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Subfield DC and LF

Reference systems for calibration of SV-enabled instrumentation

Within the context of the Future Grids Il EMPIR project (started 2018),
VSL has developed a reference stand-alone merging unit (SAMU). A
key part of this development is the calibration of the delays between
the internal ADC unit and the external time synchronization signals.
Work is progressing together with colleagues from the time &
frequency department to realize traceability in phase of better than 100
prad (300 ns). A complete setup is made which enables the comparison
of SAMUs and other IEC-61850-9 enabled equipment with a reference
SAMU.

Within the current Digital-IT project, that started in 2021, the bandwith
of the setup has been improved, by replacing the SAMU from the
future grid project with a commercial powermeter, enabeling
charaterization of SAMUs following the IEC 61869-13. Extensive
characterization of the delays with respect tot PTP have been done on
the commercial power meter.

The setup consists of a three-phase generator capable of generating
arbitrary voltage and current signals. A grandmaster PTP clock with
PRP enabled switched are used to synchronise the setup These signals
are supplied to both the reference meter and the mergingunit under test.
Various tools have been developed to extract the relevant information
from the IEC 61850 streams.

On the side of this project two digital-input energy meters have been
characterised. A paper about the performance was published at the
CPEM 2024 [24].

Contact: Ernest Houtzager (Ehoutzager@vsl.nl) or Pieter van der Kamp (pvanderkamp@vsl.nl)

Transformer Load Loss

Within the EMPIR TrafoLoss project (completed in 2021), a setup for on-site system
calibration of commercial Power Transformer Loss Measurement Systems (TLMS) has been
realised. Major improvements have been made to reliably achieve overall uncertainties of

20 uW/VA on-site for voltages up to 230 kV and currents up to 2000 A.
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Within the follow-up EPM project ENSURE Control (DSP)
(started June 2024), VSL will extend the -
bandwidth of the reference load loss setup to at
least 2 kHz for the determination of the impact .
of grid harmonics on power transformer losses / =
with a target uncertainty of better than 1 % of 1 omer/ A _
the loss power. A literature study has been currentgenerator | h{
performed, and further discussions with the NN
. CTs (3-stage
transformer manufacturers and grid operators  ompensated)
are planned. Calibration on an active high
voltage divider unit with a high voltage
capacitive brldge (HVCB) is studied up to 2 Power reference VT (CC-based
kHz, which is the key component for loss S i SR

measurement system at a wideband frequency range.

Contact: Wei Zhao (Wzhao@vsl.nl), Gert Rietveld (GRietveld@vsl.nl) or Ernest Houtzager
(Ehoutzager@yvsl.nl)

Power
amplifier (G)

Improved HV testing (LI and AC HV)

In the EMPIR JRP FutureEnergy (started in
June 2020), VSL established a 1200 kV
lightning impulse (LI) reference measuring
system. The reference system was built
based on a reference divider from NIM and a
digitizer system from RISE. The whole
system was calibrated by RISE in 2021, and
further research was carried out at VSL in
2022 to minimize the influence of
temperature change and environmental
noise. The VSL reference system was then
used as the reference to tune and calibrate
the Haefely 4000 kV damped capacitive LI
divider of the TU Delft. This calibration was
an important basis for the major *
measurement campaign carried out in FEEE
October 2022, and more than 8 leading LI &
systems from RISE, VTT, PTB, NIM, &
Haefely, TAU, TUD, and VSL were brought
to the TU Delft premises for intercomparison
at voltages between 400 kV and 3000 kV. Several peer-reviewed papers have been submitted to
the ISH 2023 and the CPEM 2024 to present the research works and comparison results. VSL
had its CMCs in the BIPM KCDB approved for LI in 2023.

A second line of research in the FutureEnergy project is the improvement of the traceability at
high AC voltages up to 800 kV. To this end, a capacitive divider has been characterized with
better than 10 uV/V uncertainty up to 230 kV. In addition, a field sensor has been developed
for linear extension to higher voltages. Initial characterization of this field sensor showed
results better than 100 ppm over a range of 10 kV up to 100 kV. VSL has developed the field
sensor based on the double-sided PCB (Printed Circuit Board). The uncertainty, which has been
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measured against the VSL voltage divider, is within 40 ppm, which corresponds to the results
of project partner VIT (Finland). This is much more accurate than the needs of the industry.

Contact: Wei Zhao (Wzhao@vsl.nl), Ernest Houtzager (Ehoutzager@vsl.nl), or Gert Rietveld
(GRietveld@vsl.nl)

Instrument transformers for PQ measurements

Within the context of the EMPIR project IT4PQ, that ended mid-2023 [6][7], VSL has
developed and demonstrated a reference system for the calibration CTs or VTs used for PQ
signals up to 5 kHz based on a precision power analyser as comparator [8].

In the follow-up EPM project : el

ADMIT, which started in 2023, LVW\, —{_ e
VSL has been involved in a review =~ ° . /7T T Twrso T T T T T .
of literature and standards for | it !
. . 5A Current 1 !
testing instrument transformers Refﬂg ! module. | !
(ITs) used for broadband PQ fit | 1, — |
measurements [9]. Further work of our g HL‘_:_IF i I |
i ! I
]

VSL in this project focused on the
development of a broadband B et R ’
generator for distortion currents for CT calibration extending the IT4PQ work. So far, for
single-tone signals up to 14 A at 150 kHz have been demonstrated and used for initial testing.

Contact: Helko van den Brom (HvdBrom(@yvsl.nl)

PO and electricity metering for LV DC grids

Mid-2024, the EPM project DC grids, coordinated by VSL, was completed with the
organisation of a workshop with over 135 participants. Within the context of this project, VSL
developed a reference system for DC power quality and for DC electricity meter testing for
signals up to 2 kV and 900 A in the presence of broadband disturbances up to 150 kHz. The
setup was validated by a DC PQ comparison between VSL and METAS for sinusoidal and
triangular ripple and a comparison between VSL, METAS and INRIM for DC power in the
presence of distortion [10].

A broadband DC waveform recorder
was developed for on-site measurement
campaigns in low-voltage (LV) DC
grids. The device was wused for
measurement campaigns in Lelystad
Airport Business Park, an urban DC
microgrid in the Green Village in Delft
[11], and a parking garage in Utrecht
[12]. Apart from ripple and specific
frequency content, also transients and
voltage fluctuations were registered.
The measurement results have been
used in collaboration with the
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University of Campania to develop further analysis tools aiming to support grid operators and
surveyance authorities for compatibility level surveys [13].

Contact: Helko van den Brom (HvdBrom(@vsl.nl)

True 8-digit

In 2022 the EPM project True8Digit started. R s R B R e e g et
This project aims at collecting ideas on how i o
to improve the resolution and accuracy of 0* s e

1s2MHz  BSksamples,, 048avg

digitizers and perhaps to surpass the
unprecedented accuracy and resolution of the
HP3458a. In a follow-up project together
with a partner this might lead to a new o
metrology class digitizer. “W,ﬂmm
g

I \“mm
VSL is involved in both the design of the e 3
front-end module as well as the timing
distribution and a low noise power supply. 100
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Some commercial high isolation power
supplies have been characterized and found suitable for this project. Some effort is put into the
design of a dual battery supply. Since that will ultimately have the best isolation and lowest
noise. For the timing VSL focuses more on the long-distance timing, while others in the project
focus more on the board timing.

Some results of a newly developed ADC board show promising results in reaching the goal of
true 8 digit resolution.

Contact: Ernest Houtzager (EHoutzager(@vsl.nl) or Arif Mustafazade (AMustatazade@yvsl.nl)

Efficiency measurement of power converters used in DC transport systems

Within the EPM project e-TRENY (started June 2023), VSL has been involved with
developing, calibrating and applying on-site setups and algorithms for the measurement of
the energy losses of non-conventional AC/DC substations with an overall on-site target
uncertainty of 10 % of losses. The Energy Efficiency Measurement System (EEMS) had been
designed for AC/AC transformer, AC/DC rectifier and DC/DC energy storage system. The
components of the EEMSs had been selected and purchased and are currently under calibration.
The on-site campaign was planned to be performed in May 2025, and then further data analysis
will be performed.

Contact: Wei Zhao (Wzhao@yvsl.nl) or Gert Rietveld (GRietveld@vsl.nl).

Electric vehicle charging systems

The EPM project Met4EVCS, which is being coordinated by VSL, started in mid-2024. The
project focuses on the development of metrology capabilities for the traceable evaluation of
EVCSs under realistic operating conditions. In this project VSL concentrates on performing
onsite measurements at DC and AC charging systems, using the experience obtained in the DC
grids project and the MeterEMI project. For this purpose, a breakout box and dedicated
measurement equipment is under development.
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Furthermore, VSL helps Elaad develop a traceable testbed for EVCS under real-world
conditions, i.e., in the presence of real-world conditions, with further support from University
of Twente.

Contact: Helko van den Brom (HvdBrom@vsl.nl)

Supercapacitors

Within the EPM project MetSuperCap, which
started mid-2024 [Zucca 2x], VSL started
working on the development of a setup for the
characterisation of supercapacitors. The setup
uses the principle of galvanostatic charging and
discharging to determine  supercapacitor
parameters such as the capacitance, series
resistance, and leakage resistance. This work ¢
will support supercapacitor modelling which #
will be performed in collaboration with
University of Twente. Furthermore, traceability
will be provided for the electrochemical
impedance spectroscopy system of Twente.

Contact: Helko van den Brom (HvdBrom@vsl.nl)
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Subfield RF&MW

S-parameter measurements of connectorized devices

S-parameter measurement activities for connectorized
device characterization at VSL concentrate on realizing
state-of-the-art measurement accuracy for frequencies
from 9 kHz up to 50 GHz and intend to extend towards
110 GHz within the next two years.

Contact: Faisal Mubarak (FMubarak@yvsl.nl)

S-parameter measurements of on-wafer devices

VSL is establishing a traceable on-wafer measurement
service up to 110 GHz using an in-house designed
reference  calibration substrate. These on-wafer
measurements are performed using the fully automated
probing station designed at VSL. For accuracy
enhancement, autonomous RF probing is realized using
VSL on-wafer measurement software, embedding a wide
range of machine learning algorithms for accuracy
improvement.

Contact: Faisal Mubarak (FMubarak@vsl.nl)

S-parameter measurements at cryogenic temperatures

VSL has developed dedicated facilities for calibrated S-

parameter measurements up to 20 GHz at 77K and 4 K __,

oy "' "N

temperatures. The system supports coaxial devices with
up to 4-ports.

Contact: Faisal Mubarak (FMubarak@yvsl.nl)

Measurement of active device properties

A measurement system for large-signal active device
measurements is currently being developed at VSL and
includes the usage of in-house designed active tuners for
broadband frequency coverage and automation. VSL’s
FAME VNA software supports the measurement
facility.

Contact: Faisal Mubarak (FMubarak@vsl.nl)

........
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FAME VNA measurement software

VSL has developed VNA measurement software FAME for multi-port
VNA calibration and uncertainty evaluation. Furthermore, the software
supports connectorized and on-wafer calibrations.

Contact: Faisal Mubarak (FMubarak@vsl.nl)

Power measurements

The automated power sensor calibration facility is fully operational. The
measurement method is based on the direct-comparison technique and
covers frequencies up to 50 GHz. The measurement system is supported
by advanced measurement and uncertainty calculation software.

Contact: Devika Poduval (dpoduval@vsl.nl)
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Participation in comparisons

e CCEM.EM-K5.2017, LF power. VSL measurements performed in 2021. Measurements
finished. Co-piloted by VSL, CENAM, and PTB.

e EURAMET.EM-K5.2018, LF power. VSL measurements performed in 2020. Co-piloted by
VSL, PTB, LNE and NPL.

e EURAMET.EM-S45, Small DC currents. VSL measurements performed in 2024.
e EURAMET.EM-S46, High voltage comparison of DC ratio
e EURAMET.EM-S47, High voltage comparison of high resistance

e CCEM.RF-K5c, S-parameter measurements in coaxial 3.5 mm connectors. The comparison
is concluded, and VSL measurement capability is found in agreement with the CMCs.

e CCEM.RF-K5d, S-parameter measurements in coaxial 2.4 mm connectors. VSL
measurements were performed in 2024 and 2025. The comparison is on-going at the
moment.
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