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* EMPIR project 19RPT02 ,,Improvement of the realisation of the mass
scale”

e Started in 2020, finished in 2023

* 11 project partners
* Lead by CMI
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e CMI (Czechia) — project leader * DMDM (Serbia)
 BEV-PTP (Austria) — leader of WP1 * NSAI (Ireland)
* IMBiH (Bosnia and Herzegovina) —  SMD (Belgium)
leader of WP2 « ME-BoM (North Macedonia)
* INRIM (Italy) — leader of WP3 « NSC-IM (Ukraine)

e BIM (Bulgaria)
 BRML (Romania)
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* Analysis of calibration methods for the realisation and
dissemination of the mass scale

* Development and implementation of calibration methods to
realise, improve and maintain mass scale

* Development of mathematical and statistical tools and software
solutions

* Euramet draft guide for the realisation of the mass scale
* Individual strategies for long-term operation
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* Elements and influencing quantities of the calibration

* Methods of the measurement and weighing designs

* Mathematical models, reliability of and correlation of the
measurement results

* Uncertainty, influencing factors and calculations

* Typical example
e Dissemination of weight set from 1kg reference
e Dissemination with more reference weights of different nominal masses
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e Starting with equation for direct comparison

paj
Am =dm| 1

+ Pa(EHG;"EEVh)

padj

* Corrections to temperature
V =Vy(1+ a(T — 20))

* Corrections to center of gravity A
g
omg = my [? (hy — hB)]
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* System of equations in matrix notation
X,ym=1y, +¢€

 Evaluation of calibration scheme by least square methods
e Gauss-Markov approach
* Lagrange multipliers method

* Mass of the reference weights added as separate lines
* Solution in form like

A~ _ -1 _
m = (XoW,1Xx,,) XIw, 'y,
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* Uncertainty considerations
 Standard deviation of the measurements
* Uncertainty of volume, air density, center of gravity etc.

 Some units can and should be considered correlated
 Air density — usually measured by the same devices (p, h, T)
* Mass and volume of the reference
u(m,V) = paEuz V)
* When more reference weights used, correlation from the current status of
kilogram definition arises
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e Software RealMass
* Developed by INRIM e -

"File Help |

RealMass Calibration Rev.10

L]
) n n n | SELECTINPUT FILE Database INPUT CALIBRATION PARAMETERS
p u S a O u p u S I X C e | DB_6012.xIsx BROWSE u air dens. kg/m3 Correl. air Correl. ref. humidity Grad. of g 10*-6/cm uGrad. of g uhcm

0.0005 05 095 hr% 0.003 0.0001 0.01
SELECT INPUT FILE Weighing Plan

° ° ° FromFile I "
Y 1kg-10kg-NoStack_testxisx TS Weighing Design
O r re a I O I l S u I I ‘ e r a I I l I e S e . . 51701_1kg |15933_1kg_15933 _ABG ‘ 15933_2kg1 ‘ 15933 2kg2 | D_2kgD1 ‘ D_2kgD2 15933_5kg D_5kgD ‘ 15921,
’ ’ SELECT INPUT FILE Weighing Design 1A 0 0 0 0 0 0 0 0 0
Ko os FromFile 2 | 1 0 0 0 0 0 0 0 0
1kg-10kg-NoStack_test xisx
C 1 C cronse B I
O S a I n e . SELECT INPUT FILE Measurements s o 0 P ry ° 0 o 0 o o
6 | 0 -1 1 0 0 [ 0 0 0 0
1kg-10kg-NoStack_test xisx BROWSE 7 0 0 0 1 1 0 0 0 0 0
g |0 0 0 A 0 1 0 0 0 0
Grouping Method | Side-by-side 9 0 0 0 -1 0 0 1 0 0 0
10| 0 0 0 0 B 1 0 0 0 0
SELECT STATISTICAL MODEL
@ Gaus Markov () Lagrange Mutipliers
Results
PROCESSING DATA st dev. Fitimg  Residual test Type Value/g m-m . /mg| u/mg (k:1)‘ Am/mg IU(Am) /mg En
ELABORATION 0.03469 oK Mettler 51701_1kg R 1000.0004060 0.4060 0.0211 -0.0000 0.0595 -0.000
| Mettler15933 1kg 15933 |7 1000.0008810 0.8810 01177
Sartorius_Disc _ABG u 1000.0032041 3.2041 0.0314
Mettler 15933_2kg1 U 2000.0018619 1.8619 05822
Mettler 15933 2kg2 u 2000.0017573 17573 0.1909
Add uncertainty | to all residuals v Mettler D_2kgD1 u 2000.0013442 13442 0.0751
N Mettler D_2kgD2 T 2000.0011169 1.1169 0.0751
Uncertainty value | u=residual hd Mettler 15933 5kg T 5000.0034075 3.4075 0.4779
Mettler D_SkgD u 5000.0025904 25904 02588
MAnttin 18071 1011 v 10000 1183775 182798 nasas
SELECT OUTPUTFILE
1kg-10kg-NoStack_test_Elab.xisx SAVE A
| eniE)
User Name RECORD A i
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* Following presentations
e Zoltan Zelenka — Revisiting weighing designs
* Bianka Mangutova — Stoilkovska — Mass metrology needs in emerging
institutes
The EMPIR project 19RPT02, “Improvement of the realisation of
the mass scale” (EMPIR Call 2019 —Research Potential), has
received funding from the EMPIR programme co-financed by the

Participating States and from the European Union's Horizon 2020
research and innovation programme.
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