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1. Introduction

To strengthen the Interamerican Metrology System (SBvRey comparison of reference
standards of measurement amoitg NationalMetrology Institutes (NMRB)is promoted.
At the same time, in accordance with the CIPM Mutual RecogniticengemeniMRA)
objectives, NMI snustestablish the degree of equivalence between their national
measurement standards by performing regional @arisons, among other activities.
With this view,a Key Comparison of 10 mH Inductance Standards at vastarganized
with the participation ofsevenb a Lf@ra the SIM Regional Metrology Organization

The objective of this comparisamasto compare he measurement capabilities of NMIs in

SIM in the field of inductance, determinitige degree of equivalence of the measurement
results

2. Organization

2.1. Participants
SeverNMIispatrticipated in the comparison

* Administracion Nacional de Usinas y Trasmisiones EléctricasqUTiuay
Contact person: Daniel Izquierdo.

® Centro Nacional de Metrologia (CENA{MNIexico
Contact person: José Angel Moreno

® |nstituto Costarricense de Electricidad (ICEdpsta Rica
Contact person: Blanca Isabel Castro
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* |nstituto Nacional de Metrologia, Qualidade e Tecnologia (INMEJ B@Yil
Contact person: Renata de Barros e Vasconcellos

* |nstituto Nacional de Tecnologia Industrial (INTArgentina
Contact person: Marcelo Caabat.

* National Institute of Standards and Technology (N{®&hjted States of America
Contact person: Andrew Koffman.

* National Research Council (NR@anada
Contact person: Marcel Cote.

2.2. Coordinatorand Support Group

This comparison wasoordinated by CENAM (Jose Angel Moreno) as Pilot Laboratory. The
support group was integrated by NRC (Carlos Sanchez) and INMETRO (Gregory Kyriazis).

2.3. Schedule of Masurements

The circulation of the traveling standardssarrangedin threeshort logpshaving aclose
surveillance of the value of the standards during its transportation fromtoraher NMI.

Different situations caused departures from the original schedule of the comparison, for
example long time bureaucratic procedures in custohwdydays periods and review of

the traveling standards after transport, always with the prioritynof to expose the
travelingstandards and aessories to adverse conditions, and avoidingecessary

delays.
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Table 1 shows the period of stay of ttraveling standards at each laboratory, according
the confirmation of Dispatch and Receipt issued by the participants.

Table 1  Period of stay of traveling standards during the SIM.E{8 comparison.

NMI Period
CENAM 2013June07 to 2013September09
NRC 2013 Septemberl9 to 20130ctober29
NIST 2013November05 to 2014Januaryl3
CENAM 2014 January31 to 2014March-05
INTI 2014Aprik03 to 2014Junell
INMETRO 2014July17 to 2014August22
CENAM 2014 Septemberl7 to 20140ctober29
ICE 2014November20 to 2018January20
UTE 2015February20 to 2015April-09
CENAM 2015April16 to 2018viay-08

3. Traveling Standards

From previous experiences it is known that standard inductors are sensitive to transport

effects. In order to evaluat@nd take in consideratioof such effectsluring the

comparisonthree reference standards were usdd,o of them areproperty of NISEnd
one ofNRC. Additionally, CENAWbvided its own reference group of four standardad
a measuring system based on a Maxw#len bridge, which allows a continued record of

measurements since 2005, in order to provide a clsweillance of theraveling
standards during the transport and stay at each participant NWible 2 showshe

details of thetravelingstandards used in the comparison
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Table 2  Traveling standards used in the SIM.EKB comparison.

Id. Manufacturer Model Serial
Ls GeneralRadio Company 1482H 7270
Le General Radio Company 1482H 19782
L7 IET 1482H B211521295

Previous to start the comparispthe inductors werecharacterizedn order to know its

temperature coefficients of inductance and resistaifitg and evaluatets stability. The

GFrofS o aK2¢é¢a GKS GSYLISNIandieEemeatntre FAOASYy(ia 2
02 ST TAOA Sy (i gfor €agh tralBliaghstandard, OS b

Table 3 Temperature coefficients of inductance and resistance of the traveling

standards.
Id. . 'R
(UH/H [ °C) (mw°C)
Ls 373 £+ 1.8 323 £ 7.7
Le 48.6 + 1.6 32 + 13
Ly 376 + 1.4 33.26 + 0.35

To minimize the effect of the temperature during the measuremengg;lenductorwas

placedin individual enclgures with controlledtemperatureof around 28.5 °Qoowered
with a 12 V power source

The temperature of each enclosureas determined through the electrical resistance of a
CENAMtalibratedPt100 sensor placed directly in one of the lateral walls of the inductor.
The PT10Gensorwas configured to be measured using-#edminal resistance meter a
thermometry bridge by means of Voltage and Current BNC connec#liartcipants
received from the pilot laboratory a spreadsheet to calculate the temperature of the
enclosure according the parameters given in the comparison technical proto€he
expanded uncertainty of the temperature measurement is estimated to be 0.02 °C.

A battery operated Data Logger was attached to thericlosure to register temperature,
humidity, pressure and traxial mechanical shocks during the transport.
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The enclosures containing the traveling standards and all accessories were transported
using a hard transport case, whislasmoved using forklift.

Figure 1 shows theskenclosure, which showttie power sourceand Datal.oggetocation,
and figure 2 shows the transport case to ship the traveling standards.

Figure 1 Temperature controlled Figure 2 Transport case foshipping
enclosure used in the SIM.EM3 traveling standards
comparison.

Additionally, as check standards the pilot laboratosgda bank of 4 inductors having
continuous records of measurements since 20@@ne of these inductors was maintained
in a temperature controlled enclosure having the samastouction as the traveling
standards used for the comparisortThis bank of inductors asmaintained at CENAM

during the comparisomand measured periodically using the same measuring system as for
the official measurements.
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4. Measurements and Results

4.1. Measurements during transport

During the transport of the traveling standards four different quantities were recorded by
the Data Logger located os énclosure: temperature, humidity, pressure, andaxial

shock, where X-Z shock componentsere independently measured and the resultant

shock vector is calculatedAccording to the location of the Data Logger, the X and Z shock
components correspond to lateral to the enclosure shocks, and Y component corresponds
to vertical shocks, as illustrated figure 3.

‘ \ ’
Shock-Y \ Bata
Logger

Shock-X \ /

Shock-Z

/Y

Figure 3 X-Y-Z shock components identification.

The Data Logger was configured to take measurements every 5 mimitess the shock
registeredvalues corresponds to the higher value occurred during this period.

Each participant was regsted to download the information stored by the Data Logger
during the transport of the traveling standards, whighssent to the pilot laboratory.
Only during the transport from NIST to CENAM it was not possible to obtain the
information from the Data Logger.
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During the first loopf the comparisort was obseved some erratic datahat dter
technical reviews at CENAM it was found that the éattpackinternal connectiors failed
during customs inspectior® unpacking traveling standards. The data was debugged
discard false informatiorandmodificationsto the battery packvere made.

The temperaturearound the traveling standards duritigansportation maintained in a

range from 17 °C to 26 °C, where the lowest temperature was near to 5 °C occurred during
the transport from NRC to NIST in November 2013 , and the highest temperature was near
to 32 °C occurred during the transport from INMET to CENAM in September 2013.

Figure4 shows the recorder temperature during the comparison.

35
30
~ 25 4
°)
9 i
S
E 20 -
(O]
g
o 15 O
- = [0 b
< = < il
Z w =z O
L > L -
5 4 1 }
2013/09 2013/12 2014/03 2014/06 2014/09 2014/12 2015/03 2015/06

Figure4 External temperature of £during transportation.

The humidity maintained in a range from 25 % H.R. to 70 % H.R as shown in figure 5.
Figure 6 shows that the pressure was in a range fr@kPao 104 kPag were is revealed

that atmospheric pressure of the case is related to the altitude of each Nkdltbe
transfer airport during the transport.
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