COM 3003 ZERA by using DSWM

The addition work was mastering calibration reference voltage transformer in a points
10 kV, 6 kV, 3 kV by using DSWM and Standard Voltage Transformer for reduce voltage.
During the internship I got information about the sampling methods in power
measurements (from the articles of laboratory and the book ‘Sampling With 3458A’).
Except work in laboratory I learned the classroom lectures about CIPM MRA, comparisons
in the CIPM MRA, quality management system, calibration and measurement capabilities,
peer-review of CMCs and metrological traceability.

Conclusions and Future Work

During the training [ got amazing theoretical and practical experience of AC power
measurement. [ will apply my new knowledge of methods to implementation, transfer and
measurement AC Power unit for modernization National primary measurement standard
of electric power and power factor, that we have planning upgrade in a near future;
automation of measurements and processing of measurement data by programming in
Labview; opportunity for implementation measurement of power quality with high
accuracy; upgrade Secondary measurement standard of AC power in our country;
improvement methods and quality of calibration of power and energy meters, power
converters, wattmeters.
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