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1. Introduction

This is the Final report of the EURAMET comparison EURAMET.EM-S42, “Comparison of Lightning
Impulse (LI) Reference Measuring Systems” (Reg. No. 1391).

Metrology area, branch Electricity and Magnetism, High Voltage and Current
Description Lightning impulse voltage parameters
Time of measurement 2016-2019
Status Final

Measurand(s) As defined in IEC 60060-1:2010:
Test voltage value, Uy
Front time, T;
Time to half-value, T,
Relative overshoot, 8’
Time to chopping, Tc

Parameter(s) Test voltage value: from -700 kV to 700 kV
Full impulse shape: 0.84/60 ps and 1.56/60 s
Chopped impulse shape: Tc=0.5 ps

Transfer device(s) Commercial voltage divider and digitizer
Comparison type Supplementary comparison
Consultative Committee CCEM (Consultative Committee for Electricity and Magnetism)

Related regional metrology EURAMET
organizations APMP
COOMET
SIM

The scope of the comparison was the validation of NMI CMCs for quantities related to lightning impulse
voltage (CMC classification 8.4.1 and 8.4.2) for test voltage values in the range from 100 kV to 700 kV.

No previous large-scale comparison lightning impulse voltage comparison has been arranged within
EURAMET. A bilateral lightning impulse comparison (EUROMET.EM-S2) was performed on voltages up
to 400 kV in 1998 to 1999 [9].

Between 1999 and 2002 a comparison project was organized by funding from the Commission of the
European Communities Standards, Measurements, and Testing Programme under Contract EU-SMT-
CT98-2270. Results of that comparison were not registered into the EURAMET comparison database.

2. Participants and organisation of the comparison

2.1. Co-ordinator and members of the support group
The pilot laboratory for the comparison was RISE.

Co-ordinator: Alf-Peter Elg, +46 706 955734, alf.elg@ri.se

Support group, appointed by the EURAMET technical committee for electricity and magnetism:
Jari Hallstrom (VTT MIKES), jari.hallstrom@uvtt.fi
Fernando Garnacho (FFIl), fernando.garnacho@ffii.es
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2.2.

List of participants

Final report

Out of the 13 participating laboratories, nine National Metrology Institutes (NMI) are signatories of the
Multilateral Recognition Arrangement (MRA), and two Designated Institutes (DI) are listed in MRA. In
two participating countries, arrangements for the traceable calibrations for impulse voltages are
arranged by an institute without NMI or DI status.

JHILL consists of six high-voltage laboratories, academic advisors and related industries; and is active
as an organization representing Japan in the field of high voltage technique and testing. Participation
of JHILL was authorized by the National Metrology Institute of Japan (NMIJ).

IATTE is a high voltage institute belonging to the National University of Tucuman. Participation of IATTE
was authorized by the National Institute of Industrial Technology (INTI), Argentina.

List of participants is shown in Table 2-1.

Table 2-1. Comparison participants

No | Country Institute Acronym | Status | Region Contact person
1 | sweden RISE Research Institutes of RISE NMI | EURAMET Dr. AIf-Petgr Elg
Sweden alf.elg@ri.se
VTT Technical Research
. Centre of Finland, Dr. Jari Hallstrém
2 Finland National Metrology Institute viT NMI | EURAMET jari.hallstrom@vtt.fi
VTT MIKES
. LCOE-FFII, High Voltage Prof. Fernando Garnacho
3 Spain : LCOE DI | EURAMET .
pal Technological Centre fernando.garnacho@ffii.es
Laboratoire national de Mohamed Agazar
4 France métrologie et d’essais LNE NMI™| EURAMET Mohamed.Agazar@Ine.fr
Physikalisch-Technische Dr. Johann Meisner
5 | German PTB NMI | EURAMET . .
Y | Bundesanstalt johann.meisner@ptb.de
6 Italy Istituto Nfazmnale di Ricerca INRIM NMI | EURAMET Dr. Paolo R_ocgatg
Metrologica p.roccato@inrim.it
7 | Turkey TUB_lTAK National Metrology TUBITAK | NMI | EURAMET Dr. Ahmet M_erev
Institute ahmet.merev@tubitak.gov.tr
igh- i Takayuki Wakimoto
8 Japan Japan High v_ol_tage Testing ML |othertl  Apmp ; yuki ! i to
Laboratory Liaison wakimoto@calibration.jp
9 China National Institute of NIM NMI APMP Dr. Wel _Zhao
Metrology zhaowei@nim.ac.cn
10 | Australia Natl_onal Measurement NMIA NMI APMP N Dr. Yili
Institute yi.li@measurement.gov.au
. i i6 Prof. Ricardo Dia
11 | Argentina| MStituto de alta tensiony IATTE  |Other?| SIM . ' laz
transmision de energia rdiaz@herrera.unt.edu.ar
12 | Canada |National Research Council NRC NMI SIM Dr. Harold Parks
harold.parks@nrc-cnrc.gc.ca
13 | Russia Russian Rese_arch Inst_ltute VNIIMS DI COOMET Tatiana Dubrovsk_a_lya
for Metrological Service dubrovskaya ta@vniims.ru

! Participation authorized by NMIJ AIST (Japanese NMI)
2 Participation authorized by INTI (Argentinian NMI)
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2.3. Organisation and comparison schedule

EURAMET, CIPM and CCEM guidance was followed in organizing this comparison [2, 3,4]. The
comparison was carried out in 2 loops with 1 travelling standard, which was provided for this
comparison by HIGHVOLT Priiftechnik Dresden GmbH. The first circulation of the standards was within
EU, from November 2016 to August 2017. The second circulation was for non-EU participants, from
September 2017 to March 2019. The system was checked by the pilot laboratory before the EU
circulation, between the two circulations, and after the non-EU circulation, to establish a drift rate for
the standards and to detect value changes related to transport. The detailed time schedule for the
comparison is given in Table 2-2.

Three weeks was originally allowed for measurements in each lab. One week was reserved for each
transport inside EU, and two weeks outside EU due to expected delays in customs.

To inform each participant on the state of the comparison and provide other information, a calendar

was created onto the EURAMET comparison toolbox at https://euramet.org/comparison-toolbox.

Table 2-2. Schedule of the comparison.

Transport or|Time in
Institute | Country Measurements | Measurements delaytime | lab |Loop| Customs formalities
started completed
(days) | (days)
RISE1 | Sweden 2016-11-25 2016-11-25 0.5 1 -
VTT Finland 2016-11-25 2016-11-25 0 0.5 1 -
PTB' | Germany | 2016-11-26 2016-11-26 1 1 1 -
INRIM? Italy 2017-04-04 2017-05-12 129 38 1 -
LCOE Spain 2017-05-18 2017-06-06 11 10 1 -
LNE France 2017-06-12 2017-06-21 16 1 -
RISE2 | Sweden 2017-06-27 2017-07-28 31 1 -
PTB Germany | 2017-07-31 2017-08-19 19 1/2 | Temp. export from EU
TUBITAK®| Turkey 2017-10-09 2017-12-08 51 60 2 Temporary import
IATTE | Argentina [ 2018-01-08 2018-02-08 31 31 2 Temporary import
NMIA | Australia | 2018-02-27 2018-04-20 19 52 2 Temporary import
VNIIMS Russia 2018-06-18 2018-06-29 59 11 2 Temporary import
NIM China 2018-09-03 2018-09-23 66 20 2 Temporary import
JHILL Japan 2018-10-31 2018-11-26 38 26 2 Temporary import
NRC Canada 2018-12-17 2019-02-15 21 60 2 Temporary import
RISE3 | Sweden 2019-03-11 2019-03-31 24 20 2 Return to EU

! PTB measurements failed in November 2016. They were repeated in July/August 2017.
2 The long time between PTB and INRIM was needed for scheduling the comparison.
% One of the calibrator heads failed. Repair by the manufacturer caused additional delay.

2.4.

Unexpected incidents

- PTB made their measurements first in November 2016. When doing the analysis, they discovered
that halfway through the measurement their transient recorder front-end had failed. The recorder
was permanently taken out of use and replaced. When this was discovered, the transfer reference
measuring system (TRMS) was already on the way to the next lab, INRIM. A new time slot was

2020-11-25
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given to PTB to repeat the measurements in August 2017 before sending the TRMS to next
laboratory, TUBITAK. All participants have given their acceptance to include the August 2017
results into this comparison.

- The low voltage calibration head for the short front (LI 0.84/60 ps) used for checking the stability
of the digitizer of the TRMS was found to be faulty in September 2018 while it was used in
TUBITAK. It was sent for repair to the manufacturer, which caused additional delay. The incident
has no effect on the performance of the TRMS.

- Anoilleak discovered on arrival to INRIM. The divider was refilled, and new gaskets were installed.

- NMIA found a small amount of oil leakage before shipping to the next participating laboratory.
The rag underneath the oil filling hole was found wetted with oil. The leakage might have been
due to the fact that the divider had been placed horizontally in the transit case for a few weeks
and the sealing gasket was deformed. It is estimated that the oil leakage was less than 10 ml.

- The divider arrived for the final test at RISE where it was discovered that 750 ml oil was missing
out of 10 I. The oil was refilled before the measurements.

- The measured DC scale factor remained stable within 0.05 % from November 2016 to January
2018. Eight laboratories performed their measurements during that period. From February 2018
to February 2019 an approximately linear drift of about -0.35 % was observed. Five laboratories
performed their measurement during that period, and a correction was applied to the respective
TRMS test value readings.

3.  Travelling standard and measurement instructions

3.1. Description of the standards

The transfer reference measuring system consists of a measurement system from HIGHVOLT
Priftechnik Dresden GmbH (items 1 and 2), and auxiliary devices from HIGHVOLT and VTT MIKES
(item 3). The divider and the transient recorder are shown in Figure 3-1. [1]

1. Reference measuring system
Type: HIGHVOLT SMR 10/700
Nominal voltage: 700kV LI
Dimensions (see Figure 3-1): H = 2462 mm, AxA = 1000 x 1000 mm?, Mass 50 kg
Scale factor: approx. 950

2. Transient recorder
Type: MIAS 200-12/2C
Maximum sample rate: 200 MS/s
Resolution: 12 bits
Maximum input voltage: 1 kV

3. Auxiliary equipment:

a. Impulse voltage calibrator, for checking performance of the transient recorder
Type: MIC 330, LI 0.84/60, LI 1.56/60

b. Step voltage generator, for checking performance of the divider
Type: Aivon, Nominal voltage: 200 V

c. Chopping gap, for generation of chopped impulses
Type: MIKES, Nominal voltage: 150 kV

2020-11-25 Page 7
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3.2.

% o

AxA

Figure 3-1. Transfer reference measurement system.

Measured gquantities and conditions of measurement

The measured quantities are defined in Annex B of IEC 60060-1:2010:

Test voltage (Uy),

Front time (Ty),

Time to half-value (T>),

Time to chopping (Tc¢), and
Relative overshoot magnitude (8’).

The impulse shapes and respective voltage levels for the comparison are listed in Table 3-1. Due to
large number of combinations, a set of preferred measurements was agreed on. [1]

No limits were set to temperature and humidity, as their control in high voltage environment is seldom
possible. However, they had to be reported.

Table 3-1. Impulse shapes and respective voltage levels for the comparison.

Shape Preferred voltage levels [kV] Additional voltage levels [kV]
1.56/60 120(?0 0 ORI R T -100, -300, -400, -500, -600, -700
_Il—'_(r:o:n(t).;hﬁspped About -150, using circulated gap none
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3.3.  Measurement instructions

The TRMS must be kept in the laboratory before the measurements for at least 24 hours so that it
reaches stable temperature. It is recommended to keep the ambient temperature on the value
(23+2)°C. [1]

The data of the ambient conditions during the measurements must be given in the measurement
report.

3.3.1. Transfer system checks before comparison measurements
The following checks aim at collecting data to follow-up the stability of the travelling system and
components. They are not used for any revision of the scale factors during the circulation.

3.3.1.1. Impulse calibration

The transfer digitizer is calibrated using the impulse calibrator circulating with the system. Calibration
is automatic, controlled by computer program. Calibration is done with positive and negative polarity.
(Time required: c. 1 hour for each impulse shape.)

3.3.1.2. Scale factor measurement
The scale factor of the transfer divider is checked by direct voltage.

3.3.1.3. Step response measurement
The travelling step generator shall be mounted on wall at the height of the divider according to
Fig. C.3a in IEC 60060-2:2010.

3.3.1.4. Interference test of the transfer system
The interference test shall be performed according to 5.12 in IEC 60060-2:2010 using the circulating

gap.

3.3.2. Home system checks before comparison measurements

Participants shall calibrate all relevant instruments of their own system before the comparison
measurements and prepare uncertainty estimates for Ui, Ti, Tc, T- and B’ measurement. The
interference test according to 5.12 in IEC 60060-2:2010 using the circulating gap should be performed
simultaneously both for the circulating system and the home system in the comparison setup.

3.3.3. High voltage setup

The results (Ug, T1, T, T2 and B’) obtained with the circulating reference system (divider with cable,
digitizer) shall be compared with those obtained by participant's reference system. Each measurement
is a set of ten impulses. For the setup, see Figure 3-2 and Figure 3-3. The high voltage lead from the
impulse generator must be connected on top of an insulator or front capacitor (height c. 250 cm). The
chopping gap must replace the insulator or it must be connected in parallel with the front capacitor.
Connections, as wide and as short as possible, should be used for the chopping gap.

2020-11-25 Page 9



EURAMET.EM-S42 Final report

Rd Copper foil Divider
100mm type SMR
R1

input

Cable type N
)— ———————————————————— 2 >
J [I] 2000V

(&)

o

o]
Measurement device

Figure 3-2. Schematic of the measurement set-up.

TRMS divider J

| Generator I

NMI divider ]

Figure 3-3. Top view of the test geometry.

About 20 cm wide Y-formed grounding plate of copper or aluminium is recommended to be used as
ground return on the floor from both dividers to the insulator / front capacitor / chopping gap and
from there to the impulse generator. To avoid oscillations after chopping the loop formed by the front
capacitor, the chopping gap should be as small as possible.

3.4. Deviations from the protocol

The comparison was carried out as described in the protocol with two exceptions:
- modifications in the comparison schedule were necessary, and
- instead of uploading the reports to the EURAMET comparison toolbox, the participants were
asked to send them directly to the coordinators by email.

4.  Methods of measurement
All participants performed the measurement by comparing the readings of the TRMS with those of
their own impulse voltage measurement system.
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5. Repeated measurements of the pilot institute, behaviour of the

travelling system
An overview of measurements by pilot institutes and of the behaviour of the travelling system is in
Annex B. Gain correction and additional uncertainty contributions due to transfer TRMS instability
were introduced to the analysis shown in Annex C and Annex E.

6.  Analysis of comparison data set

6.1. Basic strategy

Each participant was asked to upload the results to the EURAMET comparison toolbox within 6 weeks
after completing the measurements®.

The following documents were requested:

1. PDF copy of the signed report (e.g. calibration certificate) and
2. Excel worksheets presenting the results for each measurement point. The template available
in the comparison toolbox was to be used without modification.

The report was requested to contain at least the following:

o description of the measuring set-up including the electrical circuit configuration;

o traceability scheme; if the traceability to the Sl is provided by another NMI, the name of the
NMI must be stated (needed to identify possible sources of correlation);

e description of the measurement procedure;

e the ambient conditions of the measurement: the temperature and humidity with limits of
variation.

e summary of the results with a complete uncertainty budget(s) in accordance with the
principles of the Guide to the Expression of Uncertainty in Measurement®, including degrees
of freedom for every component and calculation of the coverage factor; such an analysis is a
prerequisite to be considered in the calculation of the comparison reference value; it is also
an essential part of the final report which will appear in the BIPM Key Comparison Database.

In addition to the comparison results, the participants were requested to upload other files, so that
the pilots can follow the status of the travelling system. Guidance for this was given in a separate
document.

6.2. Results of the participating institutes

The participants were asked to do as many measurements as deemed reasonable distributed in time
over the whole period allocated to the laboratory. An overview is shown in Table 6-1. Preferred
impulse shapes are shown by bold on grey background.

All participants measured the preferred non-chopped measurement values up to 200 kV.

4 it was found that using the toolbox adds in this case an unnecessary step to the collection of results. The
participants were instructed to send the reporting files directly to the coordinators.
5 BIPM Guide JCGM 100:2008
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The pilot laboratory measured the preferred measurement values up to 500 kV three times during the

comparison.

Table 6-1. Overview of the measurements performed by the participants.

RISE1

VTT

PTB

INRIM

LNE
RISE2

IATTE

NMIA

VNIIMS

NIM

UHILL

NRC
RISE3

Short-N700

Short-N600

Short-N500

Short-N400

Short-N300

Short-N200

Short-N100

Short-P100

Short-P200

X | X | X | X

X | X | X | X

Short-P300

X | X [ X | X [ X | X

X | X [ X | X [ X | X

Short-P400

Short-P500

X IX [ X | X [X | X [X|X|X|X

Short-P600

X IX[X [ X [ X | X [X|X[|X|X|X|X

X IX [ X [ X [ X | X [X|X[|X|X|X|X

Short-P700

Long-N700

Long-N600

Long-N500

Long-N400

Long-N300

Long-N200

x

Long-N100

Long-P100

Long-P200

X | X | X | X

Long-P300

X |IX [ X | X [ X | X

X |IX [ X | X [ X | X

Long-P400

X | X | X | X

Long-P500

X |X | X | X [ X

X IX [ X | X [ X | X [X|X|[X|X

X |X | X | X [ X

Long-P600

X | X [ X | X [ X | X

X | X [ X | X [ X | X [X|X

X | X [ X | X [ X | X

X |IX[X [ X [X|X[X|X|X|X[X]|X

Long-P700

X[ [ [ x> XX [>X[>X[>x[>x|[x[x]|>x|>x|>x|>]|>|[>|x|x|x|x]|x]|x]|x]|x|[LCOE

X [ X [X [ X [X|X | X |X|[X|X|[X|X|[X]|X

Chopped-P150

Chopped-N150 X

X | X | X [ X | X [X | X |[X|X

X[ [ [ [ [ x> > > [>X > [>X|>X[>X[>x|[>x|[x]|x|>x|>x|>x|>x|>x|x|x|x|x]|x|x [TUBITAK
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The readings of the TRMS were compared with the readings from the local reference measuring
system. An EXCEL template (see Annex A) was provided to unify the handling of the readings.
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The TRMS test voltage (Uy) relative measurement error was calculated from

E,, [%] = 2reus “Urer 300
UREF

where: Em: Measurement error of the TRMS.
Umrwms:  U; value obtained by means of the TRMS.
Urer: Ui value obtained by means of the local reference measuring system.

The relative measurement errors for T, and T are calculated in the same way as for the test voltage.

The absolute measurement error for 8’ is calculated from
En [%] =L rvs—Brer -

The average TRMS error and experimental standard deviation were calculated in each case from the
results of ten impulses.

6.3. Uncertainty of measurement

All participants provided their results with the associated uncertainties of measured parameters
together with an uncertainty budget. The uncertainties were reported using coverage factor k =2,
which for a normal distribution corresponds to a coverage probability of approximately 95 %. The
uncertainty of the measurement was to be estimated according to the BIPM Guide to the expression
of Uncertainty in Measurement (JCGM 100:2008). [5]

A list of the principal components of the uncertainty budget to be evaluated by each participant could
not be included in the technical protocol. It is supposed that each participating laboratory applies a
different method depending on its facilities. Therefore, a list of the principal components, relevant for
all participants, cannot be presented.

Sample uncertainty budgets provided by the participants are shown in Annex D.

6.4. Results of the participating institutes
Annex C shows the results by laboratory, as reported to the coordinators.

6.5. Calculation of comparison reference values

The following results were excluded from the calculation of the comparison reference values (CRV):

1. The pilot laboratory, RISE, performed the measurements three times. All three RISE results
were used for estimating the uncertainty component of the transfer standard due to stability,
and only the results from the RISE2 were included in the CRV calculation.

2. Traceability to IATTE measurements comes partly from NIM, China; and partly from a German
accredited calibration laboratory. Also, IATTE referred to IEEE4:2013 instead of IEC 60060-
1:2010 for their parameter evaluation routines. IATTE results were excluded from the CRV
calculation.

The comparison reference value, CRV, is calculated separately for each impulse waveform and for each
measured parameter. The CRV is considered as an estimation of the measurand according to the
measurements provided by the participating laboratories. [6]
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This estimation, y, is determined as a weighted mean of the provided results where the weights are
the inverse values of the squares of the associated standard uncertainties. However, that cannot be
applied in case where some of the measurements are not consistent with the others.

The number of participating laboratories, N, depends on the considered voltage level, parameter and
polarity. It varies from 1 to 13.

The inputs for CRV calculation are the errors provided by the participants for the TRMS readings, x;,
i=1,2,..,N,and the corresponding standard uncertainties, u(xi),i=1, 2, ..., N.

The procedure is implemented in four steps:

1)

2)

3)

4)

Determination of the comparison reference value CRV (y), using the inverse values of the
squares of the uncertainties as the weights:

in u(x;)
y="—.
2u(x)

i=1

Calculation of standard uncertainty of CRV, u(y):

Consistency of results

A x? test has been applied to carry out an overall consistency check of the results obtained
(i.e. if all results can be regarded as belonging to the same statistical ensemble). For each

measured parameter, the observed chi-squared value x5 has been determined as:
N 2
2 (xi—-Y)
Hobs =2~ -
The number of degrees of freedom is v =N -1, for N results.

The consistency check is considered failed if
Pr{ 2°(V)> Zps 1< 5%,
where Pr denotes “probability of”.

If the chi-squared test fails, then the laboratory with the largest |di] value (see below for
definition) is excluded from the determination of the CRV and the consistency check repeated.
The process is then repeated as needed.

Exclusion of incompatible results

Compatibility index, d;, is defined as the ratio between the difference from the reference value
and the standard uncertainty:
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The compatibility index |di] describes the deviation from the CRV in relation to the calculated
standard uncertainty of the deviation.

The standard uncertainties of the differences corresponding to those laboratories whose
results have not been considered in the reference value calculation are obtained applying the
following expression:

u? (A% ) =u?(x) +u%(y),
since now the values are not correlated.

Calculated reference values are shown in Annex E.

6.6. Degrees of equivalence (DoE)

6.6.1. Compatibility of each laboratory with the estimate of CRV:

In each case, the degree of equivalence (DoE or E,) of laboratoryi,i=1, 2, ..., N, with the CRV is
determined as the pair of values for the deviation from the CRV and the uncertainty of this deviation
[Axi, U(AX;)] according to the expressions:

—  Ax;
En = U(Axy)’

Ax =X -y and
U (Ax)=2-u(Ax), (1)

where u(Ax;) is obtained applying the following expression:
u? (A% ) =u?(x) - u?(y) . (2)

Note 1: The factor 2 in expression (1) above indicates a coverage factor of 95 % corresponding to a Gaussian distribution
function.

Note 2: Expression (2) establishes a difference of two variances as consequence of the mutual dependence (or correlation)
between Xjand CRV.

6.6.2. Compatibility between any two laboratories:
Compatibility between laboratory i,i=1, 2, ..., N and laboratory j, j=1, 2, ..., N, with i # |,
[AXij, U(Axij)] is obtained according to:

AX j =% —X; and

U(Axi'j):Z-u(Axi'j). 3)

u(Axij) is calculated applying the following expression:
uZ(Axi'j ) = uz(xi)+u2(xj) .

Note 3: The difference Ax;; between the measurements of the laboratories Xi and Xj does not depend on the corresponding
reference value, because:
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AXiyj =AXi _AXJ :(XI —C:RV)—(XJ —CRV) :Xi _Xj .

Note 4: Expressions for U(Ax;) and U(AXx;;) in expressions (1) and (3) are based on Gaussian distribution of measurands.

The compatibility index between two laboratories is analysed using the following expression for di;:

i'j_u(AXi,,-) u® (%) +u?(x;) .

If |di;] < 2 then results of the corresponding laboratories are considered compatible.

The compatibility indexes between any two laboratories are available on request.

7. Comparison results

7.1. Measurements conditions

Table 7-1 shows ambient conditions in each participating laboratory during corresponding
measurements.

Table 7-1. Ambient conditions.

Laboratory Temperature Humidity
(°0) (RH%)
RISE1 228+1 405
VTT 22+2 36+10
INRIM 23+2 -
LCOE 21+2 <60
LNE 231 <60
RISE2 228+1 405
PTB 21+1 -
TUBITAK 234+1.6 48+ 8
IATTE 25-30 40 - 68
NMIA 23-25 57-71
VNIIMS 231 30-60
NIM 22.6-244 28 - 64
JHILL 19-22 60 - 89
NRC 23+2 5-25
RISE3 22+2 19+5

7.2. Instrumentation used by the participating laboratories

The divider and transmission cable details of each laboratory are shown in Table 7-2 and the low

voltage attenuator, digitizer and software characteristics are listed in Table 7-3.
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Table 7-2. Divider and transmission cable characteristics of each participating laboratory.

Divider
Divider Divider Divider Divider Divider damping Cable Cable
resistor
Lab type Zin make Umax model Rd type length
RISE1 Resistive 7.7kQ Highvolt 500 kV SMR500 250Q |Beldentriax| 5m
RISELb | Resistive | 12.3k Pi‘/sif;”' 750 kv 2000 | Beldentriax| 5m
VTT Resistive 10 kQ Self 400 kV HUT400 250 Q |Belden9888| 15m
INRIMa | Resistive 6 kQ Self 200 kV SAGI 304 15m
INRIMb | Resistive 8 ka Haefely 600 kV R600 15m
- 8.4kQ/ ASEA/ 700/ -/ .
LCOE Resistive 2 7kO Haefely 300 kv YDSA / R-300 294 0 Triax-75Q | 15m
LNE Resistive 24 kQ Self 420 kV Garyl 217Q | Triax-75Q | 25m
RISE2 Resistive 7.7kQ Highvolt 500 kV SMR500 250Q |Beldentriax| 5m
prg | Damped Self | 1000kv | PZT-1000 RG214 | 25m
capacitive
TUBITAK | Resistive 10kQ Highvolt 700 kV SMR 10/700 | 250Q R65201é/u 25m
IATTE Resistive 45 kQ Haefely 600 kV 3090 75Q 20m
NMIA Resistive 3.3kQ Self 350 kV D1 3300 500 20m
VNIIMS | Capacitive Highvolt | 1000 kV 75Q 10m
oil
NIM insulated 5kQ Self 700 kV D700v2 3000 RG 217 20m
Resistive
. Tama
JHILL Resistive 10kQ Electric 500 kV NIT-STD-001 | 287Q 8D-SFA 20m
NRC Resistive 10 kQ Self 400 kV R8 200 Q RG214 10m
RISE3 Resistive 7.7kQ Highvolt 500 kV SMR500 250Q |Beldentriax| 5m

Table 7-3. Attenuator, digitizer and software characteristics of each participating laboratory.

Attequatpr/ Attequatpr/ Digitizer Digitizer Software Software
termination termination
Lab type ratio make type make standard
RISE1 Resistive Zoéiiéjmd NI PXI-5124 Self IEC60060-1:2010
VTT Resistive 3.3:1and 28:1 NI PXI-5124 Self IEC60060-1:2010
INRIMa NI PXI-5124 Self IEC60060-1:2010
INRIMb NI PXI-5124 Self IEC60060-1:2010
LCOE Resistive 2.95/15.2 Yokogawa DL850 LCOE IEC60060-1:2010
LNE Dr. Strauss | TR-AS 200-14 | Dr. Strauss
RISE2 Resistive |20.2:1 and 5.00:1 NI PXI-5124 Self IEC60060-1:2010
PTB Dr. Strauss | TR-AS 200-14

TUBITAK Resistive 1:1 Dr. Strauss | TR-AS 200-12 | Dr. Strauss | IEC60060-1:2010

IATTE Resistive 11 Dr. Strauss | TR-AS 100-10 | Dr. Strauss IEEE4:2013
IATTEL VTT IEC60060-1:2010
- . IEC 60060-1:2010,
NMIA Resistive 40:1 Tektronix TDS 782A Self EC 61083-2-2013
VNIIMS Highvolt MIAS MIAS IEC60060-1:2010
NIM Resistive 32:1 NI PXI-5164 Self IEC60060-1:2010
JHILL Dr. Strauss | TR-AS 100-14 CRIEPI IEC60060-1:2010
NRC Resistive 25:1 NI PXle-5122 Self IEC60060-1:2010
RISE3 Resistive |20.2:1 and 5.00:1 NI PXI-5124 Self IEC60060-1:2010
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7.3. Comparison results

7.3.1. Detailed comparison results
The comparison results for each impulse shape, together with comparison reference values and
compatibilities to the reference value are shown in Annex E.

7.3.2. Overview of CRV distribution
An overview of the calculated CRV values is shown in Table 7-4.

The fact that CRV values were significantly greater than zero merely confirms that the transfer
reference system had systematic errors, which were not corrected for during the comparison.

The average of CRV values for U; of the full impulse with short front time was +0.32% for the negative
and +0.35% for the positive polarities, respectively, and with long front time +0.34% and +0.52%. This
means that the transfer system had a consistent positive systematic error in U;. The error is most likely
due to differences between the nominal (used during the comparison) and actual impulse scale factors
of the divider and the digitizer.

The average of CRV values for T; were +2.6% for short front, and +1.1% for long front impulses,
respectively, which means the values measured by the transfer system had positive error. Also, this
error was dependent on impulse front time. One possible reason for the systematic error could be e.g.
the deformation of the impulse shape in the signal cable. This effect on resistive dividers has been
highlighted in some publications during the last decade, see e.g. [7, 8].

The average of CRV values for T, were in the range from -0.25% to -0.52%. This indicates that there is
again a systematic error in the measurement of the transfer system. One possible reason for the
systematic error could be deformation of the impulse shape in the signal cable, as for Ta.

The average CRV values for 8’ range from -0.12% to 0.08%, which indicates that there is no significant
systematic error in the measurement of the transfer system for this parameter. Note that both 8’ and
its uncertainty are absolute, not relative, contrary to the other parameters in Table 7-4. See chapter
6.2.

The average CRV values for Ue and T for front chopped impulses have significantly higher
uncertainties than the CRVs for full impulse parameters.
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Final report

Short Ut T T, B
. CRV [ U(CRV)
negative CRV U(CRV) [ CRV | U(CRV) CRV U(CRV) ] | [%], abs.
Short-N100 0.18% | 0.20% | 2.46% | 0.98% | 035% | 0.78% | -0.18 0.26
Short-N200 027% | 0.16% | 1.80% | 0.78% | 0.20% | 0.67% | -0.21 0.17
Short-N300 032% | 022% | 263% | 1.04% | 0.16% | 0.90% | -0.23 0.28
Short-N400 047% | 0.30% | 254% | 1.20% | -0.32% | 0.98% | 0.03 0.31
Short-N500 046% | 0.31% | 248% | 1.25% | -0.49% | 1.00% | -0.09 0.31
Short-N600 0.25% 0.29% | 3.17% | 1.40% | -0.75% | 1.12% -0.07 0.37
Short-N700 0.28% | 0.44% | 3.05% | 2.12% | -0.93% | 1.57% | -0.04 0.58
Mean 032% | 027% | 259% | 1.25% | -025% | 1.00% | -0.11 0.33
Stdevofmean | 0.12% | 0.10% | 0.98% | 0.47% | -0.10% | 0.38% | -0.04 0.12
Short Ut T T B
iy CRV [ U(CRV)
positive CRV U(CRV) [ CRV | U(CRV) CRV U(CRV) ] | [%], abs.
Short-P100 031% | 022% | 241% | 0.98% | 041% | 0.78% | -0.18 0.26
Short-P200 040% | 017% | 1.63% | 0.78% | 031% | 0.67% | -0.23 0.17
Short-P300 033% | 022% | 261% | 1.04% | 0.02% | 0.83% | -0.24 0.28
Short-P400 035% | 0.25% | 255% | 1.17% | -0.36% | 0.97% | 0.06 0.30
Short-P500 054% | 031% | 297% | 1.26% | -052% | 1.00% | -0.03 0.31
Short-P600 030% | 0.28% | 3.10% | 1.36% | -0.82% | 1.10% | 0.02 0.35
Short-P700 023% | 0.44% | 3.31% | 2.13% | -0.89% | 1.58% | -0.24 0.61
Mean 035% | 027% [ 265% | 1.25% | -026% | 0.99% | -0.12 0.32
Stdevofmean | 0.13% | 0.10% | 1.00% | 047% | 0.10% | 0.37% | -0.05 0.12
Long Ut T1 T, [
. CRV [ U(CRV)
negative CRV U(CRV) [ CRV | U(CRV) CRV U(CRV) ] | [%], abs.
Long-N100 063% | 0.22% | 1.96% | 0.68% | -0.18% | 044% | 0.05 0.24
Long-N200 063% | 017% | 1.46% | 052% | -0.16% | 0.37% | -0.04 0.12
Long-N300 031% | 0.26% | 1.46% | 0.83% | -0.40% | 046% | -0.02 0.25
Long-N400 0.09% | 0.33% | 0.86% | 0.95% | -0.64% | 054% | 0.20 0.28
Long-N500 0.06% | 0.33% | 1.27% | 0.95% | -0.74% | 056% | 0.09 0.28
Long-N600 030% | 0.29% | 044% | 1.23% | -094% | 062% | 0.8 0.33
Long-N700 0.37% 0.36% | 0.57% | 1.36% | -0.61% | 0.80% 0.11 0.44
Mean 034% | 0.28% [ 1.15% | 0.93% | -053% | 054% | 0.08 0.28
Stdevofmean | 0.13% | 0.11% | 043% | 0.35% | -0.20% | 0.21% | 0.03 0.10
Long Ut T1 T, [
iy CRV [ U(CRV)
positive CRV U(CRV) [ CRV | U(CRV) CRV U(CRV) ] | [%], abs.
Long-P100 046% | 0.16% | 1.63% | 0.53% | 0.09% | 0.38% | -0.09 0.12
Long-P200 0.64 % 017% | 1.47% | 052% | -0.04% | 0.37% 0.02 0.12
Long-P300 0.54 % 017% | 1.38% | 056% | -0.17% | 0.38% -0.11 0.12
Long-P400 055% | 0.19% | 0.83% | 0.60% | -043% | 043% | 0.17 0.13
Long-P500 047% | 0.21% | 0.86% | 0.69% | -0.62% | 0.49% | 0.18 0.14
Long-P600 038% | 0.25% | 0.93% | 0.94% | -1.02% | 0.62% | 0.22 0.31
Long-P700 0.58 % 0.34% | 0.77% | 1.16% | -0.60% | 0.75% 0.11 0.43
Mean 052% | 0.22% | 1.12% | 0.71% | 040% | 0.49% 0.07 0.19
Stdevofmean | 0.20% | 0.08% | 0.42% | 0.27% | -0.15% | 0.18% | 0.03 0.07
Chopped Ue Tc
CRV [ UCRV) | CRV [ U(CRV)
Chopped-P150 | 0.40% | 0.58% | 1.32% | 1.81%
Chopped-N150 | -1.04% | 047% | 0.11% | 0.91%
Mean 032% | 053% | 0.71% | 1.36%
Stdevofmean | -022% | 0.37% | 0.50% | 0.96 %
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8.  Traceability

8.1. Traceability of participating institutes
Each national metrology institute carried out the comparison measurements using their own national
standard for lightning impulse voltage. The traceability of the impulse parameters measured is based
on several quantities, including at least dc voltage, resistance, capacitance and time. Table 8-1 lists the
sources of traceability for the participating laboratories.

Table 8-1. Source of traceability

Laboratory In house Other
RISE1 X
VTT X
INRIM X
LCOE X
LNE X
RISE2 X
PTB X
TUBITAK X

IATTE IATTE / DKD / NIM

NMIA X
VNIIMS X
NIM X

JHILL NMIJ
NRC X
RISE3 X

8.2. Linkto earlier EU funded comparison

An EU funded international comparison of lightning and switching impulse voltage measuring systems
was arranged between 1999 and 2002 (EU-SMT4-CT98-2270). The number of participants was 26,
including the coordinator. This comparison was not registered in EURAMET comparison database.

VTT MIKES compared the transfer reference system used during that comparison with the system VTT
MIKES used in this comparison. Results are shown in Annex H.

9. Conclusions and final remarks

9.1. Conclusions
The scatter of the comparison results was surprisingly large.

The transfer reference showed minor drift. However, this drift was corrected, and even without
correction it would not have limited the uncertainty of this comparison. Neither the calibration results
for the divider scale factor, nor the results of the repeated impulse calibration of the digitizer can
explain the scatter of the comparison result.

Therefore it is quite certain that the scatter was not due to the instability of the transfer system, as the
repeated calibrations of the transfer system by the pilot laboratory do not support that conclusion.
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The conclusion we have drawn is that laboratories may have underestimated the uncertainties due to
e.g. the different impulse shapes, different high-voltage connections or different grounding systems
used in their comparison measurements. To partially cover this, an uncertainty component for
repeatability based on the three calibrations performed by the pilot in different times and locations
has been added. However, this instability component may not fully cover the effects due to variations
in individual laboratories.

More stringent requirements should be defined in future comparisons for the calibration setup to
reach lower uncertainties.

9.2. Comments from participants

VNIIMS: “The measuring system that was used as a mobile standard system for the round comparisons
was not reliable and stable enough to use it for such comparisons and several times failed. A more
stable and highly reliable system should be used for such comparisons.

It is necessary to provide additional investigation and there is a suggestion to continue studying this
issue under a new bilateral or some 3-parties project of supplementary comparisons (so that to lessen
the time and distances within the comparisons project) with some of the NMiIs that successfully
participated the EM-S42 due to importance of the topic of metrological and scientific investigation
under EURAMET.EM-S42 comparisons.”

PTB: “In the case of measuring points with only a very small number of participants and a large spread
of the results, the result overview may lead to a misleading interpretation of the ability of individual
laboratories.”
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Annex B - Performance of the transfer reference system

B-1 Divider scale factor
B-1.1 Short time stability

The short time stability of the dc scale factor of the TRMS divider was tested by VTT MIKES on
28.11.2016. Measured change and self-heating effect is summarized in Figure B-1.

- Before the test the measured dc scale factor was 944.56 + 0.1

- Ten 700 kV impulses were delivered to the divider with 30 s interval

- After the application of the ten impulses, the scale factor of the divider was repeatedly
measured for 10 minutes, and it stabilized to value of 944.84 + 0.1.

944.86
944.84 —
944.82 * 1

944.80

944.78

944.76

944.74

Measured scale factor

944.72
944.70
944.68

944.66

00:00 02:00 04:00 06:00 08:00 10:00 12:00

Time after the last of 10 applied impulses [mm:ss]

Figure B-1. Change of scale factor after application of ten 700 kV impulses.

B-1.2 Scale factor calibrations during the comparison

The participants were asked to measure the dc scale factor of the divider both before and after their
measurement session.

The measured scale factor remained stable within +0.06 % from the beginning of the comparison,
November 2016, until January 2018. The average value was 944.67, and two standard deviations of
mean was 0.06 (0.006 %).

From February 2018 to February 2019 the scale factor drifted c. -0.35 %. In the final checks in March
and April 2019, the measured scale factor was in halfway of the extreme values measured during the
comparison. The probable reason for the scale factor change is the drift observed in the value of the
50 Q termination resistor at the digitized end of the measuring cable.

2020-11-25 Annex B Page 23



EURAMET.EM-S42 Final report Annex B

The results of the divider scale factor checks performed by the participating laboratories are listed in
Table B-1, and shown graphically in Figure B-2. The correction factors shown in Table B-1 are applied
to correct the test voltage value readings of the TRMS.

Table B-1. Divider scale factor measurements during the comparison.

Date |Temperature| Scalefactor | Uncertainty From Correction
Lab °C SF k=2, [abs.] | average SF factor
RISE1 Before [25.11.2016| 2212 944.58 0.11 -0.01 % 1.0000
After [25.11.2016] 22+2 944.70 0.10 0.00 %
VTT MIKES| Before [25.11.2016| 22+2 944.70 0.09 0.00 % 1.0001
After [25.11.2016] 22+2 944.80 0.07 0.01%
INRIMa Before | 4.4.2017 20.0 944.60 -0.01 % 1.0000
After 12.5.2017 23.0 944.70 0.00 %
LCOE Before |18.5.2017 22.0 944.80 0.01% 1.0000
After 6.6.2017 20.4 944.50 -0.02 %
LNE Before | 6.6.2017 23.0 944.81 0.2 0.01% 1.0001
After 22.6.2017 22.8 944.80 0.2 0.01%
RISE2 Before |[21.7.2017 2312 944.55 0.10 -0.01 % 0.9999
After 24.7.2017 2312 944.56 0.10 -0.01 %
PTB Before | 1.8.2017 2312 944.55 0.10 -0.01 % 0.9998
After 17.8.2017 2312 944.44 0.10 -0.02 %
TUBITAK | Before (13.10.2017 24.3 944.70 0.10 0.00 % 1.0000
After  [13.10.2017 24.3 944.60 0.10 -0.01 %
IATTE Before |10.1.2018| 26-29 944.85 0.15 0.02 % 1.0002
After 19.1.2018| 26-28 944.80 0.10 0.01%
average RISEL - IATTE 944.67
2 * stdev of mean RISEL - IATTE 0.06
2 * stdev of mean RISEL - IATTE 0.006 %
NMIA Before | 5.3.2018 22.9 944.27 0.11 -0.04 % 0.9994
After 21.3.2018 22.5 944.02 0.11 -0.07 %
VNIIMS Before |20.6.2018 22.5 943.50 -0.12% 0.9988
After 28.6.2018 22.5 943.50 -0.12%
NIM Before | 7.9.2018 943.60 0.10 -0.11% 0.9988
After 23.9.2018 23.1 943.50 0.10 -0.12%
JHILL Before |[2.11.2018 943.16 -0.16 % 0.9983
After [22.11.2018 943.01 -0.18 %
NRC Before |[15.1.2019 23.0 941.49 0.05 -0.34% 0.9967
After 15.2.2019 23.0 941.62 0.05 -0.32%
RISE3 Before |[18.3.2019 2212 943.49 0.10 -0.12% 0.9988
After 20.3.2019 2212 943.49 0.10 -0.12%
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Figure B-2. Divider scale factor measurements during the comparison.

B-1.3 Divider component calibrations before and after the comparison

The reason for the divider scale factor change was revealed by examination of the calibration results
of the individual divider components. The divider components are shown in Figure B-3, and their values
before and after comparison in Table B-2. Before values by HIGHVOLT, and after values by RISE. The
+0.9 % change in the termination resistor R, explains the direction and order of magnitude of the scale
factor change shown in Figure B-2. The scale factor can be calculated from formula

Uin

2020-11-25

Uin Rd + RHV + RLVres Rc + Rz
= *
Uout RLVres Rz '’

RLV % (Rc + Rz)

where RLVres =

RLV + Rc+ Rz~
Rd
RHV]
Rc

N — N

—L 1
RLV — Rz Uout

o T

Figure B-3. Divider components.
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Table B-2. Divider component values calibrations before and after comparison, U = 0.05 %, k = 2.

2013-08-14 | 2019-04-01 Change
Damping resistor Rd 262.42 262.47 0.02%
High voltage resistor RHV 10145 10145 0.00%
Low voltage resistor RLV 14.197 14.187 -0.07 %
Termination resistor Rz 50.137 50.587 0.90%
Cable and termination resistance Rz+Rc 50.390 50.834 0.88%
Resulting low voltage resistance RLVres 11.076 11.092 0.14%
Calculated scale factor SF 945.36 943.90 -0.15%

Nominal scale factor, which was used by the digitizer during the comparison, was 953.3. This is 0.9 %
off from the average value measured during the EU loop, 944.7.

B-2 Digitizer
B-2.1 Impulse voltage calibrations during the comparison

Each participant calibrated the digitizer using the impulse voltage calibrator circulated with the system.
The circulated calibrator had two calibrator head one with short front (0.84 ps) and another with long
(1.56 ps). The short front calibrator had to be repaired once during the comparison, and even after the
repair the results obtained with it were not stable. The results of the long front calibration using the
circulating calibrator are shown in Figures B-4 to B-6.

Ut 1.56 pus
1.0%

0.8%
0.6%

0.4%

0.2%

0.2% \Z | 7

-0.4%

Difference from calibrator

-0.6%
-0.8%

-1.0%

X & X § N o & RS ) $
<) s
0N DY S

——200V range 400V range 800V range 2000V range

Figure B-4. Test voltage calibration results using the circulating calibrator.
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T11.56 us
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0.2% L — //\
0:0% \/\.*.__ [~ \/\
-0.2% 3

-0.4%

Difference from calibrator

-0.6%
-0.8%

-1.0%

N o

& N o5 < o v 4 A
Q N ,\,0 ,\,Q ’\,/\9 ,\,'\r %’Q %9

o > o o "
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Figure B-5. Front time calibration results using the circulating calibrator.

T2 1.56 ps

1.0%
0.8%
0.6%
0.4%
0.2%
0.0%

-0.2%

-0.4%

Difference from calibrator

-0.6%
-0.8%

-1.0%

——-200V range -+-400Vrange -+-800V range 2000V range
Figure B-6. Time to half-value calibration results using the circulating calibrator.
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Overview of the impulse calibration results are shown for the long front impulse in Table B-3. The
maximum scatters are taken as uncertainty contributions for digitizer stability, i.e. 0.30 % for U, 0.34 %
for Ty and 0.28 % for T».

Table B-3. Overview of the impulse calibration results during the circulation for long front impulse.

Travelling calibrator 200V range 400V range 800V range 2000 V range
1.56/60 Ut T1 T2 Ut T1 T2 Ut T1 T2 Ut T1 T2
Mean 0.02%(0.75%(0.15%]0.10 % | 0.72 % | 0.07 %] 0.21 %| 0.03 % | -0.16 %| 0.18 % [0.06 % |-0.03 %
2* Stdev 0.19%(0.07 %{0.07 %] 0.18 % 0.07 %| 0.07 %] 0.30 %| 0.25%| 0.28 % | 0.28 % | 0.34 % | 0.27 %
N 24 24 24 24 24 24 24 24 24 24 24 24
2* Stdev of mean ]0.04 % 0.01%/0.02 %]0.04 % 0.01 % 0.01 % 0.06 %| 0.05 % | 0.06 % | 0.06 % | 0.07 % | 0.06 %

B-2.2 Impulse voltage calibrations before and after comparison

The stability of the digitizer was checked before and again after the comparison using VTT MIKES long
front reference calibrator. The results are shown in Figures B-7 to B-9. The changes from before to
after calibrations for the ranges used in the comparison are less than 0.2 % for Uy, 0.5 % for T1 and

0.3 % for To.

At the same times, the digitizer was calibrated also using the circulating calibrator. Systematic, but
stable, difference between the two calibrators was found. These systematic changes were less than
0.06 % for Ui, 0.31 % for T, and 0.11 % for T,. These maximum values are taken as uncertainty
contributions due to the calibrator instability.

Ut calibrations 2016-04 and 2019-06

1.0%
0.8%
» 0.6%
2
o)
-.-§ 0.4% S el .a
8 02% S ——g g i e M
; 0.2% -l q:~ _g—/"__ |
o 9 it 1 —§== --m--TT g
0.0% < —b -
.5 .'_—__—.\\'\\:‘s - —d -’ /.___./
§ -0.2% L¢"
@ -0.4%
g_l_: (0]
Q.06%
-0.8%
-1.0%
-4000 -2000 -800 -400 -200 200 400 800 2000 4000
Range [V]

—8-MIC before -m-MIC after —@—-VTT before -E-VTT after

Figure B-7. Test voltage calibration results using VTT MIKES and circulating (MIC) calibrator.
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T1 calibrations 2016-04 and 2019-06
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Figure B-8. Front time calibration results using VTT MIKES and circulating (MIC) calibrator.

T2 calibrations 2016-04 and 2019-06
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Figure B-9. Time to half-value calibration results using VTT MIKES and circulating (MIC) calibrator.
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B-3 Repeatability
The three calibrations by RISE were used as basis for estimating the level of uncertainty related with
different setups in the participating laboratories. This uncertainty contribution is due to e.g.

- changes in positioning and grounding of the TRMS and laboratory systems in the high voltage
hall and control room; and
- changes in applied impulse waveform, including influence of different front oscillations.

The semi-range of the maximum difference of the values of the same waveform on different voltage
levels measured by the pilot laboratory was treated as a type B component with a reducing factor of

V3.

This type B contribution was evaluated separately for short front, long front and chopped impulses.
The overview of the resulting expanded uncertainty contributions are listed in Table B-4.

Table B-4. Estimated expanded uncertainty contributions for the TRMS due to differences is
laboratory setups.

Ut/ Ue T/ Te T, B

Short front 0.17% 1.87% 1.99% 0.28
Long front 0.18% 0.45% 0.80 % 0.12
Chopped 0.41% 1.18%

B-4 Corrections and uncertainties of TRMS readings

The scale factor corrections listed in Table B-1 are applied to the test voltage value reported by the
TRMS, and they have been applied to the results shown in Annexes C and E. No other corrections
based on TRMS calibrations are performed.

The uncertainties estimated in clauses B-1 and B-2 are included in the uncertainties shown in
Annexes C and E.

The uncertainties shown in Table B-4 due to differences in the laboratory setups are taken into
account only in the statistical analysis of the results presented in Annexes E and F.

Table B-5 shows the uncertainty budgets for the combined effect due to TRMS instability and
differences in setups in the pilot laboratory. They may not fully include influence of variations of
comparison setup in the participating laboratories. They also do not include components that remain
stable during the two loops of the comparison period.
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Table B-5. Estimated uncertainty contributions for the TRMS.

Ut Source of uncertainty Contribution (k = 2)
Short front | Divider SF, after applied correction (B-1) 0.10%
and Impulse calibrator stability (B-2.2) 0.06 %
long front | Scatter of digitizer calibrations (B-2.1) 0.30%
Setup repeatability (B-3) 0.18%
Expanded uncertainty 0.37%

T1 Source of uncertainty Contribution (k = 2)
Short front | Impulse calibrator stability (B-2.2) 0.31%
Scatter of digitizer calibrations (B-2.1) 0.34%
Setup repeatability (B-3) 1.87%
Expanded uncertainty 1.93%

T1 Source of uncertainty Contribution (k = 2)
Long front | Impulse calibrator stability (B-2.2) 0.31%
Scatter of digitizer calibrations (B-2.1) 0.34%
Setup repeatability (B-3) 0.45%
Expanded uncertainty 0.65%

T2 Source of uncertainty Contribution (k = 2)
Short front | Impulse calibrator stability (B-2.2) 0.11%
Scatter of digitizer calibrations (B-2.1) 0.28%
Setup repeatability (B-3) 1.99%
Expanded uncertainty 2.02%

T2 Source of uncertainty Contribution (k = 2)
Long front | Impulse calibrator stability (B-2.2) 0.11%
Scatter of digitizer calibrations (B-2.1) 0.28%
Setup repeatability (B-3) 0.80%
Expanded uncertainty 0.86 %

Ue Source of uncertainty Contribution (k = 2)
Impulse calibrator stability (B-2.2) 0.11%
Scatter of digitizer calibrations (B-2.1) 0.06 %
Setup repeatability (B-3) 0.41%
Expanded uncertainty 0.43%

Tc Source of uncertainty Contribution (k = 2)

Impulse calibrator stability (B-2.2) 0.11%
Scatter of digitizer calibrations (B-2.1) 0.34%
Setup repeatability (B-3) 1.18%
Expanded uncertainty 1.23%
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Annex C - Results reported by participants

The results reported by the participating laboratories are shown in the following pages.

- The TRMS readings for U; are corrected using the values listed in Table B-1.

- The uncertainties due to instability of the TRMS listed in Table B-4 are quadratically added
the uncertainties reported by the participants.

- Due to failure in the template automation, reference system T, values were erroneously
reported for T, comparison for some participants. The coordinators have collected the
correct values from the travelling system database, and used them for the following
participants:

(0}

©O O 0 O o o

(0}

RISE1

VTT MIKES
INRIM
LNE

RISE2
TUBITAK
IATTE

NIM

- Re-evaluted measurement results from IATTE are shown as IATTEL. For more details see
Annex H.
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RISE1

0.33% 0.46% 0.30%

TRMS readings

Lab readings

Comparison results

Impulse shape

U,
[kv]

TyorT,.
[us]

T,
[us]

5
[%]

U,
[kv]

TiorT,
[us]

T, 8 |dUJU,| U |dTyT,or] U | digT,| U d8" U
[us] [ %] d7 /T, [ %] [ %]

Short-N700

Short-N600

Short-N500

Short-N400

Short-N300

Short-N200

-199.68

0.846

40.39

2.69

-198.60

0.842

40.15 3.11 0.5% 0.6 % 0.4% 1.0% 0.6 % 09% -0.4 0.1

Short-N100

Short-P100

Short-P200

199.45

0.849

40.43

2.58

198.24

0.843

40.17 3.04 0.6 % 0.6 % 0.7% 1.0% 0.7% 09% -0.5 0.1

Short-P300

Short-P400

Short-P500

Short-P600

Short-P700

Long-N700

Long-N600

Long-N500

Long-N400

Long-N300

Long-N200

-200.22

1.579

43.51

-1.00

-198.57

1.571

43.40 -0.87 0.8% 0.5% 0.5% 1.0% 0.2% 0.8% -0.1 0.1

Long-N100

Long-P100

100.88

1.578

43.54

-1.05

100.20

1.566

43.26 -0.89 0.7% 0.5% 0.7% 1.0% 0.6 % 09% -0.2 0.1

Long-P200

200.04

1.581

43.52

-1.00

198.29

1.570

43.38 -0.88 09% 0.5% 0.7% 1.0% 03 % 0.8% -0.1 0.1

Long-P300

298.96

1.593

43.49

-1.04

296.45

1.577

43.39 -0.84 0.8% 0.5% 1.0% 1.0% 0.2% 0.8% -0.2 0.1

Long-P400

402.23

1.593

43.51

-0.93

398.54

1.581

43.46 -0.97 09% 0.5% 0.8% 1.0% 0.1% 0.8% 0.0 0.1

Long-P500

504.89

1.606

43.67

-0.95

500.37

1.602

43.63 -0.96 09% 0.5% 03% 1.0% 0.1% 0.8% 0.0 0.1

Long-P600

603.52

1.647

45.16

-0.99

603.91

1.636

44.95 -0.68 -0.1% 0.6 % 0.7% 17% 0.5% 09% -0.3 0.1

Long-P700

Chopped-P150

Chopped-N150

-161.88

0.590

-163.62

0.598

-1.1% 0.7 % -1.4% 1.0%

3.0%

2.0%

1.0%

0.0%

Measured TRMS error

-1.0%

-2.0%

-3.0%

=

&

& o

0.3%

0.2%

0.1%

0.0%

-0.1%

-0.2%

-0.3%

Measured TRMS error
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-0.6%

-0.7%
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VTT

0.30%

TRMS readings

Lab readings

Comparison results

Impulse shape

U,
[kv]

TyorT,.
[us]

T,
[us]

5
[%]

U,
[kv]

TiorT,
[us]

T,
[us]

5
[%]

duJU,

U

dT,/T;or
dT /T,

dT,/T,

u de’ u
[%] [%]

Short-N700

Short-N600

Short-N500

Short-N400

Short-N300

Short-N200

-202.28

0.854

40.98

2.78

-201.54

0.844

40.83

2.93

0.4 %

0.4%

12%

20%

0.4%

0.6 % -0.2 0.3

Short-N100

Short-P100

Short-P200

202.09

0.849

40.99

2.69

201.32

0.842

40.80

2.93

0.4 %

0.4%

1.0%

21%

0.5%

0.6 % -0.2 0.3

Short-P300

Short-P400

Short-P500

Short-P600

Short-P700

Long-N700

Long-N600

Long-N500

Long-N400

Long-N300

Long-N200

-199.00

1.591

44.11

-1.01

-197.94

1.586

44.06

-0.79

0.5%

0.4%

03%

15%

0.1%

0.5% -0.2 0.3

Long-N100

Long-P100

99.73

1.590

44.16

-1.02

99.23

1.583

44.08

-0.82

0.5%

0.4%

0.4%

15%

0.2%

0.5% -0.2 0.3

Long-P200

199.73

1.592

44.13

-0.98

198.60

1.585

44.04

-0.78

0.6 %

0.4%

0.4%

15%

0.2%

0.5% -0.2 0.3

Long-P300

297.46

1.599

44.12

-1.03

295.81

1.592

44.05

-0.84

0.6 %

0.4%

0.5%

15%

0.1%

0.5% -0.2 0.3

Long-P400

396.19

1.596

44.04

-0.91

393.53

1.593

44.11

-0.96

0.7%

0.4%

0.2%

15%

-02%

0.5% 0.1 0.3

Long-P500

Long-P600

Long-P700

Chopped-P150

Chopped-N150

=7/EkEE)

0.472

-174.17

0.476

-0.5 %

2.3%

-0.7%

2.9%

4.0%

3.0%

2.0%

1.0%

0.0%

Measured TRMS error
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INRIM INRIM
Correction and
uncertainties: 1.0000 0.33% 0.46% 0.30%

TRMS readings Lab readings Comparison results
U, TiorT, 72 8' U, TiorT, Ta 8' dU /U, u dT./T,or u dT,/T, u de’ u
Impulse shape [kv] [ms] [ps] [ %] [kv] [ms] [us] [ %] dr /T, [%] [ %]
Short-N700
Short-N600
Short-N500
Short-N400
Short-N300
Short-N200 -201.76 | 0.845 41.20 -0.96 -200.80 | 0.839 41.22 -1.08 0.5% 0.6 % 0.6 % 3.0% -01% 3.0% 0.1 1.0
Short-N100 -101.87 0.843 41.17 -0.89 -101.58 0.835 41.06 -0.84 03% 0.6 % 09% 3.0% 03% 3.0% 0.0 1.0
Short-P100 101.96 0.847 41.15 -0.82 101.71 0.840 41.03 -0.73 02% 0.6 % 0.8% 3.0% 03% 3.0% -0.1 1.0
Short-P200 201.84 0.848 41.18 -0.92 200.82 0.843 41.18 -0.99 0.5% 0.6 % 0.6 % 3.0% 0.0% 3.0% 0.1 1.0
Short-P300
Short-P400 411.56 0.844 42.10 -1.08 408.31 0.850 42.15 -1.13 0.8% 11% -0.6% 5.0% -01% 5.0% 0.1 1.0
Short-P500
Short-P600 604.75 0.862 42.61 -1.31 599.63 0.869 42.70 -1.38 09% 11% -0.7% 5.0% -02% 5.0% 0.1 1.0
Short-P700
Long-N700
Long-N600
Long-N500
Long-N400
Long-N300
Long-N200 -200.79 1.553 43.03 -1.10 -199.59 1.546 43.12 -1.23 0.6 % 0.6 % 0.5% 3.0% -02% 3.0% 0.1 1.0
Long-N100 -100.51 1.554 43.03 -1.14 -100.12 1.543 43.01 -1.09 0.4 % 0.6 % 0.7% 3.0% 0.1% 3.0% 0.0 1.0
Long-P100 100.52 1.547 42.99 -1.11 100.17 1.538 42.96 -1.04 03% 0.6 % 0.6 % 3.0% 0.1% 3.0% -0.1 1.0
Long-P200 200.69 1.561 43.07 -1.15 199.48 1.555 43.13 -1.23 0.6 % 0.6 % 0.4% 3.0% -01% 3.0% 0.1 1.0
Long-P300 304.26 1.576 43.75 -1.25 302.18 1.577 43.74 -1.11 0.7% 11% -01% 5.0% 0.0% 5.0% -0.1 1.0
Long-P400 403.07 1.576 43.93 -1.16 400.17 1.585 43.97 -1.22 0.7% 11% -0.6% 5.0% -01% 5.0% 0.1 1.0
Long-P500 503.91 1.541 44.15 -1.33 500.25 1.553 44.19 -1.35 0.7% 11% -0.7% 5.0% -01% 5.0% 0.0 1.0
Long-P600 587.63 1.560 44.02 -1.09 583.05 1.570 44.06 -1.17 0.8% 11% -0.6% 5.0% -01% 5.0% 0.1 1.0
Long-P700
Chopped-P150
Chopped-N150 | -152.35 0.588 -152.58 0.613 -0.2 % 20% -3.9% 6.1%
INRIM
6.0%
4.0%
2.0%
.
g > [ ] b 6 o o
& 00% p
%)
=
£ 0%
K
-] e dUt/Ut
2 -4.0% /
g e dT1/T1 or dTc/Tc
-6.0% dT2/12
-8.0%
-10.0%
-12.0%
L R & O & O P C O P D O S P P S P PSSP SES
B I O I L P S S O I R S I U i
ECAI AR AR A AN SO AN\ DN SO SRR I D A AR A A A A I I I I I I R e
(}\o %Qo %4\0 %Qo (;,\\0 (}\o 5\\0 o (_}\o L}\o (_}\o (_;(\o r_}\o (_}\o \,‘f R \/00 SN \90 Voﬁ\ \9(‘ @0 \/OQ \/OO Voﬁ\ \90 QQQQ,OQQ%
[N
INRIM
1.5%
1.0%
H 0,
g 0.5%
)
s
= ° q ® ° °
E 0.0% . g L] * ) { B
® ¢ °
5 U
a .dB
3
S -0.5%
-1.0%
-1.5%
N O O S P P P P P S P P PP PP
L PP A LSNP L FFEL
F S FFFFSFFEFE EF$$ S S & &
N e S o I M M S A S S A R R NV
2020-11-25 Annex C Page 35



EURAMET.EM-S42 Final report Annex C

LCOE LCOE
Correction and
uncertainties: 1.0000 0.33% 0.46% 0.30%
TRMS readings Lab readings Comparison results
U, TyorT,. T, 8' U, TiorT, T, 8' dU /U, u dT,/T,or U dT,/T, U dé* U
Impulse shape [kv] [ms] [ps] [%] [kv] [ms] [us] [ %] dr /T, [ %] [%]
Short-N700 -697.49 0.873 55.84 2.27 -694.58 0.858 56.61 231 0.4 % 0.6 % 1.7% 3.0% -1.4% 1.0% 0.0 0.5
Short-N600 -598.74 | 0.864 56.20 1.18 -596.58 0.852 56.98 1.43 0.4 % 0.6 % 1.4% 21% -1.4% 1.0% -0.2 0.5
Short-N500 -500.29 0.865 55.93 131 -498.46 0.853 56.70 1.56 0.4 % 0.6 % 1.5% 21% -1.4% 11% -0.2 0.5
Short-N400 -400.77 0.858 55.65 1.47 -398.92 0.846 56.38 1.40 0.5% 0.6 % 1.5% 21% -1.3% 1.0% 0.1 0.5
Short-N300 -300.28 0.858 55.61 1.46 -299.28 0.840 56.41 1.54 0.3% 0.6 % 21% 21% -1.4% 1.0% -0.1 0.5
Short-N200 -199.54 | 0.854 55.43 1.66 -199.02 0.838 56.18 1.46 0.3% 0.6 % 19% 21% -1.3% 1.0% 0.2 0.5
Short-N100 -99.76 0.862 55.49 1.82 -99.55 0.844 56.19 1.48 0.2% 0.6 % 21% 21% -1.3% 1.0% 0.3 0.5
Short-P100 100.16 0.861 55.46 1.87 99.94 0.845 56.13 1.52 0.2% 0.6 % 2.0% 21% -1.2% 1.0% 0.3 0.5
Short-P200 199.79 0.855 55.48 1.59 199.17 0.840 56.22 1.51 0.3% 0.6 % 1.9% 21% -1.3% 1.0% 0.1 0.5
Short-P300 300.28 0.878 55.32 1.52 299.23 0.862 56.16 1.60 0.3% 0.6 % 19% 21% -1.5% 1.0% -0.1 0.5
Short-P400 401.04 0.879 55.44 1.61 399.73 0.867 56.30 1.49 0.3% 0.6 % 15% 21% -1.5% 1.0% 0.1 0.5
Short-P500 501.05 0.885 55.74 1.34 498.68 0.873 56.51 1.59 0.5% 0.6 % 15% 21% -1.4% 11% -0.3 0.5
Short-P600 600.64 0.869 56.76 1.57 597.86 0.857 57.58 1.73 0.5% 0.6 % 1.4% 21% -1.4% 1.0% -0.2 0.5
Short-P700 697.76 0.861 55.81 2.13 695.56 0.849 56.45 2.37 0.3% 0.6 % 15% 31% -1.1% 11% -0.2 0.5
Long-N700 -700.34 1.560 57.93 0.28 -698.32 1.535 58.78 0.18 0.3% 0.6 % 1.7% 3.0% -1.5% 1.0% 0.1 0.5
Long-N600 -601.19 1.556 58.97 0.19 -598.70 1.536 59.81 0.05 0.4 % 0.6 % 13% 21% -1.4% 1.0% 0.1 0.5
Long-N500 -501.20 1.545 58.63 0.27 -499.56 1.526 59.47 0.27 0.3% 0.6 % 1.2% 21% -1.4% 1.0% 0.0 0.5
Long-N400 -400.73 1.541 58.41 0.36 -399.39 1.521 59.26 0.19 0.3% 0.6 % 13% 21% -1.4% 1.0% 0.2 0.5
Long-N300 -301.05 1.544 58.09 0.25 -300.21 1.521 58.99 0.16 0.3% 0.6 % 1.5% 21% -1.5% 1.0% 0.1 0.5
Long-N200 -199.74 1.578 58.11 0.40 -199.13 1.556 58.98 0.18 0.3% 0.6 % 15% 21% -1.5% 1.0% 0.2 0.5
Long-N100 -99.73 1.583 58.18 0.65 -99.50 1.560 59.00 0.18 0.2% 0.6 % 1.5% 21% -1.4% 1.0% 0.5 0.5
Long-P100 99.87 1.582 58.19 0.64 99.60 1.560 58.97 0.15 0.3% 0.6 % 1.4% 21% -1.3% 1.0% 0.5 0.5
Long-P200 200.12 1.573 58.15 0.42 199.50 1.551 59.03 0.07 0.3% 0.6 % 1.4% 21% -1.5% 1.0% 0.4 0.5
Long-P300 301.04 1.545 58.12 0.32 300.00 1.524 59.05 0.26 0.3% 0.6 % 1.4% 21% -1.6 % 1.0% 0.1 0.5
Long-P400 401.25 1.543 58.27 0.34 399.93 1.525 59.15 0.10 0.3% 0.6 % 1.2% 21% -1.5% 1.0% 0.2 0.5
Long-P500 501.31 1.552 58.49 0.27 499.83 1.532 59.45 0.30 0.3% 0.6 % 13% 21% -1.6 % 1.0% 0.0 0.5
Long-P600 600.71 1.556 58.86 0.18 598.54 1.535 59.85 0.01 0.4 % 0.6 % 1.4% 21% -1.7% 1.0% 0.2 0.5
Long-P700 699.70 1.560 57.84 0.17 697.90 1.537 58.63 0.16 0.3% 0.6 % 1.5% 3.0% -1.4% 1.0% 0.0 0.5
Chopped-P150
Chopped-N150 | -166.60 | 0.605 -167.82 0.612 -0.7 % 1.3% -1.1% 3.1%
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LNE

LNE

Correction and
uncertainties: 1.0001 0.33% 0.46% 0.30%

TRMS readings Lab readings Comparison results

Impulse shape [kv] [ps] [ps] [ %] [kv] [us] [us] [ %] dT /T, [ %] [%]

U, |TiorT.| T, 6' U, |TiorT.| T, 6' |[duju, U [dry/T,or| U dT,/T, u dg’ u

Short-N700

Short-N600

Short-N500

Short-N400

Short-N300 -298.78 | 0.893 52.52 -0.12 -297.63 | 0.884 52.24 0.11 0.4 % 0.6 % 11% 26% 0.5% 09% -0.2 1.0

Short-N200 -198.30 | 0.891 51.66 -0.11 -197.54 | 0.880 51.30 0.03 0.4 % 0.6 % 13% 26% 0.7% 09% -0.1 1.0

Short-N100 -107.80 | 0.912 51.43 0.04 -107.38 | 0.879 50.83 0.00 0.4 % 0.6 % 3.7% 26% 12% 09% 0.0 1.0

Short-P100 104.17 0.907 51.21 0.08 103.88 0.888 50.79 0.02 03% 0.6 % 22% 26% 0.8% 09% 0.1 1.0

Short-P200 200.26 0.898 51.57 -0.13 199.45 0.881 51.24 0.00 0.4 % 0.6 % 19% 26% 0.6 % 09% -0.1 1.0

Short-P300 301.75 0.898 52.50 -0.14 300.54 0.884 52.29 0.07 0.4 % 0.6 % 16% 26% 0.4% 09% -0.2 1.0

Short-P400

Short-P500

Short-P600

Short-P700

Long-N700

Long-N600

Long-N500

Long-N400

Long-N300 -298.66 | 1.536 53.56 0.15 -296.91 | 1.514 53.48 0.19 0.6 % 0.6 % 15% 25% 0.2% 09% 0.0 1.0

Long-N200 -198.13 | 1.538 52.76 0.10 -197.06 | 1.510 52.64 0.13 0.5% 0.6 % 18% 25% 0.2% 09% 0.0 1.0

Long-N100 -100.80 | 1.535 52.29 0.19 -100.29 | 1.503 52.14 0.09 0.5% 0.6 % 21% 25% 03% 09% 0.1 1.0

Long-P100 102.02 1.533 52.35 0.39 101.51 1.504 52.13 0.12 0.5% 0.6 % 19% 25% 0.4% 09% 0.3 1.0

Long-P200 200.10 1.544 52.80 0.14 198.92 1.518 52.64 0.13 0.6 % 0.6 % 1.7% 25% 03 % 09% 0.0 1.0

Long-P300 298.37 1.545 53.62 0.14 296.63 1.523 53.54 0.21 0.6 % 0.6 % 15% 25% 0.2% 09% -0.1 1.0

Long-P400

Long-P500

Long-P600

Long-P700

Chopped-P150

Chopped-N150 | -138.47 | 0.565 -138.57 | 0.569 -0.1% 1.6 % -0.7% 1.6 %

Measured TRMS error

Measured TRMS error

2020-11-25
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EURAMET.EM-S42

RISE2

Correction and
uncertainties:

0.9999

Final report Annex C

RISE2

0.33% 0.46% 0.30%

TRMS readings

Lab readings

Comparison results

Impulse shape

U,
[kv]

TyorT,.
[us]

T,
[us]

5
[%]

U,
[kv]

TiorT,
[us]

T, 8 |dUJU,| U |dTyT,or] U | digT,| U d8" U
[us] [ %] d7 /T, [ %] [ %]

Short-N700

Short-N600

Short-N500

Short-N400

Short-N300

Short-N200

-198.03

0.840

40.35

2.79

-197.47

0.834

40.27 3.09 03% 0.6 % 0.8% 1.0% 0.2% 09% -0.3 0.1

Short-N100

Short-P100

Short-P200

197.44

0.840

40.33

2.9/%

196.78

0.837

40.29 2.98 03% 0.6 % 0.4% 1.0% 0.1% 09% -0.2 0.1

Short-P300

Short-P400

Short-P500

Short-P600

Short-P700

Long-N700

Long-N600

Long-N500

Long-N400

Long-N300

Long-N200

-200.82

1.596

43.59

-1.00

-199.69

1.584

43.65 -0.99 0.6 % 0.5% 0.8% 1.0% -01% 0.8% 0.0 0.1

Long-N100

Long-P100

99.02

1.599

43.56

-0.98

98.62

1.586

43.30 -0.87 0.4 % 0.5% 0.8% 1.0% 0.6 % 1.0% -0.1 0.1

Long-P200

196.78

1.600

43.52

-0.94

195.56

1.589

43.58 -1.02 0.6 % 0.5% 0.7% 1.0% -02% 0.8% 0.1 0.1

Long-P300

296.59

1.605

43.57

-1.04

294.93

1.598

43.66 -0.92 0.6 % 0.5% 0.4% 1.0% -02% 0.8% -0.1 0.1

Long-P400

399.19

1.602

43.56

-0.78

396.30

1.602

43.77 -0.98 0.7% 0.5% 0.0% 1.0% -0.5% 0.8% 0.2 0.1

Long-P500

497.64

1.613

43.68

-0.87

494.02

1.613

43.89 -1.08 0.7% 0.5% 0.0% 1.0% -0.5% 0.8% 0.2 0.1

Long-P600

Long-P700

Chopped-P150

Chopped-N150

180.58

0.501

183.89

0.519

-1.8% 0.9 % -3.4% 1.3%

3.0%

2.0%

1.0%

0.0%

-1.0%

-2.0%

Measured TRMS error
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PTB PTB

Correction and
uncertainties: 0.9998 0.33% 0.46% 0.30%

TRMS readings Lab readings Comparison results

Impulse shape [kv] [ps] [ps] [ %] [kv] [us] [us] [ %] dT /T, [ %] [%]

U, |TiorT.| T, 6' U, |TiorT.| T, 6' |[duju, U [dry/T,or| U dT,/T, u dg’ u

Short-N700

Short-N600

Short-N500

Short-N400

Short-N300

Short-N200 -191.88 | 0.857 44.22 2.81 -191.28 | 0.851 43.88 3.22 03% 0.5% 0.8% 21% 0.8% 20% -0.4 2.0

Short-N100

Short-P100

Short-P200 195.01 0.859 44.22 2.81 194.33 0.852 43.87 3.29 0.4 % 0.5% 0.8% 21% 0.8% 20% -0.5 2.0

Short-P300

Short-P400

Short-P500

Short-P600

Short-P700

Long-N700

Long-N600

Long-N500

Long-N400

Long-N300

Long-N200 -199.16 | 1.559 47.14 0.00 -197.94 | 1.547 46.97 -0.69 0.6 % 0.5% 0.8% 21% 0.4% 20% 0.7 2.0

Long-N100

Long-P100 96.17 ji8555] 47.21 0.00 95.62 1.542 46.91 -0.72 0.6 % 0.5% 0.8% 21% 0.6 % 20% 0.7 2.0

Long-P200 195.75 1.543 47.20 0.00 194.50 1.531 47.00 -0.84 0.7% 0.5% 0.8% 21% 0.4% 20% 0.8 2.0

Long-P300 292.19 1.554 47.22 0.00 290.43 1.539 47.00 -0.74 0.6 % 0.5% 1.0% 21% 0.5% 20% 0.7 2.0

Long-P400 398.45 1.558 47.19 0.00 395.52 1.548 47.13 -0.70 0.8% 0.5% 0.6 % 21% 0.1% 20% 0.7 2.0

Long-P500 505.08 1.563 47.14 0.00 501.49 1.560 47.19 -0.79 0.7% 0.5% 0.2% 21% -01% 20% 0.8 2.0

Long-P600 607.62 1.562 47.34 0.00 603.86 1.566 47.49 -0.85 0.6 % 0.5% -03% 21% -03% 20% 0.8 2.0

Long-P700 690.47 1.572 47.59 0.00 686.89 1.578 47.96 -0.98 0.5% 0.5% -04% 21% -0.8% 20% 1.0 2.0

Chopped-P150 | 149.62 0.502 148.41 0.500 -08% 0.6 % -03% 3.0%

Chopped-N150 | -150.43 | 0.506 -148.84 | 0.503 -1.1% 0.5 % -0.6 % 3.1%

Measured TRMS error

Measured TRMS error

2020-11-25
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TUBITAK TUBITAK
Correction and
uncertainties: 1.0000 0.33% 0.46% 0.30%

TRMS readings Lab readings Comparison results
U, TyorT,. T, 8' U, TiorT, T, 8' dU /U, u dT,/T,or U dT,/T, U dé* U
Impulse shape [kv] [ms] [ps] [ %] [kv] [ms] [us] [ %] dr /T, [%] [ %]
Short-N700 -699.18 0.889 58.23 0.49 -698.15 0.857 58.54 0.1% 0.6 % 38% 19% -0.5% 09%
Short-N600 -600.44 | 0.886 58.00 0.61 -600.11 0.859 58.09 0.1% 0.6 % 32% 19% -01% 09%
Short-N500 -500.25 0.884 57.68 0.79 -500.77 0.855 57.78 -0.1% 0.6 % 34% 19% -02% 09%
Short-N400 -399.80 | 0.883 57.50 0.81 -400.61 0.853 57.52 -0.2% 0.6 % 34% 19% 0.0% 1.0%
Short-N300 -301.39 0.880 57.34 0.83 -301.60 | 0.851 57.44 -0.1% 0.6 % 33% 19% -02% 09%
Short-N200 -203.14 | 0.881 57.22 0.94 -203.35 0.860 57.39 -0.1% 0.6 % 25% 15% -03% 0.8%
Short-N100 -100.00 | 0.881 57.36 0.34 -100.20 | 0.860 57.23 -0.2% 0.6 % 24% 15% 0.2% 0.8%
Short-P100 101.01 0.881 57.48 0.52 101.58 0.856 57.24 -0.6 % 0.7 % 29% 15% 0.4% 0.8%
Short-P200 201.95 0.877 57.34 0.99 202.61 0.856 57.31 -0.3% 0.6 % 25% 15% 0.0% 0.8%
Short-P300 301.59 0.879 57.33 0.83 302.04 0.849 57.37 -0.2% 0.6 % 35% 19% -01% 09%
Short-P400 401.16 0.883 57.59 0.82 401.61 0.856 57.64 -0.1% 0.6 % 32% 19% -01% 1.0%
Short-P500 501.60 0.888 57.79 0.61 501.88 0.852 57.92 -0.1% 0.6 % 42% 19% -02% 1.0%
Short-P600 601.93 0.896 57.98 0.47 601.66 0.859 58.26 0.0% 0.6 % 43% 19% -0.5% 1.0%
Short-P700 700.25 0.901 58.28 0.24 699.21 0.864 58.67 0.1% 0.6 % 43% 19% -0.7% 1.0%
Long-N700 -699.00 1.539 60.21 0.27 -699.59 1.537 60.27 -0.1% 0.6 % 0.1% 19% -01% 09%
Long-N600 -601.12 1.536 60.10 0.30 -601.38 1.547 60.12 0.0% 0.6 % -0.7% 19% 0.0% 09%
Long-N500 -500.89 1.532 59.81 0.37 -501.89 1.536 59.79 -0.2% 0.6 % -02% 19% 0.0% 09%
Long-N400 -401.24 1.528 59.62 0.18 -402.29 1.534 59.66 -0.3% 0.6 % -04% 19% -01% 09%
Long-N300 -300.72 1.525 59.51 0.21 -301.27 1.527 59.53 -0.2% 0.6 % -02% 19% 0.0% 1.0%
Long-N200 -201.45 1.525 59.42 0.27 -201.28 1.499 59.45 0.1% 0.6 % 1.7% 15% 0.0% 0.8%
Long-N100 -101.02 1.529 59.44 0.06 -100.78 1.510 59.40 0.2% 0.6 % 13% 15% 0.1% 0.8%
Long-P100 100.68 1.527 59.44 0.35 100.71 1.488 59.37 0.0% 0.6 % 2.7% 15% 0.1% 0.8%
Long-P200 201.53 1.519 59.44 0.50 201.91 1.496 59.44 -0.2% 0.6 % 15% 15% 0.0% 0.8%
Long-P300 300.15 1.526 59.49 0.37 300.44 1.503 59.50 -0.1% 0.6 % 15% 19% 0.0% 1.0%
Long-P400 401.47 1.497 59.56 0.28 402.03 1.490 59.59 -0.1% 0.6 % 0.4% 19% 0.0% 09%
Long-P500 500.10 1.514 59.80 0.40 500.91 1.488 59.79 -0.2% 0.6 % 1.7% 20% 0.0% 09%
Long-P600 598.07 1.533 60.01 0.34 598.86 1.509 60.13 -0.1% 0.6 % 15% 19% -02% 1.0%
Long-P700 699.99 1.534 60.27 0.20 701.91 1.503 60.32 -0.3% 0.6 % 21% 20% -01% 1.0%
Chopped-P150 155.82 0.576 155.35 0.563 0.3% 0.8% 23% 3.0%
Chopped-N150 | -145.90 | 0.533 -144.62 0.531 0.9 % 0.8 % 0.3 % 3.0%
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Annex C

IATTE IATTE
Correction and
uncertainties: 1.0002 0.33% 0.46% 0.30%
TRMS readings Lab readings Comparison results
U, TiorT, 72 8' U, TiorT, Ta 8' dU /U, u dT./T,or u dT,/T, u de’ u
Impulse shape [kv] [ms] [ps] [ %] [kv] [ms] [us] [ %] dr /T, [%] [ %]
Short-N700
Short-N600
Short-N500 -499.49 0.746 47.93 -0.23 -493.77 0.799 47.88 11% 03% 6.7% 0.6 % 0.1% 0.5%
Short-N400
Short-N300
Short-N200 -199.73 0.743 47.16 -0.35 -197.79 0.800 46.16 1.0% 03% 71% 0.6 % 22% 0.5%
Short-N100
Short-P100
Short-P200 201.11 0.745 47.18 -0.35 199.17 0.799 47.15 1.0% 03% 6.7% 0.6 % 0.1% 0.5%
Short-P300
Short-P400
Short-P500 501.63 0.765 47.98 -0.20 496.05 0.807 48.00 11% 03% 53% 0.6 % 0.0% 0.5%
Short-P600
Short-P700
Long-N700
Long-N600
Long-N500 -501.86 1.393 47.05 -0.11 -496.21 1.280 46.89 11% 03% 88% 0.6 % 03% 0.5%
Long-N400
Long-N300 -300.27 1.610 49.48 0.09 -297.20 1.543 49.25 1.0% 03% 43% 0.7% 0.5% 0.5%
Long-N200 -202.14 1.612 49.26 0.14 -199.84 1.546 49.10 11% 03% 42% 0.6 % 03 % 0.5%
Long-N100
Long-P100 99.75 1.617 49.34 0.05 98.68 IR535] 49.30 11% 03% 53% 0.7% 0.1% 0.5%
Long-P200 202.79 1.613 49.30 0.14 200.44 1.549 49.33 12% 03 % 4.1% 0.6 % -01% 0.5%
Long-P300 300.09 1.612 49.52 0.09 297.24 1.546 49.42 09% 03% 43% 0.6 % 0.2% 0.5%
Long-P400 403.41 1.610 49.73 0.28 400.00 1.552 49.76 0.8% 03 % 3.7% 0.6 % -01% 0.5%
Long-P500 500.84 1.410 47.12 -0.09 496.61 1.363 46.88 0.8% 0.4% 35% 09% 0.5% 0.6 %
Long-P600 550.25 1.410 47.25 -0.12 544.44 1.356 47.32 1.0% 03% 4.0% 0.7% -01% 0.5%
Long-P700
Chopped-P150
Chopped-N150 | -136.22 0.507 -139.20 | 0.493 -2.2% 0.8 % 29% 1.9%
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IATTE1 IATTE1
Correction and
uncertainties: 1.0002 0.33% 0.46% 0.30%

TRMS readings Lab readings Comparison results
U, TiorT, 72 8' U, TiorT, Ta 8' dU /U, u dT./T,or u dT,/T, u de’ u
Impulse shape [kv] [ms] [ps] [ %] [kv] [ms] [us] [ %] dr /T, [%] [ %]
Short-N700
Short-N600
Short-N500 -499.49 0.746 47.93 -0.23 -497.75 0.736 46.42 0.35% 0.7% 13% 25% 33% 20%
Short-N400
Short-N300
Short-N200 -199.73 0.743 47.16 -0.35 -199.39 0.724 45.54 017 % 0.7% 26% 25% 36% 20%
Short-N100
Short-P100
Short-P200 201.11 0.745 47.18 -0.35 200.70 0.729 45.74 0.20% 0.7% 22% 25% 31% 20%
Short-P300
Short-P400
Short-P500 501.63 0.765 47.98 -0.20 499.87 0.746 46.55 0.35% 0.7% 25% 25% 31% 20%
Short-P600
Short-P700
Long-N700
Long-N600
Long-N500 -501.86 1.393 47.05 -0.11 -501.88 1.388 46.05 0.00 % 0.7% 0.4% 25% 22% 20%
Long-N400
Long-N300 -300.27 1.610 49.48 0.09 -299.77 1.608 47.77 017 % 0.7% 0.1% 25% 36% 20%
Long-N200 -202.14 1.612 49.26 0.14 -201.50 1.610 47.62 032% 0.7% 0.1% 25% 34% 20%
Long-N100
Long-P100 99.75 1.617 49.34 0.05 99.63 1.610 47.81 0.12% 0.7% 0.4% 25% 32% 20%
Long-P200 202.79 1.613 49.30 0.14 201.88 1.614 47.84 0.45% 0.7% 0.0% 25% 31% 20%
Long-P300 300.09 1.612 49.52 0.09 299.60 1.611 47.88 0.16 % 0.7% 0.1% 25% 34% 20%
Long-P400 403.41 1.610 49.73 0.28 403.22 1.613 48.28 0.05 % 0.7% -02% 25% 3.0% 20%
Long-P500 500.84 1.410 47.12 -0.09 500.18 1.412 45.22 0.13% 0.7% -02% 25% 42% 20%
Long-P600 550.25 1.410 47.25 -0.12 548.74 1.411 45.97 0.28 % 0.7% 0.0% 25% 28% 20%
Long-P700
Chopped-P150
Chopped-N150 | -136.22 0.507 -139.26 0.518 -2.2% 0.8 % -2.1% 2.5%
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NMIA NMIA
Correction and
uncertainties: 0.9994 0.33% 0.46% 0.30%
TRMS readings Lab readings Comparison results
U, TyorT,. T, 8' U, TiorT, T, 8' dU /U, u dT,/T,or U dT,/T, U dé* U
Impulse shape [kv] [ms] [ps] [ %] [kv] [ms] [us] [ %] dr /T, [%] [ %]
Short-N700
Short-N600
Short-N500
Short-N400
Short-N300 -291.39 0.829 60.03 1.63 -288.85 0.825 60.03 211 0.9% 0.6 % 0.5% 22% 0.0% 1.0% -0.5 0.7
Short-N200 -200.61 0.829 59.83 1.50 -199.56 0.834 59.34 2.27 0.6 % 0.6 % -05% 23% 0.8% 1.0% -0.8 0.7
Short-N100 -99.80 0.827 59.93 131 -99.33 0.856 59.36 2.01 0.5% 0.6 % 34% 24% 1.0% 1.0% -0.7 0.7
Short-P100 100.83 0.806 59.81 1.40 100.16 0.828 59.06 211 0.7% 0.6 % 25% 22% 13% 1.0% -0.7 0.7
Short-P200 202.50 0.807 59.84 1.46 200.91 0.820 59.08 2.29 0.9% 0.6 % -16% 22% 13% 1.0% -0.8 0.7
Short-P300 290.42 0.835 60.08 1.51 288.20 0.827 59.65 2.16 0.8% 0.6 % 1.0% 22% 0.7% 1.0% -0.6 0.7
Short-P400
Short-P500
Short-P600
Short-P700
Long-N700
Long-N600
Long-N500
Long-N400
Long-N300 -294.62 1.546 58.97 -0.54 -290.78 1.516 59.22 -0.18 14 % 0.6 % 19% 22% -04% 1.0% -0.4 0.7
Long-N200 -202.51 1.546 58.55 -0.45 -200.70 1.524 58.43 0.00 1.0% 0.6 % 15% 22% 0.2% 1.0% -0.4 0.7
Long-N100 -101.44 1.578 58.30 -0.26 -100.58 1.554 58.21 0.22 0.9% 0.6 % 15% 22% 0.2% 1.0% -0.5 0.7
Long-P100 101.27 1.586 58.43 -0.40 100.23 1.557 58.02 0.08 11% 0.6 % 18% 22% 0.7% 1.0% -0.5 0.7
Long-P200 202.43 1.572 58.67 -0.47 200.09 1.545 58.28 -0.01 12% 0.6 % 1.7% 22% 0.7% 1.0% -0.5 0.7
Long-P300 294.80 1.573 59.05 -0.54 291.73 1.550 58.85 -0.03 11% 0.6 % 15% 22% 03 % 1.0% -0.5 0.7
Long-P400
Long-P500
Long-P600
Long-P700
Chopped-P150 138.32 0.490 136.47 0.488 14% 13% 0.4% 4.7 %
Chopped-N150 | -146.50 | 0.576 -144.87 0.579 1.2% 1.4% -0.5 % 4.7 %
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EURAMET.EM-S42 Final report Annex C
VNIIMS VNIIMS
Correction and
uncertainties: 0.9988 0.33% 0.46% 0.30%

TRMS readings Lab readings Comparison results
U, |T.orT.| T, 8" U, |T.orT.| T, 6" | duJu, U |[dT/T,or] U dT,/T, ] d8" U
Impulse shape [kv] [us] [us] [ %] [kv] [us] [us] [ %] d7/T. [ %] [%]
Short-N700
Short-N600 -619.50 | 0.970 45.69 -1.60 -620.62 0.920 46.32 -1.75 -0.1% 0.4 % 5.4 % 21% -1.3% 0.6 % 0.2 0.5
Short-N500 -518.70 | 0.960 45.60 -1.55 -520.04 | 0.920 46.16 -1.63 -0.1% 0.4 % 43 % 21% -1.2% 0.6 % 0.1 0.5
Short-N400 -413.31 0.960 45.53 -1.49 -414.21 0.919 46.06 -1.62 -0.1% 0.4 % 4.5% 21% -1.2% 0.6 % 0.1 0.5
Short-N300 -317.53 0.960 45.58 -1.69 -318.40 | 0.910 46.02 -1.59 -0.2% 0.4 % 5.5% 21% -1.0% 0.6 % -0.1 0.5
Short-N200 -211.31 0.960 45.53 -1.60 -212.60 | 0.910 45.87 -1.45 -0.5% 0.4 % 5.5% 21% -0.8% 0.6 % -0.1 0.5
Short-N100 -108.16 | 0.969 45.53 -1.59 -108.78 0.918 45.83 -1.43 -0.5% 0.4 % 5.6 % 21% -0.6 % 0.6 % -0.2 0.5
Short-P100 108.08 0.971 45.56 -1.57 108.73 0.923 45.81 -1.44 -0.5% 0.4 % 52% 21% -0.6 % 0.6 % -0.1 0.5
Short-P200 209.78 0.970 45.58 -1.58 211.11 0.920 45.87 -1.48 -0.5% 0.4 % 5.4 % 21% -0.6 % 0.6 % -0.1 0.5
Short-P300 315.27 0.971 45.61 -1.65 316.07 0.920 46.06 -1.61 -0.1% 0.4 % 5.5% 21% -1.0% 0.6 % 0.0 0.5
Short-P400 410.60 0.982 45.60 -1.52 411.33 0.932 46.15 -1.69 -0.1% 0.4 % 5.4 % 21% -1.2% 0.6 % 0.2 0.5
Short-P500 515.00 1.000 45.74 -1.64 516.36 0.945 46.32 -1.82 -0.1% 0.4 % 5.8% 21% -1.3% 0.6 % 0.2 0.5
Short-P600 614.23 1.010 45.94 -1.78 615.71 0.956 46.55 -2.00 -0.1% 0.4 % 5.7% 21% -1.3% 0.6 % 0.2 0.5
Short-P700
Long-N700
Long-N600 -615.92 1.370 46.54 -1.38 -616.46 1.320 47.26 -1.66 0.0% 0.4 % 3.8% 21% -1.5% 0.6 % 0.3 0.5
Long-N500 -512.35 1.370 46.42 -1.35 -512.72 1.320 47.10 -1.61 0.0% 0.4 % 3.8% 21% -1.5% 0.6 % 0.3 0.5
Long-N400 -414.20 1.366 46.33 -1.27 -414.11 1.315 46.99 -1.60 0.1% 0.4 % 3.9% 21% -1.4% 0.6 % 0.3 0.5
Long-N300 -310.40 1.370 46.38 -1.47 -310.59 1.310 46.95 -1.58 0.1% 0.4 % 4.6 % 21% -1.2% 0.6 % 0.1 0.5
Long-N200 -206.71 1.370 46.30 -1.39 -207.53 1.310 46.78 -1.48 -0.3% 0.4 % 4.6 % 21% -1.0% 0.6 % 0.1 0.5
Long-N100 -105.35 1.379 46.33 -1.37 -105.70 1.319 46.79 -1.48 -0.2% 0.4 % 4.5% 21% -1.0% 0.6 % 0.1 0.5
Long-P100 105.24 1.380 46.35 -1.37 105.59 1.320 46.77 -1.48 -0.2% 0.4 % 4.5% 21% -0.9% 0.6 % 0.1 0.5
Long-P200 204.88 1.380 46.32 -1.36 205.71 1.320 46.74 -1.46 -0.3% 0.4 % 4.5% 21% -0.9% 0.6 % 0.1 0.5
Long-P300 307.98 1.383 46.39 -1.44 308.11 1.326 46.96 -1.58 0.1% 0.4 % 43 % 21% -1.2% 0.6 % 0.1 0.5
Long-P400 411.55 1.390 46.38 -1.28 411.51 1.340 47.03 -1.61 0.1% 0.4 % 3.7% 21% -1.4% 0.6 % 0.3 0.5
Long-P500 509.20 1.400 46.51 -1.34 509.69 1.360 47.19 -1.62 0.0% 0.4 % 29% 21% -1.4% 0.6 % 0.3 0.5
Long-P600 612.17 1.400 46.74 -1.43 612.67 1.379 47.45 -1.76 0.0% 0.4 % 1.5% 21% -1.5% 0.6 % 0.3 0.5
Long-P700
Chopped-P150
Chopped-N150 | 153.44 0.593 145.37 0.557 5.7% 1.1% 6.5 % 2.5%
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NIM NIM
Correction and
uncertainties: 0.9988 0.33% 0.46% 0.30%
TRMS readings Lab readings Comparison results
U, TiorT, 72 8' U, TiorT, Ta 8' dU /U, u dT./T,or u dT,/T, u de’ u
Impulse shape [kv] [ms] [ps] [%] [kv] [ms] [us] [ %] dr /T, [ %] [%]
Short-N700
Short-N600 -602.00 | 0.892 60.29 5.37 -597.55 0.870 60.23 5.52 0.9% 0.6 % 25% 24% 0.1% 15% -0.2 0.8
Short-N500 -510.98 0.885 59.92 5.32 -507.55 0.867 59.76 5.55 0.8% 0.6 % 21% 25% 03% 15% -0.2 0.8
Short-N400 -397.03 0.885 59.69 5.41 -394.67 0.865 59.26 5.63 0.7% 0.5 % 23% 16% 0.7% 1.0% -0.2 0.8
Short-N300 -298.12 0.854 62.69 3.75 -297.13 0.827 61.94 4.28 0.5% 0.5 % 32% 16% 12% 1.0% -0.5 0.8
Short-N200 -194.95 0.854 61.61 3.78 -194.27 0.829 60.96 4.32 0.5% 0.5 % 29% 16% 11% 1.0% -0.5 0.8
Short-N100 -97.58 0.858 60.89 3.75 -97.37 0.846 60.20 4.44 0.3% 0.5 % 1.4% 16% 12% 1.0% -0.7 0.8
Short-P100 97.49 0.843 60.94 3.84 97.21 0.826 60.20 4.54 0.4 % 0.5 % 20% 16% 12% 1.0% -0.7 0.8
Short-P200 194.79 0.853 61.32 3.95 194.04 0.833 60.64 4.45 0.5% 0.5 % 24% 16% 11% 1.0% -0.5 0.8
Short-P300 297.99 0.855 62.63 3.60 296.74 0.834 61.89 4.15 0.5% 0.5 % 25% 16% 12% 1.0% -0.5 0.8
Short-P400 396.27 0.891 59.66 5.26 393.65 0.871 59.24 5.41 0.8% 0.5 % 23% 16% 0.7% 1.0% -0.2 0.8
Short-P500 510.01 0.891 60.29 5.08 505.96 0.875 60.17 5.19 0.9% 0.6 % 1.8% 24% 0.2% 15% -0.1 0.8
Short-P600 598.13 0.894 60.58 4.89 593.30 0.879 60.54 4.98 0.9% 0.6 % 1.7% 25% 0.1% 15% -0.1 0.8
Short-P700
Long-N700 -701.33 1.544 62.83 0.42 -695.80 1.534 62.93 0.30 0.9% 0.6 % 0.7% 24% -02% 15% 0.1 0.8
Long-N600 -609.26 1.565 62.44 0.58 -604.10 1.546 62.55 0.55 1.0% 0.6 % 12% 24% -02% 15% 0.0 0.8
Long-N500 -502.96 1.563 61.84 0.58 -498.80 1.545 61.80 0.63 1.0% 0.6 % 11% 24% 0.1% 15% 0.0 0.8
Long-N400 -399.71 1.565 61.39 0.62 -396.49 1.540 61.20 0.50 0.9% 0.5 % 16% 16% 03% 1.0% 0.1 0.8
Long-N300 -296.34 1.619 60.06 0.12 -294.19 1.577 59.68 0.17 0.9% 0.5 % 2.7% 16% 0.6 % 1.0% 0.0 0.8
Long-N200 -200.34 1.604 59.42 0.11 -198.81 1.562 59.13 0.10 0.9% 0.5 % 2.7% 16% 0.5% 1.0% 0.0 0.8
Long-N100 -100.06 1.613 58.73 0.03 -99.25 1.574 58.42 0.12 0.9% 0.5 % 25% 16% 0.5% 1.0% -0.1 0.8
Long-P100 99.59 1.607 58.82 0.05 98.85 1.568 58.43 0.18 0.9% 0.5% 25% 16% 0.7% 1.0% -0.1 0.8
Long-P200 199.72 1.618 59.22 0.15 198.11 1.576 58.88 0.17 0.9% 0.5 % 2.7% 16% 0.6 % 1.0% 0.0 0.8
Long-P300 295.95 1.626 60.13 0.11 293.57 1.584 59.74 0.17 0.9% 0.5% 26% 16% 0.7% 1.0% -0.1 0.8
Long-P400 399.00 1.570 61.57 0.56 395.70 1.547 61.33 0.46 1.0% 0.5 % 15% 16% 0.4% 1.0% 0.1 0.8
Long-P500 502.09 1.577 61.89 0.52 498.00 1.565 61.89 0.48 0.9% 0.6 % 0.8% 24% 0.0% 15% 0.0 0.8
Long-P600 605.97 1.586 62.65 0.43 600.82 1.577 62.74 0.38 1.0% 0.6 % 0.6 % 24% -01% 15% 0.1 0.8
Long-P700 697.05 1.572 62.98 0.27 691.19 1.574 63.09 0.05 1.0% 0.6 % -01% 25% -02% 15% 0.2 0.8
Chopped-P150
Chopped-N150 | -145.11 0.464 -143.34 | 0.459 1.4% 1.0% 1.0% 2.6%
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JHILL JHILL
Correction and
uncertainties: 0.9983 0.33% 0.46% 0.30%

TRMS readings Lab readings Comparison results
U, |TiorT.| T, 8’ U, |TiorT.| T, 8' du /U, u dT /T or u d7,/T, u d8' u
Impulse shape [kv] [ms] [ps] [ %] [kv] [ms] [us] [ %] dr /T, [%] [ %]
Short-N700
Short-N600
Short-N500 -504.22 0.834 64.10 0.11 -501.12 0.827 63.90 0.15 0.8% 0.6 % 0.9 % 21% 0.3% 1.0% 0.0 0.5
Short-N400 -403.48 0.831 63.89 0.17 -400.95 0.822 63.69 0.16 0.8% 0.6 % 1.1% 21% 0.3% 1.0% 0.0 0.5
Short-N300 -302.59 0.837 63.87 -0.02 -301.07 0.821 63.53 0.19 0.7% 0.6 % 2.0% 21% 0.5% 1.0% -0.2 0.5
Short-N200 -201.65 0.836 63.70 0.07 -200.65 0.821 63.39 0.22 0.7% 0.6 % 1.8% 21% 0.5% 1.0% -0.1 0.5
Short-N100 -100.50 | 0.832 63.76 0.00 -100.09 0.813 63.37 0.22 0.6 % 0.6 % 24 % 21% 0.6 % 1.0% -0.2 0.5
Short-P100 100.65 0.832 63.78 -0.03 100.15 0.814 63.33 0.21 0.7% 0.6 % 23% 21% 0.7 % 1.0% -0.2 0.5
Short-P200 201.73 0.848 63.67 0.05 200.61 0.835 63.32 0.24 0.7% 0.6 % 1.6 % 21% 0.6 % 1.0% -0.2 0.5
Short-P300 302.27 0.842 63.77 0.02 300.55 0.827 63.44 0.23 0.7% 0.6 % 1.8% 21% 0.5 % 1.0% -0.2 0.5
Short-P400 402.59 0.840 63.91 0.20 400.05 0.830 63.66 0.20 0.8% 0.6 % 13% 21% 0.4 % 1.0% 0.0 0.5
Short-P500 502.32 0.859 64.16 0.15 499.00 0.849 63.95 0.15 0.8% 0.6 % 13% 21% 0.3% 1.0% 0.0 0.5
Short-P600
Short-P700
Long-N700
Long-N600
Long-N500 -504.05 1.569 60.47 0.03 -498.59 1.558 60.57 -0.04 13% 0.6 % 0.7 % 21% -0.2% 1.0% 0.1 0.5
Long-N400 -404.24 1.563 60.24 0.10 -399.84 1.551 60.30 -0.03 13% 0.6 % 0.7 % 21% -0.1% 1.0% 0.1 0.5
Long-N300 -303.14 1.560 60.14 -0.08 -300.08 1.545 60.11 0.01 12% 0.6 % 0.9 % 21% 0.0 % 1.0% -0.1 0.5
Long-N200 -202.34 1.560 59.96 0.00 -200.58 1.542 59.96 -0.01 1.0% 0.6 % 1.2% 21% 0.0 % 1.0% 0.0 0.5
Long-N100 -100.72 1.557 59.97 -0.06 -99.87 1.536 59.90 -0.02 1.0% 0.6 % 1.4% 21% 0.1% 1.0% 0.0 0.5
Long-P100 100.59 1.527 60.03 -0.09 100.02 1.500 59.73 -0.04 0.7% 0.6 % 1.8% 21% 0.5 % 1.0% 0.0 0.5
Long-P200 201.70 1.565 59.97 -0.01 200.41 1.542 59.73 0.01 0.8% 0.6 % 1.5% 21% 0.4 % 1.0% 0.0 0.5
Long-P300 302.90 1.558 60.04 -0.05 300.90 1.532 59.85 0.01 0.8% 0.6 % 1.7% 21% 0.3% 1.0% -0.1 0.5
Long-P400 402.70 1.559 60.29 0.04 400.19 1.539 60.10 -0.02 0.8% 0.6 % 13% 21% 0.3% 1.0% 0.1 0.5
Long-P500 503.69 1.592 60.61 -0.01 500.57 1.570 60.42 -0.05 0.8% 0.6 % 15% 21% 0.3% 1.0% 0.0 0.5
Long-P600
Long-P700
Chopped-P150
Chopped-N150 | -154.25 0.550 -161.70 | 0.542 -4.4% 1.1% 1.4% 1.1%
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NRC NRC

Correction and
uncertainties: 0.9967 0.33% 0.46% 0.30%

TRMS readings Lab readings Comparison results

Impulse shape [kv] [ps] [ps] [ %] [kv] [us] [us] [ %] dT /T, [ %] [%]

U, |TiorT.| T, 6' U, |TiorT.| T, 6' |[duju, U [dry/T,or| U dT,/T, u dg’ u

Short-N700

Short-N600

Short-N500

Short-N400

Short-N300

Short-N200 -200.05 | 0.862 61.77 0.30 -199.92 | 0.843 61.19 0.61 0.4 % 0.6 % 24% 21% 1.0% 20% -0.3 1.0

Short-N100 -98.98 0.854 61.66 0.17 -98.99 0.843 61.06 0.60 03% 0.6 % 13% 20% 1.0% 20% -0.4 1.0

Short-P100 -98.98 0.854 61.66 0.17 -98.99 0.843 61.06 0.60 03% 0.6 % 13% 20% 1.0% 20% -0.4 1.0

Short-P200 199.92 0.861 61.82 0.24 199.90 0.841 61.15 0.64 03% 0.6 % 24% 21% 11% 20% -0.4 1.0

Short-P300

Short-P400

Short-P500

Short-P600

Short-P700

Long-N700

Long-N600

Long-N500

Long-N400

Long-N300

Long-N200 -198.09 | 1.559 59.77 0.00 -197.15 | 1.533 59.37 0.08 0.8% 0.6 % 1.7% 21% 0.7% 20% -0.1 1.0

Long-N100 -100.14 | 1.558 59.71 -0.03 -99.79 1.534 59.32 0.08 0.7% 0.6 % 16% 21% 0.7% 20% -0.1 1.0

Long-P100 100.15 1.556 59.77 -0.01 99.81 1.534 59.35 0.10 0.7% 0.6 % 1.4% 21% 0.7% 20% -0.1 1.0

Long-P200 199.29 1.560 59.85 -0.01 198.23 1.531 59.42 0.05 09% 0.6 % 19% 21% 0.7% 20% -0.1 1.0

Long-P300

Long-P400

Long-P500

Long-P600

Long-P700

Chopped-P150

Chopped-N150

Measured TRMS error

Measured TRMS error
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RISE3

Correction and
uncertainties:

0.9988

Final report Annex C

RISE3

0.33% 0.46% 0.30%

TRMS readings

Lab readings

Comparison results

Impulse shape

U,
[kv]

TyorT,.
[us]

T,
[us]

5
[%]

U,
[kv]

TiorT,
[us]

T, 8 |dUJU,| U |dTyT,or] U | digT,| U d8" U
[us] [ %] d7 /T, [ %] [ %]

Short-N700

Short-N600

Short-N500

Short-N400

Short-N300

Short-N200

-200.55

0.882

60.31

0.96

-199.62

0.851

60.21 1.05 0.6 % 0.5% 3.7% 11% 0.2% 1.0% -0.1 0.1

Short-N100

Short-P100

Short-P200

200.73

0.889

60.45

0.88

199.77

0.862

60.33 0.82 0.6 % 0.5% 31% 12% 0.2% 1.0% 0.1 0.1

Short-P300

Short-P400

Short-P500

Short-P600

Short-P700

Long-N700

Long-N600

Long-N500

Long-N400

Long-N300

Long-N200

-200.24

1.605

63.60

0.15

-198.86

1.586

63.50 0.18 0.8% 0.5% 12% 11% 0.1% 11% 0.0 0.1

Long-N100

Long-P100

99.35

1.597

63.48

0.26

98.75

1.580

63.31 0.36 0.7% 0.5% 11% 11% 03 % 11% -0.1 0.1

Long-P200

199.96

1.620

63.63

-0.02

198.55

1.603

63.52 0.11 0.8% 0.5% 1.0% 11% 0.2% 11% -0.1 0.1

Long-P300

299.68

1.650

63.91

-0.04

297.75

1.630

63.85 0.05 0.8% 0.5% 12% 11% 0.1% 11% -0.1 0.1

Long-P400

401.08

1.650

64.04

0.20

397.57

1.642

64.20 -0.04 1.0% 0.5% 0.5% 11% -02% 11% 0.2 0.1

Long-P500

500.02

1.656

61.52

-0.03

496.15

1.653

64.94 -0.30 09% 0.5% 0.2% 11% -53% 6.6 % 0.3 0.2

Long-P600

Long-P700

Chopped-P150

156.39

0.523

156.49

0.510

0.1% 0.8% 26% 35%

Chopped-N150

8.0%

6.0%

4.0%

2.0%
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Measured TRMS error
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Annex D - Sample uncertainty budgets reported by participants

RISE

Uncertainty budget for standard lightning impulses (71 = 0.84 us, < 500 kV):

Digiti Contributions to standard uncertainty
igitizer U, T T, 5
Uref 0.080% 0% 0%
Linearity us1 0.169% | 0.293% | 0.307%
Dynamic usz 0.095% | 0.084% | 0.158%
Short term ues 0% 0% 0%
Long term us4 0% 0% 0%
Temperature uss 0.066% | 0.009% | 0.005%
Proximity uss 0% 0% 0%
Software usz 0.019% | 0.188% | 0.037% | 0.050%
Divider SMR
Uref 0.034% | 0.247% | 0.268%
Linearity us: 0.013% 0% 0%
Dynamic usz 0.057% | 0.096% | 0.077%
Short term ues 0.008% 0% 0%
Long term us4 0.064% 0% 0%
Temperature uss 0.032% 0% 0%
Proximity use 0.005% | 0.050% | 0.006%
Total standard uncertainty 0.24% 0.45% 0.45% 0.05%
Expanded uncertainty (k=2) 0.48% 0.90% 0.89% | 0.10%

Uncertainty budget for standard lightning impulses (71 = 1.56 ys, < 500 kV):

Digiti Contributions to standard uncertainty
igitizer U, T T, I
Uref 0.080% 0% 0%
Linearity us1 0.129% | 0.189% | 0.229%
Dynamic usz 0.064% | 0.044% | 0.096%
Short term uss 0% 0% 0%
Long term us4 0% 0% 0%
Temperature uss 0.066% | 0.009% | 0.005%
Proximity uss 0% 0% 0%
Software ugz 0.023% | 0.188% | 0.037% |0.050%
Divider SMR
Uref 0.034% | 0.247% | 0.148%
Linearity us1 0.013% 0% 0%
Dynamic usz 0.057% | 0.096% | 0.077%
Short term uss 0.008% 0% 0%
Long term us4 0.064% 0% 0%
Temperature uss 0.032% 0% 0%
Proximity use 0.005% | 0.050% | 0.006%
Total standard uncertainty 0.20% 0.38% 0.30% | 0.05%
Expanded uncertainty (k=2) 0.41% 0.76% 0.60% | 0.10%
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Uncertainty budget for standard lightning impulses (71 = 0.84 us, 500 - 750 kV):

Contributions to standard

Short term ues
Long term us4
Temperature uss
Proximity uss
Software us7
Divider Passoni

0% 0% 0%
0% 0% 0%
0.066% | 0.009% | 0.005%
0% 0% 0%

Digitizer uncertainty
Up T1 T g
Uref 0.080% 0% 0%
Linearity us1 0.169% | 0.293% | 0.307%
Dynamic usz 0.095% | 0.084% | 0.158%

0.019% | 0.188% | 0.037% |0.050%

Uref
Linearity us:
Dynamic usz

Short term uss
Long term us4
Temperature uss
Proximity uss

0.034% | 0.313% | 0.253%

0.013% 0% 0%
0.057% | 0.570% | 0.092%
0.008% 0% 0%
0.064% 0% 0%
0.032% 0% 0%

0.005% | 0.350% | 0.006%

Total standard uncertainty
Expanded uncertainty (k=2)

0.24% 0.82% 0.44% | 0.05%
0.48% 1.64% 0.88% | 0.10%

Uncertainty budget for standard lightning impulses (71 = 1.56 ps, 500 - 750 kV):

Contributions to standard uncertainty

Short term ues
Long term us4
Temperature uss
Proximity uss
Software us7
Divider Passoni

0% 0% 0%
0% 0% 0%
0.066% | 0.009% | 0.005%
0% 0% 0%

Digitizer Up T T I
Uref 0.080% 0% 0%
Linearity us1 0.129% |0.189% | 0.229%
Dynamic usz 0.064% |0.044% | 0.096%

0.019% ]0.188% | 0.037% | 0.050%

Uref
Linearity us1
Dynamic usz

Short term uss
Long term us4
Temperature uss
Proximity uss

0.034% | 0.313% | 0.253%

0.013% 0% 0%
0.057% | 0.570% | 0.092%
0.008% 0% 0%
0.064% 0% 0%
0.032% 0% 0%

0.005% | 0.350% | 0.006%

Total standard uncertainty
Expanded uncertainty (k=2)

0.20% | 0.79% | 0.37%
0.41% | 1.57% | 0.74%

0.05%
0.10%
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Uncertainty budget for front-chopped li

Final report

ghtning impulses:

Contributions to standard
Digitizer uncertainty

Up Te

Uref 0.080% -
Linearity us1 0.169% 0.307%
Dynamic us2 0.095% 0.158%

Short term uss 0.000% -

Long term us4 0.000% -
Temperature uss 0.066% 0.005%

Proximity use 0.000% -
Software us7 0.332% 0.428%

Divider SMR

Uref 0.002% 0.504%

Linearity ue1 0.013% -
Dynamic us2 0.057% 0.077%

Short term uss 0.008% -

Long term us4 0.064% -

Temperature uss 0.032% -
Proximity use 0.005% 0.006%
Total standard uncertainty 0.41% 0.75%
Expanded uncertainty (k=2) 0.82% 1.50%
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Uncertainty budget for standard lightning impulses with short front (7; = 0.84 ps):

EM-542

Final report

U £ 72 B’
Digitizer
Software uncertainty according to o o o o
IEC 61083 test data generator 0.02% 10.35% | 0.05% | 0.07%
Digitizer calibration with calculable o o o
impulse voltage calibrator 0.05% | 0.13% ) 0.07% i
Linearity 0.03 % - - -
Temperature 0.02 % - - -
Calculable impulse voltage calibrator o o o i
uncertainty 0.025% | 0.23% | 0.145%
Divider
Scale factor ther 001% | 0.87% | 020% | 0.10%
Linearity g1 0.06 % - - -
Dynamic g 0.06% |0.21% | 0.05% -
Short-term stability g3 0.06 % - - -
Long-term stability g4 0.004 % - - -
Temperature tgs 0.03 % - - -
Proximity tse - 0.01% | 0.02% -
Total standard uncertainty 0.13% [ 0.99% | 0.27% | 0.12%
Expanded uncertainty (k= 2) 0.25% [199% | 0.53% | 0.25%
Uncertainty budget for standard lightning impulses with long front (71 = 1.56 us):
U £ 72 B’
Digitizer
Software uncertainty according to o o o o
IEC 61083 test data generator 0.02% 1 0.35% | 0.05% | 0.07%
Digitizer calibration with calculable o o o
impulse voltage calibrator 0.05% | 0.13% | 0.07% i
Linearity 0.03% - - -
Temperature 0.02 % - - -
Calculable impulse voltage calibrator o o o i
uncertainty 0.025% | 0.23% | 0.145%
Divider
Scale factor ther 001% | 053% | 0.13% | 0.10%
Linearity g1 0.06 % - - -
Dynamic g 0.06% | 0.21% | 0.05% -
Short-term stability g3 0.06 % - - -
Long-term stability g4 0.004 % - - -
Temperature tgs 0.03 % - - -
Proximity tse - 0.01% | 0.02% -
Total standard uncertainty 0.13% [ 0.71% | 0.22% | 0.12%
Expanded uncertainty (k= 2) 0.25% [142% | 044% | 0.25%
Annex D
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Uncertainty budget for front-chopped lightning impulses:

U Tc
Digitizer
Software uncertainty according to o o
IEC 61083 test data generator 0.38% | 0.32%
D|g|t_|zer calibration W|th_ calculable 0.05 % i
impulse voltage calibrator
Linearity 0.03% -
Temperature 0.02 % -
Calculable impulse v_oltage calibrator 0.025 % i
uncertainty
Sample rate effect 1.00% | 1.00%
Divider
Scale factor ther 0.01% | 0.87%
Linearity g1 0.06 % -
Dynamic g 0.06% | 0.21%
Short-term stability g3 0.10% -
Long-term stability g4 0.004 % -
Temperature tgs 0.03 % -
Proximity tgs - -
Total standard uncertainty 1.08% | 1.38%
Expanded uncertainty (k= 2) 216% | 2.76 %

For all measurements the effective degrees of freedom ves > 100.
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INRIM
Uncertainty budget for full impulses, 100 kV < U,<< 200 kV
Contribution Description Up T1 T> B
Uref Reference SF 0.11% 0.22% 0.22% 0.11%
Uy Linearity 0.10% 0.15% 0.15% 0.10%
Up1 Dynamic 0.10% 1.40% 1.40% 0.40%
Ug2 Short term stability 0.10% 0.10% 0.10% 0.10%
Up3 Long term stability 0.10% 0.10% 0.10% 0.10%
Upa Temperature (DT 10° C) 0.08% 0.16% 0.16% 0.08%
Ups Proximity 0.00% 0.00% 0.00% 0.00%
Upe Software 0.02% 0.43% 0.08% | 0.200%
Total standard uncertainty 0.24% 1.50% 1.44% 0.50%
Expanded uncertainty (k=2) 0.48% 3.01% 2.89% 1.00%

Uncertainty budget for full impulses, 200 kV <U,< 600 kV

Contribution Description Up T1 T Yij

Upef Reference SF 0.22% 0.44% 0.44% 0.11%
Uy Linearity 0.30% | 0.15% | 0.15% | 0.10%
Up1 Dynamic 0.20% | 2.40% | 2.40% | 0.40%
Up2 Short term stability 0.15% 0.15% 0.15% 0.10%
Up3 Long term stability 0.20% 0.20% 0.20% 0.10%
Upa Temperature (DT 10° C) 0.08% 0.16% 0.16% 0.08%
Ups Proximity 0.00% | 0.00% | 0.00% | 0.00%
Upe Software 0.02% | 0.43% | 0.08% | 0.200%
Total standard uncertainty 0.50%  250%  2.46%  0.50%
Expanded uncertainty (k=2) 1.00% 5.00% 4.93% 1.00%

Uncertainty budget for front chopped impulses, 200 kV <{,< 600 kV

Contribution Description Up Tc

Uref Reference SF 0.70% 0.50%
Uy Linearity 0.30% 0.15%
Up1 Dynamic 0.40% 2.40%
Up2 Short term stability 0.10% 0.10%
Ups3 Long term stability 0.10% 0.10%
Upa Temperature (DT 10° C) 0.08% 0.16%
Ups Proximity 0.00% 0.00%
Upe Software 0.49% 1.05%
Total standard uncertainty 1.00%  2.68%
Expanded uncertainty (k=2) 2.00%  5.36%

For all measurements the effective degrees of freedom ves > 100.
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Uncertainty budget for standard lightning impulses (71 = 0.84 us, U < 600 kV)

LCOE Measuring System up to

Contributions to standard uncertainty

600 kV Uy T, T, B
HV Divider us:1 0.002% | 0.600% | 0.350% | 0.002 %
Scope us2 0.030% | 0.344% | 0.005 % 0%
Short term uss 0.006 % 0% 0% 0%
Dynamic behaviour usa4 0.202 % 0% 0% 0.231%
Non-linearity effect uss 0% 0% 0% 0%
Long-term stability uss 0.058 % 0% 0% 0%
Temperature us7 0% 0% 0% 0%
Software effect uss 0.008% | 0.087% | 0.017% | 0.029 %
Proximity effect usg 0% 0% 0% 0%
TRMS resolution usio 0.029 % 0% 0% 0%
Expanded uncertainty (k=2) 0.43 % 1.40 % 0.71% | 0.48%

Uncertainty budget for standard lightning impulses (71 = 1.56 us, U < 600 kV)

LCOE Measuring System up to

Contributions to standard uncertainty

600 kV Uy T, T, B
HV Divider us:1 0.002% | 0.600% | 0.350% | 0.002 %
Scope Us2 0.010% | 0.185% | 0.005 % 0%
Short term uss 0.006 % 0% 0% 0%
Dynamic behaviour usa4 0.173 % 0% 0% 0.231%
Non-linearity effect uss 0% 0% 0% 0%
Long-term stability uss 0.058 % 0% 0% 0%
Temperature us7 0% 0% 0% 0%
Software effect uss 0.008% | 0.087% | 0.017% | 0.029 %
Proximity effect usg 0% 0% 0% 0%
TRMS resolution usio 0.029 % 0% 0% 0%
Expanded uncertainty (k=2) 0.37% 1.30 % 0.71% | 0.48%
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Uncertainty budget for standard lightning impulses (71 = 0.84 us, U 600-700 kV)

LCOE Measuring System from

Contributions to standard uncertainty

600 kV to 700 kV U T, T, V4
HV Divider us:1 0.002% | 1.250% | 0.450% | 0.002 %
Scope us2 0.030% | 0.344% | 0.005 % 0%
Short term uss 0.006 % 0% 0% 0%
Dynamic behaviour usa4 0.202 % 0% 0% 0.231%
Non-linearity effect uss 0.043% | 0.664% | 0.043% 0%
Long-term stability uss 0.058 % 0% 0% 0%
Temperature us7 0% 0% 0% 0%
Software effect uss 0.008% | 0.087% | 0.017% | 0.029 %
Proximity effect usg 0% 0% 0% 0%
TRMS resolution usio 0.029 % 0% 0% 0%
Expanded uncertainty (k=2) 0.45 % 2.94% 091% | 0.48%

Uncertainty budget for standard lightning impulses (71 = 1.56 ps, U 600-700 kV):

LCOE Measuring System from

Contributions to standard uncertainty

600 kV to 700 kV U T, T, Vi
HV Divider us:1 0.002% | 1.250% | 0.450% | 0.002 %
Scope Us2 0.010% | 0.185% | 0.005 % 0%
Short term uss 0.006 % 0% 0% 0%
Dynamic behaviour usa4 0.173 % 0% 0% 0.231%
Non-linearity effect uss 0.014% | 0.144% | 0.029 % 0%
Long-term stability uss 0.058 % 0% 0% 0%
Temperature us7 0% 0% 0% 0%
Software effect uss 0.008% | 0.087% | 0.017% | 0.029 %
Proximity effect usg 0% 0% 0% 0%
TRMS resolution usio 0.029 % 0% 0% 0%
Expanded uncertainty (k=2) 0.38% 2.56 % 091% | 0.48%

Uncertainty budget for front-chopped lightning impulses (7 = 0.50 ps, U 150 kV)

LCOE Measuring System

Contributions to standard uncertainty

Front-chopped U, Te T, B

HV Divider us1 0.002% | 0.600 % - -

Scope us2 0.015% | 0.577 % - -

Short term uss 0.006 % 0% - -

Dynamic behaviour usa4 0.433% | 1.155% - -

Non-linearity effect uss 0% 0% - -

Long-term stability uss 0.058 % 0% - -

Temperature us7 0% 0% - -

Software effect uss 0.329% | 0.144 % - -

Proximity effect usg 0% 0% - -

TRMS resolution usio 0.029 % 0% - -

Expanded uncertainty (k=2) 1.15% 2.99 % - -
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LNE

B8.1. UNCERTAINTY COMPONENTS FOR THE PEAK VALUE

8.1.1.  Calibration of the reference divider (GARY1) at low voltage

The scale factor S of the reference divider has been determined according to LNE procedure
at 200 V for the frequencies of 60 Hz, 1 kHz and 10 kHz. The scale factor is the ratio
between the input voltage Ve and the output voltage Vs.

The uncertainty is calculated as follow:

u¥(S) = ui(Ve) + u(Vs)
Uncertainty of calibration of the voltmeters:
U1=1.10%U (k= 2)
U2=1.10*.U (k=2)

Drift between two calibrations (< 50 pyV/V pear year):
U3=5.10%.U k=23)
U4=5.10%.U k=243)

Influence of temperature on voltmeters (< 1.10%/.C°) with 2 °C maximum deviation:

US=2.105.U (k=2J3)

Ué=2.10°.U (k=12J3)
Resolution of the voltmeters:

U7=1.10%.U (k=23)

U8= 1.10%.U (k=243)

Reading instabilities and generator instabilities:
Ug= 1.10%.U (k=243)
U10= 1.105.U (k=243)

8.1.2. Extrapolation of the scale factor at high voltage

Self-heating of the reference divider:

The temperature coefficient of the scale factor of the divider is less than 10 ppm/°C. We have
estimated that the temperature change of the resistive wire is equal at maximum to 100 °C
when a lightening impulse of 400 kV is applied. The self heating of the divider is then less
than (100 °C-23 *C) *100 ppm.

U11=7,7.10*S (k =23)

Influence of frequency (less than 1.10*.S):
U12=1.10*.8 (k=243)
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Drift of the scale factor before and after the H.V measurements (less than 1.104.5):
U13=1.10"8 (k=243)

Error of the divider:

The convolution technique has been used to determine the reference divider's errors
These errors are less than 0,15 %.

U14=1,5.102.S (k=243)

For a chopped LI at 0,5 ys, these errors is less than 1,5 %.
U14 =15.10%U (k= 243)

Linearity of the reference divider:
The HV linearity has been estimated less than 0,5 % up to 400 kV.

U15=5.10°U (k= 243)

Reproducibility of the H.V set up:

It has a null effect because all the measurements have been performed with the same set up
configuration {Earth connexion, Coaxial cable configuration, same distances, same HV
connexions...etc).

Proximity effect:

Neglected because the scale factor has been measured at the same configuration of the
main calibration. The divider is completely shielded and that reduce at zero the proximity
effect.

Influence of a paralleled divider:
Neglected because the divider is composed with a low HV impedance (24 k).

Temperature effect:

Correlated with the drift of the scale factor before and after H.V measurements and with the
self-heating of the divider. This effect is neglected.

Disturbance effect:

The disturbances has been measured for both dividers and they are less than 0,4 % for each
one.

U16 = 4.10°.U (k= 243)

8.1.3. Components due to the digitizer
Calibration of the calibrator KAL1000:
ui7=1.10%U (k=2)
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Temperature effect of the KAL1000:

The calibration of the KAL1000 is performed at (23 £1)°C. The relative variation for this range
of temperature is less than 0,1 %.

U18 =1.10%U (k =2.42)
Drift of the KAL 1000:
The drift between two calibrations is less than 0,2 %

U19= 2.10°.U (k=243)
Errors of the digitizer:

The calibration of the digitizer before the main calibration has been performed. The errors
include offset effect, temperature effect, the drift, the bandwidth effect, non linearity of ADC,
frequency sampling effect, the time base effect and the internal noise effect. The maximum
error is less than 0,1 % up to 400 V.

U20=1.10°.U (k= 243)

For chopped LI at 0,5 ps , the error determined by a step response from 0,25 ys to 5 ps is
less than 1 %.

U20 = 1.102.U (k= 243)

Uncertainty of the software:

The software has been validated according to IEC61083-2, the uncertainty of the software is
U21=8.10*.U (k=2)

For chopped LI :
U21 =8.10%.U (k=2)
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8.2 UNCERTAINTY COMPONENTS FOR THE FRONT TIME (T1)

Time base of the digitizer:
This uncertainty is neglected because the error is less than 15 ps/s.

Measurement of particular points ( 30 % et 90 %):

The error of measurement of the time between 30 % and 90 % of peak value is less than
5 ns. For a front time of 0.84 ps the uncertainty is :

U1=6,2 ms/s (k=243)
For a front time of 1,56 ps the uncertainty is :
U1= 4,0 ms/s (k=243)
For a chopped LI at 0,5 ps the uncertainty is :

U1= 10,4 ms/s (k=2)

Influence of the peak value :

The uncertainty of the peak value influences the uncertainty of front time by a factor “f" equal
to 4,1 for full LI and equal to 1,8 for chopped LI at 0,5 ps (factors determined with
mathematic formulas }. The uncertainty of the peak value has to be multiplied by this factor.
The obtained uncertainty includes offset effect, temperature effect, the drift, the bandwidth
effect, non linearity of ADC, frequency sampling effect, the time base effect and the internal
noise effect.

U2=fx Upgak I[k=2]

Error of the divider:

The convolution technique has been used to determine the reference divider's errors
These errors are less than 1,5 %.

U3= 15 ms/s (k= 243)

Error of the digitizer:

The convolution technigque has been used to determine the digitizer's errors
These errors are less than 0,2 %.

Ud= 2 ms/s (k=243)

Uncertainty of the software:

The software has been validated according to IEC61083-2, the uncertainty of the software is
U5 = 12,6 ms/s (k =2)
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8.3. UNCERTAINTY COMPONENT FOR THE TIME TO CHOPPING (TC)

Time base of the digitizer:
This uncertainty is neglected because the error is less than 15 ps/s.

Measurement from the origin to time to chopping:

The error of measurement of the time between the origin to time to chopping is less than 5
ns. For a time to chopping of 0.5 ps the uncertainty is :

U1= 10 ms/s (k=243)

Influence of the peak value:

The uncertainty of the peak value influences the uncertainty of front time by a factor *f* equal
to 0,31 for time to chopping at 0,5 ps (factor determined with mathematic formulas ). The
uncertainty of the peak value has to be multiplied by this factor. The obtained uncertainty
includes offset effect, temperature effect, the drift, the bandwidth effect, non linearity of ADC,
frequency sampling effect, the time base effect and the internal noise effect.

U2= fx Upgak (k=2)

Error of the divider:

The convolution technique has been used to determine the reference divider's errors
These errors are less than 2 %.

U3= 20 ms/s (k=243)

Error of the digitizer:

The convolution technique has been used to determine the digitizer's errors
These errors are less than 0,2 %.

U4= 2 ms/s (k= 243)

Uncertainty of the software:

The software has been validated according to IEC61083-2, the uncertainty of the software is
US = 8,8 ms/s (k =2)
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8.4. UNCERTAINTY COMPONENT FOR THE TIME TO HALF VALUE (T2)

Time base of the digitizer:
This uncertainty is neglected because the error is less than 15 ps/s.

Measurement of particular point (zero to 50 %):

The error of measurement of the time between zero and 50 % of peak value is less than &
ns. For a time to half value of 50 ps the uncertainty is :

U1= 0,01 ms/s (k=243)

Influence of the peak value:

The uncertainty of the peak value influences the uncertainty of front time by a factor “f" of 1,4
for time to chopping at 0,5 ps (factor determined with mathematic formulas ). The uncertainty
of the peak value has to be multiplied by this factor. The obtained uncertainty includes offset
effect, temperature effect, the drift, the bandwidth effect, non linearity of ADC, frequency
sampling effect, the time base effect and the intemal noise effect.

U2= fx Upesk (k=2)

Error of the divider:

The convolution technique has been used to determine the reference divider's errors
These emors are less than 0,1 %.
U3= 1 msls (k= 243)

Error of the digitizer:

The convolution technique has been used to determine the digitizer's errors
These erors are less than 0,5 %.

U4= 5 msls (k= 23)

Uncertainty of the software:

The software has been validated according to IEC61083-2, the uncertainty of the software is
U5 = 4,0 ms/s (k=2)

9. UNCERTAINTY OF MEASUREMENTS

Uncertainty of measurement in %
(k=2)
Wave shape Time to Time to Half

Faaff:alua Frnt_‘:_11uma chopping Viakue

Tc (T2)

0,84/50 ps 0.5 25 - 0.8

1.56/50 ps 0,5 25 - 0.8

Chopped at 0,5 ps 1.5 3.0 1.5 -
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List of the uncertainty contributions for the scale factor:
Grole Beschreibung
Fn Scale factor of the entire impulse measuring system
Fr Scale factor of the divider
For Scale factor of the transient recorder
Fors Scale factor of the transient recorder with attenuator
Frac Scale factor of the divider at 500 V / 1 kHz
oF Mean deviation of Fracto Fr
OFF Influence of the length of the front time
OFemv Influence of interferences
OFsw Influence of the Software
OFtemp Influence of the Temperature
oFb Drift
OFDRNL Non-linearity of the transient recorder
OFrausch Noise of the transient recorder
OF quant Quantization error of the transient recorder
OFDRs Deviation of the attenuators
Uncertainty Budgets:
Fy: Teilungsverhdltnis der gesamten StoRspannungsmesseinrichtung
Quantity Value Standard Distribution | Sensitivity Uncertainty Index
Uncertainty Coefficient Contribution
Fr 3616.00 V/V 5.44 VIV
Fag 1.00000 V/V 1.26:10° VIV
Frac 3616.00 V/V 3.10 VIV normal 1.0 3.1VNV 191 %
AF, 0.0 VWV 3.46 VIV rectangular 1.0 3.5V\V 23.8 %
OF¢ 0.0 0.808 rectangular 1.0 0.81 VNV 1.3%
SFemv 0.0 VIV 242VN rectangular 1.0 24VN 1.7 %
SFgw 0.0 VV 0.808 VIV rectangular 1.0 0.81 VNV 1.3%
()FTemp 0.0 VNV 0.912 VNV rectangular 1.0 0.91 VNV 1.7%
3Fp 0.0 VNV
Fors 1.000000 V/V 500-10° VIV normal 3600 1.8 VIV 6.5 %
3Fprs 0.0 VVV 577-10° vV rectangular 3600 21 VN 8.7 %
SFprAL 0.0 VV 577-10° VIV | rectangular 3600 21 VN 8.7%
F rausch 0.0 VIV 577-10° VV | rectangular 3600 21 VNV 8.7 %
OF quant 0.0 VNV 577-10° V/V | rectangular 3600 21 VNV 8.7 %
Fxn 3616.00 V/V 7.09 VIV
Results:
Quantity Value Expanded Coverage Coverage
Uncertainty factor
Fxn 3616 VIV 0.39 % 2.00 95% (normal)
(relative)
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List of the uncertainty contributions for the front time

Annex D

Grole Beschreibung

T1 Front time

Tia Mean value from 10 measurements

OT 30 Time at 30 % of the peak value

OTao Time at 90 % of the peak value

OT 1sin Traceability with equivalent sinusoidal voltage (equivalent front time)
OT1inL Influence of the non-linearity

OT1dyn Influence of the dynamic behaviour of the measurement system
OT1Emv Influence of interferences on the front time

Uncertainty Budgets:

T,: Stirnzeit
Quantity Value Standard Distribution | Sensitivity Uncertainty Index
Uncertainty Coefficient Contribution
Tia 1.20000 ps 2.21-10° ps normal 1.0 2210%ps | 35%
5T40 0.0 ps 3.46-10° us | rectangular 1.0 3510°pus | 8.7 %
5Top 0.0 ps 3.46:10° ps | rectangular 1.0 3510°us | 8.7 %
5T ain 0.0 us 1.15-10° us | rectangular 1.0 1.210%pus | 1.0%
Bl 0.0 ps 577-10° us | rectangular 1.0 580-10° us | 0.2%
BT g 0.0 ps 231-10° us | rectangular 1.0 230-10°ps | 0.0%
3T emv 0.0 us 0.0104 ps rectangular 1.0 0.010 ps 77.9 %
T; 1.2000 ps 0.0118 ps
Results:
Quantity Value Expanded Coverage Coverage
Uncertainty factor
T, 1.200 us 2.0 % (relative) 2.00 95% (normal)
2020-11-25 Annex D

Page 64



EURAMET.EM-542

Final report

List of the uncertainty contributions for the time to half value:

Annex D

Grole Beschreibung

T2 Time to half value

Ton Mean value of ten measurements

OT 30 Time at 30 % of the peak value

OTao Time at 90 % of the peak value

OTso Time at 50 % of the peak value

ST 2sin Traceability with equivalent sinusoidal voltage (equivalent time to half value)
OTonL Influence of the non-linearity

OT2dyn Influence of the dynamic behaviour of the measurement system

OT2emv Influence of the interferences on the time to half value

Uncertainty Budgets:

T, Riickenhalbwertszeit
Quantity Value Standard Distribution | Sensitivity Uncertainty Index
Uncertainty Coefficient Contribution
Ton 50.0000 ps 0.0632 s normal 1.0 0.063 ps 21 %
8T 0.0 us 3.46-107 us | rectangular 1.0 35107 pus | 0.0%
8T 0.0 us 3.46-10° ps | rectangular 1.0 3510%pus | 0.0%
3Tsg 0.0 us 0.115 us rectangular 1.0 0.12 us 6.8 %
ST ogin 0.0 us 0.133 us rectangular 1.0 0.13 us 9.1 %
3Ton 0.0 us 0.133 us rectangular 1.0 0.13 us 9.1 %
ST oayn 0.0 ps 0.289 ps rectangular 1.0 0.29 ps 42.8 %
3Toemy 0.0 us 0.242 ps rectangular 1:0 0.24 ps 30.2 %
T, 50.000 ps 0.441 ps
Results:
Quantity Value Expanded Coverage Coverage
Uncertainty factor
T, 50.00 ps 1.8 % (relative) 2.00 95% (normal)
2020-11-25 Annex D

Page 65



EURAMET.EM-542

Final report

List of the uncertainty contributions for the time to chopping
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Grole Beschreibung

Tc Time to chopping

Tca Mean value from ten measurements

OT 30 Time at 30 % of the peak value

OTao Time at 90 % of the peak value

oT 10 Time at 10 % of the peak value

oT70 Time at 70 % of the peak value

STcsin Traceability with equivalent sinusoidal voltage (equivalent time to chopping)
oTen Influence of the non-linearity

OTcdyn Influence of the dynamic behaviour of the measurement system
OTcEMy Influence of the interferences on the time to chopping

Uncertainty Budgets:

T Time to chopping
Quantity Value Standard Distribution | Sensitivity Uncertainty Index
Uncertainty Coefficient | Contribution
Tin 0.50000 ps 1.58-10" s normal 1.0 16107 pus | 4.8%
T30 0.0 us 3.46-107 ps | rectangular 1.0 3510°ps | 22.9%
BT 0.0 s 3.46-10° us | rectangular 1.0 3510°pus [ 229%
8T1o 0.0 us 4.62-10° ps | rectangular 1.0 46-10°ps | 40.8%
8T+ 0.0 ps 1.15-10% ps | rectangular 1.0 12107 ps | 25%
S 0.0 ys 577-10° us | rectangular 1.0 580-10°pus | 0.6 %
3Tent 0.0 ps 866-10° us | rectangular 1.0 870-10°ps | 14 %
) pen 0.0 us 866-10° us | rectangular 1.0 870-10°ps | 1.4 %
T cermy 0.0 us 1.15-10° ps | rectangular 1.0 12:10%pus | 25%
T 0.50000 ps 7.23-10% us
Results:
Quantity Value Expanded Coverage Coverage
Uncertainty factor
Te 0.500 ps 2.9 % (relative) 2.00 95% (normal)

Overview of the results of the uncertainty analysis

value Expanded measurement
uncertainty
Scale factor 3616 VIV 0,4 %
Front time 1,2 us 2%
Time to half value 50 ps 2%
Time to chopping 0,5 us 3%
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Digitizer Dr.Strauss

Contribution to Standard
Uncertainty

U, T1 T>
(%) (%) (%)
Uref1 0.04 0.4 0.25
Linearity Uref1-s1 0.11 1.1 0.5
Dynamic Uref1-g2 0.1 0.1 0.14
Short term Ure1-83 0.02 0 0.16
Long term Urer1-g4 0.02 0 0
Temperature Uref1-B5 0.025 0.01 0.01
Software Ureri-s6 0.02 0.2 0.02
Divider SMR10/700
Uref2 0.36 0.3 0.2
Linearity Urer2-s1 0.23 0 0
Dynamic Urefz-g2 0.1 0.1 0.07
Short term Urer-e3 0.008 0 0
Long term Urer2-g4 0.05 0 0
Temperature Urer2-Bs 0.03 0 0
Proximity Urer2-se 0.007 0.1 0.01
Correction Error Uref-7 0.4 0 0
Total standard uncertainty 0.34 0.70 0.35
Expanded uncertainty (k=2) 0.68 1.40 0.70

Uncertainty budget for long and short LI wave shape, (200 kV < U < 700 kV):

Digitizer Dr.Strauss

Contribution to Standard
Uncertainty

U, T1 T>
(%) (%) (%)
Uref1 0.04 0.6 0.3
Linearity Urer1-1 0.11 1.35 0.65
Dynamic Uref1-g2 0.1 0.2 0.14
Short term Ure1-83 0.02 0 0.16
Long term Urer1-g4 0.02 0 0
Temperature Uref1-85 0.025 0.01 0.01
Software Ureri-s6 0.02 0.2 0.02
Divider SMR10/700
Uref2 0.36 0.5 0.3
Linearity Urer2-s1 0.23 0 0
Dynamic Urefz-g2 0.1 0.1 0.07
Short term Urer-e3 0.008 0 0
Long term Urer2-g4 0.05 0 0
Temperature Urer2-Bs 0.03 0 0
Proximity Urer2-se 0.007 0.2 0.01
Correction Error Urei-g7 0.4 0 0
Total standard uncertainty 0.34 0.90 0.45
Expanded uncertainty (k=2) 0.68 1.80 0.90
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Uncertainty budget for Chopped LI wave shape, (1 kV< U < 200 kV):

Contribution to Standard
Uncertainty

Digitizer Dr.Strauss
Up T1 T2
(%) (%) (%)
Uref1 0.14 1.7 1.7
Linearity Uref1-B1 0.25 1.8 1.8
Dynamic Uref1-B2 0.1 0.1 0.1
Short term Uref1-83 0.08 0 0
Long term Uref1-s4 0.07 0 0
Temperature Uref1-e5 0.025 0.1 0.1
Software Urer-s 0.02 0.2 0.2
Divider SMR10/700
Uref2 0.5 1.1 1.1
Linearity Urer2-B1 0.34 0 0
Dynamic Uref2-B2 0.1 0.1 0.1
Short term Uref2-83 0.01 0 0
Long term Ure>-4 0.09 0 0
Temperature Urer2-Bs 0.03 0 0
Proximity Urer2-86 0.07 0.5 0.5
Correction Error Ures-g7 0.4 0 0
Total standard uncertainty 0.44 1.49 1.49
Expanded uncertainty (k=2) 0.89 3.00 3.00
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IATTE

Nominal value of the divider Scale Factor: in order to compensate the possible deviation of the
voltmeters, the Nominal Scale Factor is calculated as the mean value from the mean values
obtained from four measurements on two different voltages and exchanging the two
voltmeters:

Contribution uncertainty Type A
Series SFi Standard deviation

1 1199.187 0.005

2 1199.204 0.004

3 (voltmeters changed) 1199.560 0.004

4 (voltmeters changed) 1199.559 0.006

Mean value | Std. Dev. Uncertainy Type A | Uncertainy Type A

u [abs] u[p.u.
Nominal value of SF [ 1199.38 0.01 0.003 2.6 E-6

The voltage measurements were made at 29 °C. The nominal accuracy of the voltmeters is
given at 23 °C + 5 °C: (0.0045 % read. +0.0010 % range) for 1000 V and (0.004 % read.

+0.0007 % range) for 1 V.

Outside of this temperature range the temperature coefficient correction should be given by:

(0.0005 % read.+0.0001 % range).

Uncertainty budget — Combined uncertainty uc and Expanded uncertainty U
] Standard | Degree of | Sensitivity Contribution to the
e elue uncertainty | freedom coefficient | combined uncertainty
Uhv/Ulv (Type A) 1199.378 0.003 9 1 0.003
V1/V2 (Voltmeters) 0 0.084 50 1 0. 084
V1/V2 (Thermometer) 0 2.9 E-06 0 1 0.0000029
Fx 1199.378 - 180 - -
. . k=2
0,
Expanded uncertainty U (95% confidence) 119938 £ 0.17

Nominal Scale Factor of the divider (k=2): 1199.38 + 0.17

Uncertainties of the digitizer provided by the manufacturer (Calibration certificate #307-DKD-
K11701/03-09):

For full wave lightning impulse LI the uncertainties [pu] are:

Up,=0,0056 T:=0,017 T.=0,017
For chopped lightning impulse LIC the uncertainties [pu] are:
Up=0,007 T:=0,017 T.=0,017

System Uncertainty (k=2) for Full wave

Up T1 T

0.64% 2.5% 2%
System Uncertainty (k=2) for Chopped wave.
Up TC
0.7% 2.5%
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NMIA

Test voltage for full lightning impulse

Sem Std.
. i- - Deg. of |Uncertainty, s
L\l Uncertainty Distribution [Type |Ran Divisor, Freedom, Ui sensitivity Cilli (ciuiz2 | (ciupa/ni
Components d Factor, ci
ge, a n
(%)
1 |Reference digitiser normal B ]0.17 | 2.00 60.5 0.08500 1.0 8.50E-02 |7.236-03 8.63E-
dynamic scale factor ' ’ 07
2 |Reference digitiser rectangular B |01 1.73 10.0 0.05774 1.0 5776-02 |3.336-03 1.11E-
voltage non-linearity ' ’ 06
3 |Reference digitiser drift | rectangular B |01 1.73 5.0 0.05774 1.0 5776-02 |3.336-03 2.22E-
since last calibration ‘ ‘ 06
4 |Reference divider ratio rectangular B |01 1.73 10.0 0.05774 1.0 5776-02 |3.336-03 1.11E-
uncertainty ' ’ 06
5 |Reference divider voltage | rectangular B |01 1.73 10.0 0.05774 1.0 5776-02 |3.336-03 1.11E-
linearity ' ’ 06
6 |Step response of HV rectangular B 0.15 1.73 10.0 0.08660 1.0 8.66£-02 | 7.50E-03 5.63E-
reference divider ‘ ‘ 06
7 |Reference attenuator rectangular B ]0.05 | 1.73 10.0 0.02887 1.0 2 89E-02 | 8.336:04 6.94E-
ratio ‘ ‘ 08
8 [Test digitiser/attenuator | rectangular B ]0.05 | 1.73 5.0 0.02887 1.0 2 89E-02 | 8.336:04 1.39E-
ratio short term stability ’ ' 07
9 |Reference attenuator rectangular B ]0.05 | 1.73 10.0 0.02887 1.0 2 89E-02 | 8.336:04 6.94E-
voltage linearity ’ ' 08
10|Reference digitiser rectangular B |01 1.73 10.0 0.05774 1.0 111E
effective vertical 5.77E-02 (3.33E-03 0'6
resolution
11]Proximity effect on the rectangular B |01 1.73 5.0 0.05774 1.0 5776-02 |3.336-03 2.22E-
reference divider ‘ ‘ 06
12|HV interference in LV rectangular B ]0.05 | 1.73 5.0 0.02887 1.0 2 89E-02 |8.336:04 1.39E-
circuit ‘ ‘ 07
13|Software for reference rectangular B |01 1.73 9.0 0.05774 1.0 5776-02 |3.336-03 1.23E-
system ' ’ 06
14|Standard uncertainty of normal A |0.02 | 1.00 9.0 0.01532 1.0 1.536-02 | 2.35-04 6.11E-
the set of impulses ’ ’ 09
15|Rounding of reported rectangular B ]0.05 | 1.73 inf 0.02887 1.0 2896-02 |8.33e04] 0
results ‘ ‘
16|Rounding of uncertainty | rectangular B ]0.05 | 1.73 inf 0.02887 1.0 2.89E-02 8.336-04] 0
S 70E-
Ums 17 sae01 [4.33e-02 17O
05
Combined standard 2.08E-
uncertainty (uc) 01
Effective degrees of freedom |110.03
(verr)
Coverage factor (k) 2.0
Expanded uncertainty (U) 0.5
(%)

2020-11-25 Annex D Page 70



EURAMET.EM-S42 Final report Annex D

Front time for full lightning impulse

Semi- Deg. of Std
N° Uncertainty Distribution [Type Range, |Divisor, Freedom,| Uncertainty, sensitivity Cili (ciuiy (ciuia/ni
Components a d Factor, ci
n Ui
(%)
1 |Reference digitiser
Hiser rectangular | B | 01 | 173 | 100 | 0.05780 28 | 1.62801| 2.626-02 | 6.86E-05
voltage non-linearity
5 —
Reference divider rectangular | B | 01 | 1.73 | 100 | 005774 28 | 162601 | 261602 | 6.83E-05
voltage linearity
3
Stepresponse OFHV. | o nqular |8 | 12 | 173 | 100 | 0.69282 10 | 6.936-01 | 4.80E-01 | 2.30E-02
reference divider
4
Reference attenuator | o noular | 8 | 005 | 173 | 100 | 0.02887 28 | 8.08E-02| 653603 | 4.27E-06
voltage linearity
5
Stepresponse OFHV. | nqular | B8 | 015 | 173 | 100 | 0.08660 28 | 2.42£-01 | 5.886-02 | 3.46E-04
reference divider
o
Proximity effectonthe | oo outar |8 | 01 | 173 | 50 | 005774 28 | 162601 | 2.616-:02 | 1.37E-04
reference divider
— .
Z\r/cﬂterference'”"v rectangular | B | 005 | 173 | 50 | 0.02887 10 | 2.896-02 | 8.336-04 | 1.39E-07
8
:)?Sf::'rirefor reference | o ctangular | B | 06 | 173 | 70 | 034641 10 | 3.46E-01 | 1.20E-01 | 2.06E-03
5 .
Standard uncertainty of | o | A | 053 | 100 | 90 | 053444 10 | 534601 | 2.86E-01 | 9.06E-03
the set of impulses
10 i
f;t?i'"g ofreported | iangular | B | 005 | 1.73 inf 0.02887 10 | 289-02] 83304 o0
11{Rounding of uncertainty | ocyanguiar | B | 0.05 | 173 inf 0.02887 10 | 289E-02] 83304 o0
sums  [2.47E+00 | 1.03E+00 | 3.48E-02
Combined standard 1.02E+00
uncertainty (uc)
Effective degrees of freedom 3061
(verr)
Coverage factor (k) 2.0
Expanded uncertainty (U) (%) 21
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Time to half-value for full lightning impulse
szr:n: Divisor Deg. of Std. Sensitivit:
N°| Uncertainty Components (Distribution |Type ge, " |Freedom,| Uncertainty, Y o (ciuiz2  |(ciuia/ni
a d n Ui Factor, ci
(%) '
- —
Reference digitiser voltage | o nqutar |8 | 01 | 173 | 100 | 005774 24 | 1.39E-01 |1.92E-02|3.69E-05
non-linearity
5 -
Reference digitiser T2 rectangular | B | 03 | 1.73 | 6.0 0.17341 10 | 173601 |3.01E-02|1.51E-04
uncertainty
3 —
ﬁﬁ;:?tr;ced'v'dervmtage rectangular | B | 01 | 173 | 100 | 005774 24 | 1.39E-01 |1.92E-02|3.69E-05
4
Step response of HY rectangular | B | 06 | 173 | 100 | 0.34641 10 | 3.46E-01 |1.20E-01f1.44E-03
reference divider
5
Reference attenuator rectangular | B | 005 | 1.73 | 100 | 0.02887 24 | 6.93E-02 |4.80E-03|2.30E-06
voltage linearity
s )
Reference digitiser | o qutar | B8 | 01 | 173 | 100 | 005774 24 | 1.39E-01 |1.92E-02|3.69E-05
effective vertical resolution
—roam
Proximity effectonthe o noutar |8 | 01 | 173 | 50 0.05774 10 | 577602 |3.336-03[2.226-06
reference divider
i .
Z\r/cﬂterference'”"v rectangular | B | 005 | 173 | 50 0.02887 10 | 2.89E-02 |8.336-04f 1.39E-07
9
;?Sf::'rirefor reference | octangular | B | 02 | 173 | 70 0.11547 10 | 115601 |1.336-02|254E-05
10 i
Standard uncertainty ofthe| o | o | 003 | 100 | 90 0.03475 10 | 34802 [1.216-08|1.62E07
set of impulses
11 i
f;t?i'"g of reported rectangular | B | 0.05 | 1.73 inf 0.02887 10 | 2.89E-02 |8.33E-04 ©
12|Rounding of uncertainty | octangular | B8 | 0.05 | 1.73 inf 0.02887 10 | 2.89E-02 |8.33E-04 ©
sums [1.30E+00 [2.33-01|1.73E-03
Combined standard 4.83E-01,
uncertainty (uc)
Effective degrees of freedom 3131
(verr)
Coverage factor (k) 2.0
Expanded uncertainty (U) 1.0
(%)
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Overshoot for full lightning impulse

Semi- Deg. of Std
N° Uncertainty Distribution [Type Range, |Divisor, Freedom,| Uncertainty, sensitivity Cili (ciuiy2 | (ciuia/ni
Components a d Factor, ci
n Ui
(%)
1 |Reference digitiser
Hiser rectangular | B | 01 | 173 | 100 | 005774 10 | 577602 |3.33c-:03| 1.11E-06
voltage non-linearity
2 |Reference divider voltage
inearity rectangular | B | 01 | 173 | 100 | 005774 10 | 577602 |3.336-:03| 1.11E-06
3
Step response of HY rectangular | B | 0.1 | 1.73 | 100 | 005774 10 | 577602 |3.33-03| 1.11E-06
reference divider
4
Reference attenuator |\ noilar | B | 005 | 173 | 100 | 002887 10 | 289E-02 |8.336-04]6.94E-08
voltage linearity
5 |Reference digitiser
effective vertical rectangular | B 0.1 1.73 10.0 0.05774 1.0 5.77E-02 | 3.33E-03| 1.11E-06
resolution
o
Proximity effectonthe | oo noutar |8 | 01 | 173 | 50 | 005774 2.0 1.156-01 |1.336-02|3.56E-05
reference divider
— .
Z\r/cﬂterference'”"v rectangular | B [ 005 | 173 | 50 | 0.02887 10 | 289E-02 |8.336-04| 1.39E-07
8
:)?Sf::'rirefor reference | octangular | B | 04 | 173 | 70 | 023004 10 | 231601 |5.336-02| 4.06E-04
5 .
Standard uncertainty of | o f A | 009 | 200 | 90 | 0.09180 10 | 9.18E02 |8.43c-03|7.80E-05
the set of impulses
10 i
f;t?i'"g ofreported | iongular | B | 005 | 1.73 inf 0.02887 10 | 28902 |8.33c-04] 0
11{Rounding of uncertainty | roctanguiar | 8 | 005 | 1.73 inf 0.02887 10 | 28902 |8.33c-04] 0
sums | 7.856-01 |9.18E-02|4.54E-04
Combined standard 3.03E-01
uncertainty (uc)
Effective degrees of freedom 18.53
(verr)
Coverage factor (k) 21
Expanded uncertainty (U) (%) 0.7
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Test voltage for front-chopped lightning impulse
Semi-
. L Deg. of Std. L
N° Uncertainty Distribution |Type Range |Divisor, Freedom,| Uncertainty, Sensitivity Cilli (ciuz | (ciuia/ni
Components ,a d Factor, ci
n Ui
(%)
- —
Reference digitiser normal B |017 | 200 | 605 | 0.08500 10 | 850e-02|7.236-03| 8.63E-07
dynamic scale factor
5 —
Reference digitiser rectangular | B | 0.1 | 173 | 100 | 0.05774 10 | 5.776-02|3.336-03| 1.11E-06
voltage non-linearity
3 2
Reference digitiser drift | o houiar [ 8 | 01 | 173 | 50 0.05774 10 | 5.776-02|3.336-03| 2.22E-06
since last calibration
4 |Reference divider ratio
uncertainty (front rectangular B 0.5 2.00 10.0 0.25000 1.0 2.50E-01 | 6.25E-02 | 3.91E-04
chopped)
c —
ﬁﬁ;:?tr;ced'v'dervmtage rectangular | B | 01 | 173 | 100 | 005774 10 | 5.776-02|3.336-03| 1.11E-06
6
Step response of HY rectangular | B | 01 | 173 | 100 | 0.05774 10 | 5.776-02|3.336-03| 1.11E-06
reference divider
7
f:tfizrenceatte””ator rectangular | B | 0.05 | 173 | 100 | 0.02887 10 | 289E-02|8.336-04| 6.94E-08
5 —
Test digitiser/attenuator |\ oo | 8 | 005 | 173 | 50 0.02887 10 | 289E-02|8.336-04| 1.39E-07
ratio short term stability
9
Reference attenuator | o vonqular | 8 | 01 | 173 | 100 | 005774 10 | 5.776-02|3.336-03| 1.11E-06
voltge linearity
10|Effective reference
digitiser vertical rectangular B 0.2 1.73 10.0 0.11547 1.0 1.15E-01 | 1.33E-02 | 1.78E-05
resolution
11]Proximi
Proximity effectonthe | o ionquiar | 8 | 02 | 173 | 50 0.11547 10 | 1.15e-01]1.336-02 3.56E-05
reference divider
12]hvi i
Z\r/cﬂterference'”"v rectangular | B | 01 | 173 | 50 0.05774 10 | 5.776-02|3.336-03| 2.22E-06
13
;?Sf::'rirefor reference |\ ctangular | B | 04 | 173 | 100 | 0.23094 10 | 231-01|5.336-02| 2.84E-04
14 i
standard uncertainty of | o 1A | 041 | 100 | 90 0.41342 10 | 413e-01|1.716-01| 3.256-03
the set of impulses
15 i
f;t?i'"g ofreported | tangular | B | 005 | 173 | inf 0.02887 10 |289-02|833c-04| o0
16|Rounding of uncertainty | roctangular | B | 0.05 | 1.73 | inf 0.02887 10 | 289-02|833E-04| o0
Sums  |L67E+00 | 3.44E-01| 3.986-03
Combined standard 5.87E-01
uncertainty (uc)
Effective degrees of freedom 29.70
(verr)
Coverage factor (k) 2.0
Expanded uncertainty (U) 1.2
(%)
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Time to chopping for front-chopped lightning impulse

Annex D

Semi- Deg. of Std.
ND Uncertainty Distribution [Type Range, |Divisor, Freedom, Uncertainty,|Sensitivity o (ciupe (ciuna/n
Components a d Ui Factor, ci
n
(%)
1 |Reference digitiser
o rectangular | B | 0.1 1.73 10.0 0.05774 1.0 5.77E-02 | 3.33E-03 | 1.11E-06
voltage non-linearity
2 |Reference digitiser Tc
) rectangular | B | 0.6 1.73 5.0 0.34682 1.0 3.47E-01 | 1.20E-01 | 2.89E-03
uncertainty
3 |Reference divider
- rectangular | B | 0.1 1.73 10.0 0.05774 1.0 5.77E-02 | 3.33E-03 | 1.11E-06
voltage linearity
4
Stepresponse OFHV. | oo nqular [ B8 | 1 173 | 100 | 057735 10 | 577801 333601 | 112602
reference divider
5
Reference attenuator | o nqular |8 | 01 | 173 | 100 | 005774 10 | 577602 | 3.336-03 | 1.11E-06
voltge linearity
6 |Reference digitiser
effective vertical rectangular | B 0.1 1.73 10.0 0.05774 1.0 5.77E-02 | 3.33E-03 | 1.11E-06
resolution
- —
Proximity effectonthe | o qutar |8 | 02 | 173 | 50 | 011547 10 | 1.156-01 | 1.336-02 | 3.56E-05
reference divider
5 - -
Z\r/cﬂterference'”"v rectangular | B | 01 | 173 | 100 | 005774 10 | 577602 | 3.336-03 | 1.11E-06
9 [Software for reference
system rectangular | B | 0.6 1.73 10.0 0.34641 1.0 3.46E-01 | 1.20E-01 | 1.44E-03
10 i
standard uncertainty of \ -\ | A 11629 | 100 | 90 1.92866 1.0 | 1.93E+00 | 3.72E+00 | 1.54E+00
the set of impulses
11 i
f;t?i'"g ofreported | iangular | B | 005 | 2.00 inf 0.02500 10 | 250602 625604 0
12|Rounding of uncertainty | ocranguiar | B | 0.05 | 2.00 inf 0.02500 10 | 250602 625604 0
Sums 3.65E+00 | 4.32E+00 | 1.55E+00
Combined standard 2.08E+00
uncertainty (uc)
Effective degrees of freedom 12.04
(verr)
Coverage factor (k) 2.2
Expanded uncertainty (U) (%) 4.6
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Uncertainty budget for standard lightning impulses
(T:=0.84 ps. Ty = 1.56 ps. HV up to 1000 kV):

Digitizer

Contributions to standard uncertainty

Up T1 T B'

Uref 0.05% 0.7% 0.1%
Linearity ug: 0.1% 0.3% 0.1%
Dynamic ug2 0.075% | 0.2% | 0.05%
Short-term stability uss 0.01% 0 0
Long-term stability ugs 0 0 0
Temperature Ugs 0.01% | 0.01% | 0.01%
Proximity ugs 0 0 0
Software ugz 0.02% 0.2% 0.1%
Divider HIVOLT

Uref 0.03% 0.5% 0.1%
Linearity ug: 0.01% 0 0
Dynamic us2 0.04% 0.2% 0.1%
Short-term stability uss 0 0 0
Long-term stability uss4 0.03% 0 0
Temperature Ugs 0.02% 0 0
Proximity Ugs 0.005% [ 0.2% 0.1%
Total standard uncertainty 0.15% 1% 0.25% | 0.25%
Expanded uncertainty 0.3% 2% 0.5% 0.5%
(k=2)
Uncertainty budget for front-chopped lightning impulses:

Contributions to
Digitizer standard uncertainty
Up Tc

Uref 0.15% -
Linearity ug: 0.2% 0.35%
Dynamic ug» 0.15% 0.3%
Short-term stability uss 0 -
Long-term stability uss4 0 -
Temperature Ugs 0.01% 0.015%
Proximity use 0 -
Software ugz 0.45% 0.55%
Divider HIVOLT

Uref 0.01% 0.55%
Linearity ug: 0 -
Dynamic ug> 0.05% 0.4%
Short-term stability uss 0 -
Long-term stability uss4 0.02% -
Temperature ugs 0.01% -
Proximity Use 0.005% 0.4%
Total standard uncertainty 0.5% 1.25%
Expanded uncertainty (k=2) 1% 2.50%
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NIM
Uncertainty budget for test voltage U of 100 kV to 400 kV full lightning impulse
Quantity Estimate Stan_dard Distribution Evaluation Sensi_ti\_/ity Un_cert_ainty Degree of
(%) uncertainty (%) type coefficient | contribution (%) | freedom
Xi Xi urel(x;) Ci u(Ry) Vi
Linearity of the divider / 0.09 rectangular B 1 0.09 10
Ratio of the divider / 0.06 rectangular B 1 0.06 10
Short-term stability of the divider / 0.06 rectangular B 1 0.06 10
Ambient temperature on the divider / 0.03 rectangular B 1 0.03 5
Proximity effect on the divider / 0.03 rectangular B 1 0.03 5
High Frequency loss of the cable / 0.06 rectangular B 1 0.06 5
Ratio of the attenuator / 0.03 rectangular B 1 0.03 10
Linearity of the digitizer / 0.03 rectangular B 1 0.03 10
Dynamic Scale Factor / 0.10 normal B 1 0.10 60.5
Temperature coefficient of the digitizer / 0.03 rectangular B 1 0.03 10
Resolution of the digitizer / 0.03 rectangular B 1 0.03 10
Long-term stability of the digitizer / 0.03 rectangular B 1 0.03 5
Software / 0.03 rectangular B 1 0.03 10
Interference / 0.03 rectangular B 1 0.03 5
Standard un(_:ertainty of the set of / 0.01 normal A 1 0.01 9
impulses
Rx 0.0
Combined standard uncertainty: 0.193
Effective degrees of freedom: 95.2
Expanded uncertainty (95% coverage factor): 0.38
Uncertainty budget for front time T1 of 100 kV to 400 kV full lightning impulse
Quantity EsEL/rSate uif:i??a?:\?y Distribution Eviygéi on ?gg#lté\(éz (l:‘(l)r;:t:flrttiﬁlt?z Deg fr *
(%) (%) freedom
Xi Xi u(xi) Ci u(Ri) 4
Step Response of the measuring 02 046 rectangular B 1 046 10
system
Linearity of the divider / 0.12 rectangular B 2.8 0.34 10
Proximity effect on the divider / 0.12 rectangular B 1 0.12 5
High Frequency loss of the cable / 0.29 rectangular B 1 0.29 5
Linearity of the attenuator / 0.03 rectangular B 2.8 0.08 10
Linearity of the digitizer / 0.03 rectangular B 2.8 0.08 10
Resolution of the digitizer / 0.03 rectangular B 2.8 0.08 10
Long-term stability of the digitizer / 0.03 rectangular B 1 0.03 5
Software / 0.24 rectangular B 1 0.24 10
Interference / 0.12 rectangular B 1 0.12 5
Standard un(_:ertainty of the set of / 013 normal A 1 013 9
impulses
Rx 0.2
Combined standard uncertainty: 0.731
Effective degrees of freedom: 374
Expanded uncertainty (95% coverage factor): 1.48
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Uncertainty budget for time to half value T2 of 100 kV to 400 kV full lightning impulse
Quantity Esziyrsate uif:i?tcia?:\?y Distribution Evil;;eti on i’gg#lté\(éz (l:;l)r;\(t:flrttiﬁlt?;% Deg fr *
(%) (%) freedom
Xi Xi u(x;) Ci u(Ri) Vi
Step Response of the measuring 01 023 rectangular B 1 023 10
system
Linearity of the divider / 0.06 rectangular B 24 0.14 10
Short-term stability of the divider / 0.12 rectangular B 24 0.29 10
Proximity effect on the divider / 0.12 rectangular B 1 0.12 5
High Frequency loss of the cable / 0.12 rectangular B 1 0.12 5
Linearity of the attenuator / 0.03 rectangular B 24 0.07 10
Linearity of the digitizer / 0.03 rectangular B 24 0.07 10
Resolution of the digitizer / 0.03 rectangular B 24 0.07 10
Long-term stability of the digitizer / 0.03 rectangular B 1 0.03 5
Software / 0.12 rectangular B 1 0.12 10
Interference / 0.12 rectangular B 1 0.12 5
Standard un(_:ertainty of the set of / 008 normal A 1 008 9
impulses
Rx 0.1
Combined standard uncertainty: 0.487
Effective degrees of freedom: 48.1
Expanded uncertainty (95% coverage factor): 0.98
Table 9. Uncertainty budget for test voltage U of 500 kV to 700 kV full lightning impulse
Quantity EsEL/rSate uig;?; I;10t|y Distribution Eviygéi on ?gg#lté\(éz (l:‘(l)r;:t:flrttiﬁlt?z Deg fr *
(%) (%) freedom
Xi Xi urel(x;) Ci urel(R;) Vi
Linearity of the divider / 0.17 rectangular B 1 0.17 10
Ratio of the divider / 0.06 rectangular B 1 0.06 10
Short-term stability of the divider / 0.06 rectangular B 1 0.06 10
Ambient temperature on the divider / 0.03 rectangular B 1 0.03 5
Proximity effect on the divider / 0.03 rectangular B 1 0.03 5
High Frequency loss of the cable / 0.06 rectangular B 1 0.06 5
Ratio of the attenuator / 0.03 rectangular B 1 0.03 10
Linearity of the digitizer / 0.03 rectangular B 1 0.03 10
Dynamic Scale Factor / 0.10 normal B 1 0.10 60.5
Temperature coefficient of the / 0.03 rectangular B 1 0.03 10
digitizer
Resolution of the digitizer / 0.03 rectangular B 1 0.03 10
Long-term stability of the digitizer / 0.03 rectangular B 1 0.03 5
Software / 0.03 rectangular B 1 0.03 10
Interference / 0.03 rectangular B 1 0.03 5
Standard un(_:ertainty of the set of / 0.06 normal A 1 0.06 9
impulses
Rx 0.0
Combined standard uncertainty: 0.248
Effective degrees of freedom: 40.6
Expanded uncertainty (95% coverage factor): 0.50
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Table 10. Uncertainty budget for front time T1 of 500 kV to 700 kV full lightning impulse
Quantity Esziyrsate uig;?; :gy Distribution Evil;;eti on i’gg#lté\(éz (;l)rr]:t::5 irttﬁltri];% Degfr *
(%) (%) freedom
Xi Xi u(x;) Ci u(Ri) Vi
Step Response of the measuring 02 046 rectangular B 1 046 10
system
Linearity of the divider / 0.24 rectangular B 2.8 0.67 10
Proximity effect on the divider / 0.12 rectangular B 1 0.12 5
High Frequency loss of the cable / 0.29 rectangular B 1 0.29 5
Linearity of the attenuator / 0.12 rectangular B 2.8 0.34 10
Linearity of the digitizer / 0.24 rectangular B 2.8 0.67 10
Resolution of the digitizer / 0.03 rectangular B 2.8 0.08 10
Long-term stability of the digitizer / 0.03 rectangular B 1 0.03 5
Software / 0.24 rectangular B 1 0.24 10
Interference / 0.12 rectangular B 1 0.12 5
Standard un(_:ertainty of the set of / 013 normal A 1 013 9
impulses
Rx 0.2
Combined standard uncertainty: 1.193
Effective degrees of freedom: 41.8
Expanded uncertainty (95% coverage factor): 241
Table 11. Uncertainty budget for time to half value T, of 500 kV to 700 kV full lightning impulse
Quantity EsEL/rSate uig;?; I;10t|y Distribution Eviygéi on ?gg#lté\(éz (;l)rr]:t::5 irttﬁltri]g] Degfr *
(%) (%) freedom
Xi Xi u(xi) Ci u(Ri) 4
Step Response of the measuring 01 023 rectangular B 1 023 10
system
Linearity of the divider / 0.17 rectangular B 24 0.41 10
Short-term stability of the divider / 0.12 rectangular B 24 0.29 10
Proximity effect on the divider / 0.12 rectangular B 1 0.12 5
High Frequency loss of the cable / 0.12 rectangular B 1 0.12 5
Linearity of the attenuator / 0.12 rectangular B 24 0.29 10
Linearity of the digitizer / 0.12 rectangular B 24 0.29 10
Resolution of the digitizer / 0.03 rectangular B 24 0.07 10
Long-term stability of the digitizer / 0.03 rectangular B 1 0.03 5
Software / 0.12 rectangular B 1 0.12 10
Interference / 0.12 rectangular B 1 0.12 5
Standard un(_:ertainty of the set of / 008 normal A 1 008 9
impulses
Rx 0.1
Combined standard uncertainty: 0.734
Effective degrees of freedom: 55.0
Expanded uncertainty (95% coverage factor): 1.47
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Uncertainty budget for relative overshoot magnitude B’ of 100 kV to 700 kV full lightning impulse
Quantity EsEL/rSate uig;?; :gy Distribution Eviygéi on ?gg#lté\(éz (;l)rr]:t::5 irttﬁltri];% Degfr *
(%) (%) freedom
Xi Xi u(x;) Ci u(Ri) i
Step Response of the measuring / 023 rectangular B 1 023 10
system
Linearity of the divider / 0.06 rectangular B 1 0.06 10
Short-term stability of the divider / 0.12 rectangular B 1 0.12 10
Proximity effect on the divider / 0.12 rectangular B 1 0.12 5
High Frequency loss of the cable / 0.12 rectangular B 1 0.12 5
Linearity of the attenuator / 0.12 rectangular B 1 0.12 10
Linearity of the digitizer / 0.12 rectangular B 1 0.12 10
Resolution of the digitizer / 0.03 rectangular B 1 0.03 10
Software / 0.06 rectangular B 1 0.06 10
Interference / 0.12 rectangular B 1 0.12 5
Standard un(_:ertainty of the set of / 008 normal A 1 008 9
impulses
Rx 0.0
Combined standard uncertainty: 0.392
Effective degrees of freedom: 49.9
Expanded uncertainty (95% coverage factor): 0.79
Uncertainty budget for extreme value of the test voltage Ue of front chopped lightning impulse
Quantity Esziyrsate uig;?; I;10t|y Distribution Eviyséi on i’gg#lté\lléz (;l)rr]:t::5 irttﬁltri]g] Degfr *
(%) (%) freedom
Xi Xi u(xi) Ci u(Ri) 4
Step Response of the measuring / 0.29 rectangular B 1 0.29 10
system
Linearity of the divider / 0.12 rectangular B 1 0.12 10
Ratio of the divider / 0.12 rectangular B 1 0.12 10
Ambient temperature on the divider / 0.03 rectangular B 1 0.03 5
Proximity effect on the divider / 0.06 rectangular B 1 0.06 5
High Frequency loss of the cable / 0.17 rectangular B 1 0.17 5
Ratio of the attenuator / 0.03 rectangular B 1 0.03 10
Linearity of the digitizer / 0.03 rectangular B 1 0.03 10
Dynamic Scale Factor / 0.05 rectangular B 1 0.05 60.5
Resolution of the digitizer / 0.03 rectangular B 1 0.03 10
Long-term stability of the digitizer / 0.03 rectangular B 1 0.03 5
Software / 0.17 rectangular B 1 0.17 10
Interference / 0.12 rectangular B 1 0.12 5
Standard un(_:ertainty of the set of / 005 normal A 1 005 9
impulses
Rx 0.0
Combined standard uncertainty: 0.445
Effective degrees of freedom: 37.6
Expanded uncertainty (95% coverage factor): 0.90
2020-11-25 Annex D Page 80



EURAMET.EM-S42 Final report Annex D
Uncertainty budget for time to chopping T of front chopped lightning impulse
Quantity EsEL/rSate ui(t:irr]tdaaiﬁy Distribution Evitﬁeti on i’gg#lté\(éz g)z(t:flrttiﬁlt?z Deg fr *
(%) (%) freedom
Xi Xi u(x;) Ci u(Ri) Vi
Step Response of the measuring 05 087 rectangular B 1 087 5
system
Linearity of the divider / 0.06 rectangular B 3 0.18 10
Proximity effect on the divider / 0.29 rectangular B 1 0.29 5
High Frequency loss of the cable / 0.29 rectangular B 1 0.29 5
Linearity of the attenuator / 0.03 rectangular B 3 0.09 10
Linearity of the digitizer / 0.03 rectangular B 3 0.09 10
Resolution of the digitizer / 0.03 rectangular B 3 0.09 10
Long-term stability of the digitizer / 0.03 rectangular B 1 0.03 5
Software 0.5 0.58 rectangular B 1 0.58 10
Interference / 0.24 rectangular B 1 0.24 5
Standard un(i:sqr;iilr;teys of the set of / 012 normal A 1 012 90
Rx 1.0
Combined standard uncertainty: 1.179
Effective degrees of freedom: 149
Expanded uncertainty (95% coverage factor): 251
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JHILL

Uncertainty budget (k=2) for full impulse measurement:

(a) Peak value measurament

Factor of uncertainty Valus [%h]
U1 Combined standard uncertainty of the reference measuring system 0.25
uz | Mon-linearity contribution fo standard uncertainty in comparison test 0106
uz | Nominalepoch contribution to standard uncertainty in comparison lest 0.081
us | Statistical Type-A uncertainty in comparison fest 0.009
U | Combined standard uncertainty 0.284
U | Expanded uncerainty (k=2) 0.6

(b) Front time measurement

Factor of uncertainty alue [%]
w1 | Combined standard uncerainty of the reference measuring system 1.0
Uz Man-linearity contribution to standard uncertainty in comparisan test 0.429
us | Mominal-epoch contribution to standard uncertainty in comparison test 0.277
us | Statistical Type-A uncertainty in comparison test 0,171
Uz | Combined standard uncertainty 1.140
U | Expanded uncertainty (k=2) 2.3

{c] Time to half~value measurement

Factor of uncertainty Walue [%]
L4 Combined standard uncertainty of the reference measuring system 0.5
Uz | Mon-linegrity contribution to standard uncerainty in comparison lest 0,171
Uz | Nominal-epoch contribution to standard unceriainty in comparisan test 0.124
L4 Statistical Type-A uncertainty in comparison fest 0.018
u: | Combined standard uncarainty 0.543
U | Expanded uncertainty {k=2) 1.1

Uncertainty budget (k=2) for chopped impulse measurement:

(a) Peak value measurement

Factor of uncertainty Walue [%]
Ll Combined standard uncertainty of the reference measuring system 0.5
uz | Statistical Type-A uncertainty in comparison test 0.086
Uz | Combined standard uncertainty 0.507
U | Expanded uncerainty (k=32) 1.1

{b) Front time measurement

Factor of uncertainty Walue [%]
1| Combined standard uncertainty of the reference measuring system 0.5
Uz | Statistical Type-A uncertainty in comparisaon test 0.118
u: | Combined standard uncartainty 0.514
u Expanded uncerfainty (k=2) Tl
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The following type B uncertainty components are combined with type A uncertainties based both on
repeated measurements on the same day as well as day-to-day variations.

Components of the Uncertainty Budget for the measurement of the
Front Time of a Full Lightning Impulse

Component of the Uncertainty
Budget

Estimated Standard
Uncertainty

Comments

(ms/s)
Effect of the Uncertainty of voltage 21 Estimated based on dv/dt at 30% of
measurement at 30% peak voltage ' peak Voltage
Effect of the Uncertainty of voltage 46 Estimated based on dv/dt at 90% of
measurement at 90% peak value ' peak Voltage
Actual resolution of the digitizer, 0.29 Semi-interval/v 3
determination of interval start '
Actual resolution of the digitizer, 0.29 Semi-interval/v 3
determination of interval end '
Scale factor of the digitizer clock 0.29 Calibrated
Linearity of digitizer clock 0.58 Measured

I Calculated as less than resolution
Response characteristics 0.29 ! u
Interference 0 Included in the voltage uncertainty
Proximity effect 0.29 None detected
Software evaluation 8 Estimate based on experience
Combined Expanded Uncertainty
19
(coverage factor k = 2)
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Components of the Uncertainty Budget for the Measurement of the
Time to Half-Value of a Full Lightning Impulse

Component of the Uncertainty

Estimated Standard

(coverage factor k = 2)

Budget Uncertainty Comments
(ms/s)

Effect of the Uncertainty of voltage 04 Estimated based on dv/dt at 50% of
measurement at 50% peak voltage ' Peak Voltage
Effect of the Unce_zrtamty of voltage 0.4 Estimate based on experience
measurement at virtual zero
Actual resolution of the digitizer, 0.29 Semi-interval/v 3
determination of interval start '
Actual resolution of the digitizer, 0.29 Semi-interval/v 3
determination of interval end '
Scale factor of the digitizer clock 0.29 Calibrated

. . L Measured
Linearity of digitizer clock 0.58 !

I Calculated as less than resolution

Response characteristics 0.58 ! u
Interference 0 Included in the voltage uncertainty
Proximity effect 0.29 None detected
Software evaluation 10 Estimate based on experience

Combined Expanded Uncertainty 20

Components of the Uncertainty Budget for the Measurement of
Peak Voltage of a Full Lightning Impulse

Component of the Uncertainty

Estimated Standard

Budget Urzt;i\r/tlzii/r)]ty Comments
Voltage calibration of the digitizer 0.025 Measured
Linearity of the digitizer 0.025 Measured
Q\itgal resolution of the digitizer, base 0.2 Semi-interval/y"3
gzizzlr:zg::tion of the digitizer, peak 0.2 Semi-interval/y 3
Differential Non-linearity 0.8 Verified by DNL test
Scale factor of the divider 0.01 Measured
Effect of temperature on ratio 0.016 Measured, linear interpolation
Effect of self-heating on ratio 0.2 Not detectable
Response characteristics 0.2 Calculated as less than resolution
Interference 0.2 None detected
Proximity effect 0.2 None detected
Combined Expanded Uncertainty
(coverage factor k = 2) 19
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Annex E - Comparison results for each waveform

The comparison results for each impulse shape together with comparison reference values are
shown on the following pages.

The following results were excluded from the calculation of the comparison reference values (CRV)
before starting the process described in clause 6.5:

o The pilot laboratory, RISE, performed the measurements three times. The three RISE results
were used for estimating the uncertainty component of the transfer standard due to stability,
and only the results from the RISE2 were included in CRV calculation.

o Traceability to IATTE measurements comes partly from NIM, China; and partly from German
accredited calibration laboratory. Also, IATTE referred to IEEE4:2013 instead of IEC 60060-
1:2010 for their parameter evaluation routines. IATTE results were excluded from the CRV
calculation.

e Re-evaluated IATTE measurement results are shown as IATTEL. For more details see Annex I.

Explanation for the numbers of the “Exclude” column on the following pages:

0 : Excluded before starting the analysis process.
1, 2, ... : Order of additional exclusions needed to reach Pr>5 %

The results shown is this Annex are collected from Annex C.
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Short-N100 Short-N100
Setup uncertainties: 0.17 % 1.87 % 1.99 % 0.28
Digitizer |TRMS readings Lab readings Comparison results
range U TiorTe T, B' U, TiorT, T, B’ dU /U, U dT /T, U dT,/T, U dB’ U
Lab V] [kv] [bs] [bs] [%] [kv] [bs] [bs] [%] dr/T. [%] [%]
RISEL
VTT
INRIM -101.87 | 0843 | 4117 [ -0.89 |-10158 [ 0835 | 41.06 | -0.84 | 028% | 0.62% | 095% [ 357% | 0.27% | 3.61% [ -0.05 1.04
LCOE -99.76 0.862 55.49 1.82 -99.55 0.844 56.19 1.48 021% | 0.62% 2.07% 2.78% | -1.26% | 2.25% 0.34 0.58
LNE -107.80 | 0.912 51.43 0.04 -107.38 | 0.879 50.83 0.00 0.38% | 0.64% 3.74% 323% | 1.17% | 217% 0.04 1.04
RISE2
PTB
TUBITAK -100.00 | 0.881 57.36 0.34 -100.20 | 0.860 57.23 -0.20% | 0.62% 2.43% 239% | 0.22% | 2.13%
IATTE
IATTEL
NMIA -99.80 0.827 59.93 1.31 -99.33 0.856 59.36 2.01 052% | 0.62% -3.41% 3.02% | 095% | 2.25% -0.70 0.76
VNIIMS -108.16 | 0.969 | 4553 [ -159 |-108.78 [ 0918 | 4583 | -1.43 | -046% | 048% | 556% [ 2.78% | -0.64% | 2.07% [ -0.16 0.57
NIM -97.58 0.858 60.89 3.75 -97.37 0.846 60.20 4.44 0.34% | 0.55% 1.40% 246% | 1.15% | 2.25% -0.69 0.85
JHILL -100.50 | 0.832 63.76 0.00 -100.09 | 0.813 63.37 0.22 058% | 0.62% 2.35% 279% | 061% | 2.25% -0.21 0.57
NRC -98.98 0.854 61.66 0.17 -98.99 0.843 61.06 0.60 0.32% | 0.62% 1.30% 271% | 099% | 2.84% -0.42 1.04
RISE3
Short-N100 U
t
1.5%
Lab AX; U(AX;) En Excl.
1.0% RISE1 0
VTT
o INRIM [ 0.11% | 059% [ 0.18
§ LCOE 0.04% | 0.59% 0.07
%) 0.5% ® L] LNE 0.20% | 0.60% 0.34
= 0% RISE2
| —————— -_——r—-—- - —— —_————a———
c Py ® PTB
s 2 e dUt/Ut [TUBITAK| -0.38% | 059% | -0.64
o IATTE 0
§ 0.0% ——=————= ot o e s e ey M et el i e e s —CRV IATTEL 0
8 it NMIA | 0.35% [ 0.59% | 0.59
5 VNIIMS | -0.63% | 0.44% [ -1.46
NIM | 016% [ 051% | 0.32
0.5% JHILL | 0.40% [ 0.59% [ 0.69
NRC [ 0.15% [ 059% | 0.25
RISE3 0
-1.0%
S L S F YR KWW P N Y CRV_ | UCRV Pr
S N N &S /\Sg\v \é\ \vé & @\\@ AR 0.18 % o.(zo 0/3 13%
Short-N100 T
1
10.0%
8.0%
Lab AX; U(AX;) En Excl.
RISEL 0
6.0% VT
g INRIM [ -1.51% | 3.43% | -0.44
T 4.0% 1‘ LCOE |-0.39% | 2.60% | -0.15
g —————— it At e el I i St et ——%—— ——%——' LNE 128% | 3.08% | 0.41
E 0% RISE2
e | -7 F el et s s Bk s Bt s Bt ——tr————- PTB
S 0.0 e dT1/T1 [TuBITAK| -0.03% | 2.18% | -0.01
g —CRV IATTE 0
5 IATTEL 0
S -2.0% NMIA [ -587% | 3.17% | -1.85 1
5 VNIMS | 3.09% | 261% | 1.19
40% NIM | -1.06% [ 225% | -0.47
‘ JHILL [ -011% | 2.61% [ -0.04
NRC [ -1.16% [ 253% | -0.46
-6.0% RISE3 0
-8.0%
& < e‘g@ & & € Q)@%L & @ ~ §§° S & &‘3’ CRV_] UCRV) |_Pr
S KNy N 246% | 098% | 35%
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Short-N100
T2
Lab Axi U(Ax) En Excl.
RISEL 0
V1T
INRIM | -0.08% | 3.53% | -0.02
LCOE | -1.61% | 2.11% | -0.76
LNE 0.82% | 2.02% 0.40
RISE2
PTB
TUBITAK]| -0.13% | 1.98% | -0.06
IATTE 0
IATTEL 0
NMIA | 0.60% | 2.11% | 0.29
VNIIMS | -0.99% | 1.92% | -0.52
NIM 0.80% | 2.11% 0.38
JHILL | 0.26% | 2.11% | 0.12
NRC 0.64% | 2.73% 0.24
RISE3 0
CRV | UCRV) | Pr |
] 035% [ 078% | 80% |
B [%]
Lab Ax U(Ax) En Excl.
RISEL 0
V1T
INRIM | 0.13 1.01 0.13
LCOE 0.52 0.52 1.01
LNE 0.22 1.01 0.22
RISE2
PTB
TUBITAK
IATTE 0
IATTEL 0
NMIA | -052 0.71 -0.73
VNIIMS | 0.02 0.51 0.04
NIM -0.51 0.81 -0.63
JHILL | -0.03 0.51 -0.07
NRC -0.24 1.01 -0.24
RISE3 0
| crRv [ uecry) | Pr
| -018 [ 026 | 42% |
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Short-N200 Short-N200
Setup uncertainties: 0.17 % 1.87% 1.99 % 0.28

Digitizer |[TRMS readings Lab readings Comparison results
range U, T,orT, T, B' U, T,orT, T, B' du /U, U dT /T, U dT,/T, U dB’ U
Lab v [kV] [bs] [bs] [%] [kV] [bs] [bs] [%] dre/T, [%] [%]
RISEL -199.68 | 0.846 | 40.39 | 269 |-19860| 0.842 | 40.15 | 311 | 055% | 0.58% | 0.41% [ 2.14% | 0.59% [ 2.17% | -0.42 0.30
VTT -202.28 | 0.854 | 40.98 | 2.78 |-20154| 0844 | 4083 | 293 | 037% | 045% | 1.20% | 2.77% | 0.36% | 2.08% | -0.15 0.38
INRIM -201.76 | 0.845 | 4120 | -096 |-200.80| 0.839 | 4122 | -1.08 | 048% | 062% | 0.62% | 357% | -006% | 3.61% | 0.12 1.04
LCOE -199.54 | 0.854 | 5543 | 166 |-199.02| 0838 | 56.18 | 146 | 026% | 062% | 1.87% | 279% | -1.34% | 225% | 0.20 0.58
LNE -198.30 | 0.891 | 5166 | -0.11 |-19754| 0.880 | 51.30 | 003 | 037% | 062% | 1.25% | 317% | 0.70% | 217% | -0.14 1.04
RISE2 -198.03 | 0.840 | 4035 | 279 |-197.47| 0834 | 4027 | 3.09 | 029% | 058% | 0.75% | 2.13% | 0.20% | 2.18% | -0.30 0.30
PTB -191.88 | 0.857 | 4422 | 281 |-191.28]| 0851 | 4388 | 322 | 033% | 054% | 0.77% | 2.78% | 0.78% | 2.84% | -0.41 2.02
TUBITAK -203.14 | 0.881 | 57.22 | 0.94 |-203.35| 0.860 | 57.39 011% | 0.62% | 247% | 239% | -0.30% | 2.13%
IATTE -199.73 | 0.743 | 47.16 | -035 |-197.79| 0.800 | 46.16 0.96% | 039% | -711% [ 1.97% [ 2.17% [ 2.05%
IATTEL -199.73 | 0.743 | 47.16 | -035 |-199.39| 0.724 | 45.54 017% | 0.74% | 2.61% [ 3.16% | 3.56% | 2.84%
NMIA -200.61 | 0.829 | 59.83 | 150 |-19956| 0.834 | 59.34 | 227 | 058% | 0.62% | -054% | 2.93% | 0.83% | 225% | -0.77 0.76
VNIIMS -211.31| 0960 | 4553 | -160 |-212.60| 0910 | 4587 | -145 |-049% | 048% | 549% | 2.78% | -075% | 2.07% | -0.15 0.57
NIM -194.95| 0.854 | 6161 | 378 |-194.27| 0.829 | 60.96 | 432 | 047% | 055% | 2.90% | 245% | 1.07% | 225% | -0.54 0.85
JHILL -201.65| 0.836 | 63.70 | 0.07 |-20065| 0.821 | 6339 | 022 | 067% | 062% | 1.77% | 280% | 049% | 225% | -0.15 0.57
NRC -200.05| 0.862 | 61.77 | 030 |-199.92| 0843 | 6119 | 061 | 040% | 062% | 2.37% | 2.78% | 0.95% | 2.84% | -0.30 1.04
RISE3 -200.55 | 0.882 | 60.31 | 096 |-199.62| 0.851 | 60.21 1.05 [ 059% | 054% | 365% | 216% | 0.16% | 2.22% | -0.09 0.31
Short-N200 U
t
1.5%
1.0% Lab Axi U(AX) En Excl.
RISEL | 0.28% | 0.60% | 0.46 0
VIT | 0.09% | 042% | 0.23
@ . [ . INRIM | 021% | 0.60% | 0.34
S os% ¢ . LCOE |-001% | 0.60% | -0.02
2 T T T e T T _TI _____ R T T LNE | 0.10% | 0.60% | 0.17
% 1 RISE2 | 0.02% | 055% | 0.03
S oo - T T T T T T T R T T PTB | 0.06% | 0.51% | 0.12
£ e dUt/Ut |TUBITAK| -0.38% | 0.60% | -0.63
@ IATTE | 0.69% | 0.42% | 165 0
= —CRV IATTEL | -0.10% | 0.76% | -0.14 0
o .. 0 . 0 .
D -05% NMIA | 0.31% | 0.60% | 0.52
-E VNIIMS | -0.76% | 0.45% | -1.69
NIM [ 0.20% | 052% | 0.38
JHILL | 040% | 0.60% | 0.66
-1.0% NRC | 0.12% | 0.60% | 0.21
RISE3 | 0.31% | 056% | 0.56 0
-1.5%
SR SISO SRR RPN\ AR JK I RN SR CRV | U(CRV, Pr
‘%é < \$\ & o &Q ¢ @Q’@ \éx \vé% s @\\s S ‘*\(;Q 0.27 % 0.(16%) 15 %
Short-N200 T
1
10.0%
8.0%
Lab Axi | U(Ax) En Excl.
6.0% RISEL | -139% | 227% | -0.61 0
VIT [-0.60% | 2.66% | -0.22
S so% INRIM | -1.18% | 3.48% | -0.34
S LCOE | 0.07% | 268% | 0.03
%) T———L—l—— - ——T——J»—— ——— = ——r—— INE | -055%]| 3.07% | -0.18
S 2.0% T
= I N T T N N N Jr“ L RISE2 | -1.05% | 1.98% | -0.53
E 0.0% i» 1 r PTB | -1.03% | 2.67% | -0.39
£ e dT1/T1 |TUBITAK| 0.67% | 2.25% | 0.30
§ 2.0% —CRV IATTE | -8.91% | 2.12% | -4.19 0
9] IATTEL | 0.82% | 325% | 0.25 0
ko NMIA | -2.33% | 2.83% | -0.83
5 40% VNIIMS | 370% | 2.66% | 1.39
NIM [ 1.10% | 2.33% | 0.47
-6.0% JHILL |[-0.03% | 2.69% | -0.01
NRC | 057% | 2.67% | 0.21
-8.0% RISE3 | 1.85% | 230% | 0.81 0
-10.0%
& & & &S &~ & & & CRV_] UCRV) |__Pr
< FY v N 180% | 0.78% | 28%
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Short-N200 Short-N200
Short-N200
T,
8.0%
6.0% lab | Ax | UAx) | En [ Excl.
RISEL | 0.39% | 2.27% | 0.7 0
VIT | 0.16% | 1.97% | 0.08
o 4.0% INRIM | -026% | 355% | -0.07
E [COE | -154% | 215% | -0.72
2 LNE | 050% | 2.06% | 0.24
& 20% RISE2 | -0.01% | 2.08% | 0.00
IS PTB | 057% | 2.76% | 0.21
£ dT2/T2 [TUBITAK| -050% | 2.02% | -0.25
g 0% T % T 1T 1 s 1 I L] —CRV IATTE | 1.96% | 2.16% | 091 0
S IATTEL | 3.35% | 2.92% | 1.5 0
g NMIA | 063% | 215% | 0.29
S 2.0% VNIIMS | -0.96% | 1.96% | -0.49
NIM | 087% | 215% | 0.40
JHILL | 029% | 2.14% | 0.3
2o NRC | 0.75% | 2.76% | 0.27
“Uh RISE3 | -004% | 2.32% | -0.02 0
-6.0%
@ S F RN T E Sy E CRV_[UCRV) [ Pr
& € SRR /\§a<\ \a \vé s R ® 020% | 067% | 95%
Short-N200
B [%]
2.0%
1.5%
Lab AXi U(Ax;) En Excl.
L o% RISEL | 021 | 035 | -0.60 0
' VIT | 006 | 034 | 019
INRIM | 033 | 103 | 032
L 05% [COE | 042 | 056 | 0.75
S l INE | 007 | 102 | 007
%) * RISE2 | 008 | 025 | 033
0.0% e ) S SRR R EUNS NS M ' - - -
% I l ¢ T 1 i e dp PTB | 020 | 201 | 0.10
q
JPUR e s o] gy e
S 0-5% IATTE 0
s IATTEL 0
S 1.0% NMIA | -056 | 074 | -0.75
o VNIIMS| 007 | 055 | 013
£ o NIM | 032 | 083 | -0.39
S JHILL | 0.06 | 055 | 012
NRC | -0.09 | 1.02 | -0.09
-2.0% RISE3 | 013 | 035 | 036 0
-2.5%
CRV | U(CRV) Pr
-3.0% 021 017 84%
D ST T 2 g A D ST I T NN g%
& < IR &0%\& & & & &S e
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Short-N300 Short-N300
Setup uncertainties: 0.17 % 1.87% 1.99 % 0.28

TRMS readings Lab readings Comparison results
U, |[T.orT| T, B U, |[T.orT, B du /U, U dT /T, U dT /T, U dp’ U
Lab [kv] [ps] [ps] [%] [kv] [ps] [%] dr /T, [%] [%]
RISEL
VTT
INRIM
LCOE -300.28 | 0.858 | 55.61 1.46 | -299.28 | 0.840 | 56.41 154 | 034% | 062% | 205% | 2.78% | -1.42% | 2.25% | -0.08 0.58
LNE 298.78 | 0.893 | 5252 | -0.12 | -297.63| 0.884 | 52.24 011 | 0.38% | 062% | 1.06% | 3.17% | 053% | 2.17% | -0.23 1.04
RISE2
PTB
TUBITAK | -301.39 | 0.880 | 57.34 0.83 | -301.60 | 0.851 | 57.44 0.07% | 0.62% | 331% | 2.64% | -018% | 2.20%
IATTE
IATTEL
NMIA -291.39 | 0.829 | 60.03 1.63 | -288.85 | 0.825 | 60.03 211 | 0.94% | 062% | 050% | 2.89% | 0.00% | 2.25% | -0.48 0.77
VNIIMS 31753 | 0.960 | 4558 | -1.69 | -318.40| 0.910 | 46.02 | -1.59 | -015% | 048% | 5.49% | 2.78% | -096% | 2.07% | -0.10 0.57
NIM -298.12 | 0.854 | 62.69 375 | -297.13 | 0.827 | 61.94 428 | 045% | 055% | 3.21% | 2.45% | 1.21% | 2.25% | -0.53 0.85
JHILL 30259 | 0.837 | 63.87 | -0.02 | -301.07 | 0.821 | 63.53 019 | 0.68% | 062% | 2.03% | 2.78% | 054% | 2.25% | -0.21 0.57
NRC
RISE3
Short-N300 U
t
2.0%
1.5% Lab Ax; U(AX;) En Excl.
RISEL 0
VTT
o INRIM
S 1.0% LCOE | 0.01% | 058% | 0.02
§ * LNE | 0.05% | 058% | 0.09
@ ° RISE2
—
€ o059 ———————-— — ==t ——f oo ——r = — - PTB
S o
= ! e dUt/Ut |TUBITAK] -0.39% | 058% | -0.67
@ IATTE 0
Q —CRV
s | _1l__|_1_ 1 N N ST ) NS SO A A | S O IATTEL 0
S 0.0% NMIA | 0.62% | 0.58% | 1.06
= $ VNIIMS | -0.48% | 0.42% | -1.13
NIM | 013% | 050% | 0.26
JHILL | 035% | 058% | 0.61
-0.5% NRC
RISE3 0
-1.0%
C L& F YL N E O WP S YE CRV_ | UCRV) | Pr
S RERAEEEEOER NN S
N N N A & S R 032% | 022% | 9%
Short-N300 T
1
10.0%
8.0% Lab AX; U(AX;) En Excl.
RISEL 0
VTT
LS 6.0% INRIM
] ® LCOE | -058% | 257% | -0.22
§ INE | -157%] 299% | -0.53
o 4.0% RISE2
S S | _ ] A S
c * . PTB
2 e dT1/T1 |TUBITAK| 0.68% | 2.42% | 0.28
2.0% p ®
§ O T 1 ___1] J A P IO R A A A ) AN I ——CRV IATTE 0
o $ IATTEL 0
2 . NMIA | -213% | 2.69% | -0.79
5 0.0% VNIIMS | 2.86% | 257% | 1.11
NIM | 058% | 2.22% | 0.26
JHILL | 0.60% | 2.58% | -0.23
2.0% NRC
RISE3 0
-4.0%
NK “ & & &N S ()
& < ézb@ RS & & & S & & CRV ] UCRY) | Pr
S S \a < 263% | 1.04% | 22%
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Short-N300 Short-N300
Short-N300 T
4.0% 2
3.0%
Lab AX; U(AX;) En Excl.
2 0% RISEL 0
’ VTT
L INRIM
N e R R R e e R LCOE | -1.58% | 2.42% | -0.65 2
2 LNE | 037% | 1.97% | 0.9
P_f 0.0% RISE2
£ PTB
1 e o O A dT2/T2 TTUBITAK] -034% | 2.01% | -0.17
8 : —CRV IATTE 0
5] IATTEL 0
3 -20% NMIA | -0.16% | 2.06% | -0.08
= VNIIMS | -1.12% | 1.87% | -0.60
) NIM | 1.05% | 206% | 051
-3.0% JHILL | 0.38% | 2.06% | 0.18
NRC
-4.0% RISE3 0
5.0%
<&y @ & F LR Vﬁ‘ ,<\<</ AN @5 S & CRV U(CRV) Pr
S S « S
& N ¥ RS O R 0.16% | 0.00% | 79%
Short-N300
B [%]
1.0%
Lab AX; U(AX;) En Excl.
0.5% RISEL 0
: VTT
. INRIM
E [COE | 015 | 051 | 029
g LNE 0.00 1.00 0.00
Ly  —T————— —ttt——r—9-—r——--t1 ——r———t-——=- RISE2
0.0% .
= ¢ . e dp PTB
= —_CRV TUBITAK
S IATTE 0
= IATTEL 0
S050p | I S S (N I A 7 JSLAD LI I S NMIA | 026 | 071 | -0.36
o VNIIMS | 013 | 050 | 0.26
£ NIM_| -031 | 080 | -038
a JHILL | 001 | 050 | 0.03
NRC
-1.0% RISE3 0
CRV | U(CRV) Pr
-1.5% 0.23 0.28 92%
<& S F RSO FTE S
FESFFE EFEE T T E
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Short-N400 Short-N400
Setup uncertainties: 0.17 % 1.87% 1.99 % 0.28
TRMS readings Lab readings Comparison results
U, |[TiorT.| T, B U, |TiorT.| T, B du /U, V] dT /T, U dT /T, U dg’ U
Lab [kv] [ps] [ps] [%] [kv] [ps] [ps] [%] dT /T, [%] [%]
RISEL
VTT
INRIM
LCOE -400.77 | 0.858 | 55.65 147 | -398.92| 0.846 | 56.38 140 | 046% | 062% | 147% | 278% | -1.29% | 2.25% | 0.06 0.58
LNE
RISE2
PTB
TUBITAK | -399.80 | 0.883 | 57.50 081 | -400.61| 0.853 | 57.52 020% | 062% | 341% | 2.64% | -003% | 2.21%
IATTE
IATTEL
NMIA
VNIIMS 41331 | 0960 | 4553 | -1.49 | -41421| 0919 | 46.06 | -1.62 | 010% | 048% | 4.46% | 2.79% | -1.16% | 2.07% | 0.13 0.57
NIM -397.03 | 0.885 | 59.69 541 | -394.67 | 0.865 | 59.26 563 | 072% | 055% | 228% | 245% | 0.72% | 2.25% | -0.22 0.85
JHILL -403.48 | 0.831 | 63.89 017 | -400.95| 0.822 | 63.69 016 | 080% | 062% | 1.06% | 279% | 030% | 2.25% | 0.01 0.57
NRC
RISE3
Short-N400 U
t
1.5%
Lab Ax; U(AX;) En Excl.
1.0% RISEL 0
VTT
e | A l_® ____. INRIM
[ * LCOE | 0.00% | 055% | 0.00
§ 0.5 LNE
. 0
o RISE2
—
I PTB
e | i e dUt/Ut |TUBITAK] -067% | 055% | -1.22
© IATTE 0
o 0 —CRV
S 0.0% s IATTEL 0
ko] ! NMIA
= VNIIMS | -0.56% | 0.56% | -1.00 1
NIM | 025% | 046% | 056
0.5% JHILL | 034% | 055% | 0.62
NRC
RISE3 0
-1.0%
C L& F YL N E O WP S YE CRV ] UCRV) | _Pr
S L & T & 0« & SRS
S N N A RO S STy & 047% | 0.30% | 9%
Short-N400 T
1
8.0%
7.0%
) Lab AX; U(AX;) En Excl.
6.0% RISEL 0
. VTT
g 50% INRIM
] * LCOE | -1.07% | 251% | -0.43
2 a% Y R LNE
v L] RISE2
g > 0 PTB
2 2.0% » e dT1/T1 |TUBITAK| 0.87% | 2.35% | 0.37
§ I O T Y Y A T A A I O O P e R ——CRV IATTE 0
o 1.0% ® IATTEL 0
2 NMIA
8 0.0% VNIIMS | 1.92% | 252% | 0.76
NIM | -026% | 2.13% | -0.12
1.0% JHILL | -1.48% | 252% | -0.59
’ NRC
2 0% RISE3 0
-3.0%
N & & & &> S vl >
%\(,jo < @25@ &S %\(;3’ L < \$ & §\V @\Q & & & %\4@ CRV | U(CRV) Pr
S N \a N 254% | 120% | 39%
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Short-N400 Short-N400
Short-N400
T,
4.0%
3.0%
Lab AX; U(AX;) En Excl.
RISEL 0
2.0% VTT
L INRIM
E [COE | -0.97% | 2.02% | -0.48
H 1.0%
S I 1 LNE
& RISE2
E 00% PTB
E dT2/72 [7usmAK| 0.29% | 1.97% | 0.15
§ —CRV IATTE 0
o -1.0% IATTEL 0
g | - NMIA
s
5 VNIIMS | -0.84% | 1.83% | -0.46
2.0% NIM | 1.04% | 2.02% | 051
JHILL | 0.62% | 2.02% | 031
NRC
-3.0% RISE3 0
-4.0%
< S F S DRSO FTE S YE CRV ] UCRV) | _Pr
& @\& AR Q@é\ SN TS 032% | 098% | 62%
Short-N400
B [%]
0.8%
0.6%
Lab AX; U(AX;) En Excl.
0.4% RISEL 0
S N I O ) Y A A PR A VTT
N INRIM
5 0.2% LCOE 0.03 0.49 0.07
S . ¢ LNE
2] RISE2
0.0% .
é o dp PTB
—CRV TUBITAK
5-0-2% ® IATTE 0
S ST TTTrITTTTTTTTTT e e IATTEL 0
2-0.4% NMIA
g VNIIMS | 0.10 0.48 0.20
£ NIM | 025 | 079 | -0.32
5-06% JHILL | 002 | 048 | -0.03
NRC
-0.8% RISE3 0
-1.0%
CRV | U(CRV) Pr
-1.2% 0.03 0.31 92%

s
",

&> RO TR MR
& LS R

N <& N
\s ,<\ & N
X NS \é‘ &

N
© S @
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Short-N500 Short-N500
Setup uncertainties: 0.17 % 1.87% 1.99 % 0.28
TRMS readings Lab readings Comparison results
U, |T,orT, Ty B’ U, |T,orT, Ta B’ dU /U, u dT /T, u dT /T, u dg' u
Lab [kv] [ps] [ps] [%] [kv] [ps] [ps] [%] dT /T, [%] [%]
RISE1
VTT
INRIM
LCOE -500.29 | 0.865 | 55.93 131 | -498.46 | 0.853 | 56.70 156 | 037% | 0.62% | 147% | 278% | -1.36% | 2.25% | -0.24 0.58
LNE
RISE2
PTB
TUBITAK | -500.25 | 0.884 | 57.68 079 | -500.77 | 0.855 | 57.78 0.10% | 062% | 340% | 2.64% | -018% | 2.20%
IATTE -499.49 | 0.746 | 4793 | -023 | -493.77| 0.799 | 47.88 114% | 039% | -6.65% | 1.97% | 0.11% | 2.05%
IATTEL -499.49 | 0.746 | 4793 | -023 | -497.75| 0736 | 46.42 035% | 0.74% | 132% | 3.16% | 3.26% | 2.84%
NMIA
VNIIMS -518.70 | 0.960 | 4560 | -1.55 | -520.04 | 0920 | 46.16 | -163 | -014% | 048% | 435% | 2.78% | -1.22% | 2.07% | 0.07 0.57
NIM -510.98 | 0.885 | 59.92 532 | -507.55| 0.867 | 59.76 555 | 0.80% | 062% | 213% | 3.08% | 028% | 251% | -0.22 0.85
JHILL -504.22 | 0.834 | 64.10 011 | -501.12 | 0.827 | 63.90 015 | 079% | 062% | 089% | 2.79% | 0.31% | 2.25% | -0.05 0.57
NRC
RISE3
Short-N500 U
t
2.0%
1.5% Lab AX; U(AX;) En Excl.
RISE1 0
VTT
g INRIM
T 1.0% LCOE | -0.10% | 0.54% | -0.18
§ . LNE
________________________________ — e .
o RISE2
—
£ 05% PTB
5o
b= Py s e dUt/Ut [TuBITAK| -057% | 0.54% | -1.05
] —_CRV IATTE | 0.68% | 050% | 1.36 0
s | -----1t+r—-——F—7T-—-rT7-—-7t-—-T4-F—7—-—-7——— IATTE1 | -0.11% | 0.80% | -0.14 0
S 0.0% NMIA
5 [ ] * VNIIMS | -0.60% | 057% | -1.05 1
NIM | 033% | 054% | 0.62
JHILL | 0.33% | 054% | 0.61
-0.5% NRC
RISE3 0
-1.0%
C L& F YL N E O WP S YE CRV_ | UCRV) | Pr
S RO RN SN S
N N N A RO R 046% | 031% | 13%
Short-N500 T
1
8.0%
6.0%
Lab AX; U(AX;) En Excl.
RISE1 0
0,
% T e e VTT
e [ INRIM
< 2.0% 1 [ LCOE | -1.02% | 2.48% | -0.41
§ ______________________ & ——t——— LNE
2 oow RISE2
c PTB
o
E Lo e dT1/T1 |TUBITAK| 0.92% | 2.32% | 0.40
3 —CRV IATTE | -9.13% | 2.34% | -3.91 0
§ IATTE1 | -1.16% | 3.40% | -0.34 0
D -4.0% NMIA
5 VUNIIMS | 1.87% | 248% | 0.75
5.0% NIM | -035% | 2.82% | -0.13
‘ JHILL | -1.60% | 2.49% | -0.64
NRC
-8.0% RISE3 0
-10.0%
N “ & &N S > LD
& < @25@ RN Q{—i& & Sy &g @v\v ‘\\\@ N & & ¢ CRV ] UCRY) | _Pr
S N \a N 248% | 125% | 38%

2020-11-25 Annex E Page 94



EURAMET.EM-S42 Final report Annex E

Short-N500 Short-N500
Short-N500
T,
8.0%
6.0% Lab AX; U(AX;) En Excl.
RISEL 0
VTT
L 4.0% INRIM
E [COE | -088% | 2.01% | -0.43
w)
[
£ PTB
g | 4+ttt a1ttt il dT2/T2 [TuBITAK| 0.31% | 1.96% | 0.6
L 0.0% —CRV IATTE | 0.60% | 2.29% | 0.26 0
g IATTEL | 3.74% | 3.01% | 124 0
S el e NMIA
5 2.0% VNIIMS | -0.73% | 1.81% | -0.40

NIM 0.76% | 2.30% 0.33

JHILL 0.80% | 2.01% 0.40

NRC
- 0,
4.0% RISE3 0
-6.0%
<&y @ \® O‘c %Q/ %’L & v& <f<x AN @5 \@ \Qv QSJ <8> CRV U(CRV) Pr
S S Q S
& F ¥ v & & ¥ &S R 049% | 1L00% | 73%
Short-N500
B [%]
0.8%
0.6%
Lab AX; U(AX;) En Excl.
0.4% RISEL 0
: VTT
. INRIM
$02% —=F==F=Fg=rF====r=o==r======== P e R LCOE | -045 | 049 | -031
5| S LNE
® RISE2
0.0% ,
E ® e dp PTB
—_CRV TUBITAK
g -0.2% ° ® IATTE 0
= IATTEL 0
e.04% @ @-——— 4 - N U O IS NMIA
2 VNIIMS | 0.16 0.48 0.34
£ NIM 013 | 079 | -017
5-0.6% JHILL 0.04 0.48 0.09
NRC
-0.8% RISE3 0
-1.0%
CRV | U(CRV) Pr
-1.2% ~0.09 031 87 %

s
",

&> RO TR MR
& LS R

N <& N
\s ,<\ & N
X NS \é‘ &

N
© S @
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Short-N600 Short-N600
Setup uncertainties: 0.17 % 1.87% 1.99 % 0.28
TRMS readings Lab readings Comparison results
U, |[TiorT.| T, B U, |TiorT, Ta B du /U, V] dT /T, U dT /T, U dg’ U
Lab [kv] [ps] [ps] [%] [kv] [ps] [ps] [%] dT /T, [%] [%]
RISEL
VTT
INRIM
LCOE 598.74 | 0.864 | 56.20 118 | -596.58 | 0.852 | 56.98 143 | 036% | 062% | 1.40% | 2.78% | -1.37% | 225% | -0.25 0.58
LNE
RISE2
PTB
TUBITAK | -600.44 | 0.886 | 58.00 061 | -600.11| 0.859 | 58.09 006% | 0.62% | 319% | 264% | -014% | 2.21%
IATTE
IATTEL
NMIA
VNIIMS 619.50 | 0970 | 4569 | -1.60 | -620.62 | 0920 | 4632 | -1.75 | 0.06% | 048% | 543% | 2.78% | -1.35% | 2.07% | 0.15 0.57
NIM -602.00 | 0.892 | 60.29 537 | 59755 | 0.870 | 60.23 552 | 0.87% | 062% | 252% | 3.08% | 010% | 251% | -0.16 0.85
JHILL
NRC
RISE3
Short-N600 U
t
2.0%
1.5% Lab AX; U(AX;) En Excl.
RISEL 0
VTT
o INRIM
S 1.0% LCOE | 0.11% | 055% | 0.20
2] ® LNE
E RISE2
—
€ o5 —T-—————————————— PTB
S o
= . e dUt/Ut |TUBITAK] -0.20% | 055% | -0.35
© T IATTE 0
Q —CRV
S IATTEL 0
B 00% . 5 TN N S Y N —— NMIA
= VNIIMS | 0.31% | 0.38% | -0.82
NIM | 062% | 055% | 1.11
JHILL
-0.5% NRC
RISE3 0
-1.0%
C L& F YL N E O WP S YE CRV ] UCRV) | _Pr
S L & T & 0« & SRS
N N N A RO S STy & 025% | 0.29% | 11%
Short-N600 T
1
10.0%
8.0% Lab AX; U(AX;) En Excl.
RISEL 0
VTT
e INRIM
S 6.0% LCOE | -1.77% | 240% | -0.74
g s LNE
o RISE2
e S e e U ) Myl Ry M | (Y I N E
E 40% PTB
S 4
= e dT1/T1 |TUBITAK| 0.02% | 2.24% | 001
§ ——CRV IATTE 0
o ° IATTEL 0
Qo 20% NMIA
5 3 VNIIMS | 2.27% | 2.40% | 0.95
NIM | -065% | 2.74% | -0.24
JHILL
0.0% NRC
RISE3 0
-2.0%
NA ¢ O O R &N o yoL >
& <& ézb@ RSSO R AR §\v ~ N & & CRV | UCRV) | Pr
S N \a N 317% | 140% | 22%
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Short-N600 Short-N600
Short-N600
0 TZ
3.0%
2.0% Lab AX; U(AX;) En Excl.
RISEL 0
VTT
L 1.0% INRIM
E [COE | -0.62% | 1.95% | -0.32
e | TTTTTTrTTTTTRTTTTTTCTrITTTT LNE
& 00% RISE2
£ PTB
E dT2/72 [7usrmAK| 0.61% | 1.90% | 0.32
g -1.0% —CRV IATTE 0
5] IATTEL 0
9 NMIA
£
G I e ot e e e e e S o s b s s S e VNIIMS | -059% | 1.74% | -0.34
NIM | 0.85% | 2.25% | 0.38
JHILL
NRC
- 0,
3.0% RISE3 0
-4.0%
& S F GRS O TE S N CRV | UCRY) | _Pr
& 46\%% N Q/\\é\ & Y ¥ TE 0.75% | 112% | 70%
Short-N600 B [
%]
1.0%
0.8%
Lab AX; U(AX;) En Excl.
0.6% RISEL 0
VTT
© 0:4% INRIM
s | 1 ds 4o o4 I S S [COE | 018 | 045 | -0.40
@
S 2% LNE
g ® , RISE2
& 0.0% o AL
B 0
c —CRV TUBITAK
S s IATTE 0
%, 0-2% pe IATTEL 0
e NMIA
e e S o e S e VNIIMS | 0.22 0.44 0.50
£ NIM | 009 | 076 | -0.12
O 0.6% JHILL
NRC
08% RISE3 0
-1.0%
CRV | U(CRV) Pr
-1.2% -0.07 0.37 60 %
<& S F RSO FTE S
FESFFE EFEE T T E

Q
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Short-N700 Short-N700
Setup uncertainties: 0.17 % 1.87% 1.99 % 0.28
TRMS readings Lab readings Comparison results
U, |[T.orT| T, B U, |[T.orT| T, B du /U, U dT /T, U dT /T, U dp’ U
Lab [kv] [ps] [ps] [%] [kv] [ps] [ps] [%] dr /T, [%] [%]
RISEL
VTT
INRIM
LCOE -697.49 | 0.873 | 55.84 227 | 69458 | 0.858 | 56.61 231 | 042% | 062% | 1.75% | 357% | -1.36% | 2.25% | -0.04 0.58
LNE
RISE2
PTB
TUBITAK | -699.18 | 0.889 | 58.23 0.49 | -698.15| 0.857 | 5854 0.15% | 0.62% | 376% | 2.64% | -052% | 2.20%
IATTE
IATTEL
NMIA
VNIIMS
NIM
JHILL
NRC
RISE3
Short-N700
Ut
1.0%
0.8% Lab Ax; U(Ax;) En Excl.
———————————————————————————————————————— RISEL 0
VT
L 0.6% INRIM
[ LCOE | 0.14% | 044% | 031
£ LNE
@ 0.4% ° RISE2
—
I PTB
= e dUt/Ut |TUBITAK] -0.14% | 0.44% | -0.31
@ 0.2% IATTE 0
Q —CRV
S * IATTEL 0
ko] NMIA
=
5 0.0% VNIIMS
NIM
JHILL
————————————————————————————————————————— NRC
-0.2% RISE3 0
-0.4%
C L& F YL N E O WP S YE CRV_ | UCRV) | Pr
S L & T & 0« & SRS
N N N A RO S STy & 028% | 044% | 54%
Short-N700
Ty
7.0%
6.0%
Lab Ax; U(AX;) En Excl.
50% —F——F— - ey e e ey e T e RISEL 0
VT
3 40% INRIM
] ] LCOE | -1.30% | 287% | -0.45
£ 3.0% LNE
g RISE2
—
£ 50 PTB
s 2
s ¢ e dT1/T1 |TUBITAK| 0.71% | 1.57% | 0.45
8 0% —CRV IATTE 0
o IATTEL 0
o) NMIA
5 00% VNIIMS
NIM
-1.0% JHILL
NRC
2.0% RISE3 0
-3.0%
N “ & O RS & D S )
@(_go < é@@ &S %\(_ﬁv & <§\v \é\ & §§ é\\@ @w“ & & %\(;o CRV | U(CRV) Pr
S N \a N 3.05% | 2.12% | 37%
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Short-N700 Short-N700

Short-N700
2.0%

1.0% Lab AX; U(AX;) En Excl.

RISEL 0

VTT

INRIM

0.0% LCOE | -0.43% | 1.60% -0.27

LNE

RISE2

-1.0% PTB

dT2/72 [7usmAK| 0.41% | 1.54% | 0.27

—CRV IATTE 0

IATTE1 0

-2.0% NMIA

Difference from TRMS value

VNIIMS

———————————————————————————————————————— NIM

JHILL

-3.0% NRC

RISE3 0

-0.93% | 1.57% 60 %

& S F GRS O TE S N CRV | UCRY) | _Pr
S @\é%& S Oy \é‘\é« S S

Short-N700 ﬁ' [%]
0.8%

0.6% Lab AX; U(AX;) En Excl.

—————————————————————————————————————— RISEL 0

VTT

0.4% INRIM

LCOE 0.00 0.00

LNE

0.2% RISE2

o df PTB

—CRV TUBITAK

0.0% IATTE 0

IATTE1 0

NMIA

-0.2% VNIIMS

NIM

Difference from TRMS value

JHILL

-0.4% NRC

RISE3 0

-0.6%

CRV | U(CRV) Pr
-0.8% 20.04 058 | #NUM!
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Short-P100 Short-P100
Setup uncertainties: 0.17 % 1.87% 1.99 % 0.28
TRMS readings Lab readings Comparison results
U, T,orT, Ty B’ U, T,orT, Ta B’ dU /U, u dT /T, u dT /T, u dg' u
Lab [kv] [ps] [ps] [%] [kv] [ps] [ps] [%] dT /T, [%] [%]
RISE1
VTT
INRIM 101.96 | 0.847 | 41.15 0.82 | 101.71 | 0.840 | 41.03 073 | 024% | 062% | 0.84% | 357% | 0.28% | 3.61% | -0.09 1.04
LCOE 100.16 | 0.861 | 55.46 1.87 99.94 | 0.845 | 56.13 152 | 022% | 0.62% | 1.98% | 2.78% | -1.19% | 225% | 0.35 0.58
LNE 10417 | 0.907 | 51.21 0.08 | 10388 | 0.888 | 50.79 002 | 027% | 062% | 217% | 3.18% | 0.84% | 217% | 0.06 1.06
RISE2
PTB
TUBITAK 101.01 | 0.881 | 57.48 052 | 10158 | 0.856 | 57.24 055% | 068% | 286% | 2.38% | 0.41% | 2.13%
IATTE
IATTEL
NMIA 100.83 | 0.806 | 59.81 140 | 100.16 | 0.828 | 59.06 211 | 073% | 062% | -254% | 2.85% | 1.26% | 225% | -0.71 0.76
VNIIMS 108.08 | 0.971 | 45.56 -157 | 108.73 | 0.923 | 4581 144 | -048% | 0.48% | 519% | 2.79% | -056% | 2.07% | -0.13 0.57
NIM 97.49 | 0.843 | 60.94 3.84 97.21 | 0.826 | 60.20 454 | 041% | 055% | 2.04% | 245% | 1.23% | 2.25% | -0.70 0.86
JHILL 100.65 | 0.832 | 63.78 -0.03 | 10015 | 0.814 | 63.33 021 | 066% | 062% | 227% | 278% | 0.70% | 2.25% | -0.23 0.57
NRC -98.98 | 0.854 | 61.66 0.17 -98.99 | 0.843 | 61.06 060 | 032% | 062% | 130% | 271% | 099% | 2.84% | -0.42 1.04
RISE3
Short-P100 U
t
1.5%
1.0% Lab AX; U(AX;) En Excl.
RISE1 0
it VTT
g [ ] INRIM | -007% | 058% | -0.11
S 05% —————1 ] NS S e (B S ey o SR A i — LCOE | -0.09% | 058% | -0.15
g LNE | -0.04% | 058% | -0.06
o ® o RISE2
= ] -t J 4+ 4 _+_d-—4__L I I
£ 0.0% PTB
5o
£ e dUt/Ut [TUBITAK| -0.86% | 0.64% | -1.35
@ IATTE 0
© —CRV
S IATTEL 0
& -0.5% . ® NMIA | 042% | 058% | 0.71
-‘5 VUNIIMS | -0.79% | 053% | -1.50 1
NIM 0.10% | 050% | 0.21
JHILL | 0.36% | 0.58% | 0.61
-1.0% NRC 0.02% | 058% | 0.03
RISE3 0
-1.5%
C L S F S QRN E NSNS CRV | U(CRV) Pr
S S & T & ¢ L R SR
N N N A RO S STy & 031% | 022% | 20%
Short-P100 T
1
10.0%
8.0%
Lab AX; U(AX;) En Excl.
RISE1 0
0,
6.0% VTT
g INRIM | -157% | 3.43% | -0.46
S 4.0% LCOE | -043% | 261% | -0.17
g ————— r————T—-———————[T———————— = ——%—— INE | -025% | 3.03% | -0.08
2 oou r RISE2
e ————- P ———— PTB
2 0.0% 1 e dT1/T1 |TUBITAK| 0.45% | 2.17% | 0.21
§ ——CRV IATTE 0
5] IATTEL 0
g -2.0% NMIA | -495% | 3.02% | -1.64 1
a VUNIIMS | 2.78% | 2.61% | 1.06
NIM | -037% | 2.24% | -0.17
-4.0%
JHILL | -0.15% | 2.61% | -0.06
NRC | -1.11% | 2.53% | -0.44
-6.0% RISE3 0
-8.0%
NOK& “ & L+ & D & ¢ D>
& < ézb@ S @"’0 & & & & S & & CRV ] UCRY) | Pr
S N \a N 241% | 098% | 57%
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Short-P100 Short-P100
Short-P100 T
5.0% 2
4.0%
Lab AX; U(AX;) En Excl.
3.0% RISEL 0
) VTT
o INRIM | -0.13% | 353% | -0.04
S 2.0% COE | -1.60% | 2.11% | -0.76
2 LNE | 043% | 202% | 021
P_f 10 L7 et S et s S e A T S RISE2
£ PTB
S 0.0% dT2/72 [7uBImAK| 0.00% | 1.98% | 0.00
§ ________________________________________ —CRV IATTE 0
& IATTEL 0
8 -10% NMIA | 0.85% | 211% | 0.40
= VNIIMS | 0.97% | 1.92% | -0.50
) NIM | 081% | 211% | 0.39
-2.0% JHILL | 029% | 211% | 0.14
NRC | 058% | 273% | 0.21
3.0% RISE3 0
-4.0%
<&y @ & F LR Vﬁ‘ ,<\<</ AN @5 S & CRV U(CRV) Pr
S S « S
& N ¥ RS O R 041% | 0.78% | 82%
Short-P100
B' [%]
1.5%
1.0% Lab Ax; U(AX;) En Excl.
RISEL 0
VTT
INAIM | 009 | 1.0L | 009
0,
L 05% | [COE | 053 | 052 | 102
g LNE 0.24 1.02 0.23
%) RISE2
é 0.0% ! L 4 e dp PTB
c ® il —_CRV TUBITAK
S IATTE 0
= ] e IATTEL 0
- 0,
g-05% NMIA | 053 | 071 | -0.75
g ¢ ° VNIIMS | 005 | 051 | 0410
£ NIM | 052 | 082 | -064
a-1.0% JHILL | 005 | 051 | -010
NRC | 024 | 101 | -024
RISE3 0
-1.5%
CRV | U(CRV) Pr
2.0% 018 | 026 0%
N s A I S A R I I N T
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Short-P200 Short-P200
Setup uncertainties: 0.17 % 1.87% 1.99 % 0.28

TRMS readings Lab readings Comparison results
U, |[T.orT| T, B U, |[T.orT| T, B du /U, U dT /T, U dT /T, U dp’ U
Lab [kv] [ps] [ps] [%] [kv] [ps] [ps] [%] dr /T, [%] [%]
RISEL 199.45 | 0.849 | 40.43 258 | 19824 | 0.843 | 40.17 304 | 0.61% | 058% | 0.72% | 2.14% | 067% | 2.17% | -0.46 0.30
VTT 202.09 | 0.849 | 40.99 269 | 20132 | 0.842 | 40.80 293 | 039% | 045% | 0.99% | 2.77% | 048% | 2.08% | -0.24 0.38
INRIM 201.84 | 0.848 | 4118 | -0.92 | 200.82 | 0.843 | 4118 | 099 | 051% | 0.62% | 062% | 357% | 0.00% | 3.61% | 0.07 1.04
LCOE 199.79 | 0.855 | 55.48 159 | 199.17 | 0.840 | 56.22 151 | 031% | 062% | 186% | 279% | -1.32% | 2.25% | 0.08 0.58
LNE 200.26 | 0.898 | 5157 | -013 | 199.45 | 0.881 | 51.24 0.00 | 040% | 062% | 1.92% | 3.18% | 065% | 2.17% | -0.13 1.04
RISE2 197.44 | 0.840 | 40.33 275 | 196.78 | 0.837 | 40.29 298 | 034% | 058% | 043% | 2.14% | 011% | 2.18% | -0.23 0.30
PTB 19501 | 0.859 | 44.22 281 | 19433 | 0.852 | 43.87 329 | 037% | 054% | 0.84% | 2.79% | 0.80% | 2.84% | -0.48 2.02
TUBITAK | 201.95 | 0.877 | 57.34 0.99 | 20261 | 0.856 | 57.31 0.33% | 0.62% | 2.46% | 2.38% | 0.04% | 2.13%
IATTE 20111 | 0.745 | 47.18 | -0.35 | 199.17 | 0.799 | 47.15 0.95% | 0.39% | -6.71% | 1.97% | 0.06% | 2.06%
IATTEL 20111 | 0.745 | 4718 | -0.35 | 200.70 | 0.729 | 45.74 020% | 0.74% | 223% | 3.16% | 3.14% | 284%
NMIA 202.50 | 0.807 | 59.84 1.46 | 200.91 | 0.820 | 59.08 229 | 0.86% | 062% | -1.59% | 2.90% | 1.30% | 2.25% | -0.83 0.76
VNIIMS 209.78 | 0970 | 4558 | -1.58 | 21111 | 0920 | 4587 | -1.48 | -051% | 048% | 543% | 2.78% | -0.65% | 2.07% | -0.10 0.57
NIM 194.79 | 0.853 | 61.32 395 | 194.04 | 0.833 | 60.64 445 | 051% | 055% | 2.39% | 2.44% | 1.12% | 2.25% | -0.51 0.85
JHILL 201.73 | 0.848 | 63.67 0.05 | 200.61 | 0.835 | 63.32 024 | 0.73% | 062% | 157% | 2.78% | 056% | 2.25% | -0.20 0.57
NRC 199.92 | 0.861 | 61.82 0.24 | 199.90 | 0.841 | 61.15 064 | 035% | 062% | 2.39% | 2.78% | 1.10% | 2.84% | -0.39 1.04
RISE3 200.73 | 0.889 | 60.45 0.88 | 199.77 | 0.862 | 60.33 082 | 0.60% | 054% | 3.08% | 2.22% | 0.20% | 2.22% | 0.06 0.31
Short-P200 U
t
2.0%
1.5% Lab Ax; U(Ax;) En Excl.
RISEL | 0.21% | 0.60% | 0.35 0
VIT | -0.02% | 041% | -0.04
L 1.0% INRIM | 0.11% | 0.60% | 0.18
[ LCOE | -0.09% | 0.60% | -0.16
§ . b LNE | 0.00% | 0.60% | -0.01
@ 0.5% N N -s-s i i —S-H I, RISE2 | -0.06% | 0.55% | -0.11
I Py | PTB | -0.03% | 051% | -0.06
2 A e dUt/Ut [TUBITAK| -0.73% | 0.60% | -1.22
@ 0.0% —_CRV IATTE | 055% | 0.42% | 1.31 0
S IATTEL | -0.20% | 0.76% | -0.26 0
ko] ' NMIA | 0.45% | 0.60% | 0.76
= 0.5% VNIIMS | -091% | 051% | -1.79 1
NIM | 011% | 052% | 0.21
JHILL | 0.33% | 0.60% | 0.55
1 o% NRC | -0.06% | 0.60% | -0.10
: RISE3 | 0.20% | 057% | 0.35 0
-1.5%
O L& F DR Y &Y E YL CRV | U(CRV, Pr
& < ®® N o &< /\\)é\v \é\ \vé N 4%\@ S F & 0.40 % 0.(17 %) 51%
Short-P200 T
1
10.0%
8.0%
Lab AX; U(AX;) En Excl.
6.0% RISEL | -0.92% | 2.28% | -0.40 0
VIT | -0.64% | 2.66% | -0.24
S Low INRIM | -1.02% | 3.48% | -0.29
] LCOE | 0.22% | 2.68% | 0.08
» AR O R N P SRy A A S e LNE | 028% | 3.08% | 0.09
2 aom [ i T i
& RSP S I S R __J _____ T ____{__ T ] RISE2 | -120% | 1.99% | -0.60
[
g 0.0% ] J PTB | -0.79% | 267% | -0.30
£ e dT1/T1 |TUBITAK| 0.82% | 2.25% | 0.37
8 Lo —CRV IATTE | -834% | 212% | -3.93 0
§ ) IATTEL | 0.60% | 3.25% | 0.18 0
o) NMIA | -3.22% | 2.79% | -1.15
= -4.0%
5 VNIIMS | 3.80% | 2.66% | 1.43
NIM | 0.76% | 2.32% | 0.33
-6.0% JHILL | 0.06% | 2.67% | -0.02
NRC | 0.76% | 2.67% | 0.28
-8.0% RISE3 | 1.45% | 2.35% | 0.62 0
-10.0%
T FE M CFEETEF & GRv_[UcRy) [
A PO NS Ny 163% | 078% | 15%
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Short-P200 Short-P200
Short-P200
T,
8.0%
6.0% Lab AX; U(AX;) En Excl.
RISEL | 0.35% | 2.27% | 0.16 0
VIT | 017% | 1.97% | 0.09

4.0% INRIM | -0.31% | 3.55% -0.09

LCOE | -1.63% | 2.14% -0.76

LNE 0.33% | 2.06% 0.16

2.0% RISE2 | -0.20% | 2.08 % -0.10

PTB 0.48% | 2.76% 0.18

dT2/72 [JuBImAK| -027% | 2.02% | -0.14

Difference from TRMS value

0.0% v Y Y e —CRV IATTE | -025% | 2.16% | -0.12 0
IATTEL | 2.83% | 2.92% | 0.97 0
NMIA | 098% | 215% | 0.46

2.0% VNIIMS | -0.96% | 1.96% | -0.49

NIM 081% | 214% 0.38

JHILL 025% | 2.14% 0.12

NRC 0.79% | 276 % 0.29

-4.0%

RISE3 | -0.11% | 2.32% | -0.05 0
6.0%
& S F GRS O TE S N CRV | UCRY) | _Pr
& <€ N &Sé\ & Y ¥ TE 031% | 067% | 93%
Short-P200 B [
%]
2.0%
1.5%
Lab Ax; U(AX;) En Excl.
Lo% RISEL | 023 | 035 | -0.66 0
' VIT | 001 | 034 | 004
. INRIM | 030 | 102 | 029
S 0.5% LCOE 0.30 0.55 0.55
g } LNE 0.10 1.03 0.09
2 ¢ RISE2Z | 000 | 025 | 0.00
00% )9 T I R I .
é . ‘[ ) 1 | e dp PTB | -025 | 201 | -012
11 _______C S R R O S _ TUBITAK
g -0.5% f { —J~ I ® J‘ L ] T -+ CRV IATTE 0
= IATTEL 0
S 1.0% NMIA | 060 | 074 | -081
g VNIMS| 012 | 055 | 023
= NIM | 028 | 083 | -034
a-15% JHILL | 003 | 055 | 005
NRC | 017 | 103 | 0.6
2.0% RISE3 | 028 | 035 | 081 0
2.5%
CRV | U(CRV) Pr
-3.0% 0.23 0.17 91%
<& S F RSO FTE S
FESEFE SPFEE T T
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Short-P300 Short-P300
Setup uncertainties: 0.17 % 1.87% 1.99 % 0.28

TRMS readings Lab readings Comparison results
U, |[T.orT| T, B U, |[T.orT| T, B du /U, U dT /T, U dT /T, U dp’ U
Lab [kv] [ps] [ps] [%] [kv] [ps] [ps] [%] dr /T, [%] [%]
RISEL
VTT
INRIM
LCOE 300.28 | 0.878 | 55.32 152 | 299.23 | 0.862 | 56.16 160 | 035% | 062% | 1.90% | 2.79% | -1.49% | 2.25% | -0.08 0.58
LNE 30175 | 0.898 | 5250 | -0.14 | 30054 | 0.884 | 52.29 007 | 0.39% | 062% | 157% | 3.17% | 041% | 2.17% | -0.21 1.04
RISE2
PTB
TUBITAK | 30159 | 0.879 | 57.33 0.83 | 302.04 | 0.849 | 57.37 0.15% | 0.62% | 352% | 2.64% | -0.08% | 2.20%
IATTE
IATTEL
NMIA 29042 | 0.835 | 60.08 151 | 288.20 | 0.827 | 59.65 216 | 0.83% | 062% | 0.96% | 2.87% | 0.71% | 2.25% | -0.65 0.76
VNIIMS 315.27 | 0971 | 4561 | -1.65 | 316.07 | 0920 | 46.06 | -1.61 | -013% | 048% | 554% | 2.78% | -099% | 2.07% | -0.04 0.57
NIM 297.99 | 0.855 | 62.63 3.60 | 296.74 | 0.834 | 61.89 415 | 054% | 055% | 2.49% | 2.44% | 1.20% | 2.25% | -0.55 0.85
JHILL 302.27 | 0.842 | 63.77 0.02 | 30055 | 0.827 | 63.44 023 | 074% | 062% | 1.85% | 2.79% | 051% | 2.25% | -0.21 0.57
NRC
RISE3
Short-P300 U
t
2.0%
1.5% Lab AX; U(AX;) En Excl.
RISEL 0
VTT
o INRIM
S 1.0% LCOE | 0.02% | 058% | 0.03
§ ° LNE | 0.06% | 058% | 0.1
@ L RISE2
—
g 05% —— T -7 I e R = PTB
= ° e dUt/Ut [TUBITAK| -0.48% | 058% | -0.82
@ IATTE 0
§ ________ JEY I S IS ) A S A A __l ________ CRV IATTEL 0
S 0.0% NMIA | 050% | 0.58% | 0.86
= ° VNIIMS | -0.46% | 0.42% | -1.10
NIM | 021% | 050% | 0.43
JHILL | 041% | 058% | 0.71
-0.5% NRC
RISE3 0
-1.0%
O L& F DR Y &Y E YL CRV | U(CRV, Pr
& < & ¢ M /\Sz’@ \Vé \vé N 4@\@ S S 033% o.(zz %) 8%
Short-P300 T
1
10.0%
8.0% Lab AX; U(AX;) En Excl.
RISEL 0
VTT
L 6.0% INRIM
S ? LCOE | -0.70% | 258% | -0.27
» INE | -1.04% | 299% | -0.35
E 4.0% RISE2
e T T B T T T PTB
2 e dT1/T1 |TUBITAK| 0.92% | 2.43% | 0.38
3 20% — 11— NI N O O O IR IR —_CRV IATTE 0
o ! IATTEL 0
2 NMIA | -1.65% | 2.67% | -0.62
5 0.0% VNIIMS | 2.94% | 258% | 1.14
NIM | 011% | 221% | -0.05
JHILL | 0.76% | 259% | -0.29
2.0% NRC
RISE3 0
-4.0%
@,_;& & e‘*@ &o“ R Q\g& & é\v\L \é\% & §\V @\@" & N & @")0 CRV ] UCRY) | Pr
S S \a < 261% | 1.04% | 30%
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Short-P300 Short-P300
Short-P300
. T2
4.0%
3.0%
Lab AX; U(AX;) En Excl.
20% il °
L INRIM
S10% b LCOE | -151% | 209% | -0.72
2 LNE | 0.39% | 200% | 0.20
P_f 0.0% RISE2
£ PTB
ettt e ks st o e s st e e s s e s e s dT2/T2 TTUBITAK] -0.10% | 2.04% | -0.05
§ —CRV IATTE 0
& IATTEL 0
3 -20% NMIA | 0.70% | 209% | 0.33
= VNIIMS | -1.01% | 1.90% | -0.53
) NIM | 1.18% | 209% | 057
-3.0% JHILL | 049% | 2.09% | 024
NRC
-4.0% RISE3 0
5.0%
< & F QR F K& DT PN S CRV U(CRV) Pr
& € N &35\ & S @\\Q\ ST 0.02% | 0.83% | 60%
Short-P300 B [
%]
1.0%
0 Lab AX; U(AX;) En Excl.
0.5% RISEL 0
VTT
. INRIM
- O R N RN RN [COE | 015 | 051 | 030
g 0.0% ! 3 INE | 003 | 100 | 003
%) RISE2
® ® :
é e dp PTB
—CRV TUBITAK
5'0-5% ———————— === ————T ——r— T ————- IATTE 0
= ® IATTEL 0
e NMIA | 041 | 071 | -058
g VNIIMS | 019 | 050 | 0.38
£ -1.0% NM | 031 | 080 | -0.39
a JHILL | 003 | 050 | 005
NRC
RISE3 0
-1.5%
CRV | U(CRV) Pr
-2.0% -0.24 0.28 79%
N s A I S A R I I N T
FEIF T EFEE I F T &
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Short-P400 Short-P400
Setup uncertainties: 0.17 % 1.87% 1.99 % 0.28
TRMS readings Lab readings Comparison results
U, T,orT, T, B' U, T,orT, T, B' du /U, u dT /T, u dT,/T, u dg* u
Lab [kv] [ps] [ps] [%] [kv] [ps] [ps] [%] dT /T, [%] [%]
RISEL
VTT
INRIM 41156 | 0.844 42.10 -1.08 | 408.31 | 0.850 42.15 <113 | 080% | 1.07% | -065% | 536% | -0.13% | 5.39% 0.05 1.04
LCOE 401.04 | 0.879 55.44 1.61 399.73 | 0.867 56.30 1.49 0.33% | 0.62% 1.46 % 278% | -152% | 2.25% 0.12 0.59
LNE
RISE2
PTB
TUBITAK 401.16 | 0.883 57.59 0.82 401.61 | 0.856 57.64 -0.11% | 0.63% 3.22% 2.64% | -0.09% | 222%
IATTE
IATTEL
NMIA
VNIIMS 410.60 | 0.982 45.60 -1.52 | 41133 | 0.932 46.15 -1.69 | -0.06% | 0.48% 5.37% 2.80% | -1.19% | 2.07% 0.17 0.57
NIM 396.27 | 0.891 59.66 5.26 393.65 | 0.871 59.24 5.41 0.79% | 0.55% 2.31% 244% | 0.71% | 225% | -0.15 0.85
JHILL 402.59 | 0.840 63.91 0.20 400.05 | 0.830 63.66 0.20 0.81% | 0.62% 1.27% 278% | 0.39% | 225% 0.00 0.57
NRC
RISE3
Short-P400 U
t
2.0%
1.5% Lab Ax; U(AX)) En Excl.
RISEL 0
VTT
e INRIM | 045% | 1.04% 0.43
c_;s 1.0% LCOE | -0.02% | 0.57% | -0.04
g . ! LNE
o RISE2
e I AN A A N U A A N I I
£ 05% PTB
2 | e dUt/Ut [TUBITAK| -046% | 0.58% | -0.80
Q IATTE 0
§ ______ G A T A O (SRS N O A ANURON AR NN SO AN SRR SN N CRV IATTEL 0
S 0.0% NMIA
-“S [ VNIIMS | -041% | 041% | -1.00
NIM 0.44% | 0.49% 0.90

JHILL 0.46% | 0.57% 0.80

-0.5% NRC
RISE3 0
-1.0%
LS DT OTE S YE CRV_ | UCRV) | _Pr
2 NN C A\ S ] & S
& N & A FEE T TS 035% | 025% | 6%
Short-P400
Ty
10.0%
8.0%
Lab AX; U(AX;) En Excl.
RISEL 0
0,
6.0% | =
i INRIM | -3.19% | 5.23% | -0.61
S 40% e e S I o S e o e LCOE | -1.09% | 252% | -043
2 s [NE
P_: 2.0% [ RISE2
e - . e ———— PTB
E Lon e dT1/T1 |TUBITAK| 0.67% | 2.37% | 0.28
g - . —CRV IATTE 0
5] IATTEL 0
D -2.0% NMIA
£
a VNIIMS | 2.82% | 254% | 111
0% NIM_| -024% | 215% | -0.11
' BHILL | -128% | 2.52% | -0.51
NRC
-6.0% RISE3 0
-8.0%
g A & & v NS X & Ny O N\ 9 %]
FEFIFE EFTEET T T & T UGy [ o
A N ¥ 3 255% | 117% | 20%
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Short-P400 Short-P400
Short-P400
T2
6.0%
0,
4.0% Lab AX; U(AX;) En Excl.
RISEL 0
VT
L 20% INRIM | 0.23% | 5.30% | 0.04
E [COE | -116% | 203% | -057
©o 0 _‘:___+L41 e 4+ _ 1 J_| e |_|[_L____._
2 00% =
& 0.0% RISE2
£ PTB
E | TTTTCTTS T TTTTORTTTTTTT T TTOIIIOOTTT dT2/T2 [TUBITAK| 0.27% | 199% | 0.14
- 0,
§ 2.0% —CRV IATTE 0
3 IATTEL 0
8 NMIA
£
= 40% VNIIMS | -0.83% | 1.83% | -0.45

NIM 1.07% | 2.03% 0.53

JHILL 0.75% | 2.03% 0.37

NRC
- 0,
6.0% RISE3 0
-8.0%
O F SR OTE NS CRV ] UCRY) | _Pr
& & Q S
& NSRS Q/\o‘b\ SN ST 0.36% | 097% | 68%
Short-P400
B [%]
1.5%
0 Lab AX; U(AX;) En Excl.
1.0% RISEL 0
VTT
o INRIM | -001 | 1.00 | -0.01
=N LCOE | 0.06 0.51 0.11
< 0.5% LNE
S ke i e e B e it ek o - —r———=- RISE2
E S e dp PTB
[ ]
—CRV TUBITAK
go.O% ° IATTE 0
= ® IATTEL 0
e TTT- T T T T T T e i e NMIA
L VNIIMS | 0.11 0.49 0.22
& -0.5% NM | 021 | 080 | -027
a JHILL | -0.06 | 049 | -0.13
NRC
RISE3 0
-1.0%
CRV | U(CRV) Pr
-1.5% 0.06 0.30 98 %
<& S F RSO FTE S
FESFFE EFEE T T E

Q
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Short-P500 Short-P500
Setup uncertainties: 0.17 % 1.87% 1.99 % 0.28
TRMS readings Lab readings Comparison results
U, |[TiorT.| T, B U, |TiorT.| T, B du /U, V] dT /T, U dT /T, U dg’ U
Lab [kv] [ps] [ps] [%] [kv] [ps] [ps] [%] dT /T, [%] [%]
RISEL
VTT
INRIM
LCOE 501.05 | 0.885 | 55.74 1.34 | 49868 | 0.873 | 56.51 159 | 048% | 063% | 1.46% | 2.78% | -1.35% | 2.25% | -0.25 0.58
LNE
RISE2
PTB
TUBITAK | 501.60 | 0.888 | 57.79 061 | 501.88 | 0.852 | 57.92 005% | 062% | 420% | 2.64% | -023% | 2.21%
IATTE 501.63 | 0.765 | 47.98 | -0.20 | 496.05 | 0.807 | 48.00 1.10% | 0.39% | -530% | 1.98% | -0.05% | 2.06 %
IATTEL 501.63 | 0.765 | 47.98 | -0.20 | 499.87 | 0.746 | 46.55 035% | 0.74% | 2.49% | 316% | 3.07% | 2.84%
NMIA
VNIIMS 515.00 | 1.000 | 4574 | -164 | 516.36 | 0945 | 4632 | -182 | -014% | 048% | 582% | 280% | -1.26% | 207% | 0.8 0.57
NIM 510.01 | 0.891 | 60.29 508 | 50596 | 0.875 | 60.17 519 | 092% | 062% | 1.82% | 3.08% | 020% | 251% | -0.11 0.85
JHILL 502.32 | 0.859 | 64.16 0.15 | 499.00 | 0.849 | 63.95 015 | 084% | 062% | 1.26% | 279% | 0.32% | 2.25% | 0.00 0.57
NRC
RISE3
Short-P500 U
t
2.0%
1.5% Lab AX; U(AX;) En Excl.
RISEL 0
VTT
o INRIM
S 1.0% LCOE | -0.07% | 054% | -0.13
®
§ _________________________________ e ————- LNE
o RISE2
—
PTB
E 05% "
= S e dUt/Ut |TUBITAK] -0.60% | 054% | -1.11
0, 0,
§ __________________________________________ —_CRV IATTE | 056% | 0.50% | 1.13 0
S IATTEL | -0.19% | 0.80% | -0.24 0
S 0.0% ) NMIA
= ° VNIIMS | -0.69% | 057% | -1.21 1
NIM | 038% | 054% | 0.70
JHILL | 029% | 054% | 0.54
-0.5% NRC
RISE3 0
-1.0%
C L& F YL N E O WP S YE CRV_ | UCRV) | Pr
S RO RN S
N N N S \vé S R 054% | 031% | 1%
Short-P500 T
1
10.0%
8.0%
Lab AX; U(AX;) En Excl.
6.0% RISEL 0
VTT
S 4oy | —r——— L —— INRIM
3 40%
] —[ T LCOE | -152% | 2.48% | -0.61
§ 2.0% J LNE
£ Y =3+t -7 ——pr-——-- RISE2
—
£ oo% PTB
s o
£ e dT1/T1 |TUBITAK| 1.23% | 2.32% | 0.53
§-2.0% —CRV IATTE | -8.28% | 2.34% | -353 0
o IATTEL | -0.48% | 3.40% | -0.14 0
2 . NMIA
5 40% VNIIMS | 2.85% | 250% | 1.14
NIM | -1.16% | 2.81% | -0.41
-6.0% JHILL | -1.72% | 2.49% | -0.69
NRC
-8.0% RISE3 0
-10.0%
N “ & O QN &N S > LD
& < @25@ T &g @v\v ‘\\\@ N & & ¢ CRV ] UCRY) | _Pr
S S \a N 297% | 1.26% | 8%
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Short-P500 Short-P500
Short-P500
T2
8.0%
6.0% Lab AX; U(AX;) En Excl.
RISEL 0
Viki
L 4.0% INRIM
IS LCOE | 0.84% | 2.01% | -0.42
w
[
£ PTB
g |t J dT2/T2  [TuBITAK| 0.29% | 1.96% | 0.5
g 0.0% —CRV IATTE | 047% | 229% | 021 0
5] IATTEL | 359% | 3.01% | 119 0
& | 1 | el ol e NMIA
5 2.0% VNIMS | -074% | 181% | -0.41

NIM 0.71% | 2.30% 0.31

JHILL 0.84% | 2.01% 0.42

NRC
- 0,
4.0% RISE3 0
-6.0%
O F SR OTE NS CRV ] UCRY) | _Pr
& N &Sé\ SN TS 052% | 1.00% | 73%
Short-P500
B [%]
1.0%
0.8%
Lab AX; U(AX;) En Excl.
0.6% RISEL 0
VTT
© 04% INRIM
S LCOE | -0.22 0.49 -0.44
= Ly R P R
2 02u I LNE
2 . RISE2
& 0.0% ¢ o AL
B 0
c —CRV TUBITAK
S L4 IATTE 0
- 0,
%, 0-2% e IATTEL 0
=2 N IV O A A O S I T O A e RN NMIA
%-0.4% VNIIMS | 0.21 0.48 0.44
£ NIM -0.07 0.79 -0.09
O 6% JHILL 0.03 0.48 0.07
NRC
0.8% RISE3 0
-1.0%
CRV | U(CRV) Pr
-1.2% -0.03 0.31 77 %

s
",

&> RO TR MR
& LS R

N <& N
\s ,<\ & N
X NS \é‘ &

N
© S @
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Short-P600 Short-P600
Setup uncertainties: 0.17 % 1.87% 1.99 % 0.28
TRMS readings Lab readings Comparison results
U, | TqorT | T, B’ Ud | TqorT | T, B’ du /U, U dT /T, u dT,/T, u dg* u
Lab [kv] [ps] [ps] [%] [kv] [ps] [ps] [%] dr /T, [%] [%]
RISE1
VTT
INRIM 604.75 | 0.862 | 4261 | -1.31 | 599.63 | 0.869 | 4270 | -1.38 | 0.85% [ 1.07% | -0.74% | 536% | -019% [ 5.39% [ 0.07 1.04
LCOE 600.64 | 0.869 | 56.76 157 | 597.86 | 0.857 | 57.58 1.73 | 047% | 063% | 141% | 2.78% | -141% | 2.25% | -0.16 0.58
LNE
RISE2
PTB
TUBITAK | 601.93 | 0.896 | 57.98 0.47 | 601.66 | 0.859 | 58.26 0.04% | 0.62% | 426% | 264% | -048% | 2.21%
IATTE
IATTEL
NMIA
VNIIMS 61423 | 1.010 | 4594 | -1.78 | 61571 | 0956 | 4655 | -2.00 | -012% [ 048% | 565% | 2.80% | -1.31% [ 2.07% | 0.23 0.57
NIM 598.13 | 0.894 | 60.58 489 | 59330 | 0879 | 6054 | 498 ]| 093% | 063% | 1.74% | 3.08% [ 0.07% | 251% | -0.08 0.85
JHILL
NRC
RISE3
Short-P600 U
t
2.5%
2.0% Lab Ax; U(Ax;) En Excl.
RISE1 0
VIT
L 1.5% INRIM [ 055% | 1.03% | 053
[ LCOE | 0.16% | 056% | 0.29
2 LNE
@ 1.0% RISE2
—
= ° PTB
e | _l_ Ll e dUt/Ut |TUBITAK] -0.26% | 056% | -0.46
@ 0.5% IATTE 0
e T CRV IATTEL 0
3 J NMIA
RN e e s T e VNIIMS | -0.42% | 0.39% [ -1.09
NIM | 063% | 056% | 1.13
JHILL
NRC
-0.5% RISE3 0
-1.0%
O L& F DR Y &Y E YL CRV | U(CRV, Pr
& < & ¢ M /\Sz’@ \Vé \vé N 4@\@ S S 0.30% o.(zs%) 6%
Short-P600 T
1
10.0%
8.0%
Lab AX; U(AX;) En Excl.
RISE1 0
6.0% VT
s RN INRIM [ -383% | 519% | -0.74
S 4.0% T LCOE [ -1.68% | 2.43% | -0.69
2 | LNE
@ L RISE2
= 20% _—____ Pttt T —————t——t——t e ——————
c PTB
2 0.0% e dT1/T1 |TUBITAK| 1.16% | 2.26% | 0.51
g O _ IATTE 0
5 1 cRY IATTEL 0
8 -2.0% NMIA
5 VNIIMS | 256% | 2.45% | 1.04
NIM | -1.35% | 277% [ -0.49
“4.0% JHILL
NRC
-6.0% RISE3 0
-8.0%
& < §z§® & & & & & @ & é\\@" S @ & & CRV_] UCRV) |_Pr
N &N r N 310% | 136% | 8%
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Short-P600 Short-P600
Short-P600
. T2
6.0%
4.0% Lab AX; U(AX;) En Excl.
RISEL 0
VTT
L 2.0% INRIM | 0.62% | 528% | 0.12
E [COE | -0.59% | 1.96% | -0.30
w)
5 0.0%  —F— A ——————— =
& 00% RISE2
£ PTB
E dT2/72 [7usrmAK| 0.34% | 1.91% | 0.8
T e s A B R AR B —CRV IATTE 0
5] IATTEL 0
9 NMIA
£
5 4.0% VNIIMS | -0.49% | 1.76% | -0.28
NIM | 0.89% | 2.26% | 0.39
JHILL
NRC
-6.0% RISE3 0
-8.0%
< S F S DRSO FTE S YE CRV ] UCRV) | _Pr
& @\%Q“ N Q@é\ SN TS 0:82% | 1.10% | 89%
Short-P600 B [
%]
1.5%
0 Lab AX; U(AX;) En Excl.
1.0% RISEL 0
VTT
N INRIM | 0.05 0.98 0.05
s . [COE | 018 | 046 | -0.40
< 0.5% LNE
L rT1-r—-————r-9-—-1—-7——T17—— - —————- RISE2
z ® e dp PTB
—
() —CRV TUBITAK
50-0% 3 IATTE 0
& . IATTEL 0
e N R NMIA
g VNIIMS | 0.21 0.46 0.46
& -0.5% NM | 010 | 078 | -013
a JHILL
NRC
RISE3 0
-1.0%
CRV | U(CRV) Pr
-1.5% 0.02 0.35 80 %
<& S F RSO FTE S
FESF I EFTEET TS E

Q
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Short-P700 Short-P700
Setup uncertainties: 0.17 % 1.87% 1.99 % 0.28
TRMS readings Lab readings Comparison results
U, |[T.orT| T, B U, |[T.orT| T, B du /U, U dT /T, U dT /T, U dp’ U
Lab [kv] [ps] [ps] [%] [kv] [ps] [ps] [%] dr /T, [%] [%]
RISEL
VTT
INRIM
LCOE 697.76 | 0.861 | 55.81 213 | 69556 | 0.849 | 56.45 237 | 032% | 063% | 1.46% | 358% | -1.12% | 2.25% | -0.24 0.61
LNE
RISE2
PTB
TUBITAK | 700.25 | 0.901 | 58.28 024 | 699.21 | 0.864 | 58.67 0.15% | 0.62% | 432% | 264% | -066% | 2.21%
IATTE
IATTEL
NMIA
VNIIMS
NIM
JHILL
NRC
RISE3
Short-P700 U
t
1.0%
0.8% Lab Ax; U(Ax;) En Excl.
RISEL 0
———————————————————————————————————————— VT
L 0.6% INRIM
[ LCOE | 0.08% | 045% | 0.19
E LNE
@ 0.4% RISE2
—
£ ® PTB
2 e dUt/Ut [TUuBITAK| -0.08% | 0.44% | -0.19
© 0.2% IATTE 0
Q —CRV
S ® IATTEL 0
ko] NMIA
=
5 0.0% VNIIMS
NIM
JHILL
NRC
N e e i il i i e A il e Tl ks Fkk pli I RISE3 0
-0.4%
C L& F YL N E O WP S YE CRV_ | UCRV) | Pr
S L & T & 0« & SRS
N N N A RO S STy & 023% | 044% | 71%
Short-P700 T
1
8.0%
7.0%
) Lab AX; U(AX;) En Excl.
6.0% RISEL 0
S I S S Y A I VT
g 50% INRIM
[ ° LCOE | -1.85% | 2.88% | -0.64
2 4.0% LNE
v RISE2
e > 0 PTB
£ 2.0% e dT1/T1 |TUBITAK| 1.01% | 1.57% | 0.64
§ ° ——CRV IATTE 0
[ T e e L i - . IATTEL 0
o) NMIA
=
8 0.0% VNIIMS
NIM
1.0% JHILL
’ NRC
2 0% RISE3 0
-3.0%
N & & & & D S )
& < @25@ &S %\(;3’ L < \$ & §\V @\Q & & & & CRV_ | UCRV) | Pr
S N \a N 331% | 2.13% | 20%

2020-11-25 Annex E Page 112



EURAMET.EM-S42
Short-P700

Final report

Short-P700
2.0%

1.0%

0.0%

-1.0%

-2.0%

Difference from TRMS value

-3.0%

%'\» \® O% $<</ (8/ ,\Q) V&‘ & <</'\ st & \@ \V\/
‘o@\&&»@foq«é\é\évvﬁ\@%\\% &

CONS
N

Short-P700
0.6%

04%
0.2%

0.0%

-0.2%

-0.4%

Difference from TRMS value

-0.6%

-0.8%

2020-11-25 Annex E

< ]
& &

dT2/T2
—CRV

e dp’
—CRV

Annex E

Short-P700

Lab AX; U(AX;) En Excl.

RISEL 0

VTT

INRIM

LCOE | -0.24% | 1.61% -0.15

LNE

RISE2

PTB

TUBITAK| 0.23% | 1.54%

IATTE 0

IATTE1 0

NMIA

VNIIMS

NIM

JHILL

NRC

RISE3 0

CRV
-0.89 %

U(CRV) Pr
158% | 77%

B [%]

Lab AX; U(AX;) En Excl.

RISEL 0

VTT

INRIM

LCOE 0.00

LNE

RISE2

PTB

TUBITAK

IATTE 0

IATTE1 0

NMIA

VNIIMS

NIM

JHILL

NRC

RISE3 0

CRV
-0.24

U(CRV) Pr
061 | #NUM!
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Long-N100 Long-N100
Setup uncertainties: 0.18 % 0.45 % 0.80 % 0.12
TRMS readings Lab readings Comparison results
U, | TqorT | T, B’ Ud | TqorT | T, B |duysu, U dT /T, u dT,/T, u dg* u
Lab [kv] [ps] [ps] [%] [kv] [ps] [ps] [%] dr /T, [%] [%]
RISE1
VTT
INRIM -100.51 | 1554 | 4303 | -1.14 | -100.12] 1543 | 4301 | -1.09 | 039% | 064% | 074% | 3.07% | 005% | 3.12% [ -0.05 1.01
LCOE 99.73 | 1583 | 5818 | 065 | -9950 | 1560 | 59.00 | 0.18 | 023% [ 0.63% | 1.48% | 2.10% | -1.39% | 1.32% | 047 0.52
LNE -100.80 | 1535 | 5229 | 019 | -100.29 ] 1503 | 5214 | 009 | 050% [ 0.63% | 2.14% | 259% | 0.30% [ 1.17% [ 0.10 1.01
RISE2
PTB
TUBITAK | -101.02 | 1529 | 59.44 | 0.06 | -100.78 | 1510 | 59.40 024% | 0.63% | 130% | 154% | 0.06% | 1.11%
IATTE
IATTEL
NMIA -101.44 | 1578 | 5830 | -0.26 | -10058 | 1554 | 5821 | 022 | 091% | 063% | 154% | 220% | 015% | 1.32% | -0.48 0.72
VNIIMS -105.35 | 1.379 | 46.33 | -1.37 | -105.70 [ 1319 [ 46.79 | -148 | -021% [ 048% | 455% | 2.10% | -0.98% [ 0.99% [ 0.1 0.51
NIM -100.06 | 1613 | 5873 | 003 | -99.25 | 1574 | 5842 | 012 | 094% | 055% | 246% | 1.63% | 052% | 1.32% [ -0.09 0.81
JHILL -100.72 | 1557 | 59.97 | -0.06 | -99.87 | 1536 | 59.90 | -0.02 | 1.03% [ 0.63% | 1.42% | 2.10% | 0.12% [ 1.32% | -0.04 0.51
NRC -100.14 | 1558 | 59.74 | -0.03 | -99.79 | 1534 | 59.32 | 008 | 068% | 063% | 160% | 210% | 067% | 217% | -0.11 1.01
RISE3
Long-N100 U
t
2.0%
1.5% Lab AX; U(AX;) En Excl.
RISE1 0
VTT
o INRIM [ -024% | 0.60% | -0.41
T 1.0% ® LCOE | -0.40% | 059% | -0.68
i S e SIS, SO N LNE | -0.13% | 059% | -0.21
@ RISE2
—
E 05% ) | PTB
e - L e e e S e e - e dUt/Ut [TUBITAK| -0.39% | 0.59% | -0.66
@ ° _ IATTE 0
§ ! CRV IATTEL 0
S 0.0% NMIA | 028% | 059% | 0.49
= VNIIMS | -0.84% | 053% | -1.59 1
¢ NIM | 031% | 050% | 0.62
JHILL | 040% | 059% | 0.69
-0.5% NRC | 0.05% | 059% | 0.08
RISE3 0
-1.0%
O L& F DR Y &Y E YL CRV | U(CRV, Pr
& < \%@ N o &< /\Sz’@ \Vé \vé N 4@\@ S F & 0.63% o.(zz %) 36 %
Long-N100 T,
8.0%
7.0%
6.0% Lab Ax; U(Ax;) En Excl.
' RISE1 0
VTT
o 50% INRIM | -1.22% | 2.99% | -0.41
S ? LCOE | -0.48% | 1.99% | -0.24
o 4.0% INE | 018% | 2.49% | 0.07
E 0% RISE2
e 0 _L___ T ______ MR S I P PTB
E 20% ) r e dT1/T1 |TUBITAK| -0.66% | 1.39% | -0.48
8 ) ° } I —_CRV IATTE 0
T J St e At et B IATTEL 0
2 p NMIA | -042% [ 2.09% | -0.20
8 00% VNIIMS | 259% | 1.99% | 1.30
NIM | 050% | 1.49% | 0.34
1.0% JHILL | -054% | 1.99% [ -0.27
NRC | -0.36% | 1.99% [ -0.18
0% RISE3 0
-3.0%
& < @25@ & & ® & & &8 & é\\@‘) & > & & CRV_[ UCRV) |__Pr
A &Ny N T96% | 068% | 38%
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Long-N100 Long-N100
Long-N100
T,
4.0%
3.0%
Lab AX; U(AX;) En Excl.
RISEL 0

2.0% VTT
e INRIM | 0.23% | 3.09% | 0.07
S LCOE | -1.21% | 1.24% | -0.97
g 1.0% LNE | 048% | 1.09% | 0.44
= ey RISE2
E o0% PTB
E dT2/72 [7usmAK| 0.24% | 1.01% | 0.4
§ ———————————————————————————————————————— —CRV IATTE 0
@ -1.0% IATTEL 0
Ko NMIA | 033% | 1.24% | 0.27
£
5 VNIIMS | -0.80% | 0.89% | -0.91

-2.0% NIM 0.70% | 1.24% 0.56

JHILL 0.30% | 1.24% 0.25

NRC 0.85% | 213% 0.40

3.0% RISE3 0
-4.0%
<&y @ \® O<Q §</ &L Vﬁ‘ ,<\<</ AN @5 \@ N & L CRV U(CRV) Pr
S S Q) S
& N ¥ RS O R 0.18% | 0.44% | 34%
Long-N100
g B' [%]
1.5%
, Lab Ax; U(AX;) En Excl.
1.0% RISEL 0
Viki
. INRIM | 010 | 098 | -0.10
I [COE | 042 | 046 | 092
< 0.5% ® INE | 005 | 098 | 005
2 RISEZ
é e dp PTB
E oo ® ® —CRV TUBITAK
o VYN ® [ IATTE 0
= ® ®
=N I S Y NV VR I B o N I G . AN IATTEL 0
S NMIA | 053 | 068 | -0.79
o VNIMS| 006 | 046 | 013
£-0.5% * NIM_| -014 | 077 | -018
a JHILL | 009 | 046 | 0.9
NRC | 016 | 098 | 0.6
RISE3 0

-1.0%

CRV_J UCRV) |_Pr
-15% 005 | 024 | 62%
<& \® o‘v é(' & L vﬁ‘ & AN o N QS’ %)
$ X S E T T &S NS

$ S
S 3

s
",
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Long-N200 Long-N200
Setup uncertainties: 0.18 % 0.45 % 0.80 % 0.12
TRMS readings Lab readings Comparison results
U, | TqorT | T, B’ Ud | TqorT | T, B’ du /U, U dT /T, u dT,/T, u dg* u
Lab [kv] [ps] [ps] [%] [kv] [ps] [ps] [%] dr /T, [%] [%]
RISE1 -200.22 | 1579 | 4351 | -1.00 |-19857 | 1571 | 4340 | -0.87 | 0.83% | 056% | 047% | 1.07% | 025% | 1.15% | -0.13 0.16
VTT -199.00 | 1591 | 4411 | -1.01 | -197.94] 1586 | 4406 | 079 | 054% | 0.45% | 028% | 1.56% | 0.12% | 0.96% | -0.22 0.28
INRIM -200.79 | 1553 | 43.03 | -1.10 | -19959 | 1546 | 4312 | -1.23 | 060% [ 0.63% | 0.45% | 3.07% | 022% [ 3.12% [ 0.2 1.01
LCOE -199.74 | 1578 | 58.11 0.40 | -199.13 | 1.556 | 58.98 018 | 031% | 063% | 1.46% | 2.10% | -147% | 1.32% | 0.22 0.52
LNE -198.13 | 1538 | 52.76 0.10 | -197.06| 1510 | 5264 | 013 ]| 053% | 063% | 1.84% | 259% [ 0.23% | 1.17% | -0.03 1.01
RISE2 -200.82 | 1596 | 4359 | -1.00 | -199.69 | 1584 | 4365 | 099 | 058% | 056% | 0.76% | 1.09% | -0.13% | 1.15% [ -0.01 0.16
PTB -199.16 | 1559 | 47.14 | 000 | -197.94] 1547 | 4697 | 069 | 063% [ 054% | 079% | 2.10% | 0.36% | 2.17% | 0.69 2.00
TUBITAK | -201.45 | 1525 | 59.42 027 | -201.28 | 1.499 | 59.45 0.09% | 0.63% | 1.72% | 155% | -004% | 1.11%
IATTE 20214 | 1612 | 49.26 0.14 | -199.84 | 1.546 | 49.10 1.13% | 039% | 4.23% [ 0.79% [ 0.32% | 0.96%
IATTEL 20214 | 1612 | 49.26 0.14 | -20150 | 1.610 | 47.62 0.32% | 0.74% | 011% | 258% | 3.44% | 217%
NMIA 20251 | 1546 | 5855 | -0.45 | -200.70 | 1524 | 5843 000 | 096% | 063% | 1.48% | 2.20% | 0.20% | 1.32% | -0.45 0.72
VNIIMS -206.71 | 1.370 | 46.30 | -1.39 | -207.53 | 1310 | 46.78 | -148 | -027% [ 048% | 458% | 2.10% | -1.02% [ 0.99% [ 0.09 0.52
NIM -200.34 | 1.604 | 59.42 011 | -19881 | 1.562 | 59.13 010 | 0.89% | 055% | 2.70% | 1.63% | 0.48% | 1.32% | 0.01 0.81
JHILL -202.34 | 1560 | 59.96 0.00 | -20058| 1542 | 59.96 | -0.01 ]| 1.05% | 063% | 1.19% [ 2.10% [ -0.01% | 1.32% | 0.00 0.51
NRC -198.09 | 1559 | 59.77 0.00 |-197.15| 1.533 | 59.37 008 | 081% | 063% | 1.72% | 2.10% | 0.66% | 2.18% | -0.08 1.01
RISE3 -200.24 | 1.605 | 63.60 0.15 | -198.86| 1.586 | 63.50 018 | 081% | 056% | 1.17% | 1.15% | 0.15% | 1.37% | -0.03 0.17
Long-N200 U
t
2.0%
1.5% Lab AX; U(AX;) En Excl.
RISEL | 0.20% | 0.58% | 0.34 0
VIT | 010% [ 042% | -0.23
o INRIM [ -0.03% | 0.60% | -0.05
T 1.0% . L LCOE | -0.33% | 0.60% | -0.54
1) < % ° LNE | -0.10% | 0.60% | -0.17
S —_——t - -t ———— === e —— F——|——o®——0
& RISE2 | -0.06% | 0.53% | -0.11
£ 05% s ¢ PTB | 0.00% | 051% | 0.00
£ T T T T T T T T T T T T [T T N e dUt/Ut [TUuBITAK| -0.55% | 0.60% | -0.90
Q * ? —CRV IATTE | 0.50% | 0.43% | 1.16 0
§ ) IATTEL | -0.32% | 0.76% | -0.41 0
S 0.0% NMIA | 0.33% | 0.60% | 0.55
= VNIIMS | -091% | 051% | -1.77 1
° NIM | 026% | 052% | 0.49
JHILL | 042% | 0.60% | 0.69
-0.5% NRC | 0.18% | 0.60% | 0.29
RISE3 | 0.18% | 059% | 0.31 0
-1.0%
O L QKO R N KOS E CRV | U(CRV, Pr
& < \&\ & > &8 ‘b@ \é\ \vé N A$\\® S 7§ & 0.63% o.(17 %) 58 %
Long-N200 T,
8.0%
6.0% Lab Ax U(AX;) En Excl.
RISEL | -0.99% | 1.19% | -0.83 0
VIT | -119% [ 147% | -0.81
g ® INRIM [ -1.01% | 3.02% | -0.33
S 4.0% LCOE [ -0.01% | 2.04% | 0.00
7 INE | 037% | 253% | 0.15
E RISE2 | -0.70% | 0.96% | -0.73
g oo | L | N N PR ER NN T ________[ PTB | -0.68% | 2.04% | -0.33
= T T [ ] e dT1/T1 |TUBITAK| 0.26% | 1.46% | 0.18
3 o __’__f _____ S S l___"__.___T —CRV IATTE | 2.77% | 094% | 2.93 0
§ 3 IATTEL | -1.35% | 2.63% | -0.51 0
g 00% . NMIA | 0.02% [ 2.13% | 0.01
a VNIIMS | 3.12% | 203% | 153
NIM | 1.24% | 155% | 0.80
JHILL | -028% | 2.04% | -0.14
-2.0% NRC | 0.25% | 2.03% | 012
RISE3 | -0.29% | 1.26% | -0.23 0
-4.0%
& < @25@ & & ® Q)@\L \é&% & & é\\@‘) & > & & CRV_[ UCRV) |__Pr
S N \a N 146% | 052% | 13%
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Long-N200 Long-N200
Long-N200
. T2
7.0%
6.0%
5.0% Lab AX; U(Ax;) En Excl.
' RISEL | 041% | 1.21% | 034 0
500 VIT | 027% | 0.89% | 0.31
g +U% INRIM | -0.06% | 3.10% | -0.02
[ [COE | -1.31% | 1.26% | -1.04
0,
2 3.0% LNE | 039% | 1.11% | 0.35
S RISE2 | 003% | 1.09% | 0.02
£ PTB | 052% | 214% | 024
E 1.0% dT2/T2 |7uBImAK| 0.11% | 1.04% | 041
o) —_CRV IATTE | 048% | 1.03% | 0.46 0
& 00w TTITTTm—re——F-——fp—t et IATTEL | 3.60% | 2.21% | 163 0
ko] NMIA | 0.36% | 1.26% | 0.8
I e O Y I
& 1o VNIIMS | -0.86% | 0.92% | -0.94
NIM | 064% | 1.26% | 051
. JHILL | 015% | 1.26% | 0.12
-2.0% NRC | 0.82% | 214% | 038
RISE3 | 0.31% | 142% | 0.22 0
-3.0%
-4.0%
<&y \‘{& \® O<Q §</ &L Vﬁ‘ ,<\<</ AN @5 \@ N & L CRV U(CRV) Pr
S S « S
& N ¥ RS O R 0.16% | 037% | 54%
Long-N200
g B [%]
3.0%
2.5%
Lab Ax; U(AX;) En Excl.
5 0% RISEL | 010 | 020 | -048 0
: VIT | 018 | 025 | -0.70
. INAIM | 016 | 1.00 | 016
S 1.5% LCOE 0.26 0.50 0.52
g LNE 0.01 1.00 0.01
%) RISEZ | 003 | 010 | 026
1.0% .
é e dp PTB | 072 | 200 | 036
] TUBITAK
—CRV
§ 05% IATTE 0
= IATTEL 0
L 0 _L___ e _ ————J—f————————— _I__ —
o0 =T NMIA | 041 | 071 | -058
g T—— ——FT Tt~ VNIIMS | 0.13 0.50 0.26
£ NIM | 005 | 080 | 006
5-05% JHILL | 004 | 050 | 008
NRC | 004 | 1.00 | -004
-1.0% RISE3 | 001 | 021 | 003 0
-1.5%
CRV | U(CRV) Pr
-2.0% -0.04 0.12 89 %
N & R I R I N I T )
FESFFF EFEE T T &
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Long-N300 Long-N300
Setup uncertainties: 0.18 % 0.45 % 0.80 % 0.12
TRMS readings Lab readings Comparison results
U, |[T.orT| T, B U, |[T.orT| T, B du /U, U dT /T, U dT /T, U dp’ U
Lab [kv] [ps] [ps] [%] [kv] [ps] [ps] [%] dr /T, [%] [%]
RISEL
VTT
INRIM
LCOE -301.05 | 1544 | 58.09 0.25 | -300.21 | 1521 | 58.99 016 | 0.28% | 063% | 1.52% | 2.10% | -1.52% | 1.32% | 0.09 0.52
LNE -298.66 | 1536 | 53.56 0.15 | -296.91 | 1514 | 53.48 019 | 058% | 0.63% | 1.45% | 258% | 0.15% | 1.17% | -0.04 1.01
RISE2
PTB
TUBITAK | -300.72 | 1525 | 59.51 021 | -301.27 | 1527 | 59.53 0.18% | 0.63% | -017% | 1.92% | -0.03% | 1.24%
IATTE -300.27 | 1.610 | 49.48 0.09 | -297.20 | 1543 | 49.25 1.01% | 0.39% | 4.35% | 0.82% | 0.47% | 0.96%
IATTEL -300.27 | 1.610 | 49.48 0.09 | -299.77 | 1.608 | 47.77 017% | 0.74% | 013% | 258% | 359% | 217%
NMIA 29462 | 1546 | 5897 | -0.54 | -290.78 | 1516 | 59.22 | -0.18 | 1.38% | 0.63% | 1.94% | 220% | -042% | 1.32% | -0.36 0.72
VNIIMS -310.40 | 1370 | 46.38 | -1.47 | -31059 | 1.310 | 4695 | -1.58 | 0.06% | 048% | 458% | 210% | -121% | 0.99% | 0.12 0.51
NIM -296.34 | 1.619 | 60.06 0.12 | -294.19 | 1577 | 59.68 017 | 0.85% | 055% | 2.65% | 1.63% | 0.63% | 1.32% | -0.04 0.81
JHILL -303.14 | 1560 | 60.14 | -0.08 | -300.08 | 1.545 | 60.11 001 | 1.19% | 063% | 0.95% | 2.10% | 0.05% | 1.32% | -0.09 0.51
NRC
RISE3
Long-N300 U
t
2.5%
2.0% Lab AX; U(AX;) En Excl.
RISEL 0
VTT
L 15% INRIM
[ ° LCOE | -0.03% | 057% | -0.06
» ® LNE | 0.26% | 057% | 0.46
E 1.0% RISE2
—
I PTB
g s IR e dUt/Ut [TuBITAK| -0.50% | 0.57% | -0.87
@ 05% —_CRV IATTE | 0.70% | 0.47% | 1.49 0
S I I IATTEL | -0.15% | 0.79% | -0.19 0
ko] l ' NMIA | 1.07% | 0.68% | 158 1
5 00% - -TToTTTo S TIT T oo oo T oo VNIIMS | -025% | 0.41% | -0.63
NIM | 054% | 0.49% | 1.10
JHILL | 0.88% | 0.68% | 1.30 2
NRC
- 0,
0.5% RISE3 0
-1.0%
C L& F YL N E O WP S YE CRV_ | UCRV) | Pr
S L & T & 0« & SRS
N N N A RO S STy & 031% | 0.26% | 8%
Long-N300 T
1
8.0%
6.0% Lab AXi U(AX;) En Excl.
RISEL 0
VTT
g 'Y INRIM
S 4.0% LCOE | 0.06% | 1.93% | 0.03
§ LNE | -001% | 245% | 0.00
RISE2
= PTB
E 20% .
E T e dT1/TL |TUBITAK| -1.63% | 1.73% | -0.94
8 Iy —CRV IATTE | 2.89% | 1.17% | 248 0
§ ———————— T T T T T T T T T T T T 7 IATTEL | -133% | 271% | -0.49 0
& 00% » NMIA | 0.48% | 2.04% | 0.23
a VNIIMS | 3.12% | 226% | 1.38 1
NIM | 119% | 1.41% | 0.85
JHILL | 051% | 1.93% | -0.26
-2.0% NRC
RISE3 0
-4.0%
N “ & Oy & D S )
& < @25@ & ¢ S < \$ & §\V @\Q & & & & CRV | UCRV) | Pr
S S \g S 146% | 0.83% | 36%
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Long-N300 Long-N300
Long-N300 T
7.0% 2
6.0%
5.0% Lab AX; U(Ax;) En Excl.
' RISEL 0
VTT
0,
L 4.0% INRIM
E [COE | -1.13% | 1.23% | -0.91
0,
2 3.0% LNE | 055% | 1.08% | 051
= RISE2
£ PTB
E 1.0% dT2/T2 |7uBITAK| 0.37% | 1.15% | 032
o —_CRV IATTE | 0.87% | 1.06% | 0.2 0
e N R A N U 9P YU R O O S 0 A IATTEL | 3.99% | 2.22% | 1.79 0
9 NMIA | -0.03% | 1.23% | -0.02
£
Y Y AN 'S R R s i S A S O A S s VNIIMS | -0.81% | 0.88% | -0.92
' NIM | 1.02% | 1.23% | 0.3
. JHILL | 045% | 1.23% | 0.36
2.0% NRC
RISE3 0
-3.0%
-4.0%
O F SR OTE NS CRV ] UCRY) | _Pr
& & Q S
& N ¥ RS O R 0.40% | 0.46% | 14%
Long-N300
g B [%]
1.5%
0 Lab AX; U(AX;) En Excl.
1.0% RISEL 0
VTT
N INRIM
s . [COE | o011 0.45 0.24
< 0.5% INE | -001 | 098 | -0.01
2] RISE2
E ———————— ) —— -t e dp PTB
® 4 —CRV TUBITAK
§ 00% $ IATTE 0
= IATTEL 0
= R R N LN UG SRt YO AQUpu ppug Sy SN R A NMIA | 033 | 067 | -050
L ¢ VNIIMS | 0.14 0.45 0.31
& -0.5% NM | 002 | 077 | -003
a JHILL | -0.07 | 045 | -015
NRC
RISE3 0
-1.0%
CRV | U(CRV) Pr
-1.5% -0.02 0.25 92%
<</'\/ \® O‘(/ $<</ <3/ ,\Q) v&‘ & <(,'\* st é’) \® \\}' QS’ <8)
$ < & & 9 & < QQ’<\ \@ \v&\ N A@\ S S §
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Long-N400 Long-N400
Setup uncertainties: 0.18 % 0.45 % 0.80 % 0.12

TRMS readings Lab readings Comparison results
U, |[T,orT. | T, B' U, |[T.orT, | T, g |duysu, U dT /T, U dT /T, u dg’ U
Lab [kv] [ps] [ps] [%] [kv] [ps] [ps] [%] dT /T, [%] [%]
RISEL
VTT
INRIM
LCOE -400.73 | 1541 | 5841 | 036 | -399.39| 1521 [ 59.26 | 019 | 034% | 063% | 1.28% | 210% | -1.44% | 1.32% | 0.17 0.52
LNE
RISE2
PTB
TUBITAK | -401.24 | 1528 | 59.62 | 018 | -402.29 | 1.534 | 59.66 -026% | 0.63% | -042% | 1.91% | -0.05% | 1.24%
IATTE
IATTE1
NMIA
VNIIMS -414.20 | 1366 | 4633 | -127 | -41411] 1315 | 4699 | -1.60 | 014% | 048% | 3.88% | 2.12% | -1.40% | 0.99% | 0.34 0.52
NIM -399.71 | 1565 | 6139 | 062 |-396.49 | 1540 | 61.20 | 050 | 0.93% | 055% | 1.62% | 1.63% | 031% | 1.32% | 0.12 0.81
JHILL -404.24 | 1563 | 6024 | 010 | -399.84 | 1551 | 60.30 | -0.03 | 1.27% | 063% | 074% | 2.10% | 009% | 1.32% | 0.13 0.52
NRC
RISE3
Long-N400 U
t
2.5%
2.0% Lab Ax; U(Ax;) En Excl.
RISEL 0
VTT
L 15% INRIM
3 | LCOE | 0.25% | 053% | 047
2 LNE
@ 1.0% RISE2
[ °
c PTB
2 e dUt/Ut [TUuBITAK| -0.35% | 0.53% | -0.65
@ 0.5% IATTE 0
§ ____________________________ T CRV IATTEL 0
3 I NMIA
= 0.0% VNIIMS | 0.06% | 0.35% | 0.16
J \ NIM | 0.85% | 0.64% | 1.33 2
——————————————————————————————————————— JHILL | 1.19% | 071% | 168 1
NRC
-0.5% RISE3 0
-1.0%
O L& F DR Y &Y E YL CRV | U(CRV, Pr
Sy \%@ N o &< /\Sz’@ \Vé \vé N 4@\@ S F & 0.09 % o.(33 %) 38%
Long-N400 T,
7.0%
6.0%
Lab AX; U(AX;) En Excl.
5.0% RISEL 0
VTT
3 40% . INRIM
S| LCOE | 0.42% | 1.87% | 0.22
S 0% LNE
o RISE2
—
£ 50 PTB
E | T 7 r T o T ¢TI~ e dT1/T1 |TUBITAK| -1.29% | 1.66% | -0.78
S 10% 1 —_CRV IATTE 0
o 7 IATTEL 0
ko) \ NMIA
5 00 VNIIMS | 3.02% | 2.32% | 1.30 1
? NIM | 076% | 1.33% | 057
-1.0% JHILL | -0.12% | 1.87% | -0.07
NRC
2.0% RISE3 0
-3.0%
& < @25@ & & ® & & &8 & é\\@‘) & > & & CRV_[ UCRV) |__Pr
A &Ny N 086% | 095% | 42%
2020-11-25 Annex E Page 120




EURAMET.EM-S42 Final report Annex E

Long-N400 Long-N400
Long-N400
T,
2.0%
1.5%
Lab AX; U(AX;) En Excl.
1.0% RISEL 0
VTT
(]
L 050 INRIM
E LCOE | -0.80% | 1.20% | -0.67
w)
S 0.0% e LNE
& RISE2
£ _05% PTB
= dT2/T2  [TuBiTAK| 058% | 1.12% | 052
(]
S —CRV IATTE 0
el Y Iyt iy Y G O IO IATTEL 0
ko] NMIA
£
= 15% VNIIMS | 0.76% | 0.83% | -0.92
NIM | 095% | 1.20% | 0.79
2.0% JHILL | 055% | 1.20% | 0.46
NRC
RISE3 0
2.5%
-3.0%
<&y @ \® O% é(/ &L Vﬁ‘ <\<</ AN @5 \@ N4 QSJ & CRV U(CRV) Pr
S S « S
& OGN Q&OQ,\ OIS N R 064% | 054% | 11%

Long-N400
g B [%]
1.2%
1.0%
Lab AX; U(AX;) En Excl.
0.8% RISEL 0
VTT
o INRIM
S 06% LCOE | -0.04 | 043 -0.08
. A N A O AN U A N IS A B I R LNE
® RISE2
0.4% ,
é S e dp PTB
—_CRV TUBITAK
g 0.2% s 1 IATTE 0
= ¢ IATTEL 0
e e R PR IR VNIIMS | 0.14 0.43 0.32
£ NIM -0.08 | 0.76 -0.11
5-02% JHILL | -0.07 0.43 -0.16
NRC
-0.4% RISE3 0
-0.6%
CRV | U(CRV) Pr
-0.8% 0.20 0.28 94 %

s
",

&> RO TR MR
& LS R

N <& N
\s ,<\ & N
X NS \é‘ &

N
© S @
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Long-N500 Long-N500
Setup uncertainties: 0.18 % 0.45 % 0.80 % 0.12
TRMS readings Lab readings Comparison results
U, |[TiorT.| T, B U, |TiorT.| T, B du /U, V] dT /T, U dT /T, U dg’ U
Lab [kv] [ps] [ps] [%] [kv] [ps] [ps] [%] dT /T, [%] [%]
RISEL
VTT
INRIM
LCOE 501.20 | 1545 | 58.63 0.27 | -499.56 | 1526 | 59.47 027 | 033% | 063% | 1.23% | 210% | -142% | 1.32% | 0.00 0.52
LNE
RISE2
PTB
TUBITAK | -500.89 | 1.532 | 59.81 0.37 | -501.89 | 1536 | 59.79 020% | 063% | -022% | 1.91% | 0.03% | 1.24%
IATTE 501.86 | 1.393 | 47.05 | -0.11 | -496.21| 1.280 | 46.89 1.12% | 039% | 883% | 0.76% | 0.34% | 0.96%
IATTEL 501.86 | 1.393 | 47.05 | -0.11 | -501.88 | 1.388 | 46.05 000% | 0.74% | 036% | 258% | 217% | 217%
NMIA
VNIIMS 51235 | 1370 | 4642 | -1.35 | 51272 | 1320 | 4710 | -1.61 | 0.05% | 048% | 379% | 210% | -145% | 0.99% | 0.26 0.52
NIM 502.96 | 1563 | 61.84 058 | -498.80 | 1545 | 61.80 063 | 096% | 063% | 1.12% | 249% | 007% | 1.73% | -0.05 0.81
JHILL 504.05 | 1569 | 60.47 0.03 | -49859| 1558 | 6057 | -0.04 | 1.27% | 063% | 069% | 210% | -016% | 1.32% | 0.07 0.51
NRC
RISE3
Long-N500 U
t
2.5%
2.0% Lab Ax; U(Ax;) En Excl.
RISEL 0
VTT
L 15% INRIM
[ d LCOE | 0.27% | 054% | 0.51
§ LNE
o 1.0% + RISE2
—
I PTB
2 e dUt/Ut [TUBITAK| -0.26% | 0.53% | -0.48
@ 0.5% —_CRV IATTE | 1.06% | 051% | 2.09 0
s 2 T TTTe T T T TTTTTTyTTTTIT T T T IATTEL | -0.06% | 0.81% | -0.08 0
ko] [ T NMIA
= 0.0% ry VNIIMS | -0.01% | 0.35% | -0.02
J l NIM | 090% | 0.71% | 1.28 2
——————————————————————————————————————— JHILL | 121% | 0.71% | 171 1
NRC
-0.5% RISE3 0
-1.0%
O L& F DR Y &Y E YL CRV | U(CRV, Pr
& < \%@ N o &< /\Sz’@ \Vé \vé N 4@\@ S F & 0.06 % o.(33 %) 49%
Long-N500 T,
12.0%
10.0%
Lab AX; U(AX;) En Excl.
{ RISEL 0
8.0% VTT
g INRIM
S LCOE | -0.04% | 1.88% | -0.02
v 6.0% LNE
E RISE2
—
g 0% PTB
£ e dT1/T1 |TUBITAK| -1.49% | 1.66% | -0.90
3 —CRV IATTE | 756% | 1.22% | 6.22 0
C nny | ————_—_ut ] —_—_ |- il I —_—)—— Tt —————
3 2.0% % IATTEL | -091% | 2.75% | -0.33 0
2 I NMIA
| I U N . VNIIMS | 252% | 1.88% | 1.34
0.0% NIM | 0.15% | 2.30% | -0.06
JHILL | 057% | 1.88% | -0.31
NRC
-2.0% RISE3 0
-4.0%
& < §z§® & & & & & @ & é\\@" S @ & & CRV_] UCRV) |_Pr
A &N r 3 T27% | 0.95% | 7%
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Long-N500 Long-N500
Long-N500
. T2
5.0%
4.0%
Lab AX; U(AX;) En Excl.
0% il °
L INRIM
S 2.0% LCOE | -0.68% | 1.19% | -0.57
2 LNE
P_f 1.0% RISE2
£ PTB
S 0.0% dT2/72 [JusmaK| 0.77% | 1.11% | 0.70
e T R —_CRV IATTE | 1.08% | 1.12% | 0.97 0
& IATTEL | 292% | 2.25% | 1.30 0
8 -10% NMIA
5 | =t——F-—T——-—7-—F=-—-—-r————T%-To T VNIIMS | 0.71% | 0.82% | -0.87
) NIM | 081% | 1.63% | 050
-2.0% JHILL | 058% | 1.19% | 049
NRC
3.0% RISE3 0
-4.0%
& S F QR KO TP S CRV | UCRY) | _Pr
& € N &35\ & S @\\Q\ ST 074% | 056% | 18%
Long-N500 B[
%]
1.0%
0.8%
Lab AX; U(AX;) En Excl.
0.6% R\|/5TET1 0
. INRIM
S504% L _____ [ P, S — LCOE -0.10 0.44 0.22
S . LNE
%) RISE2
0.2% .
é e dp PTB
_ TUBITAK
§ 00% * s eRY IATTE 0
= IATTEL 0
202 ——mm—————————————————— ———— — e NMIA
g VNIIMS | 017 | 043 | 040
g NIM | 014 | 076 | -019
5-04% JHILL | 002 | 043 | 005
NRC
-0.6% RISE3 0
-0.8%
CRV | U(CRV) Pr
-1.0% 0.09 028 | 87%

s
",

&> RO TR MR
& LS R

N <& N
\s ,<\ & N
X NS \é‘ &

N
© S @
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Long-N600 Long-N600
Setup uncertainties: 0.18 % 0.45 % 0.80 % 0.12
TRMS readings Lab readings Comparison results
U, |[TiorT.| T, B U, |TiorT, Ta B du /U, V] dT /T, U dT /T, U dg’ U
Lab [kv] [ps] [ps] [%] [kv] [ps] [ps] [%] dT /T, [%] [%]
RISEL
VTT
INRIM
LCOE 601.19 | 1556 | 58.97 019 | -598.70 | 1536 | 59.81 005 | 042% | 063% | 131% | 210% | -141% | 1.32% | 0.14 0.52
LNE
RISE2
PTB
TUBITAK | -601.12 | 1536 | 60.10 030 | -601.38| 1547 | 60.12 0.04% | 063% | -074% | 1.91% | -002% | 1.24%
IATTE
IATTEL
NMIA
VNIIMS 615.92 | 1370 | 4654 | -1.38 | -61646 | 1320 | 47.26 | -1.66 | 0.03% | 048% | 379% | 210% | -1.52% | 0.99% | 0.28 0.51
NIM 609.26 | 1565 | 62.44 058 | -604.10| 1546 | 62.55 055 | 097% | 063% | 1.22% | 249% | -016% | 1.73% | 0.03 0.81
JHILL
NRC
RISE3
Long-N600
Ut
2.0%
1.5% Lab AX; U(AX;) En Excl.
' RISEL 0
VTT
o INRIM
S 1.0% ° LCOE | 0.12% | 056% | 0.21
§ LNE
o RISE2
- | _1_ Al d A
£ 050 PTB
S o
£ ) T e dUt/Ut [tuBITAK| -0.34% | 0.56% | -0.61
© IATTE 0
Q —CRV
S IATTEL 0
D 00% —m—m—m—m—m—m e ——— - NMIA
= VNIIMS | -027% | 0.38% | -0.69
NIM | 068% | 056% | 1.22
JHILL
-0.5% NRC
RISE3 0
-1.0%
C L& F YL N E O WP S YE CRV ] UCRV) | _Pr
S RERAEEEEOER NN S
N N N A & S R 030% | 0.29% | 6%
Long-N600 T,
7.0%
6.0%
) Lab AX; U(AX;) En Excl.
5.0% RISEL 0
. VTT
g 40% + INRIM
] LCOE | 0.87% | 1.71% | 051
g 3.0% LNE
v RISE2
e ] IS S PTB
S 10% ? p e dT1/T1 |TUBITAK| -1.18% | 1.47% | -0.80
§ ——CRV IATTE 0
T 0.0% IATTEL 0
2 NMIA
8104 —T-————-— —r——=——7T——= ¢$———r——=——7r—"rT——r—- VNIIMS | 3.34% | 2.43% | 1.37 1
NIM | 077% | 216% | 0.36
2.0% JHILL
’ NRC
0% RISE3 0
-4.0%
N & & & &> S v D
%\(,jo < @25@ &S %\(;3’ L < \$ & §\V @\Q & & & %\4@ CRV | U(CRV) Pr
S N \a N 044% | 123% | 27%
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Long-N600 Long-N600
Long-N600
T,
2.0%
1.5%
Lab AX; U(AX;) En Excl.
1.0% RISEL 0
VTT
(]
S 0.5% INRIM
E [COE | 047% | 1.16% | -0.40
w)
2 oo% LNE
2 RISE2
£ .05% PTB
E dT2/72 [7usrmAK| 0.92% | 1.07% | 0.85
(]
S 1m0 —CRV IATTE 0
5] 10% IATTEL 0
O NMIA
e
o T e e B e VNIIMS | -058% | 0.77% | -0.75
NIM | 0.78% | 161% | 0.48
-2.0% JHILL
NRC
RISE3 0
2.5%
-3.0%
O F SR OTE NS CRV ] UCRY) | _Pr
S S Q S
& NSRS Q/\o‘b\ SN ST 0.04% | 062% | 18%
Long-N600
g B [%]
1.0%
0.8%
Lab AX; U(AX;) En Excl.
0.6% RISEL 0
e R VTT
o INRIM
S 0.4% LCOE | 004 | 040 | -0.10
g It LNE
%2 RISE2
0.2% .
é r e dp PTB
P —CRV TUBITAK
§ 00% IATTE 0
= IATTEL 0
L e Y R R NMIA
L VNIIMS | 0.10 0.39 0.25
£ NIM 014 | 074 | 020
5-04% JHILL
NRC
-0.6% RISE3 0
-0.8%
CRV | U(CRV) Pr
-1.0% 0.18 0.33 86 %

s
",

&> RO TR MR
& LS R

N <& N
\s ,<\ & N
X NS \é‘ &

N
© S @
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Long-N700 Long-N700
Setup uncertainties: 0.18 % 0.45 % 0.80 % 0.12
TRMS readings Lab readings Comparison results
U, |[T.orT| T, B U, |[T.orT| T, B du /U, U dT /T, U dT /T, U dp’ U
Lab [kv] [ps] [ps] [%] [kv] [ps] [ps] [%] dr /T, [%] [%]
RISEL
VTT
INRIM
LCOE -700.34 | 1560 | 57.93 0.28 | -698.32 | 1.535 | 58.78 018 | 0.29% | 063% | 1.68% | 3.07% | -1.45% | 1.32% | 0.10 0.52
LNE
RISE2
PTB
TUBITAK | -699.00 | 1539 | 60.21 0.27 | -699.59 | 1.537 | 60.27 0.08% | 0.63% | 0.09% | 1.91% | -011% | 1.24%
IATTE
IATTEL
NMIA
VNIIMS
NIM 70133 | 1544 | 62.83 0.42 | 695.80 | 1.534 | 62.93 030 | 0.91% | 063% | 0.65% | 2.49% | 0.15% | 1.73% | 0.2 0.81
JHILL
NRC
RISE3
Long-N700 U
t
2.0%
1.5% Lab AX; U(AX;) En Excl.
RISEL 0
VT
o INRIM
S 1.0% LCOE | -0.08% | 051% | -0.16
2 b LNE
d | -t r—-1—-——T——F—"—"—t——"—"—T——rTt9——T7——— RISE2
—
£ 050 PTB
S o
= e dUt/Ut |TUBITAK] -0.46% | 051% | -0.90
@ L IATTE 0
Q —CRV
S IATTEL 0
B 00% e e NMIA
= ¢ VNIIMS
NIM | 054% | 051% | 1.06
JHILL
-0.5% NRC
RISE3 0
-1.0%
C L& F YL N E O WP S YE CRV_ | UCRV) | Pr
S RO RN S
& N & A FES T8 T 0.37% | 036% | 7%
Long-N700
g T,
6.0%
5.0%
Lab AX; U(AX;) En Excl.
RISEL 0
0,
4.0% VT
e INRIM
T 3.0% LCOE | 1.11% | 2.75% | 0.40
§ LNE
& 00% RISE2
c ® PTB
2 L% e dT1/T1 |TUBITAK| -048% | 1.35% | -0.36
§ ——CRV IATTE 0
o IATTEL 0
& 00% * NMIA
a VNIIMS
——————————————————————————————————————— NIM | 0.08% | 2.08% | 0.04
- 0,
10% JHILL
NRC
-2.0% RISE3 0
-3.0%
N “ & Oy & D S )
& < @25@ & ¢ S < \$ & §\V @\Q & & & & CRV | UCRV) | Pr
S N \a N 057/% | 1.36% | 68%
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Long-N700 Long-N700
Long-N700
. T2
2.0%
1.5%
Lab AX; U(AX;) En Excl.
1.0% RISEL 0
VTT
S o05% INRIM
S LCOE | -084% | 1.05% | -0.80
< S R A D S s
2 0.0% LNE
2 RISE2
E .05% PTB
E dT2/72 [7uBmAK| 050% | 0.95% | 053
(]
S 1m0 —CRV IATTE 0
5] 10% IATTEL 0
38N [ U T O N QG I NMIA
5 “15% VNIIMS
NIM | 046% | 1.53% | 0.30
-2.0% JHILL
NRC
RISE3 0
-2.5%
-3.0%
& S F GRS O TE S N CRV | UCRY) | _Pr
& <€ N &Sé\ & Y ¥ TE 061% | 0.80% | 28%
Long-N700 B[
%]
1.2%
1.0%
Lab AX; U(AX;) En Excl.
= °
o INRIM
so0e® 7 LCOE -0.01 0.28 -0.02
S LNE
® RISE2
0.4% .
é e dp PTB
—CRV TUBITAK
§o2% IATTE 0
= IATTEL 0
2 0.0% NMIA
2 VNIIMS
£ . NIM 0.01 0.68 0.02
502% JHILL
_______________________________________ NRC
-0.4% RISE3 0
-0.6%
CRV | U(CRV) Pr
-0.8% 0.11 0.44 97 %
N S & I S R S I e
FESFFF EFEE T T &
«
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Long-P100 Long-P100
Setup uncertainties: 0.18 % 0.45 % 0.80 % 0.12

TRMS readings Lab readings Comparison results
U, |[T,orT.| T, B U, |[T,orT.| T, B | duysu, U dT /T, U dT /T, U dg' U
Lab [kv] [ps] [ps] [%] [kv] [ps] [ps] [%] dT /T, [%] [%]
RISEL 100.88 | 1.578 | 4354 | -1.05 | 100.20 | 1566 | 4326 | -0.89 | 0.67% | 056% | 0.73% | 1.11% | 0.65% | 1.18% | -0.16 0.16
VTT 99.73 | 1590 | 4416 | -1.02 | 9923 | 1583 | 44.08 | -082 | 051% | 045% | 043% | 1.57% | 0.18% | 0.96% | -0.20 0.28
INRIM 10052 | 1547 | 4299 | -111 | 10017 | 1538 | 42.96 | -1.04 | 035% | 063% | 058% | 3.07% | 0.07% | 3.12% | -0.06 1.01
LCOE 9987 | 1582 | 5819 | 064 | 9960 | 1560 | 5897 | 045 | 027% | 063% | 141% | 2.11% | -1.33% | 1.32% | 049 0.52
LNE 102.02 | 1533 | 5235 | 039 | 10151 [ 1504 | 5213 | 042 | 049% | 063% | 1.94% | 258% | 042% | 1.17% | 0.26 1.03
RISE2 99.02 | 1599 | 4356 | -098 | 9862 | 1586 | 4330 | -087 | 042% | 056% | 081% | 1.12% | 059% | 1.25% | -0.12 0.16
PTB 96.17 | 1555 | 47.21 | 0.00 9562 | 1542 | 4691 | -072 | 059% | 054% | 079% | 210% | 064% | 217% | 0.72 2.00
TUBITAK | 100.68 | 1527 | 59.44 | 035 | 10071 | 1.488 | 59.37 0.03% | 063% | 265% | 1.55% | 0.11% | 1.12%
IATTE 99.75 | 1.617 | 4934 | 0.05 98.68 | 1.535 | 49.30 1.06% | 039% | 533% | 0.81% | 0.08% | 0.95%
IATTEL 99.75 | 1.617 | 4934 | 0.05 9963 | 1.610 | 47.81 012% | 074% | 043% [ 258% | 321% | 217%
NMIA 101.27 | 1586 | 5843 | -0.40 | 10023 | 1557 | 58.02 | 008 | 1.10% | 063% | 1.85% | 220% | 0.71% | 1.32% | -0.48 0.72
VNIIMS 10524 | 1.380 | 4635 | -1.37 | 10559 | 1.320 | 4677 | -148 | -021% ] 048% | 455% | 2.10% | -0.90% | 0.99% | 0.1 0.52
NIM 9959 | 1.607 | 58.82 | 0.05 9885 | 1568 | 5843 | 018 | 087% | 055% | 2.49% | 1.63% | 0.68% | 1.32% | -0.13 0.81
JHILL 10059 | 1527 | 60.03 | -0.09 | 100.02 | 1500 | 59.73 | -0.04 | 0.74% | 063% | 1.78% | 2.10% | 050% | 1.32% | -0.05 0.51
NRC 100.15 | 1556 | 59.77 | -001 | 99.81 | 1534 | 5935 | 010 | 0.67% | 063% | 143% | 2.10% | 0.72% | 2.17% | -0.12 1.01
RISE3 99.35 | 1597 | 6348 | 0.26 98.75 | 1580 | 6331 | 036 | 0.73% | 056% | 1.13% | 1.15% | 0.26% | 1.37% | -0.09 0.17
Long-P100 U
t
2.0%
1.5% Lab Ax U(Ax;) En Excl.
RISEL | 0.21% | 058% | 0.36 0
VIT [ 005% | 042% | 0.11
o it INRIM | -0.11% | 060% | -0.19
T 1.0% LCOE | -0.19% | 060% | -0.31
2 ¢ LNE | 0.03% | 0.60% | 0.06
= . < ® RISE2 | -0.04% | 053% | -0.07
£ 05% Tl T T Y T T T T PTB | 0.13% | 0.52% | 0.26
e i > e dUt/Ut [tuBITAK| -0.49% | 0.60% | -0.81
§ - T——w% -~ T~~~ T— " ————————— ——T—— —_CRV IATTE | 0.60% | 0.42% | 1.43 0
) ¢ IATTEL | -034% | 0.76% | -0.44 0
S 0.0% it NMIA | 0.64% | 0.60% | 1.07
= VNIIMS | -067% | 045% | -1.48
NIM | 041% | 052% | 0.78
JHILL | 0.28% | 0.60% | 047
-0.5% NRC | 0.21% | 0.60% | 0.35
RISE3 | 0.27% | 058% | 0.46 0
-1.0%
C L& F YL N E O WP S YE CRV_ | UCRV) | Pr
S QKRS R NN S
N N N A & S R 046% | 0.16% | 7%
Long-P100
g T,
8.0%
6.0% Lab AX; U(Ax;) En Excl.
RISEL | -0.90% | 1.23% | -0.73 0
VIT [ -1.19% | 1.48% [ -0.81
S < INRIM | -1.04% | 3.02% | -0.35
S 4.0% LCOE | -022% | 2.05% | -0.11
2 LNE | 032% | 253% | 0.12
x RISE2 | -0.82% | 0.98% | -0.83
_____ R ) O N e A RO BN IO PTB | -0.84% | 2.03% | -0.41
€20 ~TF 77 s ) I - ”
£ s T + e dT1/TL [TUBITAK| 1.02% | 1.45% | 0.70
8 T T oI I ki P————--— —CRV IATTE | 3.71% | 097% | 3.83 0
§ p . IATTEL | -1.20% | 2.63% | -0.46 0
g 00% NMIA | 0.22% | 214% | 0.10
a VNIIMS | 2.92% | 2.03% | 1.43
NIM | 086% | 1.55% | 0.56
JHILL | 0.15% [ 2.03% | 0.07
-2.0% NRC | -0.20% | 2.03% | -0.10
RISE3 | -050% | 1.27% | -0.39 0
-4.0%
N “ & QR N & D S v o
%\(,jo < @25@ &S %\(_ﬁv & < \$ & §\V @\Q & & & %\4@ CRV | U(CRV) Pr
S N \a N 163% | 053% | 13%
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Long-P100 Long-P100
Long-P100
T,
6.0%
5.0%
Lab AX; U(AX;) En Excl.
4.0% RISEL | 055% | 1.24% | 0.44 0
VIT | 009% | 089% | 0.10
S 3.0% INRIM | 0.02% | 3.10% | -0.01
) [COE | -142% | 1.26% | -1.13
2 5o LNE | 0.33% | 1.11% | 0.29
& RISE2 | 049% | 1.19% | 041
£ 10% PTB | 054% | 2.14% | 0.25
€1
E e |l Tl elell Ll el el lle | dT2/72 [7usrmAK| 0.02% | 1.06% | 0.02
8 0.0% 1 —CRV IATTE | 0.01% | 1.02% | -0.01 0
A O A 9 A R O A IATTEL | 3.11% | 2.21% | 141 0
ko) NMIA | 0.61% | 1.26% | 0.9
£
5 10% VNIIMS | -1.00% [ 0.92% [ -1.09
NIM | 058% | 1.26% | 0.46
2.0% JHILL | 040% | 1.26% | 032
NRC | 0.62% | 2.14% | 0.9
RISE3 | 0.17% | 1.42% | 0.2 0
3.0%
-4.0%
<&y \‘{& & F LR Vﬁ‘ ,<\<</ AN @5 S & CRV U(CRV) Pr
S S Q) S
& N ¥ RS O R 0.09% | 0.38% | 34%
Long-P100
g B [%]
3.0%
2.5%
Lab AX; U(AX;) En Excl.
RISEL | 007 | 020 | 036 0
2.0% VIT | 012 | 025 | 046
. INRIM | 002 | 100 | 002
= [COE | 058 | 050 | 115
< 15% INE | 035 | 1038 | 034
2 . RISE2 | 0038 | 011 | -0.30
= 1 0w e dp PTB | 080 | 200 | 040
c —CRV TUBITAK
S ® IATTE 0
= 0.5% IATTEL 0
S . NMIA | 040 | 071 | -056
g i VNIMS| 020 | 050 | 0.39
£ 0.0% T g e e e S i Y B NIM | -004 | 080 | -005
8 ® -] T——f————————- - —J————— -=4--1 JHILL | 004 | 050 | 008
05 NRC | 003 | 100 | -0.03
=7 RISE3 | 001 | 021 | -003 0
1.0%
CRV | U(CRV) Pr
-1.5% -0.09 0.12 55 %
& v Q X & N &) NS @] %)
& L & F &g &S & §F S & &
S ¥ < o S
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Long-P200 Long-P200
Setup uncertainties: 0.18 % 0.45 % 0.80 % 0.12

TRMS readings Lab readings Comparison results
U, |[T,orT,| T, B' U, |[T,orT,| T, g |dusu, ] dT /T, ] dT,/T, U dB’ ]
Lab [kv] [bs] [bs] [%] [kv] [bs] [bs] [%] dT /T, [%] [%]
RISEL 200.04 | 1581 | 4352 | -1.00 | 198.29 | 1.570 | 43.38 | -0.88 | 0.88% | 0.56% | 0.68% | 1.08% | 0.32% | 1.15% | -0.12 | 0.16
VTT 199.73 | 1592 | 4413 | -0.98 | 19860 | 1585 | 4404 | 078 | 057% | 045% | 041% | 156% | 0.19% | 0.96% | -020 | 0.28
INRIM 200.69 | 1561 | 4307 | -115 | 199.48 | 1.555 | 43.13 | -1.23 | 061% | 063% | 041% | 3.07% | 0.15% | 3.12% | 0.08 1.01
LCOE 200.12 | 1573 | 5815 | 042 | 19950 | 1.551 | 59.03 | 0.07 ]| 031% | 063% | 142% | 210% | -1.50% | 1.32% | 0.35 0.52
LNE 200.10 | 1544 | 5280 | 014 | 198.92 | 1518 | 5264 | 013 | 058% | 0.63% | 1.66% | 258% | 0.30% | 1.17% | 0.01 1.01
RISE2 196.78 | 1.600 | 4352 | -0.94 | 19556 | 1589 | 4358 | -1.02 | 063% | 056% | 0.72% | 1.08% | -0.15% | 1.15% | 0.07 0.16
PTB 195.75 | 1543 | 47.20 | 000 | 19450 | 1531 | 4700 | -084 | 066% | 054% | 077% | 2.10% | 0.43% | 2.18% | 0.84 2.00
TUBITAK | 20153 | 1519 | 59.44 | 050 | 201.91 | 1.496 | 59.44 -0.19% | 0.63% | 1.49% | 1.54% | 0.00% | 1.11%
IATTE 202.79 | 1613 | 4930 | 014 | 20044 | 1549 | 49.33 1.15% | 0.39% | 414% | 0.77% | -0.07% | 0.95%
IATTEL 202.79 | 1613 | 4930 | 014 | 20188 | 1.614 | 47.84 045% | 0.74% | -0.04% | 2.58% | 3.05% | 2.17%
NMIA 202.43 | 1572 | 5867 | -0.47 | 200.09 | 1.545 | 58.28 | -0.01 | 1.23% | 063% | 1.74% | 2.20% | 068% | 1.32% | -046 | 0.73
VNIIMS 20488 | 1.380 | 46.32 | -136 | 20571 | 1.320 | 4674 | -1.46 | -028% | 0.48% | 455% | 2.10% | -0.89% | 0.99% | 0.10 0.52
NIM 199.72 | 1.618 | 59.22 | 0.45 | 19811 | 1576 | 5888 | 017 | 093% | 055% | 2.68% | 1.63% | 059% | 1.32% | -0.01 | 081
JHILL 201.70 | 1565 | 59.97 | -0.01 | 20041 | 1542 | 59.73 | 001 ]| 0.82% | 063% | 154% | 2.10% | 0.40% | 1.32% | -0.02 | 051
NRC 199.29 | 1560 | 59.85 | -0.01 | 19823 | 1531 | 59.42 | 005 | 0.87% | 063% | 1.91% | 2.11% | 0.73% | 2.17% | -0.06 1.01
RISE3 199.96 | 1.620 | 63.63 | -0.02 | 19855 | 1.603 | 6352 | 011 | 0.83% | 056% | 1.05% | 1.14% | 017% | 1.37% | -0.13 | 0.16
Long-P200 U
t
2.0%
1.5% Lab AX; U(AX;) En Excl.
RISEL | 0.24% | 0.58% | 0.41 0
< VIT | -0.07% | 0.42% | -0.18
@ INRIM | -0.03% | 0.60% | -0.05
T 1.0% LCOE | -033% | 060% | -0.55
n ® ? LNE | -0.06% | 0.60% | -0.10
S F—_———_————_——_ Tt —_—_ —_ ] —_—— - — = — —_———_———— - ———————0 . . .
& RISE2 | -0.01% | 0.53% | -0.01
£ 05% b ] PTB | 0.02% | 051% | 0.04
£ T TTT T T T Ty T AR SR R e dUt/Ut |TUBITAK| -0.83% | 0.60% | -1.37
[ ]
Q —CRV IATTE | 051% | 043% | 1.20 0
S IATTEL | -0.19% | 0.76% | -0.25 0
I 0.0% NMIA | 059% | 0.60% | 0.98
= ! VNIIMS | -0.92% | 051% | -1.80 1
) NIM | 0.29% | 052% | 0.56
JHILL | 0.17% | 0.60% | 0.29
-0.5% NRC | 0.23% | 0.60% | 0.38
RISE3 | 0.19% | 059% | 0.32 0
-1.0%
C L& F YL N E O WP S YE CRV_ | UCRV) | Pr
S s & & S
N N N A & S R 064% | 0.17% | 19%
Long-P200
g T,
8.0%
6.0% Lab AX; U(Ax;) En Excl.
RISEL | -0.79% | 1.20% | -0.66 0
VIT | -1.06% | 1.47% | -0.72
3 . INRIM | -1.06% | 3.02% | -0.35
S 4.0% LCOE | -005% | 2.04% | -0.03
2 INE | 019% | 253% | 0.07
& RISE2 | -0.75% | 0.95% | -0.79
£ ,ou PTB | -0.70% | 2.03% | -0.34
o 0 i —_——Trl T —_——Tr m——————— ____lr__
2 1 s T [ T e dT1/T1 [tuBITAK| 0.01% | 1.45% | o0.01
g RS A SLANH O | | —CRV IATTE | 2.67% | 0.93% | 2.86 0
5] L IATTEL | -152% | 2.63% | -0.58 0
g 0.0% ¢ NMIA | 027% | 213% | 0.3
5 VNIIMS | 3.07% | 2.03% | 151
NIM | 1.21% | 1.55% | 0.78
JHILL | 0.07% | 2.04% | 0.03
-2.0% NRC | 044% | 2.04% | 0.21
RISE3 | -0.42% | 1.26% | -0.33 0
-4.0%
N S P K S o oL >
%\(,jo < @25@ &S %\(_ﬁv & < \$ & §\V @\Q & & & %\4@ CRV | U(CRV) Pr
S N \a N 147% | 052% | 15%
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Long-P200 Long-P200
Long-P200
T,
6.0%
5.0%
Lab AX; U(AX;) En Excl.
4.0% RISEL | 0.36% | 1.21% | 0.29 0
VIT | 023% | 0.89% | 0.26
L 30% INRIM | -0.11% | 3.10% | -0.04
IS LCOE | -146% | 1.26% | -1.16
2 0% LNE | 0.34% | 1.11% | 031
2 RISE2 | -0.11% | 1.09% | -0.10
E 1% PTB | 0.46% | 2.14% | 0.22
E 1
E dT2/72 [7uBmAK| 0.04% | 1.04% | 0.03
§ 0.0% —CRV IATTE | -0.03% | 1.02% | -0.03 0
-t I N OO 5 2 5 A Y IATTEL | 3.09% | 2.21% | 1.40 0
Ko NMIA | 072% | 1.26% | 057
£
5 10% VNIIMS | -0.85% [ 0.92% | -0.93
NIM | 0.63% | 1.26% | 0.50
20% JHILL | 043% | 1.26% | 0.34
NRC | 0.77% | 2.14% | 0.36
RISE3 | 021% | 1.42% | 0.15 0
-3.0%
-4.0%
<&y \‘{& & F LR Vﬁ‘ ,<\<</ AN @5 S & CRV U(CRV) Pr
S S Q S
& N ¥ RS O R 0.04% | 037% | 38%
Long-P200
g B [%]
3.5%
3.0%
Lab Ax; U(AX;) En Excl.
2 5% RISEL | -0.13 | 020 | -0.66 0
' VTT 022 | 025 | -0.88
o INRIM | 0.06 1.00 0.06
S 2.0% LCOE | 0.33 0.50 0.66
g LNE -0.01 1.00 -0.01
® RISE2 | 0.06 0.11 0.53
1.5% .
é e dp PTB | 082 | 200 | 041
—CRV TUBITAK
§10% )i IATTE 0
= IATTEL 0
S 0.5% NMIA | -048 | 072 | -0.66
(g VNIIMS | 0.08 0.50 0.16
R y - 1——r— % —T-———————<— -T—— —a——t——-- NIM 003 | 080 | -0.04
= 0.0% —2 ' ' '
a0 f_ Y I ___—_—_—_——_C LY _ _4.__T JHILL | -0.04 | 050 | -0.08
NRC 008 | 100 | -0.08
-0.5% RISE3 | -0.15 | 020 | -0.74 0
-1.0%
CRV | U(CRV) Pr
-1.5% 0.02 0.12 71%
<& S F RSO FTE S
& X & F T O & &S ﬁ@\ S Y &6
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Long-P300 Long-P300
Setup uncertainties: 0.18 % 0.45 % 0.80 % 0.12
TRMS readings Lab readings Comparison results
U, T,orT, T, B' U, T,orT, T, B' du /U, U dT /T, U dT /T, U dB’ U
Lab [kv] [ps] [ps] [%] [kv] [ps] [ps] [%] dT /T, [%] [%]
RISE1 298.96 | 1.593 43.49 -1.04 | 296.45 | 1577 43.39 -0.84 | 0.84% | 0.56% 0.97% 1.13% | 0.24% | 1.17% -0.20 0.16
VTT 297.46 | 1.599 44.12 -1.03 | 295.81 | 1.592 44.05 -0.84 | 056% | 0.45% 0.49% 156% | 0.15% | 0.96% -0.19 0.28
INRIM 304.26 | 1.576 43.75 -1.25 | 302.18 | 1.577 43.74 -1.11 069% | 1.07% | -0.06% | 5.04% | 0.04% | 5.07% -0.14 1.01
LCOE 301.04 | 1.545 58.12 0.32 300.00 | 1.524 59.05 0.26 0.35% | 0.63% 1.43% 210% | -1.57% | 1.32% 0.06 0.52
LNE 298.37 | 1.545 53.62 0.14 296.63 | 1.523 53.54 0.21 0.58% | 0.63% 1.47% 258% | 0.16% | 1.17% -0.06 1.01
RISE2 296.59 | 1.605 43.57 -1.04 | 29493 | 1.598 43.66 -0.92 057% | 0.56% 041 % 1.12% | -0.20% | 1.16% -0.12 0.16
PTB 292.19 | 1.554 47.22 0.00 290.43 | 1.539 47.00 -0.74 | 0.63% | 0.54% 0.97% 210% | 0.47% | 2.18% 0.74 2.00
TUBITAK 300.15 | 1.526 59.49 0.37 300.44 | 1.503 59.50 -0.10% | 0.63% 1.55% 1.92% | -0.02% | 1.24%
IATTE 300.09 | 1.612 49.52 0.09 297.24 | 1.546 49.42 094% | 0.39% 4.28% 077% | 0.21% | 0.97%
IATTEL 300.09 | 1.612 49.52 0.09 299.60 | 1.611 47.88 0.16% | 0.74% 0.09 % 258% | 3.43% | 217%
NMIA 294.80 | 1.573 59.05 -0.54 | 291.73 | 1.550 58.85 -0.03 1.11% | 0.63% 1.48% 220% | 0.35% | 1.32% -0.50 0.72
VNIIMS 307.98 | 1.383 46.39 -1.44 | 308.11 | 1.326 46.96 -1.58 0.08% | 0.48% 4.30% 211% | -1.21% | 0.99% 0.14 0.51
NIM 29595 | 1.626 60.13 0.11 29357 | 1.584 59.74 0.17 0.93% | 0.55% 2.64% 163% | 0.66% | 1.32% -0.06 0.81
JHILL 302.90 | 1.558 60.04 -0.05 | 300.90 | 1.532 59.85 0.01 0.84% | 0.63% 1.67% 210% | 0.33% | 1.32% -0.06 0.51
NRC
RISE3 299.68 | 1.650 63.91 -0.04 | 297.75 | 1.630 63.85 0.05 0.77% | 0.56% 1.19% 1.18% | 0.08% | 1.37% -0.09 0.16
Long-P300 U
t
2.0%
1.5% Lab Ax; U(AX)) En Excl.
RISE1 | 0.30% | 0.58% 0.52 0

VTT 0.01% | 042% 0.03

INRIM | 0.15% | 1.05% 0.14

[}
>
S 10% i LCOE | -019% | 0.60% | -0.32
2 ° . LNE | 0.03% | 0.60% | 0.05
o -t ——F A —————|—— 1 L= L ¢ RISE2 | 0.03% | 0.53% | 0.05
= [
£ 05% 1 PTB | 0.08% | 051% | 0.16
2 AR S A A S L e dUt/Ut [TUBITAK| -0.64% | 0.60% | -1.06
9 —CRV IATTE | 0.39% | 043% | 0.92 0
S ® IATTEL | -0.38% | 0.76% | -0.50 0
& 0.0% NMIA | 057% | 060% | 0.95
= ® VNIIMS | -0.47% | 045% | -1.04
NIM | 039% | 052% | 0.74
JHILL | 0.29% | 0.60% | 0.49
-0.5% NRC
RISE3 | 0.22% | 059% | 0.38 0
-1.0%
C L S F S QRN E NSNS CRV | U(CRV) Pr
S S & T & ¢ L R SR
& N & ,\o‘b\ Na \é\ S S SN X 054% | 017% | 14%
Long-P300 T
1
8.0%
6.0% Lab AX; U(AX;) En Excl.
RISEL | -041% ] 1.26% | -0.32 0
VIT [ -089% | 1.46% | -0.61
L 4.0% { INRIM | -1.43% | 5.01% | -0.29
S LCOE | 0.05% | 2.03% | 0.02
2 INE | 0.09% | 252% | 0.04
& 20% T__—T__ ___________ . ____JT _______ I [ RISE2 | -0.97% | 0.97% | -1.00
c ¥ T PTB | -0.41% | 2.02% | -0.20
£ T’_ T T S __1‘____ ______________ I e dT1/T1 |TUBITAK| 0.17% | 1.83% | 0.09
g 0.0% 1 —CRV IATTE | 2.90% | 0.96% | 3.03 0
5] IATTEL | -1.29% | 2.64% | -0.49 0
g NMIA | 0.10% | 212% | 0.05
5 -2.0% VUNIMS | 2.92% | 2.04% | 143
NIM | 1.26% | 1.53% | 0.82
JHILL | 029% | 2.02% | 0.14
-4.0% NRC
RISE3 | -0.18% | 1.31% | -0.14 0
-6.0%
N S P K S S YL >
@(_go < é@@ &S %\(_ﬁv & <§\v \é\ & §§ é\\@ @w“ & & %\(;o CRV | U(CRV) Pr
S N \a N 138% | 056% | 14%
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Long-P300 Long-P300
Long-P300
8.0% T2
6.0% Lab AX; U(AX;) En Excl.
RISEL | 041% | 1.23% | 0.33 0
VIT | 032% | 0.88% | 0.36

4.0% INRIM | 0.21% | 5.06 % 0.04

LCOE | -1.40% | 1.26% -1.11

LNE 033% | 1.11% 0.30

2.0% RISE2 | -0.03% | 1.10% -0.03

PTB 064% | 214% 0.30

dT2/72 [7usmAK| 0.15% | 1.18% | 0.3

Difference from TRMS value

0.0% —CRV IATTE | 0.38% | 1.04% | 037 0
———————————————————————————————————————— IATTEL | 360% | 221% | 163 0

NMIA | 051% | 1.26% | 041

2.0% VNIIMS | -1.04% | 091% | -1.14

NIM 0.83% | 1.26% 0.66

JHILL 050% | 1.26% 0.40

NRC
- 0,
4.0% RISE3 | 0.25% | 1.43% | 0.18 0
-6.0%
O F SO TE S E CRV__ | U(CRV) Pr
& & &Y &Sé\ SN TS 017% | 038% | 23%
Long-P300 B I
%]
3.0%
2.5%
Lab Ax; U(AX;) En Excl.
RISEL | -0.00 | 020 | -0.46 0
2.0% VIT | -0.08 | 025 | -0.33
N INRIM | 003 | 1.00 | -0.03
N [COE | 017 | 050 | 035
< 1.5% LNE 0.05 100 | 005
2 ) RISE2 | 001 | 011 | -0.06
= 1 0w e dp PTB | 085 | 200 | 043
c —CRV TUBITAK
S * IATTE 0
- 0.5% IATTEL 0
e NMIA | 039 | 071 | -055
o ‘I VNIIMS | 025 | 050 | 0.9
£ 00% mof-—pT g e —e————1 NIM_ | 005 | 080 | 006
a T-_ ____~|__--__I _____________ ——l-—-—— _——— JHILL 0.05 0.50 0.11
05 NRC
0 RISE3 | 002 | 020 | 0.10 0
-1.0%
CRV U(CRV) Pr
-1.5% -0.11 0.12 93 %
& v Q X & N Nl &) NS @] %)
Qg_)‘v < Q§\ & & LR éx . é&% $® g @@\ @w“ & & &
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Long-P400 Long-P400
Setup uncertainties: 0.18 % 0.45 % 0.80 % 0.12
TRMS readings Lab readings Comparison results
U, |[TiorT.| T, B U, |TiorT.| T, B du /U, V] dT /T, U dT /T, U dg’ U
Lab [kv] [ps] [ps] [%] [kv] [ps] [ps] [%] dT /T, [%] [%]
RISEL 40223 | 1593 | 4351 | -0.93 | 39854 | 1581 | 4346 | -097 ]| 093% | 056% | 0.79% | 112% | 011% | 1.17% | 0.05 0.17
VTT 396.19 | 1596 | 44.04 | -091 | 39353 | 1593 | 4411 | -096 | 067% | 045% | 017% | 156% | -0.15% | 0.96% | 0.05 0.28
INRIM 403.07 | 1576 | 4393 | -116 | 40017 | 1585 | 4397 | -122 | 072% | 1.07% | -059% | 5.04% | -0.10% | 507% | 0.05 1.01
LCOE 401.25 | 1543 | 5827 0.34 | 399.93 | 1525 | 59.15 010 | 033% | 063% | 121% | 210% | -148% | 1.32% | 0.25 0.52
LNE
RISE2 399.19 | 1602 | 4356 | -0.78 | 396.30 | 1.602 | 4377 | -098 ]| 074% | 056% | 002% | 114% | -047% | 1.16% | 0.20 0.17
PTB 39845 | 1558 | 47.19 000 | 39552 | 1548 | 4713 | -070 | 0.76% | 054% | 062% | 210% | 013% | 218% | 0.70 2.00
TUBITAK | 401.47 | 1.497 | 59.56 0.28 | 40203 | 1.490 | 59.59 014% | 063% | 044% | 1.92% | -005% | 1.24%
IATTE 40341 | 1610 | 49.73 0.28 | 400.00 | 1552 | 49.76 0.83% | 039% | 373% | 0.77% | -0.06% | 0.96%
IATTEL 40341 | 1610 | 49.73 0.28 | 40322 | 1613 | 48.28 005% | 0.74% | -019% | 258% | 3.00% | 217%
NMIA
VNIIMS 41155 | 1390 | 46.38 | -1.28 | 41151 | 1340 | 47.03 | -161 ]| 013% | 048% | 373% | 211% | -1.38% | 0.99% | 0.33 0.51
NIM 399.00 | 1570 | 6157 056 | 39570 | 1547 | 61.33 046 | 096% | 055% | 153% | 1.63% | 0.39% | 1.32% | 0.10 0.81
JHILL 402.70 | 1559 | 60.29 0.04 | 40019 | 1539 | 60.10 | -0.02 | 0.80% | 063% | 127% | 210% | 0.32% | 1.32% | 0.07 0.51
NRC
RISE3 401.08 | 1.650 | 64.04 020 | 39757 | 1642 | 6420 | -0.04 | 1.00% | 056% | 0.48% | 1.18% | -025% | 1.37% | 0.23 0.16
Long-P400 U
t
2.0%
1.5% Lab Ax U(Ax;) En Excl.
RISEL | 0.38% | 059% | 0.65 0
VIT | 013% | 041% | 0.31
o INRIM | 0.18% | 1.05% | 0.17
T 1.0% ° LCOE | -0.22% | 0.60% | -0.37
> ® ®
n LNE
= L e I_______] l_ % ____
& ¢ —9- RISE2 | 0.19% | 052% | 0.37
£ 050 J + PTB | 021% | 051% | 0.42
2 __{______‘r__________ ______________________ e dUt/Ut |TUBITAK] -0.69% | 0.60% | -1.15
@ —_CRV IATTE | 0.29% | 0.43% | 0.66 0
S IATTEL | -050% | 0.77% | -0.65 0
S 0.0% ® NMIA
= P VNIIMS | -0.42% | 0.44% | -0.95
NIM | 041% | 052% | 0.79
JHILL | 025% | 0.60% | 0.42
-0.5% NRC
RISE3 | 045% | 059% | 0.77 0
-1.0%
O L& F DR Y &Y E YL CRV | U(CRV, Pr
& < \%@ N o &< /\Sz’@ \Vé \vé N 4@\@ S F & 0.55 % o.(19 %) 12%
Long-P400 T,
8.0%
6.0%
Lab AX; U(AX;) En Excl.
RISEL | -0.04% | 1.27% | -0.03 0
4.0% VIT | -0.65% | 1.44% | -0.45
e INRIM | -1.41% | 501% | -0.28
S LCOE | 0.39% | 2.01% | 0.9
0 2.0% LNE
R it
& I RISE2 | -0.81% | 0.97% | -0.84
e }_ L K JEUY O P Lo T PTB | -021% | 2.02% | -0.10
= 3 e dT1/T1 |TUBITAK| -0.39% | 1.83% | -0.21
3 —CRV IATTE | 2.90% | 0.98% | 2.97 0
§ -2.0% IATTEL | -1.02% | 2.65% | -0.39 0
2 NMIA
a VNIIMS | 2.90% | 2.03% | 1.43
-4.0% NIM | 070% | 1.52% | 0.46
JHILL | 044% | 2.02% | 0.22
NRC
-6.0% RISE3 | 035% | 1.32% | -0.27 0
-8.0%
& < @25@ & & ® Q)@\L & @ & é\\@‘) & > & & CRV_[ UCRV) |__Pr
S PO N 0.83% | 060% | 16%
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Long-P400 Long-P400
Long-P400
6.0% T2
4.0% Lab Ax; U(Ax;) En Excl.
RISEL | 0.54% | 1.24% | 0.43 0

VTT 0.28% | 0.86% 0.33

o INRIM | 0.33% | 5.05% | 0.07

T 20% [COE | -105% | 1.24% | -0.84

2 LNE

& RISE2 | -0.03% | 1.08% | -0.03

€ oo% bt gt e oo T PTB | 056% | 213% | 0.26

E dT2/72 [7usrmAK| 0.38% | 1.17% | 0.33

8 | Tt T T T T T —_CRV IATTE | 0.37% | 1.05% | 0.35 0
C

o IATTEL | 3.44% | 2.22% | 155 0
D -2.0% NMIA

£

5 VNIIMS | -095% | 0.89% | -1.06

NIM 0.82% | 1.24% 0.66

JHILL 0.76% | 1.24% 0.61

-4.0% NRC
RISE3 | 0.19% | 144% | 013 0
-6.0%
< S F S DRSO FTE S YE CRV ] UCRV) | _Pr
& @\%Q“ N Q@é\ SN TS 043% | 043% | 26%
Long-P400
9 B' [%]
3.0%
25%
Lab AX; U(AX;) En Excl.
5 0% RISEL | 012 | 02L | 059 0
VIT | 012 | 025 | 047
. INRIM | -012 | 100 | 012
S 1.5% LCOE 0.08 0.50 0.15
S LNE
) RISE2 | 003 | 011 | 028
1.0% .
é e dp PTB | 053 | 200 | 026
[ ]
—CRV TUBITAK
g 0.5% L IATTE 0
= St it s, S -1 ——-——-—-————- i B S IATTEL 0
S 0.0% T——T——«»— Yy O S J———"—— R NMIA
g VNIIMS | 0.16 | 050 | 032
£ NIM | -007 | 080 | -0.09
5-05% JHILL | 010 | 050 | 021
NRC
-1.0% RISE3 | 006 | 021 | 031 0
-1.5%
CRV | U(CRV) Pr
-2.0% 0.17 0.13 97 %
N Q& TR & D TR YL o
FESFFF EFEE T T &

2020-11-25 Annex E Page 135



EURAMET.EM-S42 Final report Annex E

Long-P500 Long-P500
Setup uncertainties: 0.18 % 0.45 % 0.80 % 0.12
TRMS readings Lab readings Comparison results
U, |T,orT,| T, B’ U, |T,orT.| T, B |dusu, U dT /T, U dT,/T, U dg’ U
Lab [kv] [ps] [ps] [%] [kv] [ps] [ps] [%] dr /T, [%] [%]
RISE1 504.89 1.606 43.67 -0.95 500.37 1.602 43.63 -0.96 0.90% | 0.56 % 0.26 % 112% | 0.11% | 1.17% 0.01 0.16
VTT
INRIM 503.91 1.541 44.15 -1.33 500.25 1.553 44.19 -1.35 0.73% | 1.07% -0.71% 5.04% | -0.08% | 5.07% 0.01 1.01
LCOE 501.31 1.552 58.49 0.27 499.83 1.532 59.45 0.30 0.30% | 0.63% 131% 210% | -161% | 1.32% -0.03 0.52
LNE
RISE2 497.64 1.613 43.68 -0.87 494.02 1.613 43.89 -1.08 0.74% | 0.56 % -0.04 % 114% | -049% | 1.16% 0.21 0.16
PTB 505.08 1.563 47.14 0.00 501.49 1.560 47.19 -0.79 0.74% | 0.54% 0.18 % 210% | -0.09% | 2.18% 0.79 2.00
TUBITAK 500.10 1514 59.80 0.40 500.91 1.488 59.79 -0.16 % | 0.63% 1.74% 201% | 0.02% | 1.24%
IATTE 500.84 1.410 47.12 -0.09 496.61 1.363 46.88 0.83% | 0.45% 3.45% 0.97% | 0.50% | 1.02%
IATTEL 500.84 1.410 47.12 -0.09 500.18 1.412 45.22 0.13% | 0.74% -0.16 % 258% | 420% | 2.17%
NMIA
VNIIMS 509.20 1.400 46.51 -1.34 509.69 1.360 47.19 -1.62 0.02% | 0.48% 2.94% 210% | -1.44% | 0.99 % 0.28 0.52
NIM 502.09 1.577 61.89 0.52 498.00 1.565 61.89 0.48 0.94% | 0.63% 0.79% 249% | 0.01% | 1.73% 0.04 0.81
JHILL 503.69 1.592 60.61 -0.01 500.57 1.570 60.42 -0.05 0.80% | 0.63% 1.46 % 210% | 0.32% | 1.32% 0.04 0.51
NRC
RISE3 500.02 1.656 61.52 -0.03 496.15 1.653 64.94 -0.30 0.90% | 0.57% 0.18 % 122% | -527% | 6.68% 0.27 0.27
Long-P500 U
t
2.0%
1.5% Lab Ax; U(AX)) En Excl.
RISE1 0.43% | 0.60% 0.72 0
VTT
‘33) INRIM | 0.26% | 1.05% 0.25
S 10% LCOE | -018% | 059% | -0.30
o ® * ® LNE
> ®
P_: _____ e _______ ¢ o 1 ______1 | | __ RISE2 0.27% | 0.51% 0.53
E 05% PTB 0.26% | 0.50 % 0.53
S l T e dUt/Ut [TuBITAK| -0.63% [ 0.59% | -1.08
L =y , e 4 4+ 4 —CRV IATTE 0.36% | 0.50 % 0.72 0
8 [] IATTEL | -0.34% | 0.77% -0.44 0
S 0.0% NMIA
= e VNIIMS | -0.45% | 0.43% | -1.04
NIM 0.47% | 0.59% 0.80
JHILL 0.32% | 0.59% 0.55
-0.5% NRC
RISE3 0.43% | 0.61% 0.71 0
-1.0%
C L S F S QRN E NSNS CRV | U(CRV) Pr
Q) & C NV S ] & )
N N N A & S R 047% | 021% | 6%
Long-P500
g T,
6.0%
4.0% Lab AX; U(AX;) En Excl.
RISEL | -0.60% | 1.31% | -0.46 0
VTT
2.0% INRIM | -1.57% | 4.99% -0.32
_______________ T TTTTT T TUr T —____T LCOE 045% | 1.99% 0.23
I

[ LNE
0.0% T____'__J _____ = __\‘____ _______ __‘l____ RISE2 | -0.90% | 0.91% -0.99

PTB -0.68% | 1.99% -0.34

e dT1/T1 |TUBITAK| 0.87% | 1.89% | 0.46

Difference from TRMS value

-2.0% —_CRV IATTE | 2.50% | 1.19% | 218 0
IATTEL | -1.02% | 2.67% | -0.38 0
NMIA

-4.0% VNIIMS | 2.08% | 1.99% | 1.05

NIM -0.07% | 2.39% -0.03

JHILL 059% | 1.99% 0.30

6.0% NRC
RISE3 | -068% | 1.40% | -0.49 0
-8.0%
N ¢ & & & D S v oL >
@(_go < é@@ &S %\(_)0 & <§\v \é\ & §§ é\\@ @w“ & & %\(;o CRV | U(CRV) Pr
N N ¥ N 0.86% | 0.69% | 29%
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Long-P500 Long-P500
Long-P500
T,
10.0%
Lab AX; U(AX;) En Excl.
5.0% RISEL | 0.73% | 1.26% | 0.58 0
VTT
o INRIM | 054% | 505% | 0.1
[ LCOE | -0.99% | 1.22% | -0.81
w)
S 00% b Ly L 4 e LNE
& | Efooerrgoe—= ittt ——rIo 31—+ RISE2 | 013% | 1.05% | 0.12
£ PTB | 053% | 212% | 0.25
E dT2/72 [7uBrmAK| 0.65% | 1.14% | 057
8 0w —_CRV IATTE | 1.12% | 1.13% | 0.99 0
& IATTEL | 4.82% | 2.23% | 2.16 0
ko] NMIA
£
= VNIIMS | -0.82% | 0.86% | -0.95
NIM | 063% | 1.66% | 0.38
10.0% JHILL | 0.94% | 1.22% | 0.77
NRC
RISE3 | -4.65% | 6.70% | -0.69 0
-15.0%
L F SR KON ESYEE CRV | U(CRV) Pr
& S « S
S N RO RS T 062% | 049% | 25%
Long-P500 B[
%]
3.0%
2.5%
Lab AX; U(AX;) En Excl.
RISEL | 017 | 021 | -0.83 0
2.0% VTT
. INAM | 017 | 1.00 | -017
N [COE | 021 | 050 | -043
g 1.5% INE
2 ) RISE2Z | 003 | 008 | 037
= 1 0w o dp PTBE | 060 | 200 | 030
c it —CRV TUBITAK
S IATTE 0
" 0.5% IATTEL 0
T S e e ol
o — T SIS N S—— VNIIMS | 010 | 050 | 0.20
£ 0.0% %‘ ¥ l‘ B NIM_| -014 | 080 | -018
a JHILL | 014 | 050 | -0.29
NRC
- 0,
0.5% RISE3 | 008 | 030 | 027 0
-1.0%
CRV | U(CRV) Pr
-1.5% 0.18 0.14 93 %
<</'\/ \® I é(/ <3/ ,\Q) vﬁ‘ & <(,’\» st @"’) @V \\}' QS’ <8)
& @\& RSEENIC R R é‘\@ S S E$
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Long-P600 Long-P600
Setup uncertainties: 0.18 % 0.45 % 0.80 % 0.12
TRMS readings Lab readings Comparison results
U, |T,orT,| T, B’ U, |T,orT.| T, B |dusu, U dT /T, U dT,/T, U dg’ U
Lab [kv] [bs] [bs] [%] [kv] [bs] [bs] [%] dr /T, [%] [%]
RISEL 60352 | 1647 | 4516 | -0.99 | 603.91 | 1.636 | 44.95 | -0.68 | -006% | 059% | 0.71% | 1.73% | 0.46% | 1.17% | -0.32 0.18
VT
INRIM 587.63 | 1560 | 44.02 | -1.09 | 583.05 | 1.570 | 44.06 | -1.17 | 079% | 1.07% | -064% | 504% | -0.11% | 5.07% | 0.08 1.01
LCOE 60071 | 1556 | 58.86 | 0.8 | 59854 | 1535 | 59.85 | 001 | 0.36% | 0.63% | 1.37% | 2.10% | -1.66% | 1.32% | 0.17 0.52
LNE
RISE2
PTB 607.62 | 1562 | 47.34 | 000 | 603.86 | 1.566 | 47.49 | 085 | 0.64% | 054% | -026% | 2.10% | -033% | 2.18% | 0.85 2.00
TUBITAK | 598.07 | 1533 | 60.01 | 034 | 598.86 | 1.509 | 60.13 -0.13% | 0.63% | 154% | 1.98% | -0.19% | 1.24%
IATTE 550.25 | 1.410 | 47.25 | -0.12 | 544.44 | 1356 | 47.32 1.05% | 039% | 4.01% | 0.83% | -0.14% | 0.97%
IATTEL 550.25 | 1.410 | 47.25 | -0.12 | 54874 | 1411 | 4597 0.28% | 0.74% | -004% | 258% | 2.79% | 2.17%
NMIA
VNIIMS 612.17 | 1.400 | 46.74 | -1.43 | 61267 | 1379 | 4745 | -1.76 | 0.04% | 048% | 152% | 211% [ -1.51% | 099% | 0.33 0.52
NIM 60597 | 1586 | 62.65 | 043 | 600.82 | 1577 | 62.74 | 038 | 098% | 0.63% | 058% | 2.49% | -0.14% | 1.73% | 0.05 0.81
JHILL
NRC
RISE3
Long-P600 U
t
2.0%
1.5% Lab Ax U(Ax;) En Excl.
RISEL | -0.44% | 0.64% | -0.70 0
VTT
@ INRIM | 0.41% | 1.04% | 0.39
S 10% it LCOE | -0.01% | 057% | -0.03
2 LNE
= ¢ RISE2
€ os T | Ty T TTttiYTtTtttr1Y T —— PTB | 027% | 048% | 0.55
2 T e dUt/Ut [TUBITAK| -051% | 057% | -0.89
§ \ ¢ —CRV IATTE | 0.67% | 046% | 1.45 0
=S B S I L S L S IATTEL | -0.10% | 0.78% | -0.13 0
S 0.0% NMIA
= * ¢ VNIIMS | -034% | 0.41% | -0.82
NIM | 060% | 057% | 1.05
JHILL
-0.5% NRC
RISE3 0
-1.0%
C L S F S QRN E NSNS CRV | U(CRV) Pr
S s & & N $ S
N N N A RO R 038% | 0.5% | 8%
Long-P600
g T,
6.0%
4.0% } Lab AX; U(AX;) En Excl.
RISEL | -0.22% | 1.97% | -0.11 0
VTT
S 2.0% S SN S S S— S O S I S S S I . S INRIM | -157% | 4.95% | -0.32
S| T LCOE | 044% | 1.88% | 0.23
» ; LNE
>
& 00% I ___j ——————— ——P———w————J[—— ———————— RISE2
c 3 PTB | -1.19% | 1.88% | -0.64
g e dT1/T1 |TUBITAK| 0.61% | 1.74% | 0.35
g -20% —CRV IATTE | 3.08% | 1.25% | 2.46 0
C
5] IATTEL | -0.97% | 2.75% | -0.35 0
g NMIA
5 -4.0% VNIIMS | 059% | 1.89% | 0.31
NIM | -0.35% | 2.30% | -0.15
JHILL
-6.0% NRC
RISE3 0
-8.0%
N S P K S S oL >
%\(,jo < @25@ &S %\(_ﬁv & < \$ & §\V @\Q & & & %\4@ CRV | U(CRV) Pr
S N \a N 093% | 094% | 76%
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Long-P600 Long-P600
Long-P600
T2
6.0%
4.0% Lab Ax; U(Ax;) En Excl.
RISEL | 1.48% | 133% | 111 0
VT
2 INRIM_| 0.91% | 503% | 0.8
S 2.0% LCOE | 0.64% | 1.16% | -0.55
w
2 LNE
& RISE2
£ 0.0% PTB | 0.69% | 2.26% | 0.31 0
s | -ttt —rF—— dT2/T2 |7UBITAK| 0.83% | 1.08% | 0.77
3 —_CRV IATTE | 0.88% | 115% | 0.77 0
& | ___Lll4 gt el IATTEL | 381% | 2.26% | 169 0
3 -2.0% NMIA
& VNIIMS | 0.49% | 0.77% | -0.63

NIM 0.88% | 1.61% 0.54

JHILL
-4.0% NRC
RISE3 0
-6.0%
O F SR OTE NS CRV ] UCRY) | _Pr
S S « S
& NSRS Q/\o‘b\ SN ST TT02% | 0.62% | 30%
Long-P600
g B [%]
3.5%
3.0%
Lab AX; U(AX;) En Excl.
25 RISEL | 053 | 036 | -147 0
' VTT
N INNIM | 014 | 096 | -0.14
S 2.0% LCOE -0.05 0.41 0.12
g LNE
2] RISE2
1.5% .
é e dp PIB | 063 | 198 | 032
—CRV TUBITAK
§10% i IATTE 0
= IATTEL 0
205% ————— e —_———— NMIA
g VNIMS | 041 | 041 | 027
£ Py s NIM | 016 | 075 | 022
Q00% —————— ottt ————T——— L_- ________ JHILL
} NRC
-0.5% RISE3 0
-1.0%
CRV | U(CRV) Pr
-1.5% 0.22 0.31 93%
N & Vv Q X & N Nl &) NS < %)
& LS T S RS N
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Long-P700 Long-P700
Setup uncertainties: 0.18 % 0.45 % 0.80 % 0.12
TRMS readings Lab readings Comparison results
U, |[TiorT.| T, B U, |TiorT, Ta B du /U, V] dT /T, U dT /T, U dg’ U
Lab [kv] [ps] [ps] [%] [kv] [ps] [ps] [%] dT /T, [%] [%]
RISEL
VTT
INRIM
LCOE 699.70 | 1560 | 57.84 017 | 697.90 | 1537 | 58.63 016 | 026% | 063% | 1.47% | 3.08% | -1.35% | 1.32% | 0.00 0.52
LNE
RISE2
PTB 690.47 | 1572 | 47.59 000 | 68689 | 1578 | 47.96 | -0.98 | 054% | 054% | -037% | 210% | -0.76% | 2.18% | 0.98 2.00
TUBITAK | 699.99 | 1534 | 60.27 020 | 70191 | 1503 | 60.32 027% | 063% | 207% | 2.01% | -009% | 1.25%
IATTE
IATTEL
NMIA
VNIIMS
NIM 697.05 | 1572 | 62.98 027 | 69119 | 1574 | 63.09 005 | 097% | 063% | -012% | 250% | -018% | 1.73% | 0.22 0.81
JHILL
NRC
RISE3
Long-P700 U
t
2.0%
1.5% Lab Ax; U(Ax;) En Excl.
RISEL 0
VTT
L 1% —t—+F1—+F———| ¢+ INRIM
[ LCOE | -0.33% | 053% | -0.62
o ] LNE
>
@ 05% | RISE2
e | 1 | 148l 1 1 N N T PTB | -0.04% | 0.42% | -0.10
2 e dUt/Ut [TUBITAK| -0.86% | 0.72% | -1.20 1
© 0.0% IATTE 0
Q —CRV
S IATTEL 0
ko] ? NMIA
=
3 -0.5% VNIIMS
NIM | 039% | 053% | 0.73
JHILL
NRC
- 0,
L.O0% RISE3 0
-1.5%
C L& F YL N E O WP S YE CRV ] UCRV) | _Pr
S L & T & 0« & SRS
N N N A RO S STy & 058% | 034% | 27%
Long-P700
g T,
5.0%
4.0%
Lab AX; U(AX;) En Excl.
RISEL 0
3.0% VTT
e INRIM
] LCOE | 0.70% | 2.85% | 0.24
»20% I e S S W S S —— LNE
>
o RISE2
— [ ]
- 0, 0 -
gl.o% PTB 113% | 1.75% 0.65
£ e dT1/T1 |TUBITAK| 1.31% | 1.64% | 0.80
§ ——CRV IATTE 0
3 0.0% ) IATTEL 0
L -+t 11 NMIA
Y
a VNIIMS
-1.0% NIM | 0.89% | 2.22% | -0.40
JHILL
NRC
-2.0% RISE3 0
-3.0%
N & & & &> S v D
%\(,jo < @25@ &S %\(;3’ L < \$ & §\V @\Q & & & %\4@ CRV | U(CRV) Pr
S N \a N 077% | 116% | 31%
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Long-P700 Long-P700
Long-P700
T,
2.0%
1.5%
1.0% Lab AX; U(Ax;) En Excl.
' RISEL 0
VTT
0.5%
3 0 INRIM
8§ | e LCOE | -0.76% | 1.08% | -0.70
o 0.0% LNE
=
S RISE2
£ PTB | -0.16% | 2.04% | -0.08
E 1.0% dT2/T2 |7uBITAK| 051% | 1.00% | 051
§ ________________________________________ —CRV IATTE 0
& 150 IATTEL 0
g NMIA
& 20 VNIIMS
NIM | 042% | 156% | 0.27
JHILL
-2.5% NRC
RISE3 0
-3.0%
-3.5%
& S F GRS O TE S N CRV | UCRY) | _Pr
& @\%Q“ N Q@é\ & Y ¥ TE 060% | 0.75% | 52%
Long-P700 B[
%]
3.5%
3.0%
Lab AX; U(AX;) En Excl.
= °
. INRIM
8 2.0% [COE | 010 | 029 | -0.35
S LNE
%) RISE2
1.5% .
é e dp PTB | 087 | 19 | 045
—CRV TUBITAK
g 1.0% ® IATTE 0
= IATTEL 0
05 —mmmm e e NMIA
g I I VNIIMS
£ NIM | 011 | 069 | 016
3 00% JHILL
_______________________________________ NRC
-0.5% RISE3 0
-1.0%
CRV | U(CRV) Pr
-1.5% 0.11 0.43 61%
& X & N &) NS < %)
& FE EFEETEF S EE
B3 SO RN S
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Chopped-P150 Chopped-P150
Setup uncertainties: 0.41 % 1.18%
TRMS readings Lab readings Comparison results
U, |[T,orT.| T, B U, |[T,orT.| T, B du /U, U dT /T, U dT /T, U dg' U
Lab [kv] [ps] [ps] [%] [kv] [ps] [ps] [%] dr /T, [%] [%]
RISEL
VTT
INRIM
LCOE
LNE
RISE2
PTB 149.62 | 0.502 148.41 | 0.500 -0.83% | 0.69% | -0.28% | 3.26%
TUBITAK | 155.82 | 0576 155.35 | 0.563 031% | 093% | 228% | 3.26%
IATTE
IATTEL
NMIA 138.32 | 0.490 136.47 | 0.488 1.42% | 1.36% | 042% | 4.88%
VNIIMS
NIM
JHILL
NRC
RISE3 156.39 | 0.523 156.49 | 0.510 0.05% | 0.89% | 264% | 367%
Chopped-P150
Ut
3.0%
2.5%
Lab Ax; U(AX;) En Excl.
2.0% RISEL 0
VIT
o INRIM
S 0,
3 5% ° LCOE
>
S 1ov LNE
on @ ————,—————
& RISE2
£ 05% PTB | -123% | 0.90% | -1.37 11
2 e dUt/Ut [TuBITAK| -0.10% | 0.73% | -0.13
@ IATTE 0
o 0 —CRV
S 0% —r——T— T T T 1] I R N R N A IATTEL 0
ko] NMIA | 1.01% | 1.22% | 0.83
= -05% VNIIMS
it NIM
-1.0% JHILL
NRC
5% RISE3 | -035% | 0.67% | -0.52
-2.0%
C L& F YL N E O WP S YE CRV_ | UCRV) | Pr
S L & T & 0« & SRS
N N N A RO S STy & 040% | 058% | 23%
Chopped-P150
T,
8.0%
6.0% Lab AX; U(AX;) En Excl.
RISEL 0
VIT
S 40% INRIM
s b LCOE
2 s LNE
@ 2.0% ? RISE2
c PTB | -160% | 2.71% | -0.59
£ s e dTc/Tc | TUBITAK| 0.96% | 2.71% | 0.35
g 0% — T T I T —_CRV IATTE 0
5] IATTEL 0
2 NMIA | -0.90% | 453% [ -0.20
3 -2.0% VNIIMS
NIM
JHILL
4.0% NRC
RISE3 | 1.32% | 3.19% | 0.41
-6.0%
N & & & &N S v Lo
& < @25@ S Q\g& N < \éﬂ & §\V @\® & & & & CRV_ | U(CRV) Pr
S N \a N 132% | 181% | 58%
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Chopped-P150 Chopped-P150
Chopped-P150

T
100.0% 2
90.0%
Lab AX; U(AX;) En Excl.
80.0% RISEL 0
VTT
S 700% INRIM
S LCOE
w)
S 60.0% LNE
x RISE2
£ 500% PTB 0
g dT2/T72  [JuBITAK
(]
I ) —CRV IATTE 0
5 40.0% IATTEL 0
Ko NMIA
£
S 30.0% VNIIMS
NIM
20.0% JHILL
NRC
L0.0% RISE3
0.0%
<& 4\/\ & F & QL <\<o < ¥ E S Y CRV U(CRV) Pr
& S Q &
x &y Q/\\gb\ \a \§ S R ST S #DIV/0! | #DIV/0! | #NUM!
Chopped-P150
PP B [%]
1.0%
0.9%
Lab AX; U(AX;) En Excl.
0.8% RISEL 0
: VTT
INRIM
So07% LCOE
S LNE
® RISE2
0.6% ,
E o dp PTB 0
—CRV TUBITAK
50-5% IATTE 0
= IATTEL 0
e 0.4% NMIA
2 VNIIMS
= NIM
o 03% JHILL
NRC
0.2% RISE3
0.1%
CRV | U(CRV) Pr
0.0% #DIV/0! | #DIV/0! | #NUM!
<& S F RSO FTE S
S @\& & T & S &Y T
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Chopped-N150 Chopped-N150
Setup uncertainties: 0.41 % 1.18%
TRMS readings Lab readings Comparison results
U, T,orT, T, B' U, T,orT, T, B' du /U, U dT /T, U dT /T, U dB’ U
Lab [kv] [ps] [ps] [%] [kv] [ps] [ps] [%] dT /T, [%] [%]
RISE1 -161.88 | 0.590 -163.62 | 0.598 -1.06% | 085% | -1.39% | 154%
VTT -173.39 | 0.472 -174.17 | 0.476 -047% | 230% | -0.72% | 3.12%
INRIM -152.35 | 0.588 -152.58 | 0.613 -0.15% | 2.08% | -3.92% | 6.22%
LCOE -166.60 | 0.605 -167.82 | 0.612 -0.73% | 1.33% | -1.13% | 3.35%
LNE -138.47 | 0.565 -138.57 | 0.569 -0.08% | 1.70% | -0.73% | 1.99%
RISE2 180.58 | 0.501 183.89 | 0.519 -177% | 1.00% | -343% | 1.73%
PTB -150.43 | 0.506 -148.84 | 0.503 -1.07% | 068% | -059% | 3.27%
TUBITAK -145.90 | 0.533 -144.62 | 0.531 0.89% | 0.94% 0.33% 3.26%
IATTE -136.22 | 0.507 -139.20 | 0.493 -216% | 0.89% 2.90% 2.20%
IATTEL -136.22 | 0.507 -139.26 | 0.518 -220% | 0.88% | -2.12% | 2.80%
NMIA -146.50 | 0.576 -144.87 | 0.579 120% | 1.42% | -055% | 4.86%
VNIIMS 153.44 | 0.593 145.37 | 0.557 568% | 1.22% 6.47% 2.78%
NIM -145.11 | 0.464 -143.34 | 0.459 1.36% | 1.05% 1.03% 281 %
JHILL -154.25 | 0.550 -161.70 | 0.542 445% | 1.14% 1.35% 1.63%
NRC
RISE3
Chopped-N150 U
t
8.0%
0,
6.0% Lab AX; U(AX;) En Excl.
RISE1L | -0.02% | 0.97% -0.02 0
4.0% VTT 057% | 2.25% 0.25

INRIM | 0.89% | 2.02% 0.44

LCOE | 0.31% | 1.24% 0.25

2.0% LNE 095% | 1.63% 0.58

RISE2 | -0.74% | 0.88 % -0.84

Difference from TRMS value

0.0% PTB | -0.04% | 0.49% | -0.08
[-_ -—t--t-—— 7 e dUt/Ut |TuBITAK| 1.92% | 1.05% | 1.83 4
I—_T__f__l_“L__ Y T _. —CRV IATTE | -1.12% | 1.01% | -1.11 0
2.0% IATTEL | -1.16% | 1.00% | -1.17 0
NMIA | 223% | 150% | 1.49 5
VNIIMS | 6.71% | 1.31% | 5.13 1
-4.0% NIM | 240% | 1.15% | 2.09 3
JHILL | -341% | 1.24% | -2.76 2
NRC
-6.0% RISE3 0
-8.0%
O & KGR N KO TP S S CRV | U(CRV Pr
&® < \%@ &S &8 ‘b@ \Vé \vé N 4%\@\ N Q& 1.04% o.(47%) 46 %
Chopped-N150 T
C
15.0%
10.0% Lab Ax U(Ax;) En Excl.
RISEL | -1.50% | 1.79% | -0.84 0
VIT | -0.83% | 2.99% | -0.28
e INRIM | -4.03% | 6.15% | -0.65
S 50% LCOE | -1.24% | 3.22% | -0.39
7 INE | -084% | 1.77% | -0.47
E L ; RISE2 | -354% | 1.96% | -1.81 2
£ 00% ——‘[—— -——I——T’————l—— BN 20 R A A PTB | -0.70% | 3.14% | -0.22
2 f— ——F- ——T———— ——T———— — J ———————— o dTc/Tc [tuBimAk| 022% | 3.13% | 0.07
8 } —CRV IATTE | 2.79% | 2.38% | 1.17 0
5] 3 IATTEL | -2.23% | 2.95% | -0.76 0
g 5.0% NMIA | -066% | 477% | -0.14
5 VNIIMS | 6.36% | 2.92% | 2.18 1
NIM | 0.92% | 2.66% | 0.35
JHILL | 1.24% | 1.35% | 0.92
-10.0% NRC
RISE3 0
-15.0%
& < $®® S & © Qg\v\L \é\% S é\@% S > & & CRV_] UCRV) |_Pr
S N \a N 011% | 091% | 62%
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Chopped-N150 Chopped-N150
Chopped-N150

T
100.0% 2
90.0%
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Annex F - Compatibility indexes

The compatibility of each laboratory with the comparison reference value, and the number of cases with
|Ex] >1and |E.] >1.5.
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Overview of E ,, values by impulse shape and laboratory

Failure limit: [E o[> 1

RISEL VTT INRIM LCOE LNE RISEZ PTB TUBITAK

UG [ LEF U] L][L[F[G][L][L[FlG[TL ][0T u]T LU [T [TL[EF[UG[T.[JT.[F
Short-N700 031 | -0.45] 0.2 -0.31 | 045 | 027
Short-N600 0.20 | -0.74 | -0.32 | 0.40 -0.35 | 001 | 032
Short-N500 -0.18 | -0.41 | 043 | 031 -1.05 | 040 | 0.16
Short-N400 0.00 | -0.43 | -0.48 | 0.07 1.22] 037 | 015
Short-N300 0.02 | -0.22 | -0.65 | 0.29 | 0.09 | -0.53 | 0.19 | 0.00 -0.67 | 028 | -0.17
Short-N200 | 0.46 | -0.61 | 0.17 | -0.60 | 0.23 | -0.22 | 0.08 | 0.19 | 0.34 [ -0.34 [ -0.07 | 0.32 | -0.02 | 0.03 | -0.72 | 0.75 | 0.17 | -0.18 | 0.24 | 0.07 | 0.03 [ -0.53 | 0.00 | -0.33 | 0.12 | -0.39 | 0.21 | -0.10 [ -0.63 | 0.30 [ 0.25
Short-N100 0.18 | -0.44 | -0.02 | 0.13 | 0.07 | -0.15 | 0.76 | L.01 | 0.34 | 0.41 | 0.40 | 0.22 -0.64 | -0.01 | 0.06

Short-P100 -0.11 | -0.46 | -0.04 | 0.09 | 0.15 [ 0.17 | 0.76 | 1.02 | -0.06 | -0.08 | 0.21 | 0.23 -1.35 | 021 | 0.00
Short-P200 [ 0.35 [ -0.40 [ 0.16 | -0.66 | -0.04 | -0.24 | 0.09 | -0.04 | 0.18 | -0.29 | -0.09 | 0.20 [ -0.16 | 0.08 [ -0.76 | 0.55 | -0.01 | 0.09 | 0.16 | 0.09 | -0.11 | -0.60 | -0.10 | 0.00 | -0.06 | -0.30 | 0.18 | -0.12 | -1.22 | 0.37 | 0.14
Short-P300 0.03 | -0.27 | -0.72 | 0.30 | 0.11 | -0.35 | 0.20 | 0.03 -0.82 | 0.38 | 0.05
Short-P400 043 | -0.61 | 0.04 | -0.01 | -0.04 | 043 | 057 | 0.011 -0.80 | 0.28 | 0.14
Short-P500 -0.13 | -0.61 | -0.42 | 0.44 L11] 053 | 015
Short-P600 053 | -0.74 | 0.12 | 0.05 | 0.29 | -0.69 | -0.30 | -0.40 -0.46 | 051 | 0.18
Short-P700 019 [ -0.64] -0.15 -0.19 | 064 | 0.15
Long-N700 -0.16 | 0.40 | -0.80 | -0.02 -0.90 | -0.36 | 053
Long-N600 0.21 | 051 | -0.40 | 0.10 -0.61 | -0.80 | 0.85
Long-N500 051 | -0.02 | -0.57 | -0.22 -0.48 | -0.90 | 0.70
Long-N400 0.47 | 0.22 | -0.67 | 0.08 -0.65 | -0.78 | 052
Long-N300 -0.06 | 0.03 | -0.91 | 0.24 | 0.46 | 0.00 | 0.51 [ 0.0 -0.87 | -0.94] 032
Long-N200 [ 0.34 [-0.83 0.34 [ -0.48 | -0.23 | -0.81 | 0.3L | -0.70 | -0.05 | -0.33 | -0.02 | 0.16 | -0.54 | 0.00 | -1.04 | 0.52 | -0.17 | 0.15 | 0.35 | 0.01 | 0.1 | 0.73 | 0.02 | 0.26 | 0.00 | -0.33 | 0.24 | 0.36 | -0.90 | 0.18 | 0.01
Long-N100 -0.41 | -0.41 | 0.07 | 0.10 | -0.68 | 0.4 | 0.97 | 0.92 | -0.21 [ 0.07 | 0.44 | 0.05 -0.66 | -0.48 | 0.24
Long-P100 | 0.36 | -0.73 | 0.44 | -0.36 | 0.11 [ -0.81 | 0.10 | -0.46 | -0.19 | -0.35 | -0.01 | 0.02 | 0.31 | 0.11 | -1.13 | 1.15 | 0.06 | 0.12 | 0.29 | 0.34 | -0.07 | -0.83 | 0.4 | -0.30 | 0.26 | -0.41 | 0.25 | 0.40 | -0.81 | 0.70 | 0.02
Long-P200 | 0.41 | 066 | 0.29 | -0.66 | -0.18 [ -0.72 | 0.26 | -0.88 | -0.05 | -0.35 | -0.04 | 0.06 | -0.55 | -0.03 | -1.16 | 0.66 | -0.10 | 0.07 | 0.31 | -0.01 | -0.01 | -0.79 | -0.10 | 0.53 | 0.04 | 0.34 | 0.22 | 0.41 | -1.37 | 0.01 | 0.03
Long-P300 | 052 | 0.32 | 0.33 | -0.46 | 0.03 [ -0.61 | 0.36 | -0.33 | 0.14 | -0.29 | 0.04 | -0.03 | -0.32 | 0.02 | -1.11 | 0.35 | 0.05 | 0.04 | 0.30 | 0.05 | 0.05 | -1.00 | -0.03 | -0.06 | 0.16 | -0.20 | 0.30 | 0.43 | -1.06 | 0.09 | 0.13
Long-P400 | 0.65 | 0.03 | 0.43 | 059 | 0.31 [ -0.45 [ 0.33 | -0.47 | 0.17 | -0.28 | 0.07 | -0.12 | 0.37 | 0.19 | 0.84 | 0.15 0.37 | -0.84] -0.03 | 0.28 | 0.42 | 0.10 | 0.26 | 0.26 | -1.05 | 0.21 | 0.33
Long-P500 | 0.72 | -0.46 | 0.58 | -0.83 0.25 | -0.32 | 0.11 | -0.17 | 0.30 | 0.23 | 0.81 | 0.43 053 | -0.99 | 0.12 | 0.37 | 0.53 | 0.34 | 0.25 | 0.30 | -1.08 | 0.46 | 0.57
Long-P600 | 070 [ 011 | 111 | -1.47 039 [ -0.32 | 0.18 | -0.14 | 0.03 | 0.23 | 055 | 0.12 0.55 | -0.64 | 031 | 0.32 | -0.89 | 0.35 | 0.77
Long-P700 -0.62 | 0.24 [ -0.70 [ 035 -0.10 | -0.65 [ -0.08 | 0.45 | 120 | 0.80 | 051
RISEL VTT INRIM LCOE LNE RISE2 PTB TUBITAK

UG [ L][EFlUu][LW][L[Flu][L][TL[FlUu][L] L[0T [L][EF U ]T[TL[EF[UG[T.[JT.[F

N 9 9 9 9 7 7 7 7 | 14 | 14 | 14 | 14 | 28 | 28 | 28 | 26 | 12 [ 12 | 12 | 12 | 8 8 8 8 | 10 | 10 | 10 | 10 | 28 | 28 [ 28 [ 0

Failed 0 0 1 1 0 0 0 0 0 0 0 0 0 0| 43 0 0 0 0 0 0 0 0 0 0 0 0 |10 o0 0 0
% Failed 0% [ 0% [11% [ 11% ] 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% [ 0% [ 0% [14%[12% ] 0% | 0% | 0% | 0% | 0% | 0% [ 0% [ 0% | 0% [ 0% | 0% | 0% | 36%] 0% | 0%

U, Tc U, Tc U, Tc U, Tc U, Tc U, Tc U, Tc U, Tc
Chopped-P150 | | | | | | | | | | | | | | | | | | 37059 | 0131 0.35 | |
Chopped-N150 | -0.02 [ -0.84 | | 0.25 | -0.28 | | 0.44 | -0.65 | | 0.25 | -0.39 | | 0.58 | -0.47 | | -0.84 | 181 | | -0.08 | -0.22 | | 183 | 007 | |

IATTE IATTEL NMIA VNIMS NIV [OHILL NRC RISE3

UG [ LEFUG][L][L[F[u][L][L[FlG[TL ][0T u]T L] ][T[TL[EFUG[T.[T.[F
Short-N700
Short-N600 -0.82 | 0.95 | -0.34 | 050 | .11 | 0.4 | 0.38 | 0.12
Short-N500 | 1.36 | -3.91 | 0.26 014 -034] 124 -1.05 | 0.75 | -0.40 | 0.34 | 0.62 | 0.13 | 0.33 | -0.17 | 0.61 | -0.64 | 0.40 | 0.09
Short-N400 -1.00 | 0.76 | -0.46 | 0.20 | 0.56 | -0.12 | 0.51 | 0.32 | 0.62 [ -0.59 | 0.31 | -0.03
Short-N300 1.06 | -0.79 | -0.08 | -0.36 | -1.13 | .11 | -0.60 | 0.26 | 0.26 | 0.26 | 0.51 | -0.38 | 0.61 | -0.23 | 0.18 | 0.03
Short-N200 | 165 | 4.19 | 001 0.14] 025 | 115 052 | -0.83 | 0.29 | -0.75 | -1.69 | 1.39 | -0.49 | 0.13 | 0.38 [ 0.47 | 0.40 | -0.39 | 0.66 | -0.01 | 0.13 | 0.12 | 0.21 | 0.21 | 0.27 [ -0.09 | 0.56 | 0.81 | -0.02 | 0.36
Short-N100 050 | -1.85 | 0.29 | -0.73 | 146 | 1.19 | 052 | 0.04 | 0.32 [ -0.47 | 0.38 | -0.63 | 0.69 | -0.04 | 0.12 | -0.07 | 0.25 | -0.46 | 0.24 | 0.24
Short-P100 0.71 | -1.64 | 0.40 | -0.75 | -1.50 | 1.06 | 0.50 | 0.10 | 0.21 [ -0.17 | 0.39 | -0.64 | 0.61 | -0.06 | 0.14 | -0.10 | 0.03 [ -0.44 | 0.21 | -0.24
Short-P200 [ 131 [3.93[0.12 -0.26 | 0.18 | 097 0.76 | -1.15 | 0.46 | -0.81 | -1.79 | 1.43 | 0.49 | 0.23 | 0.21 | 0.33 | 0.38 | -0.34 | 0.55 | -0.02 | 0.12 | 0.05 | -0.10 | 0.28 | 0.20 [ -0.16 | 0.35 | 0.62 | -0.05 | 0.8L
Short-P300 0.86 | -0.62 | 0.33 | -0.58 | -1.10 | 1.14 | -0.53 | 0.38 | 0.43 [ -0.05 | 0.57 | -0.39 | 0.71 | -0.29 | 0.4 | 0.05
Short-P400 1,00 | 111 | -0.45 | 0.22 | 0.90 | 0.11 | 0.53 | 0.27 | 0.80 [ -0.51 | 0.37 | -0.13
Short-P500 [ 113 [ 353 [ 0.21 0.24] 014 119 .21 1.14 | 041 0.44 | 0.70 | 0.41 | 0.31 [ -0.09 | 0.54 [ -0.69 | 0.42 | 0.07
Short-P600 -1.09 | 1.04 | -0.28 | 0.46 | 1.13 | 0.49 | 0.39 [ 0.13
Short-P700
Long-N700 1.06 | 0.04 | 030 | 0.02
Long-N600 -0.60 | 1.37 | -0.75 | 0.25 | 1.22 | 0.36 | 0.48 | 0.20
Long-Ns00 [ 2.09 [ 6.22 [ 0.97 -0.08 | -0.33 | 1.30 -0.02 | 1.34 | -0.87 | 0.40 | 1.8 | 0.06 | 0.50 | 0.19 | L.71 [ -0.31 | 0.49 | -0.05
Long-N400 0.16 | 1.30 | -0.92 | 0.32 | 1.33 | 0.57 | 0.79 | 0.11| 1.68 [ -0.07 | 0.46 | -0.16
Long:N300 [ 149 [ 2.48 [ 0.82 -0.19 | -0.49 | 179 158 | 0.23 | -0.02 | -0.50 | 0.63 | 1.33 | 0.92 | 0.31 | 1.10 | 0.85 | 0.83 | -0.03 | 1.30 | -0.26 | 0.36 | 0.15
Long:N200 [ 116 [ 2.93 [ 0.46 041 -051 | 163 0.55 | 0.01 | 0.28 | -0.58 | -L.77 | 1.53 | -0.94 | 0.26 | 0.49 [ 0.80 | 0.51 | 0.06 | 0.69 | -0.14 | 0.12 | 0.08 | 0.29 | 0.12 | 0.38 | -0.04 | 0.31 [ -0.23 | 0.22 | 0.03
Long-N100 0.49 [ -0.20 | 0.27 | -0.79 | 159 | 1.30 | 0.1 | 0.13 | 0.62 | 0.34 | 0.56 | -0.18 | 0.69 | -0.27 | 0.25 | -0.19 | 0.08 | -0.18 | 0.40 | 0.16
Long-P100 | 143 | 3.83 [ -0.0L -0.44 | -0.46 | 141 1.07 | 0.10 | 0.49 | -0.56 | -1.48 | 1.43 | -1.09 | 0.39 | 0.78 | 0.56 | 0.46 | -0.05 | 0.47 | 0.07 | 0.32 | 0.08 | 0.35 | -0.10 | 0.29 | -0.03 | 0.46 [ -0.39 [ 0.12 | -0.03
Long-P200 | 1.20 | 2.86 | 0.03 -0.25 | -0.58 | 1.40 0.98 | 0.13 | 057 | -0.66 | -1.80 | 1.51 | -0.93 | 0.16 | 0.56 | 0.78 | 0.50 | -0.04 | 0.29 | 0.03 | 0.34 | -0.08 | 0.38 | 0.21 | 0.36 | 0.08 | 0.32 [ -0.33 | 0.15 | -0.74
Long-P300 | 0.92 | 3.03 [ 0.37 -0.50 | -0.49 | 163 0.95 | 0.05 | 0.41 | -0.55 | -1.04 | 1.43 | -1.14 | 0.49 | 0.74 | 0.82 | 0.66 | 0.06 | 0.49 | 0.14 | 0.40 | 0.011 038 [ -0.14] 018 | 0.10
Long-P400 | 0.66 | 2.97 | 0.35 -0.65 | -0.39 | 155 -0.95 | 143 | -1.06 | 0.32 | 0.79 | 0.46 | 0.66 | -0.09 | 0.42 [ 0.22 | 0.61 | -0.21 0.7 | -0.27] 013 | 03L
Long-P500 | 0.72 | 2.18 | 0.99 -0.44] -0.38 | 2.16 1,04 | 1.05 | -0.95 | 0.20 | 0.80 | -0.03 | 0.38 | -0.18 | 0.55 [ 0.30 | 0.7 | -0.29 0.71 | -0.49 | -0.69 | 027
Long-P600 | 145 | 2.46 | 0.77 -0.13 | -0.35 | 169 -0.82 | 031 | -0.63 | 0.27 | 1.05 | 0.15 | 0.54 [ 0.22
Long-P700 0.73 | -0.40 | 027 | 0.16

IATTE IATTEL NMIA [VNIMS NIV SHILC NRC RISE3

UG [ L][EFlUu][LW][L[Flu[L][TL[FlU][L ][0T [L][EF U] [TL[EF[UG[T.[JT.[F

N 13 | 18 | 18 [ 0 | 18 [ 13 [ 13 | 0 | 12 | 12 | 12 | 12 | 24 | 24 | 24 | 24 | 26 | 26 | 26 | 26 | 20 | 20 | 20 | 20 | 8 8 8 8 8 8 8 8

Failed 10 [ 13 | 0 0 0 0 [ 12 ] 0 3 3 0 0 | 15 20 3 0 8 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0
% Failed | 77 % [100%] 0% 0% [ 0% [92% 25% [ 25% | 0% | 0% | 63% [ 83% [ 13% | 0% | 31% [ 0% | 0% | 0% | 15% | 0% | 0% | 0% [ 0% [ 0% [ 0% [ 0% | 0% | 0% | 0% | 0%
Chopped-P150 | | | | | | | | J o83 [-020] | | | | | | | | | | | | | | | | | J-052] 041 ] | |
Chopped-N150 | LT [ 1.17 | | | 117076 ] | | T29 [014] | | 513 218 | | 2:09 [ 035 | | | 276 092 | | | | | | | | | | |

RISEL, RISE3 and IATTEL are excluded from the total numbers below:

[Rogeter ] [ogeter ]
% %
N | Failed| Failed N | Failed | Failed
Short-N700 6 0 0% U, 210 | 49 | 23%
Short-N600 15 1 7% T, 210 36 | 17%
Short-N500 22 4 [18% T, 210 7 3%
Short-N400 19 1 5% B 167 3 2%
Short-N300 27 3 1% U, 15 7 47%
Short-N200 50 4 8% Tc 15 3 20 %
Short-N100 35 4 [11%
Short-P100 35 5 14%
Short-P200 50 6 2%
Short-P300 27 2 7%
Short-P400 23 1 4%
Short-P500 22 5 23%
Short-P600 19 3 16%
Short-P700 6 0 0%
Long-N700 1 1 9%
Long-N600 15 2 13%
Long-N500 22 5 23%
Long-N400 19 3 16%
Long-N300 30 6 20%
Long-N200 50 5 10%
Long-N100 35 2 6%
Long-P100 50 8 16%
Long-P200 50 6 2%
Long-P300 46 6 13%
Long-P400 38 4 [11%
Long-P500 34 4 [12%
Long-P600 26 3 2%
Long-P700 15 1 7%
Chopped-P150 | 6 | 1 [17%
Chopped-N150 | 24 9 38 %
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Overview of E , values by impulse shape and laboratory

Failure limit: |[E|> 15

RISEL VT TNRIM [COE INE RISE2 PTB TUBITAK
U | T T B U] T o] B U] o] o] B U] ] o] B U] ] ] B0 T] ] B0 nL] ][] TL]T]F
Short-N700 031 | 045 027 03L[ 045 [ 027
Short-N600 0.20 | 0.74| 032 -0.40 035[ 0.01] 0
Short-N500 018 -0.41] 0.43 0.31 1.05] 040 [ 0
Short-N400 0.00 | 0.43| 048] 0.07 122] 037] 0
Short-N300 0.02 | 0.22| 065] 0.29 | 0.09 | 0.53| 019 | 0.00 0.67] 0.28 [ 0
Short-N200 | 046 | -0.61 [ 0.17 | 0.60 | 023 | -0.22| 0.08 | 0.19 | 0.34 | 0.34| -0.07| 0.32 | 0.02| 008 | -0.72| 0.75 | 0.17 | 018 | 0.24 | 0.07 | 0,03 | 0.53 | 0.00 | -0.33] 0.12 | 0.39 | 0.21 | -0.10] -0.63[ 0.30 | 0.25
Short-N100 0.18 | 0.44| 0.02] 013 | 0.07 [ 015 0.76 | 101 ] 0.34 | 0.41 | 0.40 | 0.2 -0.64] -0.01] 0.06
Short-P100 011 -0.46 | 0.04| 0.09 | 015 | -0.17 [ -0.76| 102 | 0.06 | -0.08] 0.21 [ 0.2 135 0.21 | 0.00
Short-P200 | 035 | -0.40[ 0.16 | 0.6 | 0.04] -0.24 | 0.09 | 0.04| 0.18 | 0.29| -0.09| 0.29 | 0.16 | 0.08 | -0.76 | 0.55 | -0.01| 0.09 | 0.16 | 0.09 | -0.11 | 0.60 | 0.10| 0.00 | -0.06| 0.30 | 018 | -0.12| -1.22[ 0.37 | 0.14
Short-P300 0.03 | 0.27| 0.72] 0.30 | 0.1 | 0.35| 020 | 0.0 0.82] 0.38 | 0
Short-P400 0.43 | 0.61| 004 | -0.01] -0.04] 0.43| 057 041 0.80 | 0.28 [ 0.14
Short-P500 013 -0.61] 0.42 | 0.44 111] 053] 0
Short-P600 0.53 | 0.74] 012 | 0.05 | 0.9 | 0.69 | 0.30] -0.40 046 051 0
Short-P700 0.19 | 0.64] 015 0.19 [ 0.64 | 0.1
Long-N700 -0.16 [ 0.40 | 0.80 | 0.02 -0.90 [ -0.36| 0.53
Long-N600 0.21 | 051 | 040 0.0 061 -0.80] 0.85
Long-N500 051 | 0.02| 057 022 048] -0.90] 0
Long-N400 0.47 | 0.22 | 067] 0. 0.65] -0.78] 0
Long-N300 -0.06 | 0.03 | 0.91| 024 | 046 | 0.00 | 0.5 | 0.01 087 -0.94] 0
Long-N200 | 0.34 | 083 0.34 | -0.48| 0.23| 081 | 031 | -0.70| 0.05| 0.33 | 0.02 | 0.16 | -0.54 0.00 | -1.04] 052 | -0.17| 0.15 | 0.35 | 0.01 | 0.1 0.73| 0.02 | 026 | 0.00 | -0.33 | 0.24 | 036 | 0.90] 0.8 | 0
Long-N100 041[ -0.41] 0.07 | 010] -0.68[ -0.24] 0.97| 092 | 021 ] 0.07 | 0.44 | 0.05 0.6 -0.48] 0
Long-P100 | 0.36 | 0.73] 0.44 | -0.36| 0.41 | 081 0.10 | -0.46| 0.19| 0.35| -0.01] 0.02 | 0.31 0.11 115 | 0.06 | 012 | 0.29 | 0.34 | 0.07| 083 | 041 | -0.30| 0.26 | 041 0.25 | 0.40 | 0.81] 0.70 | 0
Long-P200 | 0.41 | 066 | 0.29 | -0.66 ] -0.18| 0.72 | 0.26 | -0.88] -0.05| -0.35 | -0.04] 0.06 | -0.55] -0 0.66 | 010 0.07 | 0.31 [ -0.01| 0.01| 0.79] -0.10| 0.53 | 0.04 | 0.34| 022 | 0.41 | -1.37] 0.01 | 0.
Long-P300 | 0.52 | 0.32] 0.33 | -0.46 | 0.03 | 061 ] 0.36 | -0.33| 0.14 | 0.29| 0.04 | -0.03] -0.32] 0 0.35 | 0.05 | 0.04 ] 0.30 [ 0.05 | 0.05 | -1.00] -0.03| -0.06] 0.16 | 0.20| 0.30 | 043 - 0.09 | 01
Long-P400 | 0.65 | 0.03] 043 | -0.59| 0.31 | 0.45| 033 | -0.47] 0.17 | 0.28| 0.07 | -0.12] -0.37[ 0.19 | 0. 0.37 | 0.84] 0.03] 0.28 | 0.42 | 0.10] 026 | 026 | -1.15] 0.21] 03
Long-P500 | 0.72 | 046 058 | -0 0.25 | 0.32| 011 | -0.17] -0.30] 0.23 | 081 [ 0.4 0.53 | 0.99] 012 | 0.37 | 053 | 0.34| 025 | 0.30 | -1.08[ 0.46 | 0.57
Long-P600 | -0.70| 011 141 | -14 0.39 | 0.32| 018 | -0.14] -0.03] 0.23 | 055 0.12 0.55 | 0.64] 031 | 032 | -0.89] 0.35 | 0.77
Long-P700 2062 0.24 | 0.70] 0.35 -0.10 | -0.65 -0.08 | 045 | -1.20] 0.80 | 0,51
RISEL VTT [INRIM [COE NE RISE2 PTB TUBITAK
U | T T B U] T ] B U] ] o] B U] ] B U] ] ] B o] ] ][0 L] ][] L] T]F
N 9 [ o [ o[ o[ 7 [ 7 [ 7 [ 7 [ 1 1| 1a| 14|22 [2 2| 12|11 2|8 8] 8] 8| 10 10 10][10] 2] 2|2
Failed 0 lolololololTolololololololololofJolo[olofJolo[o[oJolo[o[oJol]olo]louo
% Failed | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% ] 0% | 0% | 0% | 0% ] 0% | 0% | 0% | 0% | 0% [ 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% [ 0%

U, Ic U, Tc U, Ic U, Ic U, Ic U, Ic U, Ic U, Ic

| | | | | | | | | | | | | | | 137 [ -0.59 | | 013 0.35 | |
0.25 | -0.28] | 0.44 | -0.65] | 0.25 | -0.39 | | 058 | -0.47] | -0.84 | -1.81 | -0.08 [ -0.22 | 1.83 | 007 | |

Chopped-P150

S
@
R

Chopped-N150 | -0.02
IATTE IATTEL NMIA VNIMS NIM SHILL NRC RISE3
U [T [ FlU0 L] L[ FlUu [T L] ] B |u]T.] L] B U] L[] ] L|FlU]T]L]F
Short-N700
Short-N600 -0.82 | 005 | -0.34] 050 | 1.11 | -024] 0.38 | -0.12
Short-N500 | 1.36 | -3.91 | 0.26 -0.14] 034 1.24 -1.05 | 075 | -0.40| 034 | 0.62 | 0.13| 0.33 | -0.17 | 0.6 | -0.64] 0.40 | 0.09
Short-N400 1.0 -0.46] 0. 0.56 | -0.12| 051 | 0.32] 062 | 0.50| 0.31 | 0.0
Short-N300 1.06 | 0.79| -0 0.36 | - 0.60] 0. 0 0.26 | 051 | -0.38] 061 | -0.23] 0. 0.0
Short-N200 | 165 | -4.19] 0.91 -0.14] 025 | 1.15 052 | -0.83] 0 0.7 0.49] 0. 0 0.47 | 0.40 | -0.39] 0.66 | -0.01] 0. 012 | 021 | 0.21 | 027 | -0.09] 056 | 0.81 | 0.02| 0.36
Short-N100 059 | -1.85 0. 0.7 4 052 | 0.04 | 0.32 | 0.47| 0.38 | 0.63| 0.69 | 0.04| 0.12 | -0.07 | 0.25 | -0.46 | 0.24 | -0.24
Short-P100 0.71 | -1.64 | 0.40 | 0.7 -0.50 | 0. 021 | -0.17] 039 | -0.64 | 0.61 | 0.06| 0.14 | 010 0.03 | -0.44 | 0.21 | 0.24
Short-P200 | 131 | -3.93]-0.12 -0.26 | 018 | 0.97 0.76 | -1.15| 0.46 | -0.81 9] 143 -0.49] 0 0 033 ] 0.38 | -0.34] 055 | -0.02] 0. 0.05 | -0.10] 0.28 | 029 | -0.16]| 0.35 | 0.62 | -0.05| 0.81
Short-P300 0.86 | -0.62| 033 | -0.58 0 -0.53] 0. 043 | -0.05] 057 | -0.39| 0.71 | 029 | 0.24 | 0.
Short-P400 .00 111 | -0.45] 0. 0.90 | -0.11] 053 | -0-27| 0.80 | 051 0.37 | -0.
Short-Ps00 [ 113 | -353 ] 0.21 -0.24] 014 1.19 .21 114 | -0.41] 044 | 0.70 | 0.41] 0.31 | -0.09| 0.54 | -0.69 | 0.42 | O
Short-P600 -1.09 -0.28 | 046 | 1.13 [ 0.49| 0.39 | 013
Short-P700
Long-N700 0.04 | 0.30 | 0.02
Long-N600 0.6 7 | 075] 0.25 0.36 | 048 | -0
Long-Ns00 | 2.09 | 622 | 0.97 -0.08 | 0.33| 1.30 -0.0 4 | -0.87 | 0.4 -0.06 | 050 | -0 1| -031] 0.49 | 0.0
Long-N400 0.1 0 [ -092] o. 057 | 0.79 | -0 8 | 0.07 | 0.46 | 0.1
Long-N300 | 1.49 | 248 | 0.82 -0.19 | 049 1.79 158 | 0.23 | -0.02| -0.50 8 | 0.02] o. 0.85 | 0.83 | -0 0 | 026 0.36 | 0.1
Long:N200 | 1.16 | 2.93 | 0.46 -0.41] 051 1.63 0.55 | 0.01 | 0.28 | -0.58 53 | -0.94] O 49 | 0.80 | 051 | 0.0 9 | 0147 o. 0.08 | 029 | 0.12 | 0.38 | -0.04] 031 | -0.23] 0.22 | 0.03
Long-N100 049 | -0.20| 0.27 | 079 | -1.59 -0.91] 0 0 034 | 0.56 | -0.18 ] 0.69 | -0.27 | 0.25 | -0.19] 0.08 | -0.18| 0.40 | -0.1
Long-P100 | 1.43 | 3.83 | -0.01 -0.44 ] 046 1.41 1.07 | 0.10 | 049 | 056 | -1.48| 1.43 | -1.09[ 0. 0 0.56 | 0.46 | -0.05] 0.47 | 0.07 | 0. 0.08 | 0.35 | -0.10| 0.29 | -0.03]| 0.46 | -0.39| 0.12 | -0.03
Long-P200 | L 86 | -0.03 -0.25 | 058 | 1.40 0.98 | 0.13 | 0.57 | -0.66 | -L.8 -0.93] 0. 0.56 | 0.78 | 0.50 | -0.04] 0 0.03 | 0.34 | -0.08] 0.38 | 0.21 | 0.36 | -0.08] 0.32 | -0.33] 0.15 | -0.74
Long-P300 | 0. 03] 0.37 -0.50 | 0.4 63 0.95 | 0.05 | 041 | -055| -1.04] 143 | -1.14] 0. 0.74 | 0.82 | 0 0.06 | 0.49 | 0.14 | 0.40 | 0.11 038 | -0.14] 0 0.10
Long-P400 | 0. 97 | 0.35 0. 0. 55 -0.95 | 143 | -1.06 | 0. 0.79 | 0.46 | 0.66 | 0.09| 0.42 | 0.22 | 0.61 | 021 0.7 | -0.27] 0 031
Long-P500 | 0. 18 | 0.99 -0.44] 0. 16 -1.04 -0.95] 0. 0.80 | -0.03] 0. 0.18 | 055 | 0.30 | 0.7 | -0.29 071 | -0.49| -0.69| 0.27
Long-P600 | 1.45 | 2.46 | 0.77 -0.13] 0. 69 -0.82 | 031 | -0.63| 027 | 1.05 | -015| 054 | -0.22
Long-P700 0.73 | -0.40[ 0. 0.16
IATTE IATTEL NMIA VNIMS NIM JHILL NRC RISE3
U [ L] L[ FlU06] L] L[ Flu[nL] L[] L] B o]t L] B u]L] L|FlU6]L] L|FlUu[T]TL]F
N 13 | 13 | 13 | 0 | 13 | 18 | 13 | 0 | 12 | 12 | 12 | 12 | 24 | 24 | 24 | 24 | 26 | 26 | 26 | 26 | 20 | 20 | 20 | 20 | 8 8 8 8 8 8 8 8
Failed 2 [13] 0 0 0 0 6 0 1 2 0 0 6 2 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0
% Failed | 15% [100%] 0% 0% | 0% | 46% 8% | 17% ] 0% | 0% | 25%| 8% | 0% | 0% | 0% | 0% | 0% | 0% | 10% ] 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0%
Chopped-P150 | | | | | | | | J 083 -020] | | | | | | | | | | | | | | | | J 052 041 | | |
Chopped-N150 [ -1.11 | 1.17 | | | 117 076 | | 149 | 014] | | 513 218 | | | 209 | 035 | | 2761 092 | | | | | | | | | | |

RISEL, RISE3 and IATTEL are excluded from the total numbers below:

[Aogether | [Aogether |
% %
N_ | Failed| Failed N_ | Failed| Failed
Short-N700 6 0 0% U, 210 11 5%
Short-N600 15 0 0% T, 210 17 8%
Short-N500 22 1 5% T, 210 0 0%
Short-N400 19 0 0% B 167 0 0%
Short-N300 27 0 0% U, 15 4 | 21%
Short-N200 50 3 6% Tc 15 2 13 %
Short-N100 5 3
Short-P100 5 6
Short-P200 0 4
Short-P300 7 0
Short-P400 0 0
Short-P500 1 5
Short-P600 0 0
Short-P700 6 0 0
Long-N700 0 0
Long-N600 0
Long-N500 14%
Long-N400 5
Long-N300 7
Long-N200 0
Long-N100 5
Long-P100 0
Long-P200
Long-P300
Long-P400
Long-P500
Long-P600
Long-P700 0
Chopped-P150 6 0 0
Chopped-N150 | 24 6 25 %
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Annex G - Sample waveforms

The high voltage impulse generator each have their limitations. To provide some insight into the scatter, one
full and one front chopped impulse from each participant is shown in this annex.

All full impulse samples show positive short front 200 kV impulse. Negative front chopped impulse sample is
chosen, when available. Name of the participant is indicated on the comment section on the right hand side
of each figure.
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TKV] TkV] No.: 31
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TKV] TkV] No.: 10
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Annex H - Link to intercomparison organized in 1999 - 2002

Introduction

This Annex describes how the transfer reference measuring system of the previous lightning impulse
(LI) comparison (EU-SMT4-CT98-2270), arranged between 1999 and 2002, is linked to this comparison.
The link is established by comparing VTT MIKES system used 20 years ago with that used in this
comparison. The old and new systems use the same voltage divider, but different cable, attenuator,
transient recorder and software. Because the systems share the divider, the comparison between the
old and new systems was made using a substitution method.

Description of the old system

The old system consists of a 400 kV resistive voltage divider (HUT-400), a cable with an integrated
attenuator and a digitizer (Nicolet, Power Pro 610, channel 1). The control and analysis software,
“Comparison40.vee”, is that used during the old comparison. Some changes were made to simplify the
measurements and make it work on newer hardware. However, the analysis part was not changed.

It was found that the impulse attenuator had a contact failure, which needed to be re-soldered.

Calibration of the old system

The 8V (f.s.d.) range of the digitizer of the old system was calibrated using the calculable impulse
voltage calibrators of VTT MIKES. Impulse voltage calibrators delivered impulses with known peak
values and time parameters. Readings of the digitizer were compared with these known values.
Impulse shapes, peak value and time parameters are as defined in IEC 60060-1 Ed.2:1989. The Uy, T1
and T calibration agreed within calibrator uncertainties (0.1 % for U,, 1.0 % for T, and 0.5 % for T>)
with those performed between 1999 and 2002.

DC scale factor of the divider, which was used with the attenuator of the old system, was measured
with +100 V and £200 V. Each measurement is an average of these four measurements. Scale factor
measurement was repeated six times and the average was (10982 + 20) (k = 2). Difference from the
old comparison reference values was -0.16 %.

High-voltage comparison

The impulse voltage was fed from the impulse generator to the internal divider of the impulse
generator and to the reference divider. Measurement arrangement is presented in Figure H-1, where
HUT400 reference divider on the left and the internal divider of the impulse generator is partly hidden
behind it on the right. Sample impulse is shown in Figure H-2.

Both the old transfer reference system and VTT MIKES new reference system were in turn compared
to a third system consisting of the internal 200 kV voltage divider of the impulse generator and the
second channel of the VTT MIKES new reference digitizer. Only the cable connected to the low-voltage
arm of HUT-400 was changed between the two measurements. All other settings and arrangements
remained unchanged between the two measurements.

Measurements were performed with two different front times (0.84 and 1.56 ps) on voltage +80 kV
voltage.
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Figure H-1. Arrangement for the lightning impulse voltage comparison.
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Figure H-2. Sample of positive impulse with 0.84 ps front.

The deviation from the third system reading for each impulse and parameter is calculated by formula

E =%*100%,

X
S

where Xx and Xs are the readings from one of the systems compared and the system used in
substitution measurement, respectively, of Up, Uy, T1 Or To.
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For each measurement, ten impulses were delivered to both MIKES reference system and TRMS, and
the average deviations were evaluated independently for both sets. The final result of the calibration
(error, Ec,, ) is the difference between the average deviations from Hipotronics values measured for

TRMS ( E7rus) @and MIKES reference calibrator ( Ey 1y ):

EcaL = ETrms —EvrT.

Results

The old system provided results according to IEC 60060-1 Ed.2:1989. Both VTT MIKES reference system
and the third system were connected to the new digitizer, which provided results according to IEC
60060-1 Ed.3:2010.

The impulse shape was close to double exponential, with average 8’ below 0.5 % for all four measured
impulse shapes. As the overshoot was low, the peak value U, of the old system was compared with
the test voltage value U. of the new system.

Results are provided as difference of the old system reading from the new reference system of VTT
MIKES. Results are presented in Table H-1.

Table H-1. Old system reading difference from VTT new reference system.

Peak value U, from : . Relative
Front time Ty Time to half-value T ,
test voltage U; overshoot 8
Nominal New Old system New Old system|New system | Old system New Star_1dz_;1rd
Impulse test system o system o . o system|deviation
. deviation . deviation | reading deviation .
voltage | reading reading reading
[kV] [kV] [us] [us] [%] | [%]
156/55 80 78.96 -0.1% 1.55 0.5% 55.48 -0.2% 0.13 | 0.04
' -80 -77.87 -0.1% 1.55 0.5% 55.50 -0.6 % 0.06 | 0.06
0.84/ 50 80 78.62 -0.3% 0.83 -0.8% 52.01 0.1% 0.33 | 0.06
' -80 -80.10 -0.2% 0.83 -1.0% 52.09 -0.2% 0.35 | 0.06
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Annex | - Description of IATTE corrective actions

According to IATTE proposal, their re-evaluated results are shown in this report in parallel
with their originally submitted results. Their justification for and method of the re-evaluation
are presented in this Annex.
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Explanation of the reasons for non-compatibilities of the IATTE
measurements and reevaluation of the results

After analyzing the original IATTE results (IATTE) as presented in this report, we conclude that the T,
measured values are incorrect due to:

a) the calculation of the compared parameters using IEEE Standard 4 (2013) instead of
IEC 60060-1:2010 and
b) the improper use of the measuring system.

To overcome the non-compatibilities in the T; measurements, the sources of error have been identified
and the results were reevaluated, as explained below:

a) Error introduced by the software for impulse parameters calculation (IEC or
IEEE)

The determination of the IATTE impulse parameters was done applying the recommendations of IEEE
Std.4 (2013). In clause 8.1, this standard states that when the overshoot s lower than 1 % the recorded
curve should be the test voltage curve. In all our tests this condition has been satisfied and the impulse
parameters were determined from the recorded curves. We have verified the influence of the method
calculating the impulse parameters without (own Strauss routine) and with the application of the k-
factor (by using a software made available online by RISE, Research Institutes of Sweden). We have
observed a difference for Em(T1) = dT:1/T: comprised between 0.5 and 2.8 % for some impulses of long
front-time, increasing with the degree of deformation of the impulse with respect to a double-
exponential impulse. No significant differences (< 0.5 %) were found for U, and T-.

The values of the relative difference En were calculated and they are shown in Figure 1, where the
IATTE values were obtained directly from the Strauss digitizer screen. The IATTE set of results sent after
the tests included the expanded uncertainties of the measuring system:

Expanded uncertainties of the IATTE measuring system (k=2): U;=0.64 %, Ti=2.5% and T-=2 %

Figure 1 shows the false performance of the IATTE measurement system due to the application of two
different standards and an "abnormal” arrangement of the shielding rings.

Figure 2 presents the same comparison calculating the IATTE parameters following IEC 60060-1:2010,
where the impulse parameters were obtained by calculation from the raw data files recorded by the
Strauss digitizer and using the RISE (Research Institutes of Sweden) on-line software.

Figure 2 still includes the false performance of the IATTE measuring system due to the “abnormal”
arrangement of the shielding rings.

The TRMS readings are those informed in the Annex C of the document.

The proof that the software affects the comparison of LI parameters independently of the hardware
measuring system is shown by the series “Long-N500", where different software introduces about 3 %
of difference in Em(T:) = dT+/T1. Note the dT1/T; value for the series Long-N500, which is the case of
full impulse obtained with an appropriate use of the IATTE measuring system, as explained in
section b).
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TRMS readings Lab readings Comparison results

o Ut TilorTe T2 o 0 Ut TlorTe T2 i | awio " G T " N " e || o
shape k] I I k] Ins] ls] arefme

Short-N700

Short-N600

Short-N500 ~499,39) 0,746 47,93 -0.23 ~297,45) 0,840 47,08 0,39% 0,64%| __-11,10%] 2.50%) 1.81%) 2,00%)
Short-N400

Short-N300

Short-N200 -199,69) 0,743 47,16 -0,35 ~199,26] 0,841 46,16 0,22% 0,64% | -11,65%] 2.50%) 2.17%) 2,00%)
Short-N100

Short-P100

Short-P200 201,07 0,745 47,18 -0,35 200,65 0,840 6,36 0,21% 0,64% | -11,31%] 2.50%) 177%) 2,00%)
Short-P300

Short-P400

Short-P500 501,52] 0,765 47,98 02 499,75) 0,849 47,20) 0,35% 0,64% ~0,80%) 2.50%) 1,65%) 2,00%)
Short-P600
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Long-N700
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Long-N300 -300,21] 1,610 49,48 0,09 -299,22) 1,623 48,43 0,26% 0,64% ~0,80%) 2,50%) 2.17%) 2,00%)
Long-N200 -202.1] 1,612 49,26 0,14 201,33 1,626 8,28 0,38% 0,64% -0,86%) 2,50%) 2,05%) 2,00%)
Long-N100

Long-P100 99,73 1,617 49,34 0,05 99,42 1,615 48,48 0,31% 0,64% 0,12% 2.50%) 177%) 2,00%)
Long-P200 202,75] 1,613 293 0,14 201,93 1,629 28,51 0,41% 0,64% -098%) 2,50%) 1,63%) 2,00%)
Long-P300 300,03 1,612 4952 0,09 299,46 1,626 48,59) 0,19% 0,64% ~0,86%) 2,50%) 1,91%) 2,00%)
Long-P400 203,33 1,610 49,73 0,28 202,98] 1,632 48,93 0,09% 0,64% “1,35%) 2,50%) 1,63%) 2,00%)
Long-P500 500,74] 1,410 4712 20,09 500,31 1,433 26,10) 0,09% 0,64% “161%) 2,50%) 2.21%) 2,00%)
Long-P600 550,14] 1,410 47,25 0,12 548,50 1,426 46,53 0,30% 0,64% “112%) 2,50%) 1,55%) 2,00%)
Long-P700

Chopped-

P150

ﬁrlwggpedr -136,2) 0,507] -139,26 0,518 -2,20% 0,70% -2,12% 2,50%

Comparison Results - IATTE UNT (Strauss)
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Figure 1 — IATTE values as originally reported for this comparison.
Results from the Strauss digitizer screen (Dr. Strauss software, IEEE Std.4 (2013)).

2020-11-25 Annex | Page 164



EURAMET.EM-S42 Final report Annex |

TRMS readings Lab readings Comparison results
Ut TlorTe T2 Ut TlorTe T2
‘S’"h‘;:':e B[ %] B'[% | dunut u dETlnglfr u T 2T 2 u dB (%] | U[%]
[kV] [us] [1s] [kV] [us] [ps]
Short-N700
Short-N600
Short-N500 ~499,39 0,748 47,93 -0.23 ~499,41 0,836 46,97 0,00% 0,64%| __ -10,71%] 2,50% 2,05% 2,00%
Short-N400
Short-N300
Short-N200 -199,69 0,743 47,16 -0,35 -20013 0,629) 46,09 ~0,22%) 0,64%| __ -10,40%) 2,50% 2,31% 2,00%
Short-N100
Short-P100
Short-P200 201,07 0,745 47,18 -0,35 201,35 0,629) 46,23 ~0,14% 0,64%| __ -10,11%] 2,50% 2,04% 2,00%
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Short-P500 501,52 0,765 47,98 02 501,50 0,845 47,09 0,00% 0,64% ~0.47% 2,50% 1,96% 2,00%
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Long-N700
Long-N600
Long-N500 -501,76 1,393 47,05 “0.11 -501,88 1,388 46,09 ~0,02%) 0,64% 0,37% 2,50% 2,17% 2,00%
Long-N400
Long-N300 -300,21 1,610 49,48 0,09 -300,72 1,63 48,33 ~0,17% 0,64% “1,40%) 2,50% 2,38% 2,00%
Long-N200 20,1 1,617 49,26 0,14 202,16 1,636 48,16 ~0,03% 0,64% “1.47% 2,50% 2,28%) 2,00%
Long-N100
Long-P100 99,73 1,617 49,34 0,05 99,9 1,647 48,37 ~0,19%) 0,64% “1,81%) 2,50% 2,12% 2,00%
Long-P200 202,75 1,613 493 0,14 202,51 1,639 48,376 impulsos 0,12% 0,64% “1,60% 2,50% 1,92% 2,00%
Long-P300 300,03 1,617 49,52 0,09 300,53 1,636 48,47 ~0,17% 0,64% “1.47% 2,50% 2,26% 2,00%
Long-P400 203,33 1,610 49,73 0,28 404,44 1,639) 48,79 ~0,28%) 0,64% 1,74% 2,50% 1,92% 2,00%
Long-P500 500,74 1,410 47,12 -0,09 502,02 1,447 46,08 ~0,26%) 0,64% 2,58% 2,50% 2,21% 2,00%
Long-P600 550,14 1,410 47,25 “0,12 550,48 1,446 46,43 ~0,06%) 0,64% 2,46% 2,50% L77% 2,00%
Long-P700
Chopped-
P150
ﬁrl\ggpedr -136,2] 0,507] -139,26] 0,518| -2,20%| 0,70% -2,12%| 2,50%)

Comparison Results - IATTE UNT (RAWStrauss+RISEonline)
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Figure 2 — IATTE values from the Strauss raw data files,
impulse parameters calculated with RISE (IEC 60060-1:2010)
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b) Error introduced by the modification of the dynamic response of the home
voltage divider

The high voltage tests were carried out under very unfavorable atmospheric conditions (high
temperature, low pressure and humidity); the IATTE resistive divider had suffered an insulation failure
between the shielding rings during the 500 kV positive polarity tests. To overcome this problem in the
short time allotted to testing, the distance between the rings was increased 15 cm, modifying the
position of the upper ring to an “abnormal” arrangement. Because of the short time available for
testing, after that series the divider was not restored to the “normal” arrangement and this led to
wrong measuring results in the subsequent series. Although no major deterioration was expected, the
dynamic parameters were sharply modified and the divider was no longer acceptable for measuring
short-front impulses.

The dynamic response parameters corresponding to the modification of the shielding rings show a
large increase of Ty and ts with respect to the “normal” configuration, as shown in Figure 3, Figure 4
and the following table.

Table of step responses

Tn[ns] | ts[ns] | ta[ns] | B[%] | to[ns]

Normal” or nominal step response parameters. 6.9 108 43 131 0.7

Fig. 3
“Abnormal” step response parameters.
. 41.1 224 11 8 0.9
Fig. 4
IATTE-FACET-UNT Programa para calculo de parametros de Respuesta al Escalon (v1.1) 2018
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Figure 3 —“Normal” or nominal step response

2020-11-25 Annex | Page 166



EURAMET.EM-S42 Final report Annex |

| IATTE-FACET-UNT Programa para célculo de parémetros de Respuesta al Escalén (v1.1) 2018 |
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Figure 4 — “Abnormal” step response after increasing rings distance.

Consequently, it is as if the hv tests were carried out with two different dividers, due to the difference
in the step response parameters.

The divider with the “normal” step response was only used measuring the Chopped-N150 and Long-
N500 series; for all the others series the step response parameters are “abnormal” and have impaired
T1 measurements, especially for short-front impulses.

Reconstruction of the hv impulses by a deconvolution/convolution calculation
procedure

As it has not been possible to repeat the tests, to overcome the “abnormal” use of the IATTE measuring
system, a deconvolution/convolution calculation has been applied on the recorded impulses. In all
series the impulses were recorded by the Strauss digitizer during the tests. All the impulses have been
reconstructed by deconvolution using the “abnormal” step response and then recalculated by
convolution using the “normal” step response, excepting Long-N500 and Chopped-N150.

Figure 5 shows examples of recalculated impulses for long and short front-time series by
deconvolution/convolution (D/C) calculation using a script written in MatLab@.

Reconstruction of HV impulse using Deconv./Conv. - IATTE UNT

250 Reconstruction of HV impulse using Daconv./Conv. - IATTE UNT

100
Original (abnormal divider)
Reconstructed (normal divider)

200 - - =
/Wm g ) ‘

)/ : il -100

Amplitud [kV]
2
g

-400

- Original (abnormal divider)
Reconstructed (normal divider) N

E] 0 1 2 3 4 -500 -

Time [us] Time [us]

Figure 5. — Examples of the original and recalculated impulses for Long-P200 and Short-N500 series
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In order to use the same standard for the calculation of the TRMS and IATTE impulse parameters, the
LIVeval3 software provided by VTT MIKES from Finland, which is also in accordance with [EC
60060-1:2010, was used. The uncertainty calculation was performed following the flowchart of Figure
6 and the total uncertainties are shown in the table below.

The uncertainties for the divider scale factor and the D/C calculation procedure are negligible
compared with the digitizer uncertainty.

Table of uncertainties

individual uncertainty total uncertainty
Sources combined expanded (k=2) combined expanded (k=2)
Up 1 | T2 Up | T2 | T2 | Up | T2 | T2 | Up | TL | T2
Digitizer (Dr. Strauss) 0.32% |1.25%|1.00 %| 0.64 % |2.5 %|2.0 %
Divider Scale Factor 0.007 %| - - 10.014%| - - 10.32%(1.25%|1.00 %|0.64 %|2.5 %|2.0 %
Deconv/Conv process (D/C) 0.05% (0.01 %|0.06 %

RAW DATA, Digitizer Dr.Strauss

A 4

A
v
Process of
LIVeval3
Dr. Strauss (IATTE) Deconv. / Convol.
(VTT MIKES) (with same step resp.)

A 4

LIVeval3
(VTT MIKES)
A4
Ust Up/T1/T2
(Up/T1/T2) 2]
Ust : Dr. Strauss
certified uncertainties
Dif. (P-Pr)
(0.64%/2.5%/2.0%)
med 0.00% 0.01% 0.00%

Additional
: max (-) -0.18% -0.03% -0.23%
uncertainty

duetoD/C  |max(+) 0.16%  0.83%  0.23%
Process: Udc | mad(abs) 0.05% 0.01%  0.06%

OBS: Usf: divider scale factor uncertainty
must be considered when uncertainty for
Ust = 0.25%/1.25%/1% Up parameter is being calculated. Value =

(0.17/1199)*100/2=0.007%

Combined uncertainty =
JUst? + Ule? + Udc2(+Usf?)

Figure 6 — Uncertainty calculation diagram.
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Figure 7 represents the results of the inter-comparison for the impulse parameters in accordance with
IEC 60060-1:2010. The impulses of IATTE were recalculated by a deconvolution/convolution calculation
procedure.

Figure 7 shows the true performance of the IATTE measuring system.

[TRMS readings Lab readings (Strauss renstr, LIVeval3) Comparison results

ut TlorTc T2 ut TlorTc T2
Isr::u;se 819 8% du tU t u “LT“CT/Tlc“’ u dT 27 2 u A | urwW
P [kv] [ns] [bs] [kv] [us] [1s]

Short-N700
Short-N600

Short-N500 -499.39) 0.746| 47.93] -0.23 -497.75] 0.736] 46.42] 0.33%| 0.64% 1.40%) 2.50%] 3.25%) 2.00%)
Short-N400
Short-N300

Short-N200 -199.69| 0.743] 47.16} 0.35 -199.39) 0.724) 45.54) 0.15%] 0.64% 2.63%) 2.50%] 3.56%) 2.00%)
Short-N100
Short-P100
Short-P200 201.07} 0.745] 47.18] 0.35 200.70} 0.729) 45.74) 0.19%| 0.64% 2.22%) 2.50%] 3.15%| 2.00%)
Short-P300
Short-P400

Short-P500 501.52] 0.765] 47.98) 0.2 499.87} 0.748] 46.55) 0.33% 0.64% 2.58% 2.50% 3.08% 2.00%
Short-P600
Short-P700
Long-N700
Long-N600
Long-N500 50176} 1.393) 47.05] -0.11 L 13 6.0: -0.02% 0.64% 0.38%) 2.50% 2.17% 2.00%
Long-N400
Long-N300 -300.21] 1.610) 49.48) 0.09 -299.77} 1.608] 47.77] 0.15% 0.64% 0.14%) 2.50% 3.58% 2.00%
Long-N200 -202.10) 1.612) 49.26) 0.14 20150} 1.610) 47.62) 0.30% 0.64% 0.13% 2.50% 3.45% 2.00%
Long-N100
Long-P100 99.73 1.617] 49.34) 0.05 99.63) 1.610) 47.81] 0.10% 0.64% 0.41%) 2.50% 3.21% 2.00%
Long-P200 202.75} 1.613) 49.3 014 201.88} 1.614) 47.84[only 6 imp 0.43% 0.64% -0.07%) 2.50% 3.06% 2.00%
Long-P300 300.03} 1.612) 49.52) 0.09 299,60} 1.611] 47.88) 0.14% 0.64% 0.06% 2.50% 3.41% 2.00%
Long-P400 403.33) 1.610) 49.73) 0.28 403.22} 1.613) 48.28) 0.03% 0.64% -0.19%) 2.50% 3.00% 2.00%
Long-P500 500.74] 1.410) 47.12) -0.09 500.18} 1.412) 45.57] 0.11% 0.64% -0.12% 2.50% 3.40% 2.00%
Long-P600 550.14] 1.410) 47.25] -0.12 548.74 1.411] 45.97] 0.25% 0.64% -0.05%) 2.50% 2.79% 2.00%
Long-P700
Chopped-
P150

SI;OP ped- -136.20) 0.507] -139.26| 0.518| -2.20%| 0.70% -2.12%| 2.50%|

Comparison Results - IATTE UNT (Strauss reconstr + LIVeval3<VTT>+uncertainties updated)
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Figure 7 — IATTE values from the Strauss raw data files, recalculated impulses,
impulse parameters calculated with LIVeval3.
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Conclusions after re-analysis

To overcome the non-compatibilities in the T; measurements, the sources of error have been identified
and the results were reevaluated:

a) parameters were recalculated using IEEE Standard 4 (2013) instead of IEC 60060-1:2010, and
b) the step response of the divider was corrected using convolution techniques.

Note that En(T2) passed from (1.6 — 2.2 %) to (1.8 — 2.4 %) from Figure 1 to 2 showing a negligible
influence of the method to calculate the impulse parameters.

From Figure 1 and 7, En(T2) has changed from (1.6 - 2.2 %) to (2.2 - 3.6 %), indicating an influence of
the step response close to 1 %.

The changes in En(U;) are negligible (< 0.5 %) in both cases.

The IATTE measuring system has the performance shown in Figure 7, corresponding to the “normal”
step response configuration and IEC 60060-1:2010. This performance is available for positive polarity
tests up to 550 kV, under restricted atmospheric conditions (relative air density 6 > 0.95) for the
maximum value of the voltage range.
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