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INFLUENCE OF MEASURING PROCESS AUTOMATION
ON UNCERTAINTY OF MASS STANDARD AND WEIGHTS
CALIBRATION.

The article presents the influence of comparis@mt@ss automatization of mass standards and
weights on measuring uncertainty while determimmags of standards and weights.

Based on tests of selected types of manual andnatitbmass comparators of the same metro-
logical characteristics featuring the same capaity readability, instrument’s repeatability has
been determined, which have considerable contdhuin the measuring uncertainty budget
during calibrating mass standards and weights.

The measurements have been carried out in the aanient conditions, characteristic to cali-
brating mass standards and weights of the higleestacy class (Eand B).

INTRODUCTION

... “there are no accurate measurements in natureich thesis is accepted by everyone who
works with any type of measurements — starting froeasurements carried out by children in
primary schools, through measurements performethanseholds” or industrial areas, and
finally advanced measuring processes carried owdsaarch and scientific centers. Presently
we have access to even more accurate measuringnagepti, which in majority apply digital
technology.

Dynamic development of electronics caused revahatip changes in the design and means of
operation of measuring instruments, including bedsnand scales. Presently a common in-
struments dedicated for mass measurement procass@sdely conceived electronic weigh-
ing instruments. An inseparable concept relatedamhing instruments is a weight. Its role
evolved through time, but today its concept hasiBaantly changed. Today mass standards
and weights, in majority of cases, are used fobraion and/or checking or electronic bal-
ances and scales. Previous function of weightscompensation of once common pan scales,
has practically disappeared.

A basic tool indispensable for calibration of wedgghapart from mass standards, is a mass

comparator, which enables comparing mass (of temtedreference standard) with very high
resolution.



1. Metrological parameter s of mass comparators

Mass comparators are devices designed for detetioninaf the difference between mass of a
tested mass standard) (and known mass of a reference standajd lass comparators are
most commonly used in measuring laboratories fbreion of mass standards and weights
and different types of technological weights.

The accuracy of mass comparator is strongly infleenby ambient conditionambient air
temperature and relative humidity and their chaoggr time, any type of air movement and
turbulence, and vibrations of external source).iMimm ambient conditions (temperature and
humidity) for carrying out calibration process atearly determined in the OIML R-111 Doc-
ument (Attachment C p. C.2.1. Table C.1)

In order to ensure correct carrying out of meaguprocess, the mass comparators have to be
equipped with system controlling the ambient cdodg at a workstation (air temperature and
relative air humidity). A workstation should beldtaand free from any type of vibrations.
Although mass comparators are not subject to leggtological control, nor standard EN
45501 applies to them directly, the basic metraalgcharacteristics can be defined on basis
of above mentioned standard.

Reading unit (readabilityd, which is defined in point T.3.2.2 of standard EBb@1 is a value
of difference between two corresponding indicatiohthe scale in analog indication. In digi-
tal indication, a value of difference between tworesponding indications.

Maximal capacityMax (p. T.3.1.1) is the maximum possibility of measgrimithout applying
the limit of tarring device. In case of a mass pamator, it is the maximum mass that is cali-
brated on a given mass comparator.

Repeatabilityaccording to the international vocabulary of basid general terms in metrology (VIM)

it is the measurement precision under repeatabditylitions of measurement. According to defini-
tion T.4.3 described in Standard EN 45501 repdiyabia property of a measuring system to pro-
vide closely similar indications while the samedias placed for several times on a weighing pan,
under repeatability conditions and possibly insisme testing conditions.

Repeatability, expressed quantitatively in termstahdard deviation is the most important metro-
logical parameter of a mass comparator.

Standard deviation of a mass comparator is detexniar the difference of indications) (
between a tested weig{®) and reference standarél)(in a determined quantity of ABBA or
ABA measuring series.

Standard deviation of a mass comparator is cakdlasing below equation:
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where - r — difference of averages B - Aof a given measurement
r — arithmetic mean of the differences fomeasuring results

Difference of indications; for the ABBA method and for eadhseries of measurements is
determined from a relation:



r =B-A (2)

where: Bis the average indication for a tested weight giveni ABBA series
A is the average indication for control standard giveni ABBA series

The value if differences is calculated from a relation:
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where:n — number of measurements (ABBA or ABA series)

Standard deviation is the most often used accegptanterion of a mass comparator in cali-
bration and/or checking. It is also specified indgurct folders provided by mass comparator’'s
manufacturers.

Below is an instance of repeatability calculationgess for a mass comparator WAY 5/KO
series with maximum capacityax 5 kg and reading und = 0,1 mg which is dedicated for
calibration and/or checking of weights with nomimahss 1 kg, 2 kg and 5 kg. The process
covered 6 measuring serid8BAfor the 1 kg load with application of two massnstards.
Then, for the average indicati@andA, calculation of the difference between the testadl a
control standards in each of measuring series éas barried out using an equation (2). Ob-
tained results are demonstrated in below Table 1:

No.| A - control B - tested B - tested A - control Pr
[g] [g] (] ] [a]

1 0,0000 1,0001 0,9998 -0,0003 1,0001(
2 -0,0003 0,9999 0,9999 -0,0004 1,0002%
3 -0,0006 0,9995 0,9996 -0,0005 1,0001(
4 -0,0004 0,9998 0,9996 -0,0004 1,0001(
5 -0,0002 1,0000 0,9999 -0,0002 1,0001%
6 -0,0005 0,9997 0,9999 -0,0005 1,00030

Table 1 Measurement results of 1 kg load

Based on equation (3) the average vajumas been calculated and obtained result is 1,00016
g. Use the equation (1) enabled calculating stahdeviation for the 6 differencesand ob-
tained result is 0,09 mg, which is the parametena$s comparator’s repeatability.

Electric compensation ranggeis the operation range of a measuring instrunmemvhich the
measurement process (measuring range) takes pldagpical electric compensation range of
a mass comparator differs from electric compensatemge of a balance. The difference is
indicated on below figure:
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Fig. 1 comparison of electric compensation ranga bhlance and a mass comparator
As visible on the figure 1, the electric compermatiange of a standard balance covers area
from O to the maximum capacity — i.e. the full measy range. The electric compensation
range is limited, and depends on mass comparatesign. It is characterized by the fact, that
the measurement can be carried out below or altevedminal value of the tested weight. It
is particularly important in case of calibratingiglgs, due to use of a weighing instruments
such as a mass comparator for comparison of mdmss.sblution additionally enables for
measuring large mass with very high accuracy anglaecurate repeatability.

3. Ambient conditionsin a calibration laboratory

Maintaining an appropriate level of local and ambieonditions in a laboratory calibrating
mass standards and weights is indispensable farnofg reliable calibration results. interna-
tional recommendations specified in the DocumeMIOR111 provide maximal permissible
temperature and humidity values in relation to a&cy class of calibrated mass standards
and/or weights.

) Change ratio of temperature during calibration
Weight's accuracy class
Within 1 hour Within 12 hours
El +0,3°C +0,5°C
E2 +0,7°C +1,0°C
F1 +15°C +2,0°C
F2 +2,0°C +3,5°C
M1 +3,0°C +5,0°C

Table 2-1 Requirements on ambient conditions ebadatory —air temperature
(in accordance with Document OIML R 111)



) Change ratio of humidity during calibration
Weight's accuracy class
Humidity range max. per 4 hours
El 5%
E2 +10 %
from 40 % to 60 %
F1 +15%

Table 2-2 Requirements on ambient conditions abafdatory — relative air humidity
(in accordance with Document OIML R 111)

As demonstrated by the requirements of the DocurRedtll, a mass comparator in use
should operate correctly within the specified ran§@ambient conditions given in the tables
appropriately for the accuracy class of testeddsteth In some cases there may be a need to
limit the conditions, if metrological parametersaimass comparator impair with change of
ambient temperature or humidity. Such case can lomigetected by an appropriate test in the
place of use.

3. Determining repeatability parameter of a mass comparator in manual and automatic work
cyce

RADWAG Laboratory carried out a series of testsnmass comparators’ repeatability by de-
termining standard deviation for a givemumber of ABBA and ABA cycles. The tests were
carried out on the same objects in manual and attomrmode.

3.1 Tested objects
The subject of the tests were mass comparatorsfaared by RADWAG

Test object no. 1: Mass comparator WAY 500/2Y/KO

= Max capacity 510¢g

» Readability d=0,01 mg

» Electric compensation range + 10g

» Repeatability (6 ABBA cycles) 0,02 mg

»= Range of calibrated mass 100 g, 200 g, 500 g
= Substitution weights internal

Test object no. 2: Mass comparator WAY 1/2Y/KO

= Max capacity 1000 g

»= Readability d=0,01 mg

» Electric compensation range + 10g

» Repeatability (6 ABBA cycles) 0,05 mg

»= Range of calibrated mass 200 g, 500 g and 1000 g
= Substitution weights internal



Basic components of a mass
comparator

WAY 500/2Y/KO and

WAY 1/2Y/KO series

1 — ambient conditions sen-
sor

2 — mechanical measuring
system with electromagnetic
converter

3 — a knob for applying in-
ternal substitution weights

4 4 —terminal
Fig.2 Mass comparator WAY 500/2Y/KO series

Test object no. 3: Mass comparator APP 20/2Y/KO

= Max capacity 20 kg

= Readability d=1mg

= Electric compensation range + 5009

= Repeatability (6 ABBA cycles) 2 mg

= Range of calibrated mass 10 kg, 20 kg
= Substitution weights internal

Fig. 3 Mass comparator APP 20/2Y/KO series



The mass comparator features an aluminum weighangapth cork layer and centering hold-
ers for the weights. On a side of mass comparabatsing there is a two-way switch for ap-
plying internal substitution weights. The weighitttamber has openable top glass door for
loading calibrated mass standards and weights.

3.2 Measuring procedure

Manual tests
The procedure covered determining repeatability wfass comparator for different number of
ABBA and ABA cycles.

The difference of indications in the ABBA method in eachmeasuring series is determined
from a relation:

r=B-A (4)

where: Bis the average indication of tested weight in a&givABBA series
Ais the average indication of reference standasdgiveni ABBA series

Based on the obtained differences, standard dewigicalculated from an equation:

=2y (r -y )
— 1 n
where: r; =ﬁZri (6)

The difference of indications in the ABA method in eachmeasuring series is determined
from a relation:

[ =B-A )
Based on the obtained differences, standard dewi&icalculated from an equation (5)

In the ABBA method the determined measurementeenABBA series are for 2 ,3 ,4 ,5 6, 10
and 20 cycles, and in the ABA method — 2, 3, 4,5, 8, 9, 10 and 20 cycles.

Automatic tests

In the automatic cycle repeatability of mass corapmas has been determined for the same
guantity of ABA and ABBA cycles as in case of maneats.



3.3 Testing workstation:

3.3.1 Ambient conditions

Manual and automatic comparison tests of mass o@tgra have been carried out in
RADWAG Testing Laboratory. Ambient conditions dugiearrying out all of the measure-
ments were within the following limits:

= temperature 22,8 °C +23,4°C

= humidity 46 + 55 %,

During tests it has not been found, that dynamickeabove values was exceeding the limits
specified in the Document R-111 OIML for accurad¢gss & — see point C2. General re-
quirements.

All test rooms in which the tests were carried featture a control system of automatic ambi-
ent temperature and humidity with online monitorargl recording. A instance of results of
ambient conditions monitoring process carried outh vAmbient Conditions Monitor and
RWS sensors, offered by RADWAG, is presented onnitg 4.
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Fig. 4 An instance of ambient conditions monitoniagults using the RWS Monitor.

3.3.2. Measuring workstation for manual mass coispar

The laboratory room in which the measurements warged out is located on floor “0”. The
foundation of testing console is separated fromféli@dation of the building + for eliminat-
ing vibrations of the ground.

The workstation features:

ambient conditions controlling system

mass comparator APP 20/2Y/KO series

mass comparator WAY 1/2Y/KO series

mass comparator WAY 500/2Y/KO series

PwbdpE



Fig. 5 Measuring workstation for manual testingaahass comparator

3.3.3. Application of internal substitution weiglirwscomparison process of weights

During mass comparison process each weight is cosaped to status “0”. In practice, it
stands for a necessity to apply substitution wsifttt compensating the mass comparator. All
tested objects featured a semi-automatic substitutieights applying system. It is realized
through substitution weights internally assemblechass comparators’ housings. Selection of
compared mass is clearly marked.

WAY 500/2Y/KO WAY 20/2Y/KO
Fig. 6 Determination of compared mass on a masgeoator

3.3.4. Measuring workstation for automatic mass gamson

Testing mass comparators’ repeatability in the matec operation mode has been carried out
in the control and research room for high resotutialances, in the RADWAG company on
level “0”. The testing rooms, similarly to the Labtory rooms, are equipped with system for
controlling ambient conditions parameters (ambientperature, relative ambient humidity)
and ambient conditions monitoring device (air terapge, relative air humidity and atmos-
pheric pressure). Ambient conditions in both roares pre-set at the same level, and they are
subject of continuous monitoring. Each of automat&ss comparators is placed on a special
anti-vibrating base, located in the bottom sectibthe mass comparator.
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Scheme of a mass comparator AKM -2/20 series
: 1 — anti-draft shield of the mass comparator

(glass design with manually opened glass
doors)

2 — automatic control system

(control of weights cyclic loading and
unloading process)

3 — anti-vibrating basis of the mass

comparator (isolation from vibration of
the ground)

4 — mass comparator WAY 20/2Y/KO series

Fig. 7 Workstation for automatic mass comparisoriVA2/20 — general design

Scheme of a mass comparator AKM — 4 series
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1 — anti-draft shield of the mass comparator

(glass design with manually opened
glass doors)

2 — mass comparator WAY 500/2Y/KO

series

3 — mass comparator’s terminal with panel

4 — seats for weights and mass standards
5 — automatic control system

(control of weights cyclic loading and
unloading process

Fig. 8 Workstation for automatic mass comparisoriVA4/500 — general design

The workstation features:
1. four-position automatic loading robot for mass camapors AKM-4 series with in-
stalled mass comparator WAY 500/2Y/KO series (oterichangeably WAY 1
[2Y/KO) and assembled ambient conditions module TH&eries for monitoring the
ambient conditions
2. two-position automatic loading robot for mass compas AKM-2 series with in-
stalled mass comparator APP 20/2Y/KO series andndsed ambient conditions
module THB-2 series for monitoring the ambientdiGons
3. a PC computer with ambient conditions monitoringice RWS



A measuring workstation is presented below on égus. 9.

34 Tes reaults

Fig.9 Measuring workstation for automatic testinfgnass comparators

As a result of carried out measurements in accoeda#th described measuring procedure, the test
provided parameter of repeatability for each ofrthess comparators using manual and automatic
method and different tested loads. The resuligrasented below in tables and charts.

Mass comparator WAY 500/2Y/KO series

ABBA METHOD
Load
Number of 100g 2009 5009
cycles manual automatic manual automatig manual automatic
[mg] [mg] [mg] [mg] [mg] [mg]
2 0,0035 0,0265 0,0141 0,0000 0,0000 0,0124
3 0,0087 0,0142 0,0050 0,0109 0,0076 0,0204
4 0,0048 0,0113 0,0050 0,0043 0,0119 0,013(
5 0,0067 0,0053 0,0067 0,0034 0,0084 0,007
6 0,0080 0,0133 0,0027 0,0101 0,0061 0,015(
10 0,0041 0,0120 0,0092 0,0107 0,0125 0,0061
20 0,0122 0,0050 0,0116 0,0057 0,0106 0,0082
Average 0,00686 0,0125 0,00776 0,00644 0,00816 0,01183
Dispersion 0,0087 0,0215 0,0114 0,0109 0,0123 ,0140

Table 3. Measurement results with use of a masparaitor WAY 500/2Y/KO series and ABBA method
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Fig. 10 Chart of standard déwia changes in relation to number of ABBA cycl&s mass 100 g

Mass Comparator WAY 500/2Y/KO - cycles
ABBA 200 g

—e— manual —&— automatic

0,025

0,02

0,015
4

0,01 -

Standard deviation [mg]
o
[=)
o
a1

2 4 6 8 10 12 14 16 18 20
Number of ABBA cycles

Fig. 11 Chart of standard deviation changes intietato number of ABBA cycles — for mass 200 g



Mass Comparator WAY 500/2Y/KO - cycles
ABBA 500 g
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Fig. 12 Chart of standard deviation changes intietato number of ABBA cycles — for mass 500 g

Analysis of obtained results enables stating, tetstandard deviation determined for the ABBA
cycles and the mass comparator WAY 500/2Y/KO seeth in manual and automatic operation
mode is close to one another. Standard deviatibue \declared by the manufacturer is 0,02 mg.
Thus, it can be observed, that in case of loads 00 g to 500 g, mass comparator’'s operating
mode does not considerably influence its repedyaldihe optimal (the lowest) standard deviation is
obtained for 100 g load and 10 measuring cyclesanual mode, and in the automatic mode for 5
measuring cycles. In case of 200 g load in the alanade it is 6 measuring cycles, and in the auto-
matic mode 5 measuring cycles. Different conclusiare drawn from measuring results of 500 g
load, where in the manual mode the lowest stardiarétion was obtained in 6 measuring cycles
and in the automatic mode in 10 measuring cycles.

ABA METHOD
Load
Number of 100g 2009 5009
cycles manual automatic manual automatia manual automatic
[mg] [mg] [mg] [mg] [mg] [mg]

2 0,0106 0,0071 0,0141 0,0141 0,0141 0,0053
3 0,0150 0,0063 0,0000 0,0038 0,0050 0,0101
4 0,0103 0,0052 0,0050 0,0105 0,0103 0,0054
5 0,0102 0,0032 0,0104 0,0049 0,0089 0,004d
6 0,0105 0,0083 0,0074 0,0061 0,0133 0,007d
7 0,0095 0,0151 0,0081 0,0056 0,0157 0,0200
8 0,0110 0,0098 0,0071 0,0102 0,0143 0,0090
9 0,0063 0,0050 0,0097 0,0076 0,0109 0,0223
10 0,0097 0,0098 0,0097 0,0053 0,0105 0,0114
20 0,0075 0,0075 0,0071 0,0074 0,0095 0,0124
Average 0,01006 0,0077 0,0786 0,00755 0,01126 65010
Dispersion 0,0087 0,0119 0,0141 0,0103 0,0107 8,018

Table 4. Measurement results with use of a masparaitor WAY 500/2Y/KO series and ABA method
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Fig. 13 Chart of standard deviation changes intietato number of ABA cycles — for mass 100 g
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Fig. 14. Chart of standard deviation changes iatieh to number of ABA cycles — for mass 200 g
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Fig. 15. Chart of standard deviation changes iatieh to number of ABA cycles — for mass 500 g

Analysis of obtained results enables noting, thaase of ABA method, the lowest standard devia-
tion in the manual mode and for 100 g load is sea# 9 measuring cycles, and in the automatic
mode in 5 measuring cycles. In case of 200 g tbadyest repeatability is obtained in the same-quan
tity of measuring cycles, i.e. 3. The best repdayaior 500 g load and manual mode is in 3 measur
ing cycles, while in automatic mode in 5 ABA cycles

In conclusion, while observing both measuring mash®BBA and ABA, it is noticeable, that in case
of a tested mass comparator there is no diffeiierstandard deviation value during manual and au-
tomatic operation mode. Though, it can be concluthetlin case of decreasing the reading unit (i.e.
increasing accuracy of mass readout) the diffesgneeome visible and they are in favour of auto-
matic operation mode.

Mass comparator WAY 1/2Y/KO series

ABBA METHOD
Load
Number of 2009 5009 1kg
cycles manual automatic manual automatia manual automatic
[mg] [mg] [mg] [mg] [mg] [mg]
2 0,007 0,004 0,011 0,018 0,007 0,018
3 0,005 0,009 0,010 0,006 0,040 0,018
4 0,010 0,011 0,020 0,008 0,043 0,021
5 0,007 0,007 0,028 0,019 0,030 0,029
6 0,013 0,008 0,005 0,007 0,026 0,017
10 0,014 0,011 0,008 0,006 0,033 0,028
20 0,014 0,012 0,018 0,011 0,025 0,024
Average 0,00994 0,00886 0,01426 0,01071 0,02906 2204
Dispersion 0,009 0,008 0,023 0,013 0,036 0,012

Table 5. Measurement results with use of a masparaitor WAY 1/2Y/KO series and ABBA method
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Fig. 16. Chart of standard deviation changes iatieh to number of ABBA cycles — for mass 200 g
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Fig. 17. Chart of standard deviation changes iatieh to number of ABBA cycles — for mass 500 g
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Fig. 18. Chart of standard deviation changes iatieh to number of ABBA cycles — for mass 1kg

Analysis of obtained results enables stating, tetstandard deviation determined for the ABBA
cycles and the mass comparator WAY 1/2Y/KO sepes/ide similar value of standard deviation
both in the automatic and manual mode. The vdla@odard deviation as declared by the manufac-
turer of the tested mass comparator is 0,05 mg.optimal (the lowest) standard deviation in the
manual mode for 200 g load has been obtaineddnd? cycles, and in the automatic mode 2 cycles.
In case of 500 g load in the manual and automatidenit is 6 measuring cycles. For the maximum
load of 1 kg in the manual mode, the lowest vafitstamdard deviation was obtained in 2 cycles, and
in the automatic mode in 6 cycles.

ABA METHOD
Load
Number of 2009 5009 1kg
cycles manual automatic manual automatia manual automatic
[mg] [mg] [mg] [mg] [mg] [mg]

2 0,000 0,037 0,007 0,004 0,007 0,014
3 0,018 0,013 0,017 0,003 0,033 0,026
4 0,009 0,014 0,024 0,012 0,030 0,029
5 0,012 0,008 0,018 0,014 0,021 0,030
6 0,008 0,029 0,006 0,014 0,030 0,038
7 0,007 0,011 0,021 0,016 0,013 0,038
8 0,011 0,015 0,018 0,021 0,031 0,022
9 0,019 0,009 0,019 0,016 0,028 0,031
10 0,006 0,009 0,015 0,008 0,025 0,031
20 0,012 0,011 0,016 0,013 0,026 0,027

Average 0,01011 0,0156 0,01599 0,0121 0,0244)1 6,028

Dispersion 0,019 0,029 0,018 0,018 0,026 0,024

Table 6. Measurement results with use of a masparaior WAY 1/2Y/KO series and ABA method
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Fig. 19 Chart of standard deviation changes intietato number of ABA cycles — for mass 200 g
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Fig. 20 Chart of standard deviation changes intietato number of ABA cycles — for mass 500 g
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Fig. 21 Chart of standard deviation changes intietato number of ABA cycles — for mass 1kg

In case of results obtained during testing the masgparator WAY 1/2Y/KO series using ABA
method, it is noticeable, that similarly to the ABBethod, mass comparator’s standard deviation in
the automatic mode is closely related to standavihtion obtained in manual mode. The lowest
standard deviation in the manual mode and for 20@d)is obtained in 10 measuring cycles, and in
the automatic mode in 5 cycles. For 500 g loathénnhanual mode it is 6 measuring cycles, and in
the automatic mode - 3 cycles. In case of maxinmad of 1 kg in the manual mode the lowest value
of standard deviation was obtained for 2 cycled,imthe automatic mode in 8 cycles.

Analysis of carried out calculation for both ABAcBABBA methods enables stating, that in case of
tested object the values of standard deviationargarable.

Mass comparator APP 20/2Y/KO series

ABBA METHOD
Load
Number of 10kg 20kg
cycles manual automatic manual automatic|
[mg] [mg] [mg] [mg]
2 0 0,2 0,0 0,1
3 0 0,3 0,5 0,2
4 0,8 0,3 0,7 0,3
5 0,5 0,2 0,8 0,3
6 0,4 0,3 0,6 0,3
10 0,7 0,3 1,2 0,3
20 0,7 0,2 1,4 0,3
Average 0,443 0,264 0,743 0,241

Dispersion 0,8 0,07 1,4 0,2

Table 7. Measurement results with use of a n@separator APP 20/2Y/KO series and ABBA method
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Fig. 22 Chart of standard deviation changes intiefato number of ABBA cycles — for mass 10 k g
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Fig. 23 Chart of standard deviation changes intietato number of ABBA cycles — for mass 20 k g

Analysis of obtained test results enables nothrag, standard deviation determined using the ABBA
measuring cycle and the mass comparator APP 20 skfies is considerably lower (maximally
over 4 times in case of 20 kg load and over 3 timesse of 10 kg load) in the automatic mode.
The value of standard deviation as declared byndreufacturer of the tested mass comparator is 2
mg. The lowest standard deviation obtained fordGkd in the manual mode is for 3 measuring
cycles, in the automatic mode practically for aogrgity of measuring cycles the data is similar. In
case of 20 kg load in the manual mode it is 2 oregscycles, while in automatic mode it is closely
related in case of any quantity of measuring cycles



ABA METHOD
Load
Number of 10kg 20kg
cycles manual automatic manual automatic|
[mg] [mg] [mg] [mg]

2 0,7 0,3 0,7 0,3

3 0,5 0,3 0,3 0,3

4 1,1 0,1 1,1 0,2

5 0,9 0,2 0,4 0,3

6 0,6 0,2 0,9 0,3

7 0,8 0,2 1,2 0,3

8 0,4 0,3 0,9 0,2

9 0,6 0,3 1,1 0,3

10 0,7 0,3 0,9 0,3

20 0,8 0,2 1,2 0,3
Average 0,71 0,240 0,87 0,259
Dispersion 0,7 0,2 0,9 0,1

Table 8. Measurement results with use of & w@®mparator APP 20/2Y/KO series and ABA method
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Fig. 24 Chart of standard deviation changes intiefato number of ABA cycles — for mass 10k g
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Fig. 25 Chart of standard deviation changes intietato number of ABA cycles — for mass 20 k g

Analysis of carried out measurements enablesigtdhat standard deviation determined for ABA
measuring cycle of a mass comparator APP 20/2Y/&@ss and for ABBA measuring cycles, is
significantly lower in case of automatic mode. Ttwest standard deviation in the manual mode
and for 10 kg load was obtained in 8 cycles, artderautomatic mode in case of 4 cycles. For 20 kg
load, in the manual mode it is 3 cycles, and iratiteratic mode it is 4 cycles.

Summarizing data on tested mass comparator,aticeable, that automatization of calibration proc-
ess in case of tested mass comparator has clegraeifthe value of repeatability parameter.

4. Uncertainty of measurement in calibration of mass sandardsand weights

The type and number of cycles, accuracy of the rmoasgparators or balances used for calibra-
tion of mass standards or weights, and the accuwfmgference standards should be selected
in a way, that complex expanded uncertaldtgt coverage factde=2 during calibration does
not exceed 1/3 of maximum permissible errors (Mypecified in the Document OIML R111.

In accordance with the document of European Codipertor Accreditation EA-4/0EXxpres-
sion of the Uncertainty of Measurement in Calibwatiwhich is complying with thénterna-
tional Guide to Express Uncertainty of Measuremém, procedure of determining uncer-
tainty of measurement on calibration of mass statslhegins with noting a measurement
equation:

Mg+ omy + oy + o + omy (8)

My — conventional mass of a reference standard

omy — drift value of the reference standard sincdatt calibration

omp, — observed difference in mass of reference stahdad tested standard
omg — correction on eccentricity and magnetic effects

omy — air buoyancy correction



The uncertainty equation has to following form:
2m) = ¢, UA(0 my) +C2 UA(dmp)+C3 UA(Sme)+C4 UA(SMmy) (9)
where ¢is the sensitivity coefficient

Analyzing the means of calculating uncertainty adasurement during calibration of mass
standards and weights in accordance with Documéit. @111, enables distinguishing the
following components of uncertainty:

type A:

- standard uncertainty of measurement process

type B:

- uncertainty of used reference standard

- uncertainty related to air buoyancy

- uncertainty of used balance (mass comparator)

In the total uncertainty budget of calibration ohss standards and weights, important contri-
bution is related to uncertainties of referencadaad, therefore it is particularly important to
calibrate using appropriate reference standardl végards to anticipated uncertainty of
measurement. The second very important factoreisrtass comparator. In these instruments,
the element influencing the numerical value of utaety of measurement is the repeatabil-
ity, which is measured by standard deviation.

Table 9 below presents the value of average unctes of measurement for each of mass
comparators with an assumption, that used referstacelards are of accuracy class &d
the repeatability is averaged to all loads (usirgyusly obtained results), and air buoyancy
being neglected.

Load Expanded uncertainty Max uncertainty for accu-
Mass comparator manual automatic racy class E(1/3mpeR-111)
la] [mg] [mg] [mg]
100 0,015 0,015 0,017
WAY 500/2Y/KO 200 0,021 0,021 0,033
500 0,044 0,044 0,083
200 0,022 0,022 0,033
WAY 1/2Y/KO 500 0,044 0,044 0,083
1000 0,085 0,085 0,167
10 000 1,48 1,48 1,67
APP 20/2Y/KO 20 000 2,07 2,07 3,33

Table 9 Uncertainty of measurement in calibration

5. Optimization of laboratory work through automatization of calibration process

In the era when economic factors have noticeabpaanalso on laboratory operation, an im-
portant element is dedicated to labour cost obarkaory worker carrying out calibration pro-
cess of mass standards and weights. Analysis o&itth@unt of time required for measure-
ments with application of tested mass comparatodsdifferent number of ABBA and ABA
measuring cycles enables estimating calibrationt dosonducted in automatic or manual
mode. The results of average measurement timeeanertstrated in Table no. 10.



Mass comparator

Number WAY 500/2Y/KO WAY 1/2Y/KO APP 20/2Y/KO
Method | of cycles manual automatic manual automatic manua|l automatic
[min] [min] [min] [min] [min] [min]
2 8 14 7 13 4 11
3 10 22 9 19 6 18
4 12 30 12 25 7 21
ABBA 5 15 37 13 32 9 30
6 17 43 18 38 10 35
10 27 72 29 63 15 55
20 60 148 59 130 35 110
2 7 11 6 11 3 8
3 9 17 7 15 4 13
4 10 22 10 18 5 17
5 12 29 11 24 7 20
6 13 34 12 30 8 25
ABA 7 17 40 16 33 9 30
8 18 47 18 39 10 35
9 20 49 21 42 12 40
10 22 57 24 48 14 45
20 45 116 47 101 25 82

Table 10. Average time of mass comparison witkidivinto mass comparators , and depending onegbptiethod and
number of measuring cycles

Table 11 below is a demonstration of cost analgéaged to calibration of mass standards by a labo-

ratory worker in the manual mode, with taking iobmsideration assumption on minimum number of
measuring cycles for ABBA and ABA methods and \eithassumption that cost of 1 man-hour is 20

€.
Calibration cost of a 1 weight
WAY 500/2Y/KO WAY 1/2Y/KO APP 20/2Y/KO
Method and number of cycles
ABBA 5 cycles Manual | Automatic Manual  Automatic Msh | Automatic
ABBA 5 cycles 5,00 € 0,00€* 4,30 € 0,00 €¢ 30| 0,00€~*
ABBA 3 cycles 3,30 € 0,00 €* 3,00 € 0,00€¢ 200 | 0,00€*
ABA 6 cycles 4,30 € 0,00€* 4,00 € 0,00 €¢ 2,70€ 0,00€*
ABA 4 cycles 3,33 € 0,00 €* 3,30 € 0,00€¢ 1,70€ 0,00€*

Table 11 Calibration cost (*only the cost relatiedsetting of a mass comparator)



CONCLUSIONS

The measurements carried out by RADWAG, employedniost experienced workers, and
were subject to a thorough analysis of all negatactors influencing the measurement. In
routine work of a calibration laboratory the proilipof error occurrence caused by human
factor is much higher, therefore automatizatiorcalibration process is the best solution to
eliminate this error causing factor.

The carried out analysis of obtained results oratgbility measurements on mass compara-

tors provides the following conclusions:

» Automatization of calibration process and selecbbappropriate ABBA or ABA method
in case of mass comparators WAY 500/2Y/KO and WARXYIKO do not considerable
impact on the parameter of repeatability,

* In case of the mass comparator APP 20/2Y/KO sesmg®matization of calibration proc-
ess has significant impact on the parameter ofatapdity — for 10 kg load the obtained
standard deviation value was 0,2 mg in the autamatde, and 0,7 mg in the manual
mode. In case of 20 kg load in the automatic mbdeobtained value of standard deviation
was 0,3 mg, and in the manual mode 1,4 mg,

» Tested mass comparators featured a four positiating robot which enables simultane-
ous calibrating of three objects, which is caskigh labour cost is very economical

» The four-position loading robot can also be useddmpare cumulative mass, which is
carried out by advanced laboratories for “unit $farring” process,

» Uncertainty of measurement is not noticeably infleexd by a factor related to measuring
instrument during calibration of weights, in thetesl range and with application of tested
mass comparators,

» Calibration of weights from 10 kg to 20 kg requisggplying automatization of calibration
process to maintain appropriate parameters of tepiity and additionally are used for the
sake of operators’ safety — requirements refertomgarrying heavy loads by operators,
which are generally governed by national laws,

» Automatization of calibration process enables sawdperation costs of a calibration labo-
ratory — presently economic factors are extrenalyartant,

» Automatization of calibration process of load ramggbetween 100 g and 20 kg with appli-
cation of tested mass comparators and implementafidedicated software for managing
complete operation of a calibration laboratory (eRadCal System designed by
RADWAG), enables not only lowering labour cost, bigo eliminate the risk of possible
error occurrence in calculation process, which nmagoduce large discrepancies to the
measurement traceability.

It is noticeable, that in need to obtain bettereegpbility (i.e. lower standard deviation) auto-
matization of calibration process can become arsprehsable requirement. The influence on
uncertainty of measurement during calibration ofghts is not observed for the value equal
to 1/3 of maximum permissible errors for individwe¢ights, and in accordance with an as-
sumption made in point 5.2 of document OIML R-1However, if a laboratory aims at
achieving better CMC parameters (best measurenagatbdity), then it may become neces-
sary to use automatic mass comparators.

Process automatization enables the designers taneahthe resolution of designed mass
comparators with simultaneous decreasing the vaflstandard deviation, which directly in-
fluences the uncertainty of measurement durindpition of weights.
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