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Comparison involves examining an object in question and measuring how it differs from a reference
standard. Such an approach is used in numerous aspects, including mass measurement. Determination of
medium mass is relatively common in any field, starting from pharmacy and ending up with heavy industry.
The goal is always the same — precise measurement. Such a measurement is possible only when traceability
is maintained while transferring the unit of measurement from higher-order standards to lower-order
standards. The measurement unit transfer can be manual, automatic or robotic, as performed in the
Measuring Laboratory of Radwag Research Metrology and Certification Center. The conclusion is that
traceability, that is connection between samples masses, is one of the pillars of metrology that aside from
the metrological aspect provides safety to all recipients and users who encounter metrology on a daily
basis, e.g. by purchasing goods as per their weight or unit price.
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1. Introduction

The main parameter of numerous mass measurement processes, including the ones related
to comparing the mass standard with the item in question, is repeatability. Generally speaking the
term refers to ability to assure ‘identical’ results. From the engineering and designing point of
view, this process is stable but widely dependent upon conditions in which it is performed. For this
reason, relatively strict guidelines concerning stable working environment are recommended for
comparison. Aside from the environment, the so-called human factor must be considered.

It is not a secret that the so-called ‘good handling’ (fig. 1) understood as a good weighing
practice is somehow limited too. Such limitations apply to dynamics of placing the item in question
on the weighing pan of the balance/mass comparator, and intervals between measurements.
Therefore, when it is necessary to obtain very ‘accurate’ measurements, measuring must be
automated, e.g. automatic and robotic comparators are introduced. Radwag provides such
solutions not only to laboratories that deal with weight/mass standard measurements but also
fields related to environmental protection that prioritise weighing efficiency and precise dosage of
very small amounts of liquid.

Figure 1. WAY-series manual mass comparator
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2. Design of the RMC 1000.5Y comparator

Apart from working environment humidity and temperature drifts, weighing entails two
additional physical phenomena that have a negative influence on measurement precision. The first
phenomenon is air movement, naturally existing in any laboratory, and the second is possibility of
placing the mass standard/test weight out of the centre of the weighing pan. To eliminate air
movement, the mass comparator can be covered or fitted. With regard to the RMC 1000.5Y
comparator, a dual cover has been used because air movement inside the structure is generated
by the robotic unit while collecting weights from the magazine and transporting them onto the
mass comparator weighing pan. Opening of the internal cover of the weighing chamber is coupled
with the robotic unit so that access to the weighing pan is possible only when mass standards are
supplied or collected. The second problem, i.e. lack of centricity while placing weights, has been
solved by using the so-called suspended weighing pan. This solution always assures perfectly
central position of the weight in relation to the weighing unit (fig. 2).

Figure 2. Weighing unit of the RMC 1000.5Y mass comparator.
Key: 1 —mass standard, 2 — weighing pan suspension unit, 3 — weighing pan of the weighing unit, 4 — weighing pan of
the internal magazine, 5 — internal magazine drive transfer, 6 — weighing unit, 7 — upper cover of the automatic unit, 8
— internal anti-draft chamber.

The weighing pan of the mass comparator is a dedicated solution that adopts a highly stable
electromagnetic transducer for measuring mass with a readability of 1ug in the electrical balancing
range of 1000g (-1g + + 20g). Such a solution requires additional internal ballast weights that
together with the compared mass give the final load of around 1 kg. In such professional mass
comparators as RMC 1000.5Y, additional ballast weights are always developed inside the mass
comparator, which is a clearly ergonomic yet complicated engineering solution. Such a solution
has been showed in the figure 3.
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The interior of the mass comparator is supplied with a precise measuring unit (4) that is
connected from the above to the weighing pan arm (1) and weighing pan (3) and from the bottom
the measuring unit is equipped with the ballast masses (5) that are automatically changed. Placing
and removing additional loads is coupled with comparison plans by computer, while smooth
changes are guaranteed by the automatic unit (6). Thanks to such a solution, the comparator load
is always around 1 kg, irrespective of the mass weighed on the weighing pan (3).

Al
L]

0

g ’

@ 3

0

@ 1000 g/+20g
P L 1000 g/-1g

 — I
Figure 3. The RMC 1000.5Y comparator drawing
Key: 1- weighing pan arm, 2-weight, 3-comparator weighing pan, 4-mechanical unit, 5-ballast loads, 6-control unit, 7-

self-aligning fixing of the weighing pan arm

The weighing pan arm (1) is pivotally supported (7) at the top, so that the potential error
arising from lack of centricity can be considered as negligible. The interior of the anti-draft
chamber (8, fig. 2) is supplied with a THB-series environmental conditions sensor that takes
temperature, humidity and atmospheric pressure in the comparison spot. It is of paramount
importance because variability of environmental conditions not only influences geometric or
physical changes of the item in question but also has a potential impact on metrological aspects of
the measuring unit. Importantly inside the measuring unit is an additional temperature sensor that
monitors variability of this factor inside the mechanical structure. This information is used by the
comparator algorithm to assure precise measurements. The THB-series environmental conditions
sensor has been showed in the figure 4. Values presented by the THB sensor are referred to
higher-order standards through calibration.
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Figure 4. RMC 1000.5Y internal conditions sensor

Variability of environmental conditions is recorded online in the database of the mass
comparator. Collected data can then be selectively subjected to analysis in any application, as
showed in the figure 5. In case of using the RMCS program, the information on environmental
conditions is automatically processed, the operator is not required to do anything.

Temperature /humidity inside RMC 1000.5Y
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Figure 5. Variability of temperature and humidity in comparison
The information from mass comparator database (database of environmental conditions)
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The RMC 1000.5Y mass comparator has been showed in the figure 6. The interior of the
comparator (1) is supplied with a main magazine (3) for mass standards (2). According to the
schedule given in the comparison plan, the robotic unit (5) collects standards/weights from the
magazine and puts them into the internal magazine of the measuring unit for comparison
purposes. The mass comparator can be controlled through the operator’s panel (7). This is an
ergonomically designed interface that not only controls but also stores all information related to
comparison, such as databases, reports, device configuration, etc.

Figure 6. RMC 1000.5Y mass comparator
Key: 1 — outer cover of the comparator, 2 — mass standards, 3 — linear magazine for mass standards, 4 —-comparator
control unit, 5 — robotic unit (arm with weighing pan), 6 — comparator weighing unit, 7 — operator’s panel.

The RMC 1000.5Y comparator can be controlled remotely via the RMCS application that
manages the entire process, starting from order receipt, through comparison, and ending up with
calibration certificate issuance. The comparator is optionally equipped with a camera coupled with
the customer’s individual environment (supervision of robotic unit’s operation).
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3. RMC 1000.5Y metrological parameters

As mentioned before, the metrological parameters of the mass comparator, mainly in the context of

value repeatability, are widely dependent upon real working conditions. The pace of temperature changes
should not exceed #0,5°C/12h (%0,3°C/4h), while relative humidity #5%/12h (2%/4h). The working
temperature must range from 15°C to 30°C, whereas humidity from 40% to 60%. The comparator technical

specification has been showed in the table 1

Table 1. Metrological parameters of the RMC 1000.5Y mass comparator

Comparison range — weights, precision class: E1, E2, F1, F2 10g—1kg
Maximum load, Max 1020g
Readability (d) lug
Standard repeatability for 5% Max 1.2ug
Standard repeatability for Max 2ug
Permissible repeatability 5ug
Electric balancing range -1g++20¢g
Stabilisation time 30s
Adjustment internal

Relative humidity

40% + 60%

Weights/mass standards magazine

36 pcs

Comparison time ABBA method (one cycle)

7 min.

Comparator dimensions

1750 x 1070 x 1800mm

Communication interface

USB-Ax2, USB-C, HDMI, Ethernet, Wi-Fo, Hotspot

Repeatability is expressed through standard deviation determined for 6 ABBA cycles

4d
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4. Testing

The assessment of the metrological usefulness of each mass comparator is primarily
concerned with measurement precision that is measured by the standard deviation from the
series of measurements based on ABA or ABBA method. It can be stated that the precision of
measuring mass of the balance/mass comparator is a constant value, with a minor variability,
when test conditions are perfectly stable. It is possible to obtain ideal working conditions but
requires considerable financial expenditure that must cover a proper size of the laboratory,
precise temperature and humidity control, elimination of flooring vibrations and substantial
limitation of the so-called human factor. Bearing in mind the aforesaid dependencies, comparison
conditions are considered as sufficient when negligible humidity and temperature drifts occur
during the process. These values for weights have been defined in the OIML R111-1 standard.
Weights of classes E;, Ey, F1, F2, M1, M-, My, M>_3 and Ms. Part 1: Metrological and technical
requirements (table 2).

Table 2. Climatic conditions in weight comparison.

Temperature change during calibration Humidity change during calibration
Weight class —
In 1 hour In 12 hours Humidity range Max. / 4 hours
E1l +0.3C +0.5°C +5%
E2 +0.7°C +1.0°C +10%
from 40 % to 60 %
F1 +1.5°C +2.0°C
+15%
F2 +2.0°C +3.59C
M1 +3.09C +5.09C X X

Figure 8. Set of mass standards
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As part of own testing, the precision of mass measurements of the RMC 1000.5Y robotic
mass comparator was assessed for the entire measuring range, i.e. from 1 kg to 10 g. Tests were
performed in the Radwag Research Metrology and Certification Center. The reference standard in
the ABBA method for each load was the weight of class E; and the test item was the weight of
class F; as per OIML R111-1. For every load, the standard deviation was determined on the basis of
6 series of weighing based on ABBA method that was later repeated 8 times in order to determine
the comparator stability in the long term. Climatic conditions during comparison have been
showed in the table 3.

Table 3. Environmental conditions while testing the RMC 1000.5Y comparator

Standard mass | Min. temp. (°C) Max. temp. (°C) Min. humid. (%) Max. humid. (%) Pressure (hPa)
1000 g 21.24 21.46 49.4 51.7 1002
500 g 21.19 21.33 48.7 50.2 1003
200 g 21.11 21.34 46.1 49.5 1005
100 g 21.32 21.46 44.8 47.1 1003
50¢g 21.17 21.41 47.1 48.5 1002
20g 21.11 21.36 49.1 51.6 1000
10g 21.23 21.49 48.3 50.9 998

Comparison plans for test weights were designed in the RMC 1000.5Y comparator menu
and then cyclically activated remotely in accordance with prearranged plan. The comparator work
was remotely supervised through the RMCS application that is intended for managing comparison
cycles, from order receipt until generation of the report and calibration certificate.

Aggregate results related to standard deviations obtained from testing have been showed in the
table 4.
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Table 4. Precision of measuring the RMC 1000.5Y comparator, depending on standard mass

Standard deviation (S) from 6 series of the ABBA method (ug) X (ng)

fnt::sd ard Se/1 Se/2 Se3 Se/a Se/s Se/6 Se/7 Sess

1000 g 1.3 1.7 1.6 1.2 1.8 0.8 1.2 1.8 1.43+0.36
500 g 1.5 0.9 1.2 1.4 1.2 1.9 1.3 1.4 1.35+0.29
200 g 1.2 1.0 1.3 1.3 0.8 1.1 1.3 1.6 1.20+0.24
100 g 1.3 1.2 0.9 1.6 1.5 0.6 0.8 1.5 1.18 £ 0.37
50g 11 0.9 1 0.7 0.9 1.1 13 1.1 1.01+0.18
20g 1.1 0.7 1.3 0.8 1.0 1.1 1.0 1.1 1.00+0.19
10g 1.1 0.9 1.0 0.4 1.4 1.0 0.8 1.1 0.96 £0.29

Detailed results from all ABBA series for test loads have been showed in the attachment 1.

5. Dissemination

The traditional manual method of determining weight/standard mass through direct
comparison usually requires a relatively big number of repetitions. Such a weight mass
determination method is exposed to errors arising from the so-called outliers that are hard to
correctly diagnose. It may result in too high mass determination uncertainty applicable to the test
item. This is all about combination of the economic effect, after all time is money, with metrology.

Automation and robotisation of mass measurements have substantially changed the world
as the number of measurements is no longer so important. Another problem, weight mass
determination uncertainty, mainly applies to weights of class E1 with a mass of less than 1g. A
substantial impact arises from reference weight (6) mass determination uncertainty but you
cannot forget about the influence of outside factors (e.g. air movement) when the surface of the
weight is large. Considering these restrictions, the division (dissemination) method is more and
more frequently used during testing.
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Figure 9. Weights in dissemination

In general terms, dissemination is comparison of a set of weights in relation to one or several
reference weights. The method requires a few or a dozen weighing cycles with various weight
combinations of equal total nominal mass with the use of adjustment calculations in order to limit
error propagation. In case of using robotisation, e.g. the RMC 1000.5Y robotic comparator can be
freely used because all calculations are made by the RMCS software that cooperates with the
robotic unit. Equations describing weight mass determination from decade 1 kg + 100 g have been
showed below.

1.my000 = M1goorer + Pa(Viooo — VlOOOref) + my

2.Ms500, + M50, = Mygoorer T+ .Da(Vsoo1 + Vs00, — VlOOOref) +m;

3.Ms5g0, + M50, = Mygoo + Pa (Vsoo1 + Vsg0, — V1000) +ms3

4.Mms500, = Msp0, + .Da(VsooZ - V5001) +my

5.My00, + Mygo, + Mygo, = Msgo, + .Da(Vzoo1 + V200, + Vioo, — V5001) + msg
6.M3g0, + Mygo, + Migo, = Msgo, + .Da(Vzoo1 + V200, + Vioo, — V5001) + mg
7.M3g0, + Myqo, + Migo, = Msgo, + .Da(Vzoo1 + V200, + Vioo, — Vsooz) +m;
8.Mmyq0, + My00, + M100, = Ms00, T Pa (Vzoo1 + V200, + Vioo, — Vsooz) + mg
9.M300, = M200, + .Da(VzooZ - Vzool) +my

10.myq9, + M1g0, = Mz00, + .Da(Vmo1 + Vigo, — V2001) +myo

11.my49, + M1g0, = M200, + .Da(Vmo1 + Vigo, — Vzooz) +myy

12.my40, = M1g0, + Pa (V100Z - V1001) +my;

The algorithm describing a sequence of weighing of subsequent weights in dissemination is
implemented in the PC software so it can be freely modified as per needs.
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6. Summary

Automation and robotisation of mass measurements can be perceived in economic and
metrological terms. In the former case you can substantially limit labour costs by obtaining a fail-
safe measuring instrument able to remain reliable and operate 24 hours a day, for example RMC
1000.5Y mass comparator. From the metrological point of view, work ergonomics (e.g. remote
supervision), operation (intuitive operator’s interface), software flexibility and perfect stability and
repeatable results are expected. Such features apply to comparators manufactured by Radwag
that is continually improving its products. Many of them are used in research laboratories that
deal with mass measurements as well as laboratories of notified entities around the world.
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7. Attachment 1 —test results

7.1. Results for the weight with a mass of 1000 g

SERIES 1 A(g) B (g) B (g) A(g) ri(g) risdg) S(g)
1 0.000015 | 0.000061 0.000062 0.000010 0.0000490
2 0.000010 | 0.000059 0.000058 0.000002 0.0000525
3 0.000005 | 0.000053 0.000055 0.000000 0.0000515
0,0000508 0,0000013
4 -0.000002 | 0.000044 | 0.000045 | -0.000008 | 0.0000495
5 -0.000010 | 0.000040 | 0.000041 | -0.000012 | 0.0000515
6 -0.000015 | 0.000034 | 0.000034 | -0.000019 | 0.0000510
SERIES 2 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000014 | 0.000066 | 0.000066 0.000015 0.0000515
2 0.000015 | 0.000064 | 0.000061 0.000006 0.0000520
3 0.000007 | 0.000055 0.000054 0.000003 0.0000495
0.0000503 0.0000017
4 0.000005 | 0.000052 0.000050 | -0.000002 | 0.0000495
5 -0.000002 | 0.000048 | 0.000047 | -0.000006 | 0.0000515
6 -0.000004 | 0.000042 0.000042 | -0.000007 | 0.0000475
SERIES 3 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000014 | 0.000063 0.000064 0.000010 0.0000515
2 0.000012 | 0.000064 | 0.000069 0.000023 0.0000490
3 0.000027 | 0.000079 0.000080 0.000026 0.0000530
0.0000513 0.0000016
4 0.000030 | 0.000080 | 0.000083 0.000029 0.0000520
5 0.000033 | 0.000083 0.000083 0.000034 0.0000495
6 0.000041 | 0.000091 0.000089 0.000034 0.0000525
SERIES 4 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000017 | 0.000071 0.000076 0.000023 0.0000535
2 0.000027 | 0.000078 | 0.000080 0.000028 0.0000515
3 0.000030 | 0.000081 0.000083 0.000031 0.0000515
0.0000513 0.0000012
4 0.000034 | 0.000083 0.000086 0.000033 0.0000510
5 0.000032 | 0.000079 0.000075 0.000021 0.0000505
6 0.000020 | 0.000070 | 0.000072 0.000022 0.0000500
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SERIES 5 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000013 | 0.000065 0.000070 0.000018 0.0000520
2 0.000019 | 0.000066 | 0.000067 0.000016 0.0000490
3 0.000021 | 0.000071 0.000073 0.000022 0.0000505
0.0000516 0.0000018
4 0.000022 | 0.000074 | 0.000076 0.000022 0.0000530
5 0.000022 | 0.000072 0.000072 0.000020 0.0000510
6 0.000021 | 0.000076 | 0.000079 0.000026 0.0000540
SERIES 6 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000014 | 0.000068 | 0.000075 0.000026 0.0000515
2 0.000030 | 0.000082 0.000083 0.000030 0.0000525
3 0.000032 | 0.000083 0.000086 0.000034 0.0000515
0.0000518 0.0000008
4 0.000035 | 0.000086 | 0.000091 0.000040 0.0000510
5 0.000045 | 0.000097 | 0.000099 0.000045 0.0000530
6 0.000044 | 0.000092 0.000091 0.000037 0.0000510
SERIES 7 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000012 | 0.000065 0.000069 0.000017 0.0000525
2 0.000020 | 0.000069 0.000070 0.000018 0.0000505
3 0.000018 | 0.000072 0.000071 0.000019 0.0000530
0.0000516 0.0000012
4 0.000023 | 0.000074 | 0.000075 0.000026 0.0000500
5 0.000029 | 0.000080 | 0.000082 0.000030 0.0000515
6 0.000030 | 0.000082 0.000087 0.000035 0.0000520
SERIES 8 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000015 | 0.000071 0.000074 0.000023 0.0000535
2 0.000025 | 0.000073 0.000072 0.000020 0.0000500
3 0.000020 | 0.000073 0.000075 0.000021 0.0000535
0.0000513 0.0000018
4 0.000023 | 0.000073 0.000071 0.000019 0.0000510
5 0.000024 | 0.000073 0.000074 0.000022 0.0000505
6 0.000024 | 0.000071 0.000075 0.000023 0.0000495
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7.2 Results for the weight with a mass of 500 g

SERIES 1 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000004 | -0.000121 | -0.000121 | 0.000002 | -0.0001240
2 0.000002 | -0.000123 | -0.000119 | 0.000001 | -0.0001225
3 0.000007 | -0.000121 | -0.000121 | 0.000000 | -0.0001245
-0.0001239 0.0000015
4 0.000001 | -0.000126 | -0.000127 | -0.000008 | -0.0001230
5 -0.000008 | -0.000133 | -0.000136 | -0.000015 | -0.0001230
6 -0.000014 | -0.000143 | -0.000143 | -0.000019 | -0.0001265
SERIES 2 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000007 | -0.000117 | -0.000118 | 0.000005 | -0.0001235
2 0.000005 | -0.000120 | -0.000120 | 0.000003 | -0.0001240
3 0.000001 | -0.000125 | -0.000126 | -0.000003 | -0.0001245
-0.0001248 0.0000009
4 -0.000002 | -0.000132 | -0.000130 | -0.000010 | -0.0001250
5 -0.000006 | -0.000135 | -0.000137 | -0.000014 | -0.0001260
6 -0.000014 | -0.000143 | -0.000146 | -0.000024 | -0.0001255
SERIES 3 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000005 | -0.000122 | -0.000124 | -0.000002 | -0.0001245
2 -0.000002 | -0.000132 | -0.000134 | -0.000014 | -0.0001250
3 -0.000014 | -0.000143 | -0.000146 | -0.000027 | -0.0001240
-0.0001236 0.0000012
4 -0.000027 | -0.000152 | -0.000156 | -0.000037 | -0.0001220
5 -0.000039 | -0.000165 | -0.000162 | -0.000043 | -0.0001225
6 -0.000042 | -0.000171 | -0.000173 | -0.000055 | -0.0001235
SERIES 4 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000003 | -0.000121 | -0.000119 | -0.000002 | -0.0001205
2 -0.000001 | -0.000127 | -0.000126 | -0.000006 | -0.0001230
3 -0.000005 | -0.000130 | -0.000131 | -0.000012 | -0.0001220
-0.0001227 0.0000014
4 -0.000013 | -0.000137 | -0.000140 | -0.000019 | -0.0001225
5 -0.000022 | -0.000146 | -0.000143 | -0.000020 | -0.0001235
6 -0.000021 | -0.000147 | -0.000142 | -0.000019 | -0.0001245
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SERIES 5 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000001 | -0.000121 | -0.000122 | 0.000003 | -0.0001235
2 0.000001 | -0.000123 | -0.000126 | -0.000002 | -0.0001240
3 0.000001 | -0.000123 | -0.000123 | 0.000000 | -0.0001235
-0.0001243 0.0000012
4 0.000001 | -0.000127 | -0.000126 | -0.000004 | -0.0001250
5 -0.000006 | -0.000132 | -0.000131 | -0.000010 | -0.0001235
6 -0.000009 | -0.000139 | -0.000138 | -0.000015 | -0.0001265
SERIES 6 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000005 | -0.000117 | -0.000118 | 0.000001 | -0.0001205
2 0.000002 | -0.000125 | -0.000122 | -0.000002 | -0.0001235
3 -0.000004 | -0.000129 | -0.000128 | -0.000005 | -0.0001240
-0.0001228 0.0000019
4 -0.000008 | -0.000131 | -0.000135 | -0.000013 | -0.0001225
5 -0.000013 | -0.000142 | -0.000141 | -0.000019 | -0.0001255
6 -0.000020 | -0.000144 | -0.000146 | -0.000028 | -0.0001210
SERIES 7 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000007 | -0.000121 | -0.000120 | 0.000005 | -0.0001265
2 0.000006 | -0.000123 | -0.000123 | 0.000000 | -0.0001260
3 0.000000 | -0.000127 | -0.000126 | -0.000006 | -0.0001235
-0.0001248 0.0000013
4 -0.000008 | -0.000138 | -0.000135 | -0.000014 | -0.0001255
5 -0.000017 | -0.000140 | -0.000142 | -0.000018 | -0.0001235
6 -0.000020 | -0.000147 | -0.000147 | -0.000026 | -0.0001240
SERIES 8 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000003 | -0.000121 | -0.000119 | -0.000002 | -0.0001205
2 -0.000001 | -0.000127 | -0.000126 | -0.000006 | -0.0001230
3 -0.000005 | -0.000130 | -0.000131 | -0.000012 | -0.0001220
-0.0001227 0.0000014
4 -0.000013 | -0.000137 | -0.000140 | -0.000019 | -0.0001225
5 -0.000022 | -0.000146 | -0.000143 | -0.000020 | -0.0001235
6 -0.000021 | -0.000147 | -0.000142 | -0.000019 | -0.0001245
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7.3. Results for the weight with a mass of 200 g

SERIES 1 A(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000011 | 0.000036 | 0.000034 0.000012 0.0000235
2 0.000011 | 0.000033 0.000030 0.000008 0.0000220
3 0.000007 | 0.000027 | 0.000027 0.000000 0.0000235
0.0000236 0.0000012
4 -0.000002 | 0.000019 0.000019 | -0.000006 | 0.0000230
5 -0.000006 | 0.000014 | 0.000014 | -0.000014 | 0.0000240
6 -0.000011 | 0.000011 0.000013 | -0.000016 | 0.0000255
SERIES 2 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000013 | 0.000040 | 0.000038 0.000015 0.0000250
2 0.000014 | 0.000037 | 0.000037 0.000013 0.0000235
3 0.000011 | 0.000033 0.000032 0.000007 0.0000235
0.0000238 0.0000010
4 0.000008 | 0.000028 | 0.000029 0.000005 0.0000220
5 0.000005 | 0.000027 | 0.000026 | -0.000001 | 0.0000245
6 0.000002 | 0.000024 | 0.000025 | -0.000001 | 0.0000240
SERIES 3 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000013 | 0.000036 | 0.000036 0.000012 0.0000235
2 0.000009 | 0.000034 | 0.000033 0.000009 0.0000245
3 0.000009 | 0.000033 0.000032 0.000007 0.0000245
0.0000243 0.0000013
4 0.000008 | 0.000029 0.000036 0.000004 0.0000265
5 0.000006 | 0.000028 | 0.000029 0.000002 0.0000245
6 0.000004 | 0.000021 0.000022 | -0.000006 | 0.0000225
SERIES 4 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000014 | 0.000039 0.000042 0.000017 0.0000250
2 0.000017 | 0.000041 0.000039 0.000007 0.0000280
3 0.000010 | 0.000031 0.000031 0.000002 0.0000250
0.0000258 0.0000013
4 0.000003 | 0.000024 | 0.000025 | -0.000006 | 0.0000260
5 -0.000005 | 0.000019 0.000017 | -0.000011 | 0.0000260
6 -0.000013 | 0.000011 0.000008 | -0.000017 | 0.0000245
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SERIES 5 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000013 | 0.000038 | 0.000038 0.000013 0.0000250
2 0.000011 | 0.000037 | 0.000033 0.000008 0.0000255
3 0.000007 | 0.000026 | 0.000029 | -0.000001 | 0.0000245
0.0000245 0.0000008
4 -0.000001 | 0.000023 0.000020 | -0.000003 | 0.0000235
5 -0.000004 | 0.000017 | 0.000016 | -0.000010 | 0.0000235
6 -0.000010 | 0.000012 0.000009 | -0.000019 | 0.0000250
SERIES 6 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000014 | 0.000039 0.000040 0.000012 0.0000265
2 0.000012 | 0.000035 0.000032 0.000007 0.0000240
3 0.000006 | 0.000027 | 0.000025 | -0.000001 | 0.0000235
0.0000248 0.0000011
4 0.000000 | 0.000020 | 0.000021 | -0.000007 | 0.0000240
5 -0.000007 | 0.000014 | 0.000014 | -0.000016 | 0.0000255
6 -0.000018 | 0.000004 | 0.000002 | -0.000026 | 0.0000250
SERIES 7 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000011 | 0.000036 | 0.000037 0.000009 0.0000265
2 0.000010 | 0.000030 | 0.000030 0.000004 0.0000230
3 0.000006 | 0.000026 | 0.000025 | -0.000004 | 0.0000245
0.0000243 0.0000013
4 -0.000004 | 0.000017 | 0.000015 | -0.000011 | 0.0000235
5 -0.000011 | 0.000008 | 0.000007 | -0.000021 | 0.0000235
6 -0.000023 | 0.000000 | -0.000004 | -0.000030 | 0.0000245
SERIES 8 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000011 | 0.000038 | 0.000037 0.000008 0.0000280
2 0.000006 | 0.000029 0.000027 | -0.000002 | 0.0000260
3 -0.000002 | 0.000017 | 0.000015 | -0.000013 | 0.0000235
0.0000253 0.0000016
4 -0.000014 | 0.000007 | 0.000005 | -0.000024 | 0.0000250
5 -0.000027 | -0.000005 | -0.000009 | -0.000037 | 0.0000250
6 -0.000037 | -0.000016 | -0.000019 | -0.000046 | 0.0000240
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7.4. Results for the weight with a mass of 100 g

SERIES 1 A(g) B (g) B (g) A(g) ri(g) risdg) S(g)
1 0.000017 | 0.000058 | 0.000056 0.000005 0.0000460
2 0.000005 | 0.000045 0.000048 | -0.000006 | 0.0000470
3 -0.000010 | 0.000030 | 0.000026 | -0.000024 | 0.0000450
0.0000463 0.0000013
4 -0.000026 | 0.000015 0.000009 | -0.000040 | 0.0000450
5 -0.000046 | -0.000003 | -0.000005 | -0.000059 | 0.0000485
6 -0.000059 | -0.000018 | -0.000019 | -0.000070 | 0.0000460
SERIES 2 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000015 | 0.000061 0.000060 0.000011 0.0000475
2 0.000008 | 0.000054 | 0.000052 0.000001 0.0000485
3 0.000002 | 0.000042 0.000042 | -0.000009 | 0.0000455
0.0000465 0.0000012
4 -0.000011 | 0.000031 0.000029 | -0.000021 | 0.0000460
5 -0.000023 | 0.000019 0.000020 | -0.000029 | 0.0000455
6 -0.000033 | 0.000011 0.000010 | -0.000038 | 0.0000460
SERIES 3 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000011 | 0.000057 | 0.000056 0.000007 0.0000475
2 0.000008 | 0.000048 | 0.000047 | -0.000009 | 0.0000480
3 -0.000011 | 0.000032 0.000029 | -0.000022 | 0.0000470
0.0000480 0.0000009
4 -0.000024 | 0.000021 0.000021 | -0.000031 | 0.0000485
5 -0.000032 | 0.000012 0.000010 | -0.000041 | 0.0000475
6 -0.000042 | 0.000002 0.000001 | -0.000054 | 0.0000495
SERIES 4 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000017 | 0.000059 0.000062 0.000007 0.0000485
2 0.000008 | 0.000051 0.000050 0.000000 0.0000465
3 -0.000001 | 0.000042 0.000040 | -0.000009 | 0.0000460
0.0000463 0.0000016
4 -0.000011 | 0.000032 0.000033 | -0.000017 | 0.0000465
5 -0.000016 | 0.000023 0.000026 | -0.000022 | 0.0000435
6 -0.000025 | 0.000018 | 0.000018 | -0.000033 | 0.0000470
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SERIES 5 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000014 | 0.000060 | 0.000057 0.000007 0.0000480
2 0.000007 | 0.000051 0.000051 0.000000 0.0000475
3 -0.000002 | 0.000041 0.000037 | -0.000011 | 0.0000455
0.0000464 0.0000015
4 -0.000011 | 0.000031 0.000028 | -0.000024 | 0.0000470
5 -0.000022 | 0.000017 | 0.000016 | -0.000033 | 0.0000440
6 -0.000033 | 0.000009 0.000008 | -0.000043 | 0.0000465
SERIES 6 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000012 | 0.000058 | 0.000058 0.000010 0.0000470
2 0.000009 | 0.000055 0.000053 0.000005 0.0000470
3 0.000005 | 0.000052 0.000048 0.000000 0.0000475
0.0000474 0.0000006
4 -0.000003 | 0.000040 | 0.000037 | -0.000015 | 0.0000475
5 -0.000014 | 0.000032 0.000033 | -0.000018 | 0.0000485
6 -0.000017 | 0.000029 0.000028 | -0.000020 | 0.0000470
SERIES 7 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000015 | 0.000061 0.000060 0.000010 0.0000480
2 0.000012 | 0.000053 0.000051 | -0.000003 | 0.0000475
3 -0.000002 | 0.000040 | 0.000039 | -0.000013 | 0.0000470
0.0000473 0.0000008
4 -0.000016 | 0.000030 | 0.000027 | -0.000022 | 0.0000475
5 -0.000025 | 0.000020 | 0.000020 | -0.000031 | 0.0000480
6 -0.000031 | 0.000011 0.000008 | -0.000042 | 0.0000460
SERIES 8 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000015 | 0.000060 | 0.000061 0.000010 0.0000480
2 0.000011 | 0.000052 0.000052 0.000000 0.0000465
3 0.000001 | 0.000041 0.000042 | -0.000007 | 0.0000445
0.0000470 0.0000015
4 -0.000007 | 0.000038 | 0.000037 | -0.000016 | 0.0000490
5 -0.000018 | 0.000025 0.000027 | -0.000025 | 0.0000475
6 -0.000029 | 0.000015 0.000013 | -0.000036 | 0.0000465
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7.5. Results for the weight with a mass of 50 g

SERIES 1 A(g) B (g) B (g) A(g) ri(g) risdg) S(g)
1 0.000017 | 0.000177 | 0.000177 0.000017 0.0001600
2 0.000020 | 0.000178 | 0.000176 0.000016 0.0001590
3 0.000016 | 0.000173 0.000176 0.000018 0.0001575
0.0001588 0.0000011
4 0.000017 | 0.000173 0.000176 0.000017 0.0001575
5 0.000017 | 0.000174 | 0.000179 0.000019 0.0001585
6 0.000018 | 0.000177 | 0.000176 0.000015 0.0001600
SERIES 2 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000017 | 0.000176 | 0.000176 0.000016 0.0001595
2 0.000016 | 0.000174 | 0.000177 0.000016 0.0001595
3 0.000019 | 0.000176 | 0.000178 0.000018 0.0001585
0.0001590 0.0000009
4 0.000021 | 0.000179 0.000178 0.000021 0.0001575
5 0.000020 | 0.000177 | 0.000178 0.000017 0.0001590
6 0.000017 | 0.000175 0.000177 0.000015 0.0001600
SERIES 3 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000019 |0.000180 | 0.000181 0.000021 | 0.0001605
2 0.000023 | 0.000180 |0.000178 0.000018 | 0.0001585
3 0.000020 |0.000177 |0.000180 0.000021 | 0.0001580
0.0001594 0.0000010
4 0.000024 | 0.000182 | 0.000182 0.000020 | 0.0001600
5 0.000020 |0.000178 |0.000178 0.000016 | 0.0001600
6 0.000017 |0.000177 |0.000173 0.000014 | 0.0001595
SERIES 4 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000016 | 0.000177 | 0.000179 0.000020 0.0001600
2 0.000016 | 0.000173 0.000176 0.000016 0.0001585
3 0.000016 | 0.000175 0.000178 0.000020 0.0001585
0.0001588 0.0000007
4 0.000021 | 0.000177 | 0.000177 0.000015 0.0001590
5 0.000018 | 0.000175 0.000178 0.000019 0.0001580
6 0.000020 | 0.000176 | 0.000178 0.000017 0.0001585
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SERIES 5 A(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000024 | 0.000184 | 0.000185 0.000026 0.0001595
2 0.000030 | 0.000188 | 0.000190 0.000031 0.0001585
3 0.000034 | 0.000193 0.000193 0.000033 0.0001595
0.0001595 0.0000009
4 0.000034 | 0.000190 | 0.000190 0.000029 0.0001585
5 0.000031 | 0.000191 0.000193 0.000033 0.0001600
6 0.000038 | 0.000197 | 0.000197 0.000034 0.0001610
SERIES 6 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000024 | 0.000185 0.000184 0.000025 0.0001600
2 0.000026 | 0.000186 | 0.000186 0.000024 0.0001610
3 0.000027 | 0.000186 | 0.000188 0.000029 0.0001590
0.0001604 0.0000011
4 0.000033 | 0.000191 0.000191 0.000030 0.0001595
5 0.000032 | 0.000193 0.000196 0.000034 0.0001615
6 0.000032 | 0.000193 0.000192 0.000030 0.0001615
SERIES 7 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000019 | 0.000180 | 0.000180 0.000020 0.0001605
2 0.000019 | 0.000181 0.000184 0.000026 0.0001600
3 0.000028 | 0.000186 | 0.000191 0.000027 0.0001610
0.0001598 0.0000013
4 0.000031 | 0.000192 0.000194 0.000034 0.0001605
5 0.000040 | 0.000196 | 0.000197 0.000038 0.0001575
6 0.000039 | 0.000197 | 0.000199 0.000038 0.0001595
SERIES 8 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000017 | 0.000178 | 0.000177 0.000014 0.0001620
2 0.000013 | 0.000169 0.000170 0.000008 0.0001590
3 0.000008 | 0.000164 | 0.000168 0.000004 0.0001600
0.0001607 0.0000011
4 0.000005 | 0.000163 0.000163 0.000000 0.0001605
5 0.000000 | 0.000160 | 0.000161 | -0.000001 | 0.0001610
6 0.000002 | 0.000164 | 0.000168 0.000007 0.0001615
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7.6. Results for the weight withamass of 20 g

SERIES 1 A(g) B (g) B (g) A(g) ri(g) risdg) S(g)
1 0.000048 | 0.000036 | 0.000037 | 0.000047 | -0.0000110
2 0.000043 | 0.000027 | 0.000034 0.00004 -0.0000110
3 0.000042 0.00003 0.000031 0.000038 | -0.0000095
-0.0000103 0.0000010
4 0.000041 | 0.000033 | 0.000032 0.000041 | -0.0000085
5 0.000044 | 0.000034 | 0.000037 | 0.000048 | -0.0000105
6 0.00005 0.000036 | 0.000033 0.000041 | -0.0000110
SERIES 2 A(g) B (g) B (g) A(g) ri(g) risdg) S(g)
1 0.000029 | 0.000018 | 0.000021 0.000029 | -0.0000095
2 0.000031 | 0.000021 | 0.000022 0.000032 | -0.0000100
3 0.000034 0.00002 0.000024 | 0.000032 | -0.0000110
-0.0000104 0.0000007
4 0.000035 | 0.000023 | 0.000026 | 0.000037 | -0.0000115
5 0.000038 | 0.000025 | 0.000029 0.000036 | -0.0000100
6 0.000036 | 0.000023 0.00002 0.000028 | -0.0000105
SERIES 3 Af(g) B (g) B (g) Af(g) ri(g) ris(g) S (g)
1 0.000029 0.00002 0.000025 0.000034 | -0.0000090
2 0.000036 | 0.000025 | 0.000032 0.000039 | -0.0000090
3 0.000041 | 0.000031 | 0.000036 | 0.000044 | -0.0000090
-0.0000098 0.0000013
4 0.000047 | 0.000035 | 0.000038 | 0.000049 | -0.0000115
5 0.00005 0.00004 0.000041 0.000049 | -0.0000090
6 0.000048 | 0.000037 | 0.000043 0.000055 | -0.0000115
SERIES 4 Af(g) B (g) B (g) Af(g) ri(g) ris(g) S (g)
1 0.000025 | 0.000017 | 0.000024 | 0.000036 | -0.0000100
2 0.000039 | 0.000029 | 0.000035 0.000043 | -0.0000090
3 0.000044 | 0.000036 0.00004 0.000053 | -0.0000105
-0.0000102 0.0000008
4 0.000061 | 0.000052 | 0.000055 0.000065 | -0.0000095
5 0.000071 | 0.000059 | 0.000062 0.000072 | -0.0000110
6 0.000076 | 0.000064 | 0.000067 | 0.000077 | -0.0000110
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SERIES 5 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000026 | 0.000016 | 0.000022 0.000031 | -0.0000095
2 0.000039 | 0.000029 0.000033 0.000045 | -0.0000110
3 0.000047 | 0.000038 | 0.000043 0.00005 -0.0000080
-0.0000096 0.0000010
4 0.000051 | 0.000041 0.000041 0.000051 | -0.0000100
5 0.000054 | 0.000047 | 0.000048 0.00006 -0.0000095
6 0.000059 | 0.000051 0.000054 0.000065 | -0.0000095
SERIES 6 A(g) B (g) B (g) A(g) ri(g) risdg) S(g)
1 0.000019 | 0.000008 | 0.000013 0.000021 | -0.0000095
2 0.000022 0.00001 0.000013 0.000023 | -0.0000110
3 0.000022 | 0.000009 0.000012 0.000021 | -0.0000110
-0.0000103 0.0000011
4 0.00002 0.000007 0.00001 0.000017 | -0.0000100
5 0.000021 | 0.000012 0.000011 0.000019 | -0.0000085
6 0.000024 | 0.000011 0.000011 0.000021 | -0.0000115
SERIES 7 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.00002 0.00001 0.000017 0.000025 | -0.0000090
2 0.000027 | 0.000016 | 0.000016 0.000028 | -0.0000115
3 0.000032 | 0.000022 0.000025 0.000034 | -0.0000095
-0.0000098 0.0000010
4 0.000035 | 0.000024 | 0.000028 0.000037 | -0.0000100
5 0.000037 | 0.000025 0.000025 0.000033 | -0.0000100
6 0.000038 | 0.000029 0.000036 0.000044 | -0.0000085
SERIES 8 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000025 | 0.000015 0.000023 0.000034 | -0.0000105
2 0.000038 | 0.000027 | 0.000028 0.000038 | -0.0000105
3 0.000045 | 0.000036 0.00004 0.000049 | -0.0000090
-0.0000107 0.0000010
4 0.000052 0.00004 0.000043 0.000053 | -0.0000110
5 0.000057 | 0.000045 0.000044 0.000054 | -0.0000110
6 0.000061 | 0.000049 0.000054 0.000066 | -0.0000120
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7.7. Results for the weight with amass of 10 g

SERIES 1 A(g) B (g) B (g) A(g) ri(g) risdg) S(g)
1 0.000033 | 0.000094 | 0.000099 0.000034 0.0000630
2 0.000039 | 0.000101 0.000109 0.000046 0.0000625
3 0.000049 | 0.000110 | 0.000115 0.000052 0.0000620
0.0000634 0.0000011
4 0.000059 | 0.000122 0.000123 0.000058 0.0000640
5 0.000063 | 0.000127 | 0.000132 0.000067 0.0000645
6 0.000070 | 0.000135 0.000139 0.000075 0.0000645
SERIES 2 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000034 | 0.000098 | 0.000101 0.000039 0.0000630
2 0.000040 | 0.000106 | 0.000114 0.000052 0.0000640
3 0.000052 | 0.000116 | 0.000118 0.000057 0.0000625
0.0000634 0.0000009
4 0.000061 | 0.000124 | 0.000129 0.000063 0.0000645
5 0.000067 | 0.000131 0.000135 0.000074 0.0000625
6 0.000081 | 0.000147 | 0.000147 0.000085 0.0000640
SERIES 3 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000035 | 0.000097 | 0.000096 0.000032 0.0000630
2 0.000036 | 0.000100 | 0.000104 0.000043 0.0000625
3 0.000042 | 0.000108 | 0.000109 0.000047 0.0000640
0.0000626 0.0000010
4 0.000050 | 0.000114 | 0.000116 0.000056 0.0000620
5 0.000060 | 0.000121 0.000122 0.000061 0.0000610
6 0.000064 | 0.000129 0.000131 0.000070 0.0000630
SERIES 4 Al(g) B (g) B (g) Al(g) ri(g) ris(g) S (g)
1 0.000028 | 0.000087 | 0.000081 0.000014 0.0000630
2 0.000019 | 0.000080 | 0.000082 0.000018 0.0000625
3 0.000016 | 0.000078 | 0.000079 0.000016 0.0000625
0.0000629 0.0000004
4 0.000019 | 0.000081 0.000086 0.000022 0.0000630
5 0.000024 | 0.000088 | 0.000089 0.000027 0.0000630
6 0.000029 | 0.000094 | 0.000095 0.000033 0.0000635
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SERIES 5 Af(g) B (g) B (g) Af(g) ri(g) ris(g) S (g)
1 0.000009 | 0.000069 | 0.000069 0.000000 | 0.0000645
2 -0.000007 | 0.000055 | 0.000061 | -0.000003 | 0.0000630
3 0.000000 | 0.000063 | 0.000056 | -0.000011 | 0.0000650
0.0000633 0.0000014
4 -0.000013 | 0.000047 | 0.000051 | -0.000014 | 0.0000625
5 -0.000011 | 0.000048 | 0.000048 | -0.000015 | 0.0000610
6 -0.000015 | 0.000051 | 0.000052 | -0.000009 | 0.0000635
SERIES 6 A(g) B (g) B (g) A(g) ri(g) risdg) S(g)
1 0.000002 | 0.000065 | 0.000061 | -0.000007 | 0.0000655
2 -0.000010 | 0.000058 | 0.000058 | -0.000005 | 0.0000655
3 -0.000006 | 0.000057 | 0.000059 | -0.000008 | 0.0000650
0.0000647 0.0000010
4 -0.000008 | 0.000054 | 0.000053 | -0.000013 | 0.0000640
5 -0.000012 | 0.000050 | 0.000051 | -0.000017 | 0.0000650
6 -0.000017 | 0.000045 | 0.000041 | -0.000023 | 0.0000630
SERIES 7 Af(g) B (g) B (g) Af(g) ri(g) ris(g) S (g)
1 -0.000001 | 0.000065 | 0.000065 | -0.000001 | 0.0000660
2 -0.000003 | 0.000060 | 0.000067 | 0.000001 0.0000645
3 0.000004 | 0.000067 | 0.000070 | 0.000005 0.0000640
0.0000645 0.0000008
4 0.000008 | 0.000074 | 0.000077 | 0.000014 | 0.0000645
5 0.000017 | 0.000082 | 0.000084 | 0.000022 0.0000635
6 0.000021 | 0.000088 | 0.000090 | 0.000028 | 0.0000645
SERIES 8 A(g) B (g) B (g) A(g) ri(g) risdg) S(g)
1 -0.000004 | 0.000059 | 0.000056 | -0.000010 | 0.0000645
2 -0.000013 | 0.000054 | 0.000053 | -0.000014 | 0.0000670
3 -0.000014 | 0.000051 | 0.000047 | -0.000021 | 0.0000665
0.0000656 0.0000011
4 -0.000015 | 0.000051 | 0.000051 | -0.000015 | 0.0000660
5 -0.000013 | 0.000048 | 0.000049 | -0.000019 | 0.0000645
6 -0.000022 | 0.000044 | 0.000041 | -0.000023 | 0.0000650

Page| 28



References

Adriana Valcu. 2022. An alternative approach for dissemination of mass unit after The new definition
of the kilogram. Metrol. Meas. Syst., Vol. 29 (1). http://doi.org/10.24425/mms.2022.138540
Jaroslav Zda, Ivan Kfiz. 2017. DISSEMINATION OF THE MASS UNIT WITH VACUUM MASS
COMPARISONS. IMEKO 23rd TC3, 13th TC5 and 4th TC22 International Conference 30 May to 1 June,
2017, Helsinki, Finland

Adriana Valcu. 2013.Extension of dissemination of mass unit below 1 mg in Romania. 16th
International Congress of Metrology, 03004 (2013. http://doi.org/10.1051/metrology/201303004
Zaccaria Silvestri, Said Bouhtiyya, Patrick Pinot, Stuart Davidson. 2015. How to disseminate the mass

unit for the new kilogram? 17 International Congress of Metrology, 18003.
http://doi.org/10.1051/metrology/201518003

Christian Buchner. 2007. Fully automatic mass laboratory from 1 mg up to 50 kg — Robots perform
high precision mass determination. IMEKO 20th TC3, 3rd TC16 and 1st TC22 International Conference
Cultivating metrological knowledge. https://doi.org/10.1002/9780470611371.ch59

OIML R111-1. 20024. Weights of classes Ej, E;, F1, F5, My, M1, M,, M3 and Ms. Part 1: Metrological
and technical requirements.

S. Janas, M. Solecki, T Szumiata. 2017. Automatic comparison of weights and mass standards.
Radwag Balances & Scales.

M. Solecki, T. Szumiata. 2017. Optimization of mass standards and weights calibration (1 mg —1 kg)
using rotational automatic mass comparator. IMEKO 2017.

M. Solecki, T. Szumiata. 2018. Automatyzacja procesu wzorcowania wzorcéw masy i odwaznikéw
oraz jej wptyw na poprawe parametru powtarzalnosci komparatoréw masy. [Automation of mass
standard and weight calibration and its contribution into improving mass comparator repeatability
parameter]. PPM Szczyrk.

Page| 29



www.radwag.com

Page| 30



