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Strada delle Cacce, 91
10135 Torino, Italy

lcallega@ien.it

August 2006

This draft B Report describes the organisation, equipement and results of the EUROMET.EM-S20
supplementary comparison (formerly EUROMET n. 607 intercomparison) of a 100 mH inductance
standard at a frequency of 1 kHz, which took place from November 2002 to June 2003. Participants
were IEN in Turin, Italy as pilot laboratory, and PTB (Germany), SP (Sweden), GUM (Poland),
CMI (Czech Republic), CTU (Czech Republic), NCM (Bulgaria). Results of the comparison are
reported.

*Thanks to the participants and Vincenzo D’Elia - INRIM
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1 Introduction

This is the Draft B report of the Euromet comparison EUROMET.EM-S20,  “Intercomparison of a
100 mH inductance standard”.

Metrology area, branch: Electricity and Magnetism, Inductance
Description: Comparison of inductance standards
Time of measurement : 2002 - 2003
Status: Draft B
Reference(s): No references available

Measurand: Inductance: 100 mH
Parameter(s): Frequency: 1000 Hz
Transfer device(s): GR1482-L 100 mH inductance standard, encased in a

thermostated enclosure

Comparison type: Supplementary comparison
Consultative Committee: CCEM (Consultative Committee for Electricity and Magnetism)
Conducted by: EUROMET (European Metrology Collaboration)
Other designation(s): EUROMET 607 (European Metrology Collaboration Project

Number 607)

The comparison has been started as EUROMET Pilot Comparison n. 607, “Intercomparison of a
100 mH inductance standard”.

Text and figures refer to Istituto Elettrotecnico Nazionale Galileo Ferraris (IEN). Since January 1,
2006 the Italian National Metrology Laboratory has changed its name in Istituto Nazionale di
Ricerca Metrologica (INRIM). Any use of results reported for further quoting or processing should
be retagged with the new name.
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2 Participants and organisation of the comparison

2.1 List of participants

IEN Istituto Elettrotecnico Nazionale Galileo Ferraris
Now Istituto Nazionale di Ricerca Metrologica - INRIM
Torino, Italy
Luca Callegaro

Strada delle Cacce, 91
10135 Torino, Italy
email lcallega@ien.it
Tel. +39 011 3919435

PTB Physikalisch-Technische Bundesanstalt
Braunschweig, Germany
Jürgen Melcher

Bundesallee 100
38116 Braunschweig
Email: juergen.melcher@ptb.de
Tel.: + 49 531 592 2600

SP Swedish National Testing and Research Institute
Borås, Sweden
Gunnar Eklund

Box 857, 501 15 Borås
Tel +46 0 33 165391
Email gunnar.eklund@sp.se

GUM Główny Urząd Miar
Warszawa, Poland
Antoni Tarłowski

Electrical Metrology Division
Elektoralna 2
00-950 Warszawa P-10
Tel. +48 22 620 5970
Electricity@gum.gov.pl

CMI Czech Metrology Institute
Brno, Czech Republic
Jiri Horsky

Okruzni 31
63800 Brno
Czech Republic
jhorsky@cmi.cz
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UME Ulusal Metroloji Enstitüsü
Turkey
Yakup Gulmez

P.K 54   41470   Gebze - Kocaeli / Turkey
yakup.gulmez@ume.tubitak.gov.tr
Tel:+90 262 679 5000 Fax:+90 262 679 5001

Note: the standard has been sent to UME and measured. The results are not included
in the report since UME withdrew from the comparison thereafter.

NCM National Centre of Metrology
Sofia, Bulgaria
Petya Aladzhem

52B G. M. Dimitrov Blvd.
BG-1797 Sofia
Bulgaria

ncm@sasm.orbitel.bg
Tel +359 2 71 02 37
Fax +359 2 71 70 50

CTU Czech Technical University in Prague
Prague, Czech Republic
Jaroslav Bohacek

Faculty of Electrical Engineering
Department of Measurement
Technicka 2
CZ-166 27 Prague 6
Czech Republic
Tel. +42 0 224 352 220
Email bohacek@feld.cvut.cz
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2.2 Comparison schedule

Note: the standard has been sent to UME and measured. The results are not included in the report since UME withdrew
from the comparison thereafter.

2.3 Organisation of the comparison

2.3.1 Circulation method

No specific circulation method has been followed. The standard returned to IEN two times during
the comparison, to check possible drifts/malfunctionings since the standard was of new
construction.

2.3.2 Timing

The standard has been under observation from Jan 2002 to Aug 2004. The circulation started Dec
2002 and ended in June 2003.

2.3.3 Transportation

Each participant laboratory has been responsible for the transportation to the next participant,
custom charges, as well as any damage that could occur within its country. Commercial carriers
have been used.

A metal enclosure with internal shock isolation has been built and employed for transportation of
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the inductance standard and its accessories, shippable as freight. The dimensions of the enclosure
are 600 mm height, 550 mm depth, 800 mm width: the approximate weight being 35 kg (standard
and accessories included).

2.4 Unexpected incidents

2.4.1 Report of organisational and transport problems

No significant delays caused by organisational or transport problems.

2.4.2 Damage of standard

None.
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3 Travelling standard and measurement instructions

3.1 Description of the standard

The tavelling standard is an inductance standard having the nominal value of 100 mH. It is
constructed starting from a General Radio GR1482-L 100 mH inductance standard, encased in a
thermostated enclosure. The external aspect of the standard (Fig. 1) is a wooden box (370 mm
height, 285 mm depth, 285 mm width).

Fig. 1. External aspect of the 100 mH travelling standard.

The electrical connections to the standard consist of:

- four British Post Office MUSA connectors, for four terminal-pair electrical definition, Fig. 2.

Fig. 2. Connections for the electrical definition of the standard

- a LEMO ERA.OS.304.CLL  four-pole+screen connector, to access the internal PT100
thermoresistance, Fig. 3;
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Fig. 3. LEMO connector for the internal PT100 thermoresistance

- two banana sockets, one red (+) and one black (-) for the connection of the 12V power supply to
the thermostat, Fig. 4.

Fig. 4. Power supply connections for the thermostat

The standard is provided with the following accessories:
4/2 adapter: an electrical adapter to convert the four terminal-pair definition provided by the BPO
connectors to two-terminal binding posts definition, Fig. 5.

Fig. 5. 4/2 adapter.

The adapter contains a shorting link to be considered an integral part of the adapter.

The electrical schematics of the adapter is reported in Fig. 6.
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Fig. 6. Electrical schematics of the adapter.

The adapter converts four terminal-pair definition of the standard to two-terminal definition, and
should be inserted on the IH-IL ports, as shown in Fig. 7. PostOfficeCaps (see below) cover the
unused VH and VL connectors.

Fig. 7. 4/2 adapter mounted on the standard.

PT100cable: for connection to the LEMO ERA.OS.304.CLL connector, having four free wires and
screen on the other side
The connections are the following:
Red = high-current terminal, IH;
Yellow = high-voltage terminal,VH;
Green = low-voltage terminal,VL;
Black = low-current termina, IL;

12Vsupply: a 220/240 V – 50 Hz ac to 12 V dc electrical power supply to power the thermostat,
Fig. 8.
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Fig. 8. 12V power supply.

The supply is terminated with a 220/240V power line input socket and two banana sockets, one red
(+) and one black (-).
It is provided with a green LED lamp which shows the power-up condition, an on/off switch, one
fuse holder containing 315 mA fuse.

12Vcable: two single-wire cables, one red and one black, for connection of the 12Vsupply to the
standard.

PostOfficeCaps: two non-shorting caps for post-office connectors, used to cover VH and VL
terminals when the 4/2 adapter is used.

3.2 Quantities to be measured, and conditions of measurement

3.2.1 Description of each quantity and parameters

The quantities to be measured are:

• Ls and Rs: the equivalent series inductance and resistance of the standard, defined by the
configuration chosen (four terminal-pair or two-terminal);

• f: the measurement frequency;
• RPT100: the four-terminal resistance of the PT100 internal sensor;
• Text: the temperature (°C) of the environment where the standard is measured;
• Hext: the external humidity (%) of the environment where the standard is measured.
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3.2.2 Conditions of the measurement

The measurement has to be carried out with the following excitation:
- ac sinewave signal;
- frequency 1000 Hz;
- current 1 mArms;
- THD+N (total harmonic distortion+noise) less than 0.01%

3.2.3 Aimed accuracy and/or limit for partecipation

No limit on accuracy. Total time for measurement has been  limited to 2 weeks.

3.3 Measurement instructions

Setup of the standard

The standard must be positioned with the face having the electrical connections in horizontal
position.

Before and during the measurement, the standard must be energized with a +12.0(5) V, 500 mA dc
low-noise power supply, connected to the banana sockets (+ red, -black). 12Vsupply accessory is
suited for the purpose but its employment is not mandatory.

At power-up, the thermostat green LED lamp lits, indicating thermostat ON cycle. After some
hours, the lamp goes off, then on again, with an approximate period of 30 minutes.

The standard reaches its operating temperature, around 28 °C, in 24 hours. Tentative measurements
on the standard can be carried out before this period, but cannot be considered reliable for the
comparison. DO NOT consider the reaching of a plateau for RPT100  the signal of a temperature
stabilization of the standard. If the thermostat power supply is disconnected for any reason, the user
must wait again 24 hours before measurement.

Electrical definition of the standard

Two electrical definitions of the standard are possible:
- four terminal-pair:
- two-terminal using the given adapter.

3.3.1 Tests before measurement

No specific tests to be carried on the standard.

3.3.2 Measurement constraints

No specific constraints apart fulfillment of the measurement conditions.
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3.4 Deviations from the protocol

No deviations reported.
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4 Methods of measurement

IEN Method
Three-voltage method

Definition of the standard
Two-terminal and four terminal-pair

Traceability
Ac resistance, from dc measurements and ac-dc corrections. Frequency.

References
L. Callegaro, V. D’Elia, "Automated system for inductance realization traceable to AC resistance with a
three-voltmeter method", IEEE Trans. Instr. Meas., vol. 50, n. 6, pp. 1630-1633 (Dec. 2001).

PTB Method
Maxwell-Wien bridge

Definition of the standard
Two-terminal

Traceability
Capacitance, ac resistance

References
Hanke, R.; Kölling, A.; Melcher J.: Inductance Calibration in the Frequency Range from 50 Hz to 1
MHz at PTB. In: MĀPAN-J. of Metrology Society of India, 18 (2003), pp.255-259.

SP Method
Resonance method for calibration of a 200 mH high-Q inductor;
Transformer ratio bridge for inductance scaling

Definition of the standard
Two-terminal

Traceability
Capacitance, frequency, ac resistance.

References
No reference given in the report

GUM Method
Combined transformer bridge

Definition of the standard
Two-terminal

Traceability
Capacitance

References
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A. Muciek, “A combined transformer bridge for precise comparison of inductance
with capacitance”, IEEE Trans. Instr. Meas. Vol. IM-32, pp. 419-423, 1987.

CMI Method
Transformer bridge

Definition of the standard
Two-terminal

Traceability
Capacitance, ac resistance

References
Horsky, J.   “High Precision Inductance Measurement and its validation”, Metrology and Metrology
Assurance ´2004, p 27 to 31, Sozopol, Bulgaria, 2004

Horsky J., Horska J., Semenov, Y. “Inductance Calibration in Czech Metrology Institute”, MAPAN,
Journal of Metrology Society of India 2003, Vol 18, No 3, 2003, p 161-168

Ripper L., HorskY J , Horska J , “Resonant  Method of Inductance Measurement with Inductive Divider
Calibration Set”, 11th International Metrology Congress, Toulon , France, October 2003

NCM Method
1:1 substitution with a commercial inductance bridge

Definition of the standard
Two-terminal

Traceability
Inductance (from PTB)

References
No reference given in the report

CTU Method
Double balance LC bridge

Definition of the standard
Four-terminal pair

Traceability
Capacitance

References
No reference given in the report

Refer to Appendix B for details on the measurement methods.
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5 Repeated measurements of the pilot institute, behaviour of the travelling
standard

Repeated measurements of the pilot laboratory have been performed before, during and after the
end of the comparison. Since the aim of the measurements was primarily to evaluate possible drifts
of the series inductance, only such estimate is reported. Results are given in Fig. 5.1 and Tab 5.1.
Temperature drifts between different measurements can be considered negligible.

Date LS 2T LS 4P
H H

2002-10-07 0.1000529 0.10001148
2002-11-20 0.1000526 0.10001140
2003-01-13 0.1000524 0.10001145
2003-04-13 0.1000526 0.10001140
2003-06-27 0.1000530 0.10001128
2003-07-01 0.1000531 0.10001136

Tab 5.1. Repeated measurements of the pilot institute, 2T and 4P configurations.
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Fig 5.1. Repeated measurements of the pilot institute, 2T and 4P configurations.

The temperature coefficient of the travelling standard has been measured by IEN by trimming the
set point of the thermostat around the working temperature. The result is a temperature coefficient
dL/dRPT100 = 7.51 µH/Ω.
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6 Measurement results

6.1 Results of the participating institutes

In Tab. 6.1 values and corresponding standard uncertainty, ambient conditions, are given. A
graphical representation of inductance LS data are shown in Fig. 6.1.
Refer to Appendix C for a complete uncertainty budget of each laboratory.

Tab. 6.1. Results given by the participating laboratories.
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2T Series inductance L S
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Fig. 6.1. Results given by the participating laboratories, with associated expandeded
uncertainties, for the series inductance LS. (upper) 2T measurements. (lower) 4TP measurements.
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6.2 Normalization of the results

6.2.1 Temperature dependence

The inductance values given by the participants have been corrected for the temperature,
represented by the measured RPT100 (when an interval has been given, the center of the interval is
taken as RPT100). The uncertainty on RPT100, and the uncertainty of the coefficient has not been
considered significant to enlarge the reported uncertainty of L, which is left as stated.

6.2.2 Humidity dependence

The dependence of the inductance of the standard upon humidity has not been studied and therefore
data cannot be corrected for local humidity.

6.2.3 Drift correction

From measurements reported in Chap. 5, the drift of the standard is considered negligible during the
time of the comparison.

6.2.4 Normalized results

a) IEN L and RPT100 measured values have been condensed in a single one, by averaging.
Uncertainty is kept equal to those of a single reported value.

b) Conventionally, all reported L values have been corrected taking as reference IEN average
value, RPT100 = 110.6768 Ω .

Normalized results are reported in Tab. 6.2. for the 2T measurements.

6.3 Calculation of the reference value and its uncertainty

The calculation of the reference value has been conducted by following the procedure stated in M.
G. Cox, “The evaluation of key comparison data”, Metrologia 2002, 39, 589-595. Data does not
completely fulfill the conditions, in particular NCM is traceable to PTB. However, a posteriori
analysis revealed that including or excluding NCM data from calculations give irrelevant changes in
the outcome.

The reference value has been calculated for 2T measurements only. Reasons are:
- 4TP measurements have been conducted by only two laboratories (IEN and CTU);
- values are consistent but CTU uncertainty is much larger than IEN. Hence, Procedure A would

give IEN value as reference value;
- CTU is not a National Metrology Laboratory and has no CMC claims to support. The

comparison has been carried out for scientific purposes.

Normalized results pass a chi-square test. Hence, Procedure A (weighted mean) can be applied for
the calculation of the reference value.

The uncertainty of the reference value has been computed by adding two terms: the standard
deviation of the weighed mean and the standard deviation of the mean of the four IEN values (as
representative of drifts of the travelling standard).
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Differences between normalized values and reference value are given in Tab. 6.2, and in graphical
form in Fig. 6.2.

Tab. 6.2. Normalized values of the series inductance Ls; calculated reference value; differences
between normalized values and reference value, for 2T measurements.

Fig. 6.2. Data of Tab. 6.2, in graphical form.

6.4 Degrees of Equivalence

Not requested for a supplementary comparison.
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6.5 Link to the CCEM Key Comparison and degrees of equivalence

Not requested for a supplementary comparison.

6.6 Impact of the comparisons on the calibration and measurement capabilities of a
participating laboratory (CMCs)

Declarations from the laboratories are here reported. See also 7: Withdrawal or changes to results.

IEN 2004.08.08 CMC claims are supported by the results given in the report.
PTB 2005.07.18 CMC claims are supported by the results given in the report. [Agreed to

report among proposed phrases. Declaration explicited by the pilot].
SP 2005.04.12 CMC claims are supported by the result given in the report.
GUM 2005.04.16 CMC claims are supported by the result given in the report.
CMI 2005.04.15 CMC claims are supported by the result given in the report.
UME 2004.18.10 We withdrawn from the pilot study. We want to partcipate EUROMET

supplementary comparison [EUROMET 816]. We already discussed  at
TCEM meeting.

NCM 2005.04.15 CMC claims are supported by the results given in the report.
CTU [No CMC]
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7 Withdrawal or changes of results

The standard has been sent to UME and measured. UME submitted to the pilot the measurement
report. UME results showed a significant discrepancy with data from other laboratories. The pilot
informed UME of the discrepancy. In 2004.18.10 (before Draft A publication), UME retired from
the comparison. Hence, results from UME are not reported in this Draft.
After TCEM meeting in Sep 2006, UME modified its CMC declarations and will participate in the
EUROMET 816 project “Intercomparison of 100 mH inductance standards”, follow-up of
EUROMET 607 project.

8 Requests for follow-up bilateral comparisons

UME decided to withdraw the results from the comparison in 2004.18.10 and will participate in a
follow-up comparison.

9 Summary and conclusions

The comparison started as an Euromet (607) comparison and has been upgraded to a
EUROMET.EM supplementary comparison (all participants agreed to this upgrading). Seven
participants measured the standard and gave results. After suggestion from the pilot, one laboratory
withdrew its results from the comparison.

The comparison started in Nov 2002 and ended in June 2003. The pilot laboratory measured the
standard four times: two at the beginning and end of the comparison, and two times in between. No
damage to the standard, either mechanical or electrical, has been identified.

No participant deviated from the comparison protocol and reported the significant information
required. UME decided to withdraw from the comparison.

The standard is configured to be measured both as two-terminal (2T) and four terminal-pair (4TP).
Most participants measured the standard as 2T. Only the pilot and CTU measured it as 4TP. Since
CTU is not a National Metrology Laboratory and has no CMC to support, further data processing to
obtain a reference value has been conducted on 2T measurements only. 2T results have been
corrected for temperature dependence and reference value evaluated with a weighed mean.

Each laboratory has checked the results of the comparison on their CMC claims.

Luca Callegaro
August 2006
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[Appendix A. Degrees of equivalence]

Not requested for a supplementary comparison

Appendix B. Methods of measurement

IEN Measurement method

The principle of the method is illustrated in Fig. 1. The standard impedance Zs and the
unknown impedance Zx are connected in series. The current I flows into both, and voltage
drops Us = Zs I, Ux = Zx I, and U = (Zs + Zx) I develop on the mesh. The rms values Us,
Ux and U of these voltages are measured with a high-accuracy ac voltmeter. It is then possible
to compute Zx as a function of Zs and ratios of Us, Ux and U.
To avoid the large common voltage in the measurement of U, it is possible instead to measure
the rms voltage Um between the common point of the impedances and the 0.5 tap of an
inductive voltage divider. A diagram of the vectors involved is shown in Fig. 2. The equations
corresponding to the vectors are reported in Fig. 3.

Fig. 1. Principle of the method.

Fig. 2. Vector diagram of the voltages involved.
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Fig.3. Equations.

PTB
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SP
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GUM

CMI Measurement method
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NCM
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CTU
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Appendix C. Uncertainty budgets

IEN Uncertainty budget for the measurement of R and L

Combined uncertainty and expanded uncertainty have been obtained by MonteCarlo simulations on the
model

PTB
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SP
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GUM

CMI
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NCM
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CTU
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Appendix D. Optional measurements

No optional measurements have been proposed in the comparison protocol.
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Appendix E. Comparison protocol

Istituto Elettrotecnico Nazionale
Galileo Ferraris

Torino, Italy

Euromet Project 607:

Intercomparison of a 100 mH inductance standard

Draft 28 November 2002

Luca Callegaro and Vincenzo D'Elia
Istituto Elettrotecnico Nazionale Galileo Ferraris
Strada delle Cacce, 91
10135 Torino, Italy
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lcallega@ien.it

1 Description of the travelling standard

The tavelling standard is an inductance standard having the nominal value of 100 mH. It is constructed starting from a
General Radio GR1482-L 100 mH inductance standard, encased in a thermostated enclosure.

1.1 General aspect

The external aspect of the standard (Fig. 1) is a wooden box (370 mm height, 285 mm depth, 285 mm width);

Fig. 1. External aspect of the 100 mH travelling standard.

The top surface (Fig. 2) provides all electrical connections to the standard, and two handles for transport.
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Fig. 2. Top surface of the travelling standard.

1.2 Electrical connections

The electrical connections to the standard consist of:

- four British Post Office MUSA connectors, for four terminal-pair electrical definition, Fig. 3a.
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Fig. 3a. Connections for the electrical definition of the standard

- a LEMO ERA.OS.304.CLL  four-pole+screen connector, to access the internal PT100 thermoresistance, Fig. 3b;

Fig. 3b. LEMO connector for the internal PT100 thermoresistance

- two banana sockets, one red (+) and one black (-) for the connection of the 12V power supply to the thermostat,
Fig. 3c.

Fig. 3c. Power supply connections for the thermostat

1.3 Accessories provided

The standard is provided with the following accessories:
4/2 adapter: an electrical adapter to convert the four terminal-pair definition provided by the BPO connectors to two-
terminal binding posts definition, Fig. 4.

Fig. 4. 4/2 adapter.
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The adapter contains a shorting link to be considered an integral part of the adapter; do NOT report on any
measurement made without this link.

The electrical schematics of the adapter is reported in Fig. 5.

Fig. 5. Electrical schematics of the adapter.

The adapter converts four terminal-pair definition of the standard to two-terminal definition, and should be inserted on
the IH-IL ports, as shown in Fig. 6. PostOfficeCaps (see below) cover the unused VH and VL connectors.

Fig. 6. 4/2 adapter mounted on the standard.

PT100cable: for connection to the LEMO ERA.OS.304.CLL connector, having four free wires and screen on the other
side
The connections are the following:
Red = high-current terminal, IH;
Yellow = high-voltage terminal,VH;
Green = low-voltage terminal,VL;
Black = low-current termina, IL;

12Vsupply: a 220/240 V – 50 Hz ac to 12 V dc electrical power supply to power the thermostat, Fig. 7.
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Fig. 7. 12V power supply.

The supply is terminated with a 220/240V power line input socket and two banana sockets, one red (+) and one black
(-).
It is provided with a green LED lamp which shows the power-up condition, an on/off switch, one fuse holder containing
315 mA fuse.

12Vcable: two single-wire cables, one red and one black, for connection of the 12Vsupply to the standard.

PostOfficeCaps: two non-shorting caps for post-office connectors, used to cover VH and VL terminals when the 4/2
adapter is used, see Fig. 2.

2. What to measure

The quantities to be measured are:

• Ls and Rs: the equivalent series inductance and resistance of the standard, defined by the configuration chosen
(four terminal-pair or two-terminal);

• f: the measurement frequency;

• RPT100: the four-terminal resistance of the PT100 internal sensor;

• Text: the temperature (°C) of the environment where the standard is measured;

• Hext: the external humidity (%) of the environment where the standard is measured.

3. Measurement instructions

3.1 Set-up of the standard

The standard must be positioned with the face having the electrical connections in horizontal position.

Before and during the measurement, the standard must be energized with a +12.0(5) V, 500 mA dc low-noise power
supply, connected to the banana sockets (+ red, -black). 12Vsupply accessory is suited for the purpose but its
employment is not mandatory.

At power-up, the thermostat green LED lamp lits, indicating thermostat ON cycle. After some hours, the lamp goes off,
then on again, with an approximate period of 30 minutes.
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The standard reaches its operating temperature, around 28 °C, in 24 hours. Tentative measurements on the standard can
be carried out before this period, but cannot be considered reliable for the comparison. DO NOT consider the reaching
of a plateau for RPT100  the signal of a temperature stabilization of the standard. If the thermostat power supply is
disconnected for any reason, the user must wait again 24 hours before measurement.

3.2 Electrical connections to the standard

Two electrical definitions of the standard are possible:
- four terminal-pair:
- two-terminal using the given adapter.

3.3 Measurement parameters

The measurement has to be carried out with the following excitation:
- ac sinewave signal;
- frequency 1000 Hz;
- current 1 mArms;
- THD+N (total harmonic distortion+noise) less than 0.01%

4 Report

After measurement, the laboratory must report:

• the measurement principle and details of the experimental setup;
• the configuration chosen for the measurement (two-terminal or four terminal-pair);
• the measured quantities corresponding  to the the list of Chapter 2.

For each quantity listed in §2, the user must report:

• the estimator;
• the estimated standard uncertainty (1σ)
• the estimated 95% confidence interval.

For the inductance, a complete uncertainty budget must also be reported, in a format compliant to the Guide on
Uncertainty in Measurement (GUM), ISO, 1995.

5 Scheduling

The following laboratories are engaged in the comparison:

Lab Contact

IEN

Mr. Vincenzo D’Elia
Istituto Elettrotecnico Nazionale Galileo Ferraris
Strada delle Cacce, 91
I-10135 Torino, Italy
Tel. +39 011 3919437
Fax. +39 011 346384
email delia@ien.it

PTB

Dr. Juergen Melcher
Physikalisch-Technische Bundesanstalt
Section 2.11 Alternating Current Quantities
Bundesallee 100
D-38023 BRAUNSCHWEIG
Germany

Tel. +49 531 592 2010 (D)
Fax. +49 531 592 2015
e-mail Juergen.Melcher@ptb.de
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SP

Mr. Gunnar Eklund
SP Swedish National Testing and Research Institute
Electricity and Time, MTe
Brinellgatan 4
SE-504 62 Borås
Sweden

Tel. +46 33 16 53 87 (D)
+46 33 16 50 00 (O)

Fax. +46 33 12 50 38
e-mail gunnar.eklund@sp.se

GUM
Mr. Antoni Tarłowski

GŁÓWNY URZĄD MIAR (Central Office of Measures)
ZAKŁAD METROLOGII ELEKTRYCZNEJ  (Electricity Division)
Inductance & Capacitance Standards Lab
ul. Elektoralna 2
00-139 WARSZAWA
POLAND

Tel: 0-048-22-6205970
Fax: 0-048-22-6208378
electricity@gum.gov.pl

CMI

Mr. Jiri Horsky
Czech Metrological Institute
Okruzni 31
63800 BRNO
Czech Republic

Tel. +420 5 45 222 727 (O)
Fax. +420 5 45 222 183
e-mail jhorsky@cmi.cz

UME
Mr. Yakup Gulmez
TUBITAK - Ulusal Metroloji Enstitüsü
ANİBAL CAD. MAM KAMPÜSÜ
41470 GEBZE - KOCAELI
Turkey

Tel. +90 262 646 63 55  (ext. 470)
Fax. +90 262 646 5914
e-mail yakup.gulmez@ume.tubitak.gov.tr

NCM
Mrs. Petya Aladzhem
National Centre of Metrology (NCM)
52B G.M.Dimitrov Blvd.
BG - 1797 Sofia
Bulgaria

Tel. +359 2 71 02 37
 Fax +359 2 71 70 50
 email ncm@sasm.orbitel.bg

Each laboratory has a measurement time of two weeks for the measurements. The travelling and measurement sequence
is reported in Fig. 1.
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Sequence: PTB-IEN-SP-GUM-CMI-UME-NCM

Week# Dates IEN PTB SP GUM CMI UME NCM
46 11 nov - 17 nov
47 18 nov -24 nov
48 25 nov - 1 dec
49 2 dec - 8 dec
50 9 dec - 15 dec
51 16 dec - 22 dec
52 23 dec - 29 dec
1 30 dec - 5 gen
2 6 gen - 12 gen
3 13 gen - 19 gen
4 20 gen - 26 gen
5 27 gen - 2 feb
6 3 feb -9 feb
7 10 feb - 16 feb
8 17 feb - 23 feb
9 24 feb - 2 mar

10 3 mar - 9 mar
11 10 mar - 16 mar
12 17 mar - 23 mar
13 24 mar - 30 mar
14 31 mar - 6 apr
15 7 apr - 13 apr
16 14 apr - 20 apr
17 21 apr - 27 apr
18 28 apr - 4 mag
19 5 mag - 11 mag
20 12 mag - 18 mag
21 19 mag - 25 mag
22 26 mag - 1 giu

Holidays
Not available
Measurement

Travel

Tab. 1. Measurement scheduling.
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Transportation

Each participant laboratory is responsible for its own costs for the measurement, transportation and any custom charges,
as well as any damage that may occur within its country.

An enclosure is provided for the inductance standard and its accessories, shippable as freight.

The dimensions of the enclosure are 600 mm height, 550 mm depth, 800 mm width: the approximate weight being
35 kg (standard and accessories included).

After arrival:
- an email should be immediately sent (delia@ien.it) to the pilot laboratory and the shipping laboratory;
- the thermostat should be energized and at least 24 hours should pass before the beginning of the measurements;

After measurement;
- the standard should be repacked ensuring that all accessories are included in the enclosure;

After departure;
- an email should be immediately sent (delia@ien.it) to the pilot laboratory and the receiving laboratory.
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