
FutureGrid Ⅱ project

This is the third newsletter of the EMPIR project ‘Metrology for the next-generation digital substation
instrumentation (FutureGrid II)’, which is continuation to the EMRP project ‘Non-conventional voltage and
current sensors for future power grids (FutureGrid)’. The three-year project started in June 2018 and has
now reached its half way. The project develops the necessary metrological infrastructure for closing the gap
in the traceability chain between measurements made in fully digitally operated substations and the
realisation of the relevant units.

The decarbonisation of energy systems is causing significant and unprecedented changes in electrical power
grids due to the wide-scale introduction of decentralised renewable energy resources. Consequently, future
electrical power grids will require real-time capable control and monitoring systems to ensure stability
under increasingly complex and challenging conditions. The associated digital high voltage sensors and
digital metering systems must be managed through accurate and reliable time synchronisation in a wide
area.

Due to introduction of new standards in the IEC 61869 for transformers as well as for stand-alone merging
units, the movement from traditional analogue instrument transformer technology towards the new digital
instrumentation technology is expected to gain speed on transmission and on distribution level.

To enable more precise measurements in the future, the project will support standardization organizations
and provide yet missing solutions for calibration and timing of new type of substation instrumentation for
the European electrical power industry. To achieve this, the project has set the following objectives:

∎ establish calibration methods to support dynamic testing of digital instrument transformers
∎ develop reference standards for the calibration of instruments with digital input or output
∎ develop tools for the characterisation of devices that exploit sampled values in digital substations

∎ develop traceable reference standards for the verification of time and synchronisation methods
∎ facilitate the take up of the technology and measurement infrastructure developed in the project.
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Research highlights

Calibration methods to support dynamic testing of digital instrument transformers

The project will establish measurements and test systems for the dynamic characterisation of digital
instrument transformers for voltages up to 400/√3 kV and at least 2 kA under dynamic PQ phenomena with
uncertainties from 30 ppm under laboratory conditions and up to 0.1 % under on-site conditions.

A programmable generator for currents up to 2 kA that can be synchronized to either GPS or PTP is
constructed. First test voltage waveforms reproducing transient events (voltage dips with variable
parameters) were generated by a programmable voltage generator coupled with a voltage amplifier. First
measurements of a set of wideband current transformers up to 2 kA indicate reasonably good accuracy
levels. A universal comparator (synchronizable by GPS or PTP) is built and is currently under evaluation and
testing. An on-site generation and measurement system was constructed and soon will be tested with
several types of instrument transformers.

Figure 1. Reference system for digital current transformers: generation up to 2 kA, 9 kHz, set of reference current
transformers 10 A to 2 kA, error limits within 20 ppm.

Reference standards for the calibration of instruments with digital input or output

The project will provide methods and devices for linking existing analogue high voltage metrology
infrastructure to the digital domain of time stamped sampled values. The research will focus on the setup
of reference devices, with an error class that is ten times smaller than the defined accuracy classes of
commercial instruments. Special emphasis is put on the calibration of stand-alone merging units (SAMUs).

A reference SAMU is mostly completed and preparations for its testing have started. Three phase current
clamps have been set up and calibrated. A commercial SAMU was prepared for testing with the reference
SAMU. Algorithms for synchronizing the sampling process were tested, with ideal results (sub-ns) when
synchronizing to an external sample clock and still above satisfactory performance (within +/- 15 ns) when
using the internal PPS. Furthermore, asynchronous sampling processes of the Sampled Values were
simulated. Several resampling algorithms were developed and evaluated.

These results represent important steps towards linking the analogue to the digital domain.

Figure 2. Metrology-grade digitizer for setup of a SAMU calibration system and for use as distributed SAMU
channels to facilitate on-site (substation) measurements.

https://www.vtt.fi/sites/FutureGrid2

http://empir.npl.co.uk/metrodecom/impact/
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Tools for the characterisation of devices that exploit sampled values in digital substations

In this objective, metrological tools for the characterisation of devices that exploit sampled values in digital
substations will be developed, such as all-digital power and power quality meters and phasor measurement
units (PMUs). This will include studies on limitations due to latency and computation time, and
characterisation of error sources in order to provide proposals for an enhanced protocol for sampled values.

To support metering applications based on SV, a software platform for receiving or sending the
timestamped SV data stream was created and tested on two commercial devices. For more time critical
applications, a microcontroller-based SV-Generator was built up and successfully tested with a commercial
digital energy meter. Effects on accuracy of electrical power and energy were simulated for different types
of ADCs, number of bits, noise and jitter.

Analysis on identifying and testing a particular PMU algorithm using the SV protocol and making accurate
measurements of the impact on PMU reporting latency has been conducted. An open source library for
measuring PMU reporting latency is created and an extension to the real time digital simulator developed.

Figure 3. Left: A Software Platform and µC Platform read and write IEC 61850-9-2 Sampled Values (SV).
Right: Open source library for measuring PMU reporting latency.

Figure 4. Real Time Digital Simulator.

Traceable reference standards for the verification of time and synchronisation methods

In this objective, traceable reference standards for the verification of time and synchronisation methods
will be developed. This includes study on techniques and algorithms such as PTP and White Rabbit for the
synchronisation of sampling to a common time reference, both within and between digital substations.
Satellite-independent PMU utilising distributed sensors will be developed and validated.

Research on security and self-assessment measures for PTP has been carried out and results are being
transferred to IEEE 1588 WG. Work on satellite-independent PMU measurement using distributed photonic
sensors is progressing. Selection of appropriate hardware options, integration with an embedded processor
and firmware development were completed. An existing mobile atomic clock was selected for experiments
on satellite independent calibration of time links. Development and prototyping of a core measurement
unit (“Synchromerger”) has been worked on, intended for up to 50 distributed photonic measurement
devices over a 50 km radius. Methods and hardware for traceable references have been selected, and
experiments in cooperation with a Nordic TSO have been conducted.

https://www.vtt.fi/sites/FutureGrid2
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Publications and conference presentations

To ensure that the power systems scientific community benefits from these new or enhanced measurement
capabilities, the project results have been disseminated in 19 peer-reviewed open-access publications and
19 conference presentations and posters, so far.
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Contact and further information
The consortium consist of six National Metrology Institutes, three
universities, two research centres and two companies and thus
have measurement capabilities traceable to national standards,
sites to host the measurements facilities and test their
performance and companies to develop and exploit their
technology.

Project coordinator: Enrico Mohns, PTB (enrico.mohns@ptb.de)

Project homepage: https://www.vtt.fi/sites/FutureGrid2/

To register as a project stakeholder, contact Jari Hällström, VTT (futuregrid2@vtt.fi).

Project partners:

PTB Physikalisch-Technische Bundesanstalt Germany
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INRIM Istituto Nazionale di Ricerca Metrologica Italy

METAS Eidgenössisches Institut für Metrologie METAS Switzerland

TUBITAK Turkiye Bilimsel ve Teknolojik Arastirma Kurumu Turkey

VSL VSL B.V. Netherlands

VTT Teknologian tutkimuskeskus VTT Oy Finland

STRATH University of Strathclyde United Kingdom
AC

AD
EM

IA

SUN Università degli Studi della Campania
Luigi Vanvitelli Italy

UNIBO Alma mater studiorum Università di Bologna Italy

CIRCE Fundacion Circe Centro de investigacion
de recursos y consumos energeticos Spain
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RSE Ricerca sul Sistema Energetico – RSE S.p.A. Italy

COMSENSUS ComSensus, komunikacije in senzorika, d.o.o. Slovenia
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Synaptec Synaptec Ltd United Kingdom
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