
Metrology for the next-generation digital
substation instrumentation 2nd Newsletter

FutureGrid II project

This is the second newsletter of the EMPIR project ‘Metrology for the next-generation digital substation
instrumentation (FutureGrid II)’. The three-year project started in June 2018 and it is continuation to the
EMRP project ‘Non-conventional voltage and current sensors for future power grids (FutureGrid)’. 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.

Information on parameters of typical waveforms associated with power quality measurements has been
collected. A database of relevant waveforms, based on real phenomena, has been set up. Further progress
has been achieved for generating high AC voltages and currents. A programmable generator for currents
up to 2 kA is available and can be synchronized to either GPS or PTP. A programmable voltage generator
coupled with a voltage amplifier is currently able to generate medium voltage levels with sufficient
bandwidth. First test voltage waveforms reproducing transient events (voltage dips with variable
parameters) have been generated at low voltage. A set of wideband current transformers up to 2 kA are
available. First measurements indicate reasonably good accuracy levels. A reference voltage sensor has
been made available. Together, these results comprise a satisfying start to the ultimately targeted
measurement and test systems.

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
commercially available instruments. This means that the uncertainties associated to the calibration and
characterisation of the reference devices are in the order 20 ppm for ratio error and 30 µrad for phase
displacement. Special emphasis is put on the calibration of stand-alone merging units (SAMUs).

To achieve this, a list of requirements for the reference SAMU has been created. A comm on design (for the
reference SAMU as well as the distributed digitizer), which includes these requirements, has been worked
out. Some components of this design have been manufactured and first experiments have been done.
Algorithms for synchronizing the sampling process have been tested. Improvements are still needed. An
existing GPS module has been improved. Furthermore, a setup has been designed and implemented for
synchronising a waveform generator to a digitally disciplined clock. This setup provides a phase reference
meeting the given latency requirements and is actively being used for the subsequently arranged sampling
process with a 24-Bit Digitizer. The findings of this work have been summarised in a master’s thesis.

A reference SAMU prototype.
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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 has been created. The code makes use of open source libraries. For more ti me
critical applications, a microcontroller-based SV-Generator has been built up.

For the PMU related aspect, initial work has been conducted, which involves identifying and testing a
particular PMU algorithm using the SV protocol and making accurate measurements of the impact on PMU
reporting latency. This contribution has been published in a peer-reviewed journal paper.

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. In
addition, studies on secure protocols for time dissemination will be carried out. Satellite-independent PMU
utilising distributed sensors will be developed and validated.

A review of existing security technology for time synchronisation has been finished. Research on security
and self-assessment measures for PTP has been carried out and is currently transferred to IEEE 1588 WG.

Moreover, work is progressing on satellite-independent PMU measurement using distributed photonic
sensors. To date this has involved selection of appropriate hardware options, integration with an embedded
processor and firmware development. Furthermore, an existing mobile atomic clock has been selected for
experiments on satellite independent calibration of time links.

https://www.vtt.fi/sites/FutureGrid2
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Stakeholder Workshop on

“Metrology for digital and efficient electricity grids”

Tuesday, 24.09.2019

E.ON Energy Research Center - RWTH Aachen University
Mathieustraße 10, 52074 Aachen, Germany

Click here for registration instructions.

The joint workshop arranged by two European Union
funded metrology projects, TrafoLoss and FutureGrid II,
will be arranged in Aachen, Germany on September 24,
one day before the AMPS 2019 workshop. You are
welcome to hear about the latest results.

Agenda

Stakeholder Workshop

14:00 – 14:40 Overview and progress of TrafoLoss Gert Rietveld (Coordinator)
Overview and progress of FutureGrid II Enrico Mohns (Coordinator)

14:40 – 17:00 Poster session and discussions
– New voltage channels for industrial Loss Measurement Systems (LMS)
– Reference setups for system calibration of industrial LMS
– Uncertainty analysis of loss testing
– Calibration guidance for power transformer and reactor LMS

– Traceable test systems for digital instrument transformers
– Technology for substations
– Digital metering, PMU applications and SV protocol enhancements

17:00 End of Workshop

The posters will also be shown during the first day (25.9.2019) of the AMPS 2019 workshop.
See https://amps2019.ieee-ims.org/

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 11 peer reviewed open access scientific
publications and four conference presentations or, so far.

Peer-reviewed open-access publications

1. S. M. Blair, M. H. Syed, A. J. Roscoe, G. M. Burt, and J.-P. Braun, “Measurement and Analysis of PMU
Reporting Latency for Smart Grid Protection and Control Applications”, IEEE Access 7, 48689–48698
(2019). https://doi.org/10.1109/ACCESS.2019.2903929

2. K. Teichel, D. Sibold and G. Hildermeier, "Delayed Authentication and Delayed Measurement
Application in One-Way Synchronization", 2018 IEEE International Symposium on Precision Clock
Synchronization for Measurement, Control, and Communication (ISPCS), Geneva, 2018.
https://doi.org/10.7795/EMPIR.17IND06.CA.20190410A

3. K. Teichel and G. Hildermeier, “Experimental Evaluation of Attacks on TESLA-Secured Time
Synchronization Protocols”, Lecture Notes in Computer Science 11322, 37–55 (2018).
https://doi.org/10.7795/EMPIR.17IND06.CA.20190410B

4. E. Mohns, J. Chunyang, H. Badura and P. Raether, "A Fundamental Step-Up Method for Standard
Voltage Transformers Based on an Active Capacitive High-Voltage Divider", IEEE Transactions on
Instrumentation and Measurement 68, 2121–2128 (2018).
https://doi.org/10.7795/EMPIR.17NRM01.CA.20190408

5. G. Crotti, A. D. Femine, D. Gallo, D. Giordano, C. Landi and M. Luiso, "Measurement of the Absolute
Phase Error of Digitizers", IEEE Transactions on Instrumentation and Measurement 68, 1724–1731
(2019). https://doi.org/10.1109/TIM.2018.2888919

6. S. Del Prete, A. Delle Femine, D. Gallo, C. Landi and M. Luiso, “Implementation of a distributed Stand
Alone Merging Unit”, Journal of Physics: Conference Series 1065, 052042 (2018).
https://iopscience.iop.org/article/10.1088/1742-6596/1065/5/052042/pdf

7. G. Crotti, A. Delle Femine, D. Gallo, D. Giordano, C. Landi, M. Luiso and A. Scaldarella, “A Method for
the Measurement of Digitizers’ Absolute Phase Error”, Journal of Physics: Conference Series 1065,
052035 (2018). https://iopscience.iop.org/article/10.1088/1742-6596/1065/5/052035/pdf

8. G.  Crotti,  A.  Delle  Femine,  D.  Gallo,  D.  Giordano,  C.  Landi,  P.  S.  Letizia  and M.  Luiso,  “Calibration of
Current Transformers in distorted conditions”. Journal of Physics: Conference Series 1065, 052033
(2018). https://iopscience.iop.org/article/10.1088/1742-6596/1065/5/052033/pdf

9. A.  J.  Collin,  A.,  Delle  Femine,  D.  Gallo,  R.  Langella,  Roberto and M.  Luiso.  (2018).  “Compensation of
Current Transformers' Non-Linearities by Means of Frequency Coupling Matrices”, Zenodo,
https://zenodo.org/record/2628408

10. M. Jaeger, "Untersuchung zeitsynchronisierter Abtastverfahren zur Bewertung digitaler Wandler nach
IEC 61850-9-2", 2018, Zenodo, https://zenodo.org/record/2628462

11. E. Mohns, G. Roeissle, S. Fricke and F. Pauling, "A Sampling-Based Ratio Bridge for Calibrating Voltage
Transformers," 2018 Conference on Precision Electromagnetic Measurements (CPEM 2018), Paris, 2018.
https://doi.org/10.7795/EMPIR.17NRM01.CA.20190411

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