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1. INTRODUCTION

Committed to underpin the Mutual Recognition Arrangement as proposed by the Committee International
of Weights and Measures, CIPM, a key comparison of 50/60 Hz of power standards is currently being
organized under the auspices of the Consultative Committee of Electromagnetism, CCEM.

In order to link the National Metrology Institutes organised in EURAMET to the key comparison CCEM-
K5, the EURAMET-EM-KS5 is proposed.

This protocol has been prepared based on the protocol of the CCEM-KS5 and following the EURAMET
guide on Comparison NO. 4 Version 1.0 (05/2016).

VSL, PTB, NPL and LNE jointly coordinate the EURAMET comparison
4+ VSL and NPL are the pilot laboratories and in charge of the analysis and reporting task
+ PTB and VSL will each supply one travelling standard
4+ PTB is in charge of the reference measurements
+ LNE is in charge of the production and the monitoring of the schedule

2. TRAVELLING REFERENCE STANDARDS

2.1 Description of the reference standards

Two traveling reference standards, of the type RADIAN RD-22-332S, will be used in this key
comparison. These standards have been adapted to measure active power at 120 V and 240 V and 5 A
with outstanding stability in time.

VSL and PTB will provide the reference standards for this EURAMET key comparison.
v PTB provides the reference standard S/N 207172 that will be use for the loop 1
v' VSL provides the reference standard S/N 208014 that will be use for the loop 2
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Figure 1: reference standard: RD-22-332S, serial number: 208 014
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Figure 2: reference standard: RD-22-332S, serial number: 207 172

SPECIAL CONNECTIONS ON THE REFERENCE STANDARDS

24 V DC Power Supply:
The travelling standards should be powered using a 24 V DC power supply delivered with the standards.

See Figure 4 for the location of the connections.

MAKE SURE that the voltage input selector of the 24 V DC power supply is set to the correct value
— 120V or 240 V — before connecting the power supply to the AC mains.
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AC current measurements:

As shown in Figure 3, the reference standards have been fitted to provide high accuracy measurements of
5 A current. As shown in the picture below, a couple of posts out of the reference standard allow for the
measurement of 5 A current. This allows for the connection of cables with either banana plugs or spades.

To ensure that the standard reference correctly measures the phase angle between the applied voltage and
current, take post in red as the HIGH side of the 5 A current measurement circuit.

Figure 3. Special connection for current measurements on the reference standard

AC voltage measurements:
As shown in Figure 4, the Vca input voltage of the reference standards are on the left-hand side of the
panel of the references. Be aware of the connection of the auxiliary power input of 24 V DC, which is
located below the Vca posts.

DC AuXILIARY

POWER

Fa

Figure 4: The Vca input posts on the reference standards. The 24 V DC auxiliary power input is below the
Vca input posts
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2.2 Measurement Quantity

The quantity to be reported is the calibration error of the travelling standard when measuring active
power; the calibration error will be expressed in pW/VA.

The participating laboratory should report a single measurement result and its uncertainty for each of the
testing points as given in Table 2.

Notes:

Parameter Value
120V
RMS voltages 240 V
RMS current 5A
1.0
0.5 lead
power factor 0.5 lag
0 lead
0 lag
testing frequency 53 Hz
Total amount of testing points 10

Table 2. Testing points for the measurement of Active Power.

The “lead” is defined as the current phase leading the voltage phase, and “lag” as the current
phase lagging the voltage phase.

The measurement result to be reported is the calibration error of the travelling standard,
defined as the difference between the measured quantity indicated by the travelling standard
and the quantity applied to it, and divided by the nominal apparent power VA.

The error and uncertainty of the calibration should be expressed in terms of uW/VA.

The travelling standard should be de-energized between each set of measurements for 1
minute, followed by at least 15-minute warm-up period.

The total estimated expanded uncertainty quoted in the report shall encompass the Type A
uncertainty and the Type B uncertainty of the corresponding NMI calibration system. The
expanded uncertainty should be estimated for a level of confidence of 95.45 %.

2.3 Relevant parameters

The values of RMS voltage, RMS current, PF (power factor/phase angle) and frequency are relevant
parameters to the 50/60 Hz key comparison power. As indicated in Annex A4 Layout of the Measurement
Report, participants must record the mean value of voltage, current, PF (power factor/phase angle) and
frequency for each of the testing points in Table 1. As shown in Annex A3 Typical scheme of an
uncertainty budget, the participant laboratory must report all uncertainty sources pertinent to the
measurement of power.
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2.4 Software for data logging the power readings from the reference standards

EURAMET is grateful to Radian Research Inc. for supporting the CCEM-K5 key comparison of power
for the provision of a software package that the participating laboratories may download.

Laboratories may download the following two ftp sites where versions of PC Suite software can be found.

Note that the first file 02.00.13 is for Microsoft XP, whereas version 04.00.04.zip is for Microsoft WIN 7
platform.

PC suit software platform
www.radianresearch.com/upgrade/PC_Suite 4_00_20.zip }It/i[;%re()rmft WIN 7 or
www.radianresearch.com/upgrade/PCSuite 02 00 13.zip Microsoft XP

2.5 The key comparison reference value and the degrees of equivalence

This protocol has been prepared based on the protocol of the CCEM-K5/2017 following the EURAMET
guide on Comparison NO. 4 Version 1.0 (05/2016). The principles of the method of computation of the
reference values are as follows.

The comparison will follow the data analysis method used during the last Key Comparison CCEM-K5 and
EURAMET.EM-KS5.1 and described in the document “Link Between CCEM-KS and EURAMET.EM-
K5” from March 2011.

2.6 Preparation of Drafts A and B of this key comparison.

As stated in the EURAMET guide on Comparison No. 4 Version 1.0 (05/2016), for this key comparison,
the following information shall be considered in preparing Drafts A and B with the results of the
comparison:
¢ individual values for each institute together with their declared uncertainties;
e the key comparison reference value with its associated uncertainty;
e for each institute, the deviation from the key comparison reference value and the uncertainty in
that deviation (at a 95.45 % level of confidence), i.e. its degree of equivalence.
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3. ORGANIZATION

3.1 Coordinator and members of the support group

The organization of the comparison is shared between four institutes: VSL, NPL, PTB, and LNE.

VSL with NPL are the pilot laboratories and in charge with the final report. PTB is performing multiple
measurements during the comparison in order to determine the stability of the standards, and LNE is in
charge with the schedule of the comparison, including the proposition of the technical protocol for

EURAMET loop.

Name NMI | Address e-mail address Phone
Thijsseweg 11,

Helko vanden |y | 5659 1A Delft hvdbrom@vsl.nl +31 15269 1726

Brom The Netherlands

Bundesallee 100,
Kristian Dauke PTB | 38116 Braunschweig
Germany

kristian.dauke@ptb.de +49 531 592 2336

National Physical Laboratory
| Hampton Road |
Teddington, Middlesex UK
TWI11 0OLW

Adrian Wheaton | NPL adrian.wheaton@npl.co.uk | +44 20 8943 6235

Daniela Istrate 29 avenue Roger Hennequin | daniela.istrate@lne.fr +33 13069 32 05

LNE

Pierre-Jean Janin +3313069 11 26

78197 Trappes Cedex France pierre-jean.janin@]ne. fr

3.2 Participants

(see also Annex Al Detailed list of participants)

Participating NMI Contact person e-mail address
BEV Wolfgang Waldmann wolfgang.waldmann@bev.gv.at
BIM Antoaneta Yovcheva a.yovcheva@bim.government.bg
CEM Marisa Romero mlromero@cem.es
CMI Jiri Streit jstreit@cmi.cz
EIM Myrto Holiastou holiastou@eim.gr
GUM Grzegorz Sadkowski j.szutkowski@gum.gov.pl
INM Doru Flamanzeanu dflamanzeanu@inm.ro
INRIM Gabiriella Crotti g.crotti@inrim.it
1\Y; Kristian Ellingsberg kbe@justervesenet.no
LNE Pierre-Jean Janin pierre-jean.janin@Ine.fr
METAS Jean-Pierre Braun jean-pierre.braun@metas.ch
METROSERT Andrei Pokatilov andrei.pokatilov@metrosert.ee
MIKES VTT Tapio Lehtonen tapio.lehtonen@vtt.fi
MIRS/SIQ Matjaz Lindi¢ matjaz.lindic@siq.si
NPL Adrian Wheaton adrian.wheaton@npl.co.uk
PTB Kristian Dauke kristian.dauke@ptb.de
RISE Stefan Svensson stefan.svensson@ri.se
SMU Juraj Sluciak sluciak@smu.gov.sk
TRESCAL Torsten Lippert torsten.lippert@trescal.com
UME Hiseyin Cayci huseyin.cayci@tubitak.gov.tr
UMTS Oleh Velychko velychko@ukrcsm.kiev.ua
VSL Helko van den Brom hvdbrom@vsl.nl
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3.3 Time Schedule

The comparison will be organized in two loops. Each loop has one travelling reference standard.
See Annex 2 for details of schedule of the measurements

3.4 EURAMET Toolbox

The EURAMET Toolbox will be used to follow and manage this comparison.

The adress is http://tssl.de/euramet

Information are available at https://tssl.de/euramet/keynote

Each participant will be registered by the Support group which is composed of VSL, PBT, NPL, LNE

3.5 “Door-to-door delivery scheme”

In order to reduce delay times at customs, the travelling standards shall be sent directly to the address of
the following laboratory according to the schedule program given. Make sure that the address of the
following laboratory is as given in Annex 1.

The standards will be provided with an individual rugged plastic container, suitable for shipping the
standards on airplane. The standards and accompanying accessories, like connectors and 24 V DC power
supply are to be transported inside the rugged plastic container.

The standards are packaged along with a temperature/humidity miniature logger. During measurements at
the participant’s laboratory, make sure that the logger remains on the top surface of the travelling
standard, mainly close to the backlit LCD of the travelling standard, in order to log measurements of
ambient temperature and humidity. There is no need for the participating laboratory trying to gain access
to the logger; its contents will be downloaded at PTB in order to keep track of the changes of temperature
or humidity which may have occurred during transportation or while staying at the participating
laboratory.

IMPORTANT: In order to have the final time schedule of the comparison, all the participants should
inform LNE whether they agree to send the travelling standard by a customs agency or may want to be
responsible of a different way to transport the travelling standard.

The contact person of the participant laboratory must inform LNE of all the pertinent information when
sending the travelling standards to the destine customs agency.

Costs involved with sending the travelling standard either to PTB or to the next participant, should be paid
by the participant laboratory.

3.6 Unpacking, handling and packing

Unpacking:

1. Upon arrival, the participant laboratory must carefully inspect the travelling standard before it is
removed from the plastic rugged container. In case of damage to the travelling standard, please take a
photograph and send it to the pilot laboratory.

2. For removing the travelling standards from their containers, please refer below to the handling
instructions.

3. Fill the Confirmation note of receipt (Annex A5) and send it to the pilot laboratory.

Handling:
Extreme care should be taken to remove the travelling standards out the rugged plastic container.

9
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For removing the RD-22 from the container, the metal handlers located at both sides of its platform must
be used.

Packing:

1. For packing the travelling standards, make sure that the travelling standard is comfortably put inside
the container. For maneuvering the travelling standards, please refer to the above handling
instructions.

2. All accompanying accessories should be put inside the container. Make sure that the miniature
data logger is put along the standards in the container.

3. Inform the pilot laboratory of pertinent details regarding the clearance of customs, shipping and
flights. If the travelling standards should be sent to another participant, make sure that both the
recipient and the pilot laboratories are informed about travelling details.

4. Fill the Confirmation note of shipment (Annex A6) and send it to the pilot laboratory.

3.7 Failure of the travelling standard

In case of failure:

1. Unplug the travelling standard.

2. Write immediately to the pilot laboratory describing the behavior of the travelling standard. Send
along any message displayed on the backlit LCD. Take photographs of the measuring system and
of the connecting cables to the travelling standard.

3. Wait for instructions from the pilot laboratory on the way to proceed.

3.8 Financial aspects, insurance, customs

In every case, the participant laboratory should ensure that its organization covers insurance for any defect
to the travelling standards while they are in its premises.

All the participants will be responsible for expenses related with sending the travelling standards either to
the next participant or to the pilot laboratory.

10
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4. MEASUREMENT INSTRUCTIONS

4.1 General instructions

There are no performance tests on the reference standard to be performed before measurements at the
participant’s laboratory.

4.2 Particular requirements for energizing and connecting the travelling standards
4.2.1 Energizing the reference standards at 24 V DC.

The reference standards are provided with a 24 V DC power supply, which shall be connected to the
mains at either 120 V or 240 V, 45 Hz or 65 Hz.

Before connecting the 24 V DC power supply to the mains:
1. MAKE SURE that the voltage input selector of the 24 V DC power supply is set to the
correct value— 120 Vor 240 V.
2. Make sure that this supply is properly connected to the Auxiliary Power input port of the
reference standard as shown in Figure 5.
3. Then, plug the 24 V DC power supply to the mains power.

The auxiliary power to the travelling standard should be applied at least 4 hours before starting the tests.
IMPORTANT: In order to achieve the best measurement capability of the travelling
standard, allow it to warm up at least 4 hours at room temperature. Then, switch the
reference standard off and on again. This action will set the internal DC voltage reference
of the standard being corrected at its current internal temperature.

4.2.2 Connecting the reference standards

Make sure that the testing voltage and current sources are properly connected to the input terminals of the
reference standard. Refer to Figure 5 for details.

Ica input for 5 A

DC auxiliary power =24 V DC
Figure 5. Connecting the reference standard for Vca = 120 V and 240 V, Ica = 5 A, and auxiliary
power of 24 V DC.

11
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4.3 Method of measurement of active power

The measurement method is that used by the participating laboratory for the provision of a calibration.
Make sure that testing voltage and current are within at least 0.2 % of the values shown in Table 1.

1.

Upon arrival, allow the reference standard to warm up at least 4 hours after powering it with the 24 V
DC power supply. Then switch the unit off and on in order for its internal DC voltage reference to
correct according to its internal temperature.

For the voltage and current sources, make sure that their frequency is set at 53 Hz, according to the
testing points shown in Table 1.

At every power factor/phase angle shown in Table 1, make as many independent measurements as
stated on the calibration procedures of your laboratory.

Record the readings of active power, voltage, current, power factor/phase angle and frequency
displayed on the backlit LCD of the travelling standard.

Calculate the calibration error of the travelling standard at the testing points shown in Table 1. The
calibration error is defined as the difference between the measured quantity indicated by the reference
standard and the quantity applied to it, and divided by the applied VA. The calibration error should be
expressed in puW/V A for active power. The error is positive if the reference standard's indication is
more positive than the applied quantity.

The average of at least five sets of measurements should be reported. The reference standard should
be de-energized between each set of measurements for 1 minute, followed by at least 15 minute
warm-up period.

The total estimated expanded uncertainty quoted in the laboratory’s report should encompass the
Type A and Type B uncertainties of the corresponding NMI calibration service. The expanded
uncertainty should be estimated for a level of confidence of 95.45 %.

Report the mean value and spread of the ambient temperature and relative humidity of the laboratory.

The measurement report of the participant may be completed according to Annex A4 Layout of the
measurement report.

5. UNCERTAINTY OF MEASUREMENT

(See Annex A3 Typical scheme of uncertainty budget)
The uncertainty of measurement must be determined following the Guide for the Expression of
Uncertainty in Measurement [4].

Participant laboratories are requested to report the main uncertainty components of their measurement
systems, identifying all the pertinent uncertainty sources and quantifying their contribution to the
expanded uncertainty.

In order to have a comparable uncertainty evaluation, each laboratory is asked to report the following
information in the form of an uncertainty budget:

1.

ii.

ii.
1v.

The result of the type A method of uncertainty estimation which yields the standard deviation of the
mean values of data sets recorded by the participant in order to calculate its final report value.

The result of the type B method of uncertainty estimation.

The expanded uncertainty estimated at a 95.45 % level of confidence.

The degrees of freedom for the estimation of the expanded uncertainty at a 95.45 % level of
confidence.

12
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6. MEASUREMENT REPORT

(See Annex A4 Layout of the measurement report and the template Excel reporting file)
The participant laboratory should report the following information within 2 (two) months from the end of

measurements:

1. The mean of the calibration error of the travelling standard. The calibration error should be
expressed in terms of pW/VA.

2. The expanded uncertainty of the calibration error of the travelling standard should be estimated at
a 95.45 % level of confidence. The expanded uncertainty should be expressed in terms of pW/VA.

3. The uncertainty components coming out from the Type A and B methods of uncertainty
estimation of the calibration error of the travelling standard.

4. The mean value and standard uncertainty of the relevant parameters of the active power value,
such as: RMS voltage, RMS current, power factor / phase angle, frequency. The standard
uncertainty of the relevant parameters should be determined for a 95.45 % level of confidence (k =
2 for a normal distribution).

5. The final results for all 10 test points must also be reported using the Excel template file
associated with the comparison.

6. Measurement uncertainty estimation shall comply with the Guide to the Expression of Uncertainty
in Measurement [4].

7. A complete uncertainty budget and any additional information must be reported as shown in

Annex A3.

All participants must report the results of the comparison to VSL as soon as possible, in every case, not
later than 2 (two) months after the measurements are completed.

7. REFERENCES

1. N. Oldham, T. Nelson. R. Bergeest. G. Ramm, R. Carranza. A. C. Corney, M. Gibbes, G. Kyriazis,
H. Laiz, L. Liu, Z. Lu, U. Pogliano, K. Rydler, E. Shapiro, E. So, M. Temba, and P. Wright, “An
International Comparison of 50/60 Hz Power (1996-1999), IEEE Trans. Instr. and Meas., Vol. 50,
Num. 2, pp. 356-360, Apr. 2001.

2. N. Oldham, T. Nelson, T. N. F. Zhang and H. K. Liu, “CCEM-K5 Comparison of 50/60 Hz Power.
Final Report”, Metrologia 40, Technical Supplement 01003.

EURAMET guide on Comparison NO. 4 Version 1.0 (05/2016)
4. Link Between CCEM-KS5 and EURAMET.EM-KS5 - March 2011

5. Guide to the Expression of Uncertainty in Measurement, 1999. International Organization of
Standards, Geneva, Switzerland. ISO ENV 13005:1999.
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A1. DETAILED LIST OF PARTICIPANTS
The indicated NMI addresses are the shipping addresses.
NMI Country Contact Email Contact person Adresse
person
BEV - Bundesamt fiir Eich- und
. Wolfgang wolfgang.waldmann@bev | Vermessungswesen
BEV Austria Waldmann .gv.at Section Electrical Quantities
A-1160 Wien, Arltgasse 35, Austria
Antoaneta a.yovcheva@bim.govern ?};Ilﬁl)rlan Institute of Metrology
BIM Bulgaria | L0 OIev ment.bg . 52B, G.M. Dimitrov blvd.
Gergana g.georgieva@bim.govern
Georgieva ment.b 1040 Sofia
& mnent.bs Bulgaria
Marisa Centro Espaifiol de Metrologia (CEM)
CEM Spain Romero mlromero@cem.es C/del Alfar 2
P Javier Diaz de | jdiaz@cem.es 28760 Tres Cantos (Madrid)
Aguilar Spain
Czech Metrology Institute (CMI)
Czech .. . C . Okruzni 31
. ] (@cmi.
CMI Republic Jiri Streit streit@cmi.cz 638 00 Brno
Czech Republic
HELLENIC INSTITUTE OF
Mvrto METROLOGY (EIM)
EIM Greece Hglriastou holiastou@eim.gr Industrial Area of Thessaloniki
Block 45, Sindos, GR 57022
Thessaloniki ,Greece
Laboratory of Electricity and
Grzeoorz Magnetism
GUM Poland Sa dkg K j.szutkowski@gum.gov.pl | Central Office of Measures
ows ul. Elektoralna 2, 00-139 Warszawa -
Poland
National Institute of Metrology
D (INM)
INM Romania Fl(a)lrmuanzean dflamanzeanu@inm.ro Sos. Vitan-Barzesti 11
u 042122 Bucuresti
Romania
INRIM Istituto Nazionale di Ricerca
Metrologica
INRIM Ttaly Gabrllella crotti@inrim.it D1V1§1on of Metrology for the Quality
Crotti of Life
Strada delle Cacce, 91
10135 Torino - ITALY
Justervesenet - Norwegian Metrology
Kristian Service (JV)
A% Norway Ellinesber kbe@justervesenet.no Fetveien 99
ESbels 2007 Kjeller
Norway
Pierre-Jean erre-iean.ianin@lne.fr 29 avenue Roger Hennequin
LNE France Janin pierre-jean.) : 78197 Trappes Cedex
. daniela.istrate@lne.fr
Daniela Istrate France

14
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Jean-Pierre

jean-

Federal Institute of Metrology

Braun ierre.braun@metas.ch METAS (METAS)
METAS Switzerland .. prerre. * Lindenweg 50
Christian christian.Mester@metas.c
3003 Bern-Wabern
Mester h .
Switzerland
Research Scientist
National Standards Laboratory for
. . . Electrical Quantities
METROSERT | Estonia Andr§1 andrei.pokatilov@metrose AS Metrosert
Pokatilov rt.ee S
R&D division
Teaduspargi 8, 12618 Tallinn
Estonia
VTT Technical Research Centre of
Finland Ltd, Centre for Metrology
. Tapio . MIKES
MIKES VTT Finland Lehtonen tapio.lehtonen@vtt.fi Tekniikantic 1
02150 Espoo
Finland
Metrology Department
MIRS/SIQ Slovenia Matjaz Lindi¢ | matjaz.lindic(@siq.si SIQ LIJUBLJANA, Trzaska c. 2
SI-1000 Ljubljana, Slovenia
National Physical Laboratory
NPL United Adrian adrian.wheaton@npl.co.u | Hampton Road
Kingdom Wheaton k Teddington, Middlesex UK
TWI11 0LW
.. Bundesallee 100,
Kristian .. .
PTB Germany kristian.dauke@ptb.de 38116 Braunschweig
Dauke
Germany
RISE Research Institutes of Sweden
RISE Sweden Stefan tefan.svensson(@ri AB
wede Svensson S1elan.svensso 88 50115 Boras
Sweden
Slovak Insitute of Metrology
. oy . Department of Electricity and Time
SMU Slovakia Juraj Sluciak sluciak@smu.gov.sk Karloveska 63, 842 55 Bratislava
Slovakia
. Trescal A/S
TRESCAL Denmark Eiorsteer? :Iolrsten.hppert@trescal.co Mads Clausens Vej 12
PP - 8600 Silkeborg, Denmark
Ulusal Metroloji Enstitiisii (UME)
Hiiseyin huseyin.cayci@tubitak.go | Barig Mah. Dr. Zeki Acar Cad. No:1
UME Turkey Cayci v.tr 41470 Gebze, Kocaeli
Turkey
SE “Ukrmetr- Oleh SE “Ukrmetrteststandard”
teststandard” Ukraine Velvchko velychko@ukrcsm.kiev.ua | 4, Metrologichna Str., 03143, Kyiv,
(UMTS) Y Ukraine
Thijsseweg 11,
VSL Netherlands Helko van den hvdbrom@vsl.nl 2629 JA Delft

Brom

The Netherlands
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A2. SCHEDULE OF THE MEASUREMENTS

Table A.2.1. Circulation schedule of the reference standard
Loop 1 - Standard S/N 207172 - Provided by PTB

Planning Accomplish
Country Stla:tidaalte End date Duration Start date End date (cal::trziaatli'(:ir;ys)
schedule Initial schedule | (calendar days) Updated Updated Updated
Germany 04/02/2019
Transport from PTB to GUM 04/02/2019 11/02/2019 7 04/02/2019 | 04/02/2019 0
11/02/2019 11/03/2019 28 04/02/2019 | 28/02/2019 24
Transport from GUM to PTB 11/03/2019 18/03/2019 7 28/02/2019 | 04/03/2019 4
PTB | Germany 18/03/2019 18/03/2019 0 04/03/2019 | 08/03/2019 4
Transport from PTB to CMI 18/03/2019 18/03/2019 0 08/03/2019 | 15/03/2019 7
18/03/2019 15/04/2019 28 15/03/2019 | 16/04/2019 32
Transport from CMI to SMU 15/04/2019 22/04/2019 7 16/04/2019 | 16/04/2019 0
22/04/2019 20/05/2019 28 16/04/2019 | 22/05/2019 36
Transport from SMU to BEV 20/05/2019 27/05/2019 7 22/05/2019 | 22/05/2019 0
27/05/2019 24/06/2019 28 22/05/2019 | 24/06/2019 33
Transport from BEV to INM 24/06/2019 01/07/2019 7 24/06/2019 | 26/06/2019 2
01/07/2019 26/08/2019 56 26/06/2019 | 26/08/2019 61
Transport from INM to PTB 26/08/2019 02/09/2019 7 26/08/2019 | 29/08/2019 3
PTB | Germany 02/09/2019 30/09/2019 28 29/08/2019 | 30/09/2019 32
Transport from PTB to UME 30/09/2019 14/10/2019 14 30/09/2019 | 04/11/2019 35
14/10/2019 13/11/2019 28 04/11/2019 | 15/11/2019 11
Transport from UME to PTB 14/11/2019 28/11/2019 14 15/11/2019 | 02/12/2019 17
PTB Germany 28/11/2019 28/11/2019 0 02/12/2019 | 03/12/2019 1
Transport from PTB to MIRS/SIQ 28/11/2019 05/12/2019 7 03/12/2019 | 06/12/2019 3
05/12/2019 17/01/2020 43 06/12/2019 | 16/01/2020 41
Transport from MIRS/SIQ to INRIM 17/01/2020 21/01/2020 4 16/01/2020 | 17/01/2020 1
21/01/2020 18/02/2020 28 17/01/2020 | 24/02/2020 38
Transport from INRIM to BIM 18/02/2020 25/02/2020 7 24/02/2020 | 27/02/2020 3
25/02/2020 10/06/2020 106 27/02/2020 | 11/06/2020 105
Transport from BIM to EIM 10/06/2020 17/06/2020 7 11/06/2020 | 12/06/2020 1
17/06/2020 15/07/2020 28 12/06/2020 | 13/07/2020 31
Transport from EIM to PTB 15/07/2020 22/07/2020 7 06/08/2020 | 07/08/2020 1
PTB | Germany 22/07/2020 19/08/2020 28 10/08/2020 | 14/08/2020 4
Transport from PTB to UMTS 19/08/2020 13/10/2020 55 14/08/2020
13/10/2020 10/11/2020 28
Transport from UMTS to PTB 10/11/2020 24/11/2020 14
PTB Germany 24/11/2020 22/12/2020 28
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Loop 2 - Standard S/N 208014 - Provided by VSL

Planning Accomplish
St?r:tidaalte End date Duration Start date End date (calz:zat:(:ir;ys)
schedule Initial schedule | (calendar days) Updated Updated Updated
PTB Germany 04/02/2019
Transport from PTB to TRESCAL 04/02/2019 11/02/2019 7 04/02/2019 | 05/02/2019 1
TRESCAL Denmark 11/02/2019 11/03/2019 28 05/02/2019 | 05/03/2019 28
Transport from TRESCAL to PTB 11/03/2019 18/03/2019 7 05/03/2019 | 11/03/2019 6
PTB | Germany 18/03/2019 18/03/2019 0 11/03/2019 | 14/03/2019 3
Transport from PTB to RISE 18/03/2019 18/03/2019 0 14/03/2019 | 18/03/2019 4
RISE Sweden 18/03/2019 15/04/2019 28 18/03/2019 | 23/04/2019 36
Transport from RISE to MIKES VTT 15/04/2019 22/04/2019 7 23/04/2019 | 24/04/2019 1
MIKES VTT Finland 22/04/2019 20/05/2019 28 24/04/2019 | 24/05/2019 30
Transport from MIKES VTT to METROSERT 20/05/2019 27/05/2019 7 24/05/2019 | 27/05/2019 3
METROSERT Estonia 27/05/2019 24/06/2019 28 27/05/2019 | 21/06/2019 25
Transport from METROSERT to VSL 24/06/2019 01/07/2019 7 21/06/2019 | 26/06/2019 5
VSL Netherlands 01/07/2019 26/08/2019 56 26/06/2019 | 26/08/2019 61
Transport from VSL to PTB 26/08/2019 02/09/2019 7 26/08/2019 | 27/08/2019 1
PTB | Germany 02/09/2019 30/09/2019 28 27/08/2019 | 30/09/2019 34
Transport from PTB to VSL 30/09/2019 14/10/2019 14 30/09/2019 | 14/10/2019 14
Loop No. 2
Standard Transport from VSL to JV 16/10/2019 | 01/11/2019 16
S/N 208014
Provided by 1Y Norway 01/11/2019 29/11/2019 28 01/11/2019 | 02/12/2019 31
VEL Transport from JV to VSL 29/11/2019 13/12/2019 14 04/12/2019 | 16/12/2019 12
Transport from VSL to METAS 06/01/2020 13/01/2020 7 13/01/2020 | 13/01/2020 0
METAS | Switzerland 13/01/2020 13/03/2020 28 13/01/2020 | 17/03/2020 64
Transport from METAS to VSL 13/03/2020 27/03/2020 14 17/03/2020 | 18/03/2020 1
VSsL ‘ Netherlands 27/03/2020 27/03/2020 0 18/03/2020 | 18/03/2020 0
Transport from VSL to CEM 13/05/2020 18/05/2020 5 13/05/2020 | 18/05/2020 5
CEM | Spain 18/05/2020 15/06/2020 28 18/05/2020 | 18/06/2020 31
Transport from CEM to LNE 15/06/2020 22/06/2020 7 23/06/2020 | 26/06/2020 3
LNE l France 22/06/2020 20/07/2020 28 26/06/2020 | 04/08/2020 39
Transport from LNE to PTB 20/07/2020 03/08/2020 14 10/08/2020 | 17/08/2020 7
PTB | Germany 03/08/2020 31/08/2020 28 18/08/2020 | 21/08/2020 3
Transport from PTB to VSL 31/08/2020 07/09/2020 7 31/08/2020 | 03/09/2020 3
Transport from VSL to NPL 07/09/2020 21/09/2020 14 03/09/2020 | 08/09/2020 5
NPL l United Kingdom 21/09/2020 19/10/2020 28 08/09/2020
Transport from NPL to VSL 19/10/2020 02/11/2020 14
Transport from VSL to PTB 02/11/2020 09/11/2020 7
PTB ‘ Germany 09/11/2020 07/12/2020 28
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A3. TYPICAL SCHEME OF AN UNCERTAINTY BUDGET

The uncertainty of measurement must be determined following the Guide for the Expression of
Uncertainty in Measurement [4]. Information of the uncertainty of measurements must be provided in this
form.

Participant laboratories are requested to report the main uncertainty components of their measurement
systems, identifying all the pertinent uncertainty sources and quantifying their contribution to the
expanded uncertainty.

In order to have a comparable uncertainty evaluation, each laboratory is asked to report the following
information in the form of an uncertainty budget:

. The result of the type A method of uncertainty estimation which yields the standard deviation
of the mean values of data sets recorded by the participant in order to calculate its final report
value.

ii. The result of the type B method of uncertainty estimation.

1. The expanded uncertainty estimated at a 95.45 % level of confidence.

iv. The degrees of freedom for the estimation of the expanded uncertainty at a 95.45 % level of
confidence.

Main uncertainty Standard Type method A or B of Sensitivity Uncertainty Degrees of
components uncertainty evaluation/probability coefficient contribution freedom
Vi u(yi) distribution function ci u(R;) n;
1) Standard deviation of Type A
the calibration error of
the travelling standard pdf: Normal

2) uncertainty
components of the
reference standard of the
participant

3) Ambient conditions

3.1) temperature
3.2) humidity

Root square sum of Type A standard uncertainties and effective degrees of freedom

Root square sum of Type B standard uncertainties and effective degrees of freedom

Combined standard uncertainty and effective degrees of freedom

Expanded uncertainty (95.45 % coverage factor)
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LAYOUT OF THE MEASUREMENT REPORT

Identification of the travelling standard: RD-22

Identification of the participant laboratory and its representative
Measurement set-up and traceability scheme

Measurement procedure

Results:

a.

b.

C.

d.
€.

Mean value of the calibration error of reference standard at the active power values shown in
Table 1, expressed in uW/VA.

Expanded uncertainty estimated at a 95.45 % confidence level and the degrees of freedom of
the calibration error of the travelling standard at active power.

Mean value of the relevant parameters measured by the reference standard: voltage, current,
power factor, frequency.

Mean date of measurement.

Ambient conditions: mean value and spread of temperature and humidity measurements.

These measurement results must (also) be reported using the template xls file that comes with this
protocol

Detailed uncertainty budget as in Annex 3.

Report the date and time when the reference standard is de-energized and energized.

Signature and title of the laboratory representative.
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A5. CONFIRMATION NOTE OF RECEIPT

To:
Daniela Istrate and Pierre-Jean Janin, daniela.istrate@lne.fr ; pierre-jean.janin@lne.fr
LNE, France

CcC:. ...
(previous participating laboratory)

From: .......

(participating laboratory)

Re: EURAMET-KS5 Receipt of travelling standard (identification of the travelling standard: RD-22
We confirm having received the travelling standard of the EURAMET-KS key comparison 50/60 Hz
power on (date)....
After visual inspection:

No damage of the transport package and the travelling standard has been noticed.

Or
The following damage(s) are reported. In such a case, please add pictures of damages.

Date: ................
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A6. CONFIRMATION NOTE OF SHIPMENT

To:
Daniela Istrate and Pierre-Jean Janin, daniela.istrate@lne.fr ; pierre-jean.janin@lne.fr
LNE, France

CC:. ...
(next participating laboratory)

From: ..........

(participating laboratory)

Re: EURAMET -KS5 Dispatch of travelling standard (identification of the travelling standard: RD-22)

We confirm having shipped the travelling standard of the EURAMET -K5 key comparison 50/60 Hz
power on (date).... to the following address:

a) if the travelling standard will be sent to the pilot laboratory:
PTB Braunschweig
Kristian Dauke
Working Group 2.33
Bundesallee 100
38116 Braunschweig
Germany

b) if the travelling standard will be sent to another participant laboratory:
Shipping address of the next participant (see Annex 1)

We confirm that we have included in both shipping containers, the accessories:
(1 24 DC power supply
[0 Cable for PC read out of the RD22
(1  Datalogger for temperature / humidity

In any case, add the following information:

e flight number,

e airline,

e estimated time of arrival,

e air bill number and

e any other pertinent information about the shipment
Date: ................
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