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Final report

EURAMET key comparison EURAMET.M.M-K2.6 (1345)
of mass standards of 100 mg, 2 g, 20 g, 500 g (sub-multiple of the kilogram)

Zoltan Zelenka'; Stuart Davidson?®; James Berry?®; Csilla Vamossy*,

1 Introduction

This report describes a European regional bilateral key comparison of stainless steel standards of
100 mg, 2 g, 20 g, and 500 g as a submultiple of the kilogram carried out under the auspices of
EURAMET and designated project 1345. This comparison is also a KCDB Regional Key
Comparison, registered as EURAMET.M.M-K2.6.

The objectives of the comparison were to check the measurement capabilities in the field of mass
of BEV and provide a basis for the review of new calibration measurement capabilities (CMC).

Results are linked to the key comparison reference values of CCM.M-K2 ([2]).

BEV (Austria) was the pilot laboratory and the provider of the transfer standards. NPL provided
the link to the CCM KC and MKEH collected the measurement data and helped ensuring
impartiality.

Table 1: List of Participating Laboratories

Laboratory Country
Bundesamt fur Eich- und Vermessungswesen BEV Austria
National Physical Laboratory NPL United Kingdom

The time schedule

Table 1: Time schedule of the comparison

Time - start Time - end Action
June 2014 July 2014 Measurements in BEV
August 2014 September 2014 Measurements in NPL
October 2014 November 2014 Draft A
December 2014 | December 2014 Draft B
January 2015 January 2015 Final Draft

! Bundesamt fiir Eich und Vermessungswesen, Arltgasse 35, 1160 Wien

2 National Physical Laboratory, Hampton Road, Teddington, Middlesex, TW11 OLW

® National Physical Laboratory, Hampton Road, Teddington, Middlesex, TW11 OLW

* Magyar Kereskedelmi Engedélyezési Hivatal, 1124 Budapest, Németvdlgyi Gt 37-39.
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List of contact persons

Table 2: List of contact persons

Name James Berry Zoltan Zelenka Csilla Vamossy
Address |National Physical Bundesamt fur Eich- und | MKEH
Laboratory Vermessungswesen 1124 Budapest,
Hampton Road Arltgasse 35 Németvolgyi ut 37-39.
Teddington A1160 Wien, Austria Hungary
TW11 OLW
UK
Tel. +44 208 943 6968 +43 1211 10 6607 +36 1 4585 947
e-mail James.berry@npl.co.uk | zoltan.zelenka@bev.gv.at |vamossycs@mkeh.hu

Description of the transfer standards

The transfer standards consisted of four weights with nominal values 100 mg, 2 g, 20 g, and 500
g. The 100 mg is a plate the others are OIML cylindrical design.

The density and the magnetic susceptibility of the transfer standards were determined by the pilot
laboratory. The densities of the mass standards above 1 g were determined by hydrostatic
weighing, the density of the 100 mg weight was assumed based on a value provided by the
weight manufacturer.

Table 3: Data of transfer standards (density and volume)

nominal density p |uncertainty | volume V |uncertainty | gravity
value kgm'3 U, cm? U, heights
kgm™ cm?® [mm]
500 g 8010,18 0,2 62,4210 0,001 6 28,70
20 g 8011,39 0,5 2,496 44 0,0001 6 9,84
249 8002,60 6 0,249 92 0,0001 9 4,82
100 mg 8015 60 - - -
(Manufacturer)

Table 4: Data of magnetic properties

nominal magnetic uncertainty
value susceptibility g Uy
All weights <0,004 0,001
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3 Summary of results reported by the participants

Stability of the transfer standards

The transfer standards were measured twice at BEV. The first (Mass |.) was the official
measurement nominally dated on the 11.07.2014. The second (Mass Il.) was done after the
weights had returned to BEV, dated on the 23.11.2014.

The drift of the travelling standard was modelled by a linear equation based on the stability
measurements by BEV and the elapsed time between these measurements.

Table 5: Data of the stability of the transfer standards

Nominal Ma:ss . Mas.,s . Drift Upitt (k=2)
value Nominal + Nominal + T T
[mg] [mg]
500 g 3,684 0 3,687 7 0,003 7 0,002 3
20g -0,052 2 -0,053 1 -0,000 9 0,001 1
2¢g -0,011 6 -0,011 3 0,000 26 0,000 24
100 mg -0,144 5 -0,144 6 -0,000 15 0,000 21

The uncertainty of the drift (Upn) was calculated by taking into account the strong correlation
between the measurements carried out at BEV.

The analysis shows that there was a moderate drift in case of the 500 g standards. All the other
standards might be considered as having no drift at all. For the sake of the best results, the
corrections for the drift were applied for each travelling standards.

Figure 1: Stability of the transfer standards
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Measured values of mass and uncertainties

The results have been expressed as the reported mass value and the associated expanded
uncertainty. For the pilot (BEV) the values of the first measurements (BEV |) were used in the
evaluation. The results are shown in Table 6 alongside their corresponding expanded uncertainty
(k=2).

Table 6: Reported true mass values and the associated expanded uncertainties

Laboratories Measured true mass expand%czku_nzc;ertamty
BEV I 500g +3,684 0 mg 0,014 0 mg
NPL 500g +3,686 4 mg 0,013 8 mg
BEV Il 500g +3,687 7 mg 0,014 4 mg
BEV I 20g -0,052 21 mg 0,002 0 mg
NPL 20g -0,0514 mg 0,002 0 mg
BEV Il 20g -0,0531 mg 0,002 0 mg
BEV I 2g -0,0116mg 0,000 4 mg
NPL 2g -0,0111mg 0,000 8 mg
BEV I 2g -0,0113mg 0,000 4 mg
BEV | 100 mg -0,144 47 mg 0,000 3 mg
NPL 100 mg -0,144 80 mg 0,000 4 mg
BEV Il 100 mg -0,144 62 mg 0,000 3 mg

BEV | and NPL were carried out using a subdivision method, while BEV Il measurements were
carried out only using direct comparison with multiple standards.

Calculation of reference values and the associated uncertainties

The reference values of this comparison are the measured values of the link laboratory (NPL)
corrected with the results of the degree of equivalence given in the report of CCM.M-K2. These
values were also corrected for the drifts of the travelling standards to the time of the
measurements carried out by BEV.

The reference value in this comparison was:
Mrer=MnpL-(Di)NPL,comM-k2 Mt

Moprift= (Am / Aty) x-At [mg],

where:

Am is the change of mass between BEV Il and BEV | measurements

- Atris the total elapsed time in days between BEV Il and BEV | measurements
- Atis the time in days between the measurement of NPL and BEV.

The uncertainty of the reference value has been calculated with the following assumptions:

e The correlation coefficients associated with a measured values provided by the linking
laboratory in this comparison and the CCM.M-K2 were 0,3 for the 500 g standard and 0,1
for the other ones. These values were estimated, based on the relative long time between
the CCM.M-K2 comparison and this comparison.

e The correlations associated with measured values provided by the participant and the
linking laboratory are negligible.
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e Uncertainty of the instability (drift) of the travelling standards are negligible. u(mins)

U” (Myer) = U*(Mppr) + UW[(Di)npL.cemmkz] — 2:cov [MypL, (Di)npLcemmka] + UA(Minst)

Table 7 a. Data for the calculation of the reference values

Equivalence of NPL NPL results in this
in CCM.M-K2 comparison Correlation
Nominal D U(Dy) Mass U (k=2)
value [ma] [mg] [mg] [mg]

500 g -0,001 0,017 3,6864 | 0,0138 0,3
20 g 0,000 8 0,0063 |-0,0514| 0,0020 0,1
29 0,000 1 0,0015 |-0,0111| 0,0008 0,1
100 mg 0,000 1 0,001 -0,144 8 | 0,000 4 0,1

Table 7 b. Reference values without and with correction for the drift.

Reference value Drift corrected reference values
without drift for the time of the BEV |
correction measurement
Nominal value Mass Mass U (k=2)
[mg] [mg] [mg]
500 g 3,687 4 3,685 9 0,021 8
209 -0,052 2 -0,051 9 0,005 7
29 -0,011 2 -0,011 3 0,001 7
100 mg -0,144 9 -0,144 8 0,001 08

4 Degree of equivalence, mass difference and uncertainty between the
measured values of BEV and the reference values

In order to compare the values of BEV it was necessary to link them to the reference values of
the comparison CCM.M-K2 through the link laboratory (NPL).

The mass differences between BEV and the key comparison reference values (KCRVs) of the
CCM.M-K2 value were calculated from:

Digev = Meev — Miet

The uncertainties have been calculated in accordance with the GUM [1]. The uncertainties of the
differences between the measurements of BEV and the reference values contain two
components:

e the uncertainty of the reference value u(myes)

e the uncertainty of the measurement of BEV u(mggy)

u” (Digev) =U? (Mrer)+ U*(Maev)

The degree of equivalence is defined [3] by two quantities: first the difference between the value
obtained by the laboratory and the reference value and second the uncertainty of this difference
at a level of 95 % confidence. The mass difference between BEV measurements mggy and the

KCRVs of CCM.M-K2 along with the associated uncertainty can be found in Table 8 and seen in
Figure 2.
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Table 8. Degree of equivalence of the BEV measurements.

D U (Digev),
Nominal value IBEY (k=2)
[ma]
[mg]
500 g -0,003 40 0,025 8
209 -0,000 01 0,006 0
29 -0,000 40 0,001 75
100 mg 0,000 43 0,001 12
Figure 2: Degrees of equivalence of the BEV measurements
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6. Discussion

The objectives of the present comparison were to check the measurement capabilities in the field
of mass of BEV to demonstrate the metrological equivalence between the laboratories in Europe,
and to check and support the calibration measurement capabilities (CMC).

The results of this comparison are linked to the Key Comparison CCM M.M-K2.

For acceptable measurement results in a comparison with a known reference value, the condition
Imeev-Mrefl < U(Mgev-Myrer) Should be fulfilled. This condition is fulfilled for all weights in this
comparison (see Table 8: the absolute values of Digey are smaller than the associated expanded
uncertainties U(Diggv).
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