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Abstract — From years 2010 to 2012, a key comparison of
power standards at 50/60 Hz was conducted in the SIM region.
The comparison included measurements of active and reactive
power at three frequencies, aiming at providing support to high
accuracy measurement needs of reactive power. This paper
presents the results of the SIM.EM-KS comparison and the
assessment of the link between this comparison and the CCEM-
K5 key comparison on 50/60 Hz power completed in 2001.

Index Terms — Key comparison, power measurement
standards, linear regression fitting, reproducibility, uncertainty.

I. INTRODUCTION

Under the auspices of the Committee Consultative of
Electromagnetism, CCEM, the SIM Electromagnetic Working
Group carried out a key comparison of power standards at
50/60 Hz. CENAM participated as the pilot laboratory. The
SIM.EM-K5 comparison aimed at providing a link to various
NMIs in the SIM region to the CCEM-KS key comparison on
50/60 Hz power conducted by NIST and completed in year
2001[1].

The comparison was organized according to the Guidelines
of the CCEM [2]. Testing points included measurements of
active and reactive power at frequencies of 50 Hz, 53 Hz and
60 Hz. Measurements of reactive power in this comparison are
a meaningful tie for the SIM participating laboratories to the
key comparison data base of the CIPM, besides providing
support to high accuracy reactive power meters already
available everywhere.

A link between the results of the SIM.EM-K5 and the
CCEM-KS5 key comparisons was carried out by CENAM [3].
It is based on the work of F. Delahaye and T. Witt [4]. The
link laboratories participating in both comparisons accepted
that their measurement results were used to estimate the link
between the two comparisons, which consists of a correction
to be added to the results of the SIM.EM-K5 comparison so
that the transformed results can be directly compared with the
CCEM-K5 comparison results. The analysis confirms that the
link between the two comparisons is reliable.

II. OVERVIEW OF THE SIM.EM-K5 KEY COMPARISON

In order to meet the schedule time the comparison was
organized in two loops, j = 1, 2. A Radian RD-22-311 and a
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RD-23-432 were used as traveling reference standards for
loops j = 1 and 2, respectively. Traveling measurement
standards for the SIM.EM-K5 key comparison were provided
by Radian Research Inc'.

The testing points in the comparison were 120 V, 5 A at
power factors of 1.0 and 0.5 lead-lag for active power, and 30°
and 90° lead-lag for reactive power measurements. Tests were
conducted at three frequencies: 50 Hz, 53 Hz and 60 Hz. The
total number of testing points was 21. Aiming to establish a
link between this SIM.EM-KS5 key comparison and the last
key comparison CCEM-K conducted by NIST [1], the SIM
comparison included the testing points of active power at 120
V, 5 A at power factors of 1 and 0.5 lead-lag and a frequency
of 53 Hz.

Eleven national metrology institutes from the SIM region
were originally included in the comparison. The Laboratorio
Custodio del Patr6n Nacional de Magnitudes Eléctricas,
LCPN from Chile did not submit its measurement results for
this comparison, thus this NMI was not considered in
estimating the key comparison reference value.

The comparison was arranged in two independent loops in a
daisy pattern. Measurements of the participating laboratories
started in June 2010 and ended in April 2011. The
performance of the reference standards for loops j = 1 and 2
was determined by applying a lineal regression model to
measurements carried out by CENAM from December 2009
up to April 2012.

III. MAIN RESULTS FROM THE COMPARISON

The work of N. Oldham et al [1] was followed in order to
estimate the key comparison reference value (KCRV), the
formula to obtain the degrees of equivalence and the
uncertainty associated to them. The linear regression fitting on
the measurements carried out by CENAM as the pilot
laboratory provides a robust estimate of the key comparison
reference value. The fitting also allows estimating the
predicted values of measurement results of the participating
laboratories. The main contribution to the uncertainty of the
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KCRYV comes from the residuals of the approximated linear
regression curve and the correlation between the predictions of
the measurement results of the participating laboratories with
respect of the estimated KCRV.

A link between the results of the SIM.EM-KS and the
CCEM-KS5 key comparisons of power was carried out. The
following laboratories were the link between the SIM.EM-KS5
and the CCEM-KS comparisons: NIST, NRC, INTI,
INMETRO, UTE and CENAM. The link basically consists of
an additive correction to the results of the SIM.EM-KS5
comparison so that the transformed results can be directly
compared with the results of the CCEM.KS comparison,
where the additive correction is determined by a weighted
mean of the corresponding differences of the linking
laboratories. This criterion is applicable since the CCEM-KS5
and SIM.EM-KS5 are of the same quantity of active power at
120 V, 5 A, 53 Hz and power factors equal to | and 0.5 lead-
lag. This procedure does not change the CCEM-K5 key
comparison reference value. From this link the degrees of
equivalence DOEs are calculated and reported in [3]. A test of
internal and external consistency [5] was applied to the link
measurement results, where the main concern was the
“reproducibility” of the measurement results over the time
span between the two comparisons. The consistency tests
yielded a Birge ratio lower than one in the three power factors
where the link of the two comparisons is applicable, thus
confirming the reliability of the link.

The measurement results of the SIM.EM-KS5 key
comparison will be presented at the CPEM 2014.

IV. CONCLUSION

A key comparison of 50 Hz to 60 Hz was carried out in the
SIM region within years 2010 and 2012. The comparison
included measurements of active power, thus it may be linked
to the last CCEM-K5 key comparison of 50/60 Hz power
conducted by NIST and ended in year 2001. The SIM.EM-K5
comparison also included measurements of reactive power, as
a meaningful support for providing traceability to low
uncertainty reactive power standards.

From the measurement results of some of the participating
laboratories of the SIM.EM-KS5 comparison a link with the
previous CCEM-KS5 was determined. From the assessment of
the link it may be said that the measurement results of the
SIM.EM-K5 and the CCEM-KS5 key comparisons of power
are properly linked.
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