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1 Introduction

During the EURAMET TC Flow meeting held in Bern, Switzerland in April 2019, it was agreed
to start a second comparison with a 1000 L proving tank. The aim of this project was to compare
results and method calibration of this thank. Both gravimetric and volumetric method were used
by several laboratories. This comparison allowed the participating laboratories to test the
agreement of their results and uncertainties despite the different used equipment and different
calibration methods.

The Slovenian National Metrological Institute, MIRS, acted as the pilot of this comparison and
the Portuguese National Metrological Institute, IPQ was the co-pilot.

2 Participants

The project protocol was sent to all the EURAMET TC Flow members and 18 NMIs agreed to
participate. During the comparison one NMI withdrew. The circulation of proving tank started
in December 2019. Each NMI had one month to perform the measurements. The participants
are presented in Table 1, in order of participation date.

Table 1 —Time schedule

Country, NMI Contact Person Measurements date
Portugal, IPQ Elsa Batista December 2019
France, LNE Florian Beaudoux January 2020
Czech Republic, CMI Miroslava Benkova June 2020
Lithuania, LEI Gediminas Zygmantas July 2020
Sweden, RISE Per Wennergren August 2020
Slovenia, MIRS Urska Turnsek September 2020
North Macedonia, BOM Jovan Atanasovski October 2020
Montenegro, MBM Mirjana Mihailovié¢ December 2020
Turkey, TUBITAK UME Umit AKCADAG January 2021
Norway, JV Gunn Kristin Svendsen February 2021
Moldova, INM-MD Braguta Alexandru March 2021
Spain, CEM Carmen Séanchez May 2021
Netherlands, VSL Erik Smits July 2021
Slovakia, SMU Milan Misovich September 2021
Romania, INM-RO Florin Istrate October 2021
Austria, BEV Anton Niessner January 2022
Serbia, DMDM Ljiljana Mici¢ April 2022
Portugal, IPQ Elsa Batista June 2022
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Due to custom issues and COVID-19 epidemics there were some delays in the original schedule
and the measurements only finished in the June 2022.

3 Transfer standard

The 1000 L proving tank that was circulated in this comparison was supplied by IPQ and was
specifically modified for this comparison, as this instrument was previous used in the 2013
EURAMET 1157 comparison.

Figure 1 — 1000 L proving thank

It is made as follows (see Figure 1):
- carbon steel construction
- 1000 L nominal volume at 20 °C
- double windows (glass plates) in the neck (front and back)
- scale extending from -1 % to +1 %, scale interval 0,01 %, with a length of 225 mm
- approximate mass excluding the transport box: 300 kg
- diameter of main body: 1,35 m
- height including the wheels: 2,40 m
- inner diameter of the neck: 330 mm
- coefficient of cubical thermal expansion of the TS: 0,0000335 °C!
- RTD (Pt-100) including read-out calibrated by IPQ, length: 300 mm

Final Report - EURAMET Project 1479 4
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4 Calibration method

The participating laboratories used their normal calibration procedure in order to obtain the
volume at the graduation mark of 1000 L. Both gravimetric (weighing of water) and volumetric
methods (filling from one proving tank to another) could have been used.

The measurements were performed at varying room temperature conditions and the results
recalculated for a reference liquid temperature of 20 °C.

After emptying the proving tank the laboratories had to wait 30 seconds before closing the
valve. The valve should have been opened and closed just once.

In the spreadsheet that was supplied by the pilot of the comparison, each laboratory described
the equipment that was used during the calibration and its traceability.

4.1 Type of calibration method

Both the gravimetric and volumetric method were allowed to be used. Seven laboratories used
both methods, four laboratories used the volumetric method and six laboratories used the
gravimetric method, see Table 2.

Table 2 — Used calibration method

NMI Method

IPQ Gravimetric

LNE Gravimetric

CMI Gravimetric

LEI Gravimetric and volumetric
RISE Gravimetric and volumetric
MIRS Volumetric

BOM Volumetric

MBM Gravimetric and volumetric
TUBITAK UME Gravimetric

JV Gravimetric and volumetric
INM-MD Gravimetric and volumetric
CEM Volumetric

VSL Gravimetric

SMU Gravimetric

INM-RO Volumetric

BEV Gravimetric and volumetric
DMDM Gravimetric and volumetric

Final Report - EURAMET Project 1479 5
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4.2 Gravimetric method

The majority of laboratories that performed the calibration of the 1000 L proving tank with the
gravimetric method used the formula described in ISO 4787:2021 [1]:

_ 1 Pa
Vao = (I = Ie) X —— x (1= £2) x [1-y(t - 20)] (1)

V20 - Volume, at 20 °C, in L

L. - Isthe balance indication of the vessel loaded with water, in kg

E - Isthe balance indication of the empty vessel, in kg (zero in case the balance
was tared with the volumetric instrument or receiving vessel)

pw - Isthe density of water at t (in degrees Celsius), in kg/L,

pa - Isthe density of air, in kg/L

e - Isthe density of balance weights used during measurement (substitution) or
during calibration of the balance, assumed to be 8,0 kg/L

y - Is the coefficient of cubic thermal expansion of the material of which the
instrument under calibration is made, in 1/°C

t - Is the temperature of the water used in the calibration, in °C

Some laboratories used their own model and equation.
4.3 Volumetric method

The majority of the laboratories that performed the calibration of the 1000 L proving tank by
the volumetric method used the formula described in Calibration Guide No. 21 [2]:

Vi = NVo[1 — yrs (bors — trs) + B(tscm — trs) + ¥sem (8 — tsem)] + 4V (2)
Vi - Volume of the standard capacity measure (SCM) at t/°C, in L
Vo - Volume of the reference standard (RS) at the reference temperature tors, in L
tors - Reference temperature of the RS, in °C
t - Reference temperature of the SCM, in °C
trs - Temperature of the liquid in the RS, in °C
tscm - Temperature of the liquid in the SCM, in °C
ws - Coefficient of cubical thermal expansion of the material of the RS, in 1/°C
Yii - Coefficient of cubical thermal expansion of the liquid (water) at the average

test temperature: 0,5 (trs + tscm), in 1/°C
»cm - Coefficient of cubical thermal expansion of the material of the SCM, in 1/°C
Some laboratories used their own calibration model and equation.

5 Working conditions and equipment used
5.1 Gravimetric method

5.1.1 Working conditions

The working conditions in the laboratories of each participant using the gravimetric method are
described in Table 3:

Final Report - EURAMET Project 1479 6
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Table 3 — Gravimetric method working conditions

Temperature Density Air Atmospheric Relative
NMI of water of water temperature pressure humidity
t/°C pwl(kg/L) ta/°C p/hPa RH/%
PO 20,54 0,99893 21,18 1004,2 70,4
LNE 20,35 0,99813 197 1010 29
CMI 24,67 0,99738 24,1 973,5 49,8
LEI 21,95 0,99810 21,7 1009 58
RISE 20,61 0,99818 22,8 1000,7 56,2
MBM 19,99 0,99821 20,5 1008,55 62,3
i 15,638 0,99917 17,8 990,9 45,6
v 31 0,99996 19,7 1012,2 22,3
INM-MD 18,69 0,99874 18,79 1008,99 52,78
VSL 21,44 0,99822 22,3 1009,19 98,8
SMU 20,99 0,99689 23,5 986,0 63,9
BEV 20,14 0,99834 20,25 1005,438 35,47
DMDM 14,03 0,09944 18,9 996,53 473

The majority of the laboratories used the PT 100 that was installed in the 1000 L proving tank
for the water temperature measurements. The calibration certificate of the probe was supplied
by IPQ and is attached Annex 2.

5.1.2

Type of water

The water production method and the formula or method used to determine the density of water

are described in Table 4.

Table 4 — Working conditions of gravimetric method

. Densi
NMI Production method ensity
formula

IPQ Tap water -0,00520*x2-0,00116*x+1000,53
LNE Deionized water Tanaka formula

CMI Tap water Tanaka formula

LEI Filtered tap water Determined by density meter
RISE Tap water Tanaka formula
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MBM Distilled water Tanaka formula
TU&\'/'T:\K Tap water Determined by density meter
N Tap water Tanaka formula
INM-MD Tap water Determined by density meter
VSL Potable water PTB 1990 (Spiweck, Bettin)
p =-5,3571429* 10° * ts* ts +
SMU Tap water 75857143 * 10° * t, + 1,0005931
BEV Tap water Determined by density meter
DMDM Tap water Determined by hydrometer

The water used by the majority of the laboratories is tap water. Corrections were applied for
the impurity to the used water density formula in order to have the correct water density.

5.1.3 Mass standards
Some information about the type of mass standards used is given in Table 5.

Table 5 — Mass standards characteristics

Upper range value

NMI
Manufacturer Type mikg
IPQ - M1 1000
LNE tailored stackable mass 50/200
LNE LNE tailored stackable mass 10
ZWIEBEL F2 OIML 1gto 2
CMI B B B
LEI - E2 20
RISE RISE/Mettler/ KMW - 500
MBM B B B
TUBITAK Hafner E2 1000
UME
N Unknown M1 500
INM-MD ZWIEBEL F1 20
VSL - 1 x 1000 kg 1000
SMU ) - }
BEV - Rect. bar 20
Hafner, Germany F1 500
DMDM Majevica, Serbia F1 500
Sartorius, Germany F2 20
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Only three laboratories used a mass standard of the same nominal volume as the calibrated
proving tank.

5.1.4 Balance
Information about the type of balance used is given in Table 6:

Table 6 — Balance characteristics

Upper range value | Resolution
NMI
Manufacturer Type m/kg dlg
IPQ Mettler Toledo KE1500 1500 20
LNE Mettler Toledo KC 600 600 0.1
CMI Mettler Toledo KES 3000 3000 10
LEI Mettler Toledo KES1500 1500 20
RISE Mettler Toledo KE2000 2500 1
MBM Mettler Toledo XP1003KM 1100 0,5
TUBITAK 1200 10
UME TUBITAK UME -
N Unknown Custom made 3200 0,2
INM-MD Radwag HRP 200.4Y.KO 200 0,2
VSL Wohwa 40 3500 20
SMU Mettler KG 6000 6000 10
BEV Peuko Mechanical 1300 2
comparator
DMDM Sartorius CCS1000K 1510 5

The upper range and resolution of the balance is variable among laboratories and can influence
the declared uncertainty. Two laboratories used balance with smaller upper range than nominal
value of the calibrated proving tank.

Final Report - EURAMET Project 1479 9
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5.2 Volumetric method
5.2.1 Working conditions

The working conditions as mentioned by the participants are described in Table 7:

Table 7 — Volumetric method working conditions

Temperature Air Atmospheric Relative
NMI of water temperature pressure humidity
tw/°C ta/°C p/hPa RH/%
LEI 22,55 22,5 1011 66,5
RISE 20,05 21,2 992,6 58,2
MIRS 18,47 23,2 992,9 67,1
BOM 18,10 17,8 1021 55,2
MBM 17,99 19,16 1023,4 50,7
h\V/ 3,78 - - -
INM-MD 19,38 18,95 1012,30 45,16
CEM 19,65 21,5 935,83 54,2
INM-RO 20,99 21,04 1017,29 45,61
BEV 7,6 19,5 - ;
DMDM 14,48 18,9 1020,41 37,45

The majority of the laboratories used the PT 100 that was installed in the 1000 L proving tank
for the water temperature measurements. The calibration certificate of the probe was supplied
by IPQ and is attached in Annex 2.

5.2.2 Type of water

The majority of the laboratories used tap water. For the volumetric method the water impurity
is not an issue for the calculations nor is it an uncertainty source for the results.

5.2.3 Volume standard
Information about the type of volume standard is reported in Table 8:
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Table 8 — VVolume standard

NMI Manufacturer Type Vi)/loljlr_n € Resolution/L
LEI Etalon M1p-200 200 0,0026
RISE Furhof;s\l_l;ostfria overflow 1000 20,3 ml/mm
MIRS Aleksander Lozar overflow 500 N/A
Edelstahlbau 500 01
BOM Tannroda GmbH Ex
Edelstahlbau To deliver 500 -
MBM Tannroda Gmbh
N Unknown To deliver 1000 01
INM-MD Ukraine M1P-100 I'P-01 100 -
CEM Vial-Metrologie 500 L Inox 500 -
INM-RO Tehnometal overflow 100 N/A
Lenhardt _ 1000 N/A
BEV Metallbau stripping plate
DMDM Justing Overflow pipette 500 N/A

The majority of the laboratories used a 500 L standard constructed either as overflow or “to
deliver”.

6 Measurement results

6.1 Stability of the TS

IPQ acting as the co-pilot laboratory performed the calibration of TS at the beginning and
at the end of the comparison. The final value was taken as the official result of IPQ. The
results of stability measurements are presented in Table 9.

Table 9 — Stability of the TS

Volume Uncertainty
NMI Measurement Date il U(x)/L AV/L
IPQ Initial Deggrlngber 999 38 0,16
0,09
IPQ Final June 2022 999,29 0,10

The two results obtained by IPQ at the beginning and the of comparison are consistent. The
difference in the measured volume is smaller than the stated uncertainty. This demonstrates that
the TS had a stable volume during the entire comparison.

Final Report - EURAMET Project 1479 11
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6.2 Measurement results
The measurement results presented by each participant are collected in Table 10.

Table 10 — Participants volume measurements

Gravimetric Volumetric
NMI Volume Uncertainty Volume Uncertainty
XilL U(xi)/L XilL U(xi)/L
IPQ 999,29 0,10
LNE 999,33 0,14
CMI 999,30 0,13
LEI 999,35 0,18 999,38 0,20
RISE 999,29 0,11 999,33 0,14
MIRS 999,24 0,17
BOM 999,28 0,30
MBM 999,14 0,14 999,38 0,27
TUBITAK UME 999,70 0,20
JV 999,27 0,16 999,35 0,27
INM-MD 999,37 0,17 999,34 0,21
CEM 999,22 0,18
VSL 999,22 0,099
SMU 999,50 0,33
INM-RO 999,82 0,47
BEV 999,215 0,060 999,208 0,065
DMDM 999,22 0,20 999,04 0,30
Mean value 999,32 0,15 999,33 0,24

Final Report - EURAMET Project 1479 12



@ REPUBLIC OF SLOVENIA Instituto Portugués da (Jualidade
MINISTRY OF ECONOMIC DEVELOPMENT AND TECHNOLOGY 7

METROLOGY INSTITUTE OF THE REPUBLIC OF SLOVENIA

Results
1000,6
1000,4
1000,2
1000
999,3 o
999,6
= 9994 } ﬁ ﬁ |
§ 999,2 % } % { % % { E + Gravimetric
999 m Volumetric
998,3
998,6
998,4
998,2
998 a =
o oo B g 2 2 4 ﬁ?_naf:/g
g4 éHB8 3852 BE 3 ZHE 2

Figure 2 - Laboratory results

There are total of 24 measurements of 17 laboratories. For the laboratories that presented both
volumetric and gravimetric results, only one was used for the determination of the reference
value. The agreement between participants was, that the result with the lowest uncertainty is
used.

There is no difference between the results from the gravimetric method and the results from
volumetric method. The mean volume of gravimetric method is 999,32 L and of volumetric
method is 999,33 L.

The presented uncertainties for the volumetric method are in all cases larger than for the
gravimetric method, as expected, because volumetric method is a secondary calibration method.

6.3 Determination of the reference value

To determine the reference value y of this comparison (RV) the formula of the weighted mean
was used, using the inverses of the squares of the associated standard uncertainty as the weights

[3]:
X UP () H et X, [UP (X,)
1/u? (%) +...+1/u*(x,)
To determine the standard deviation u(y) associated with y:

1
u(y):\/1/u2(x1)+...+1/u2(xn) @

©)

The expanded uncertainty of the reference value is U(y) = 2 x u(y).

Final Report - EURAMET Project 1479 13
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To identify an overall consistency of the results a chi-square test can be applied to all n
calibration results.

2 _(x-y) (X, —y)*
obs = g
u™(x) u™(x,)

where the degrees of freedom are: v =n -1
The set of results is inconsistent when: Priz(v) > 22, | < 0,05. The function CHIINV(0,05; n-
1) in MS Excel was used. The set of results is rejected when CHIINV(0,05; n-1) < y?obs.
If the consistency check has a positive result then y is accepted as the RV Xrer and U(Xref) IS
accepted as the expanded uncertainty of the RV.

If the set of results appears to be inconsistent then the laboratory with the highest value of
(Xi - y)?
u®(x;)
standard uncertainty and observed chi-squared value is calculated again without the excluded

laboratory. When the set or results pass the consistency check, the degree of equivalence di
between each laboratory result xi and the RV (xrf) is calculated using the following formulas:

()

is excluded from the next round of evaluation and the new reference value, reference

di = Xi - Xref (6)
U(di) = 2 x u(di) @)
where u(di) is calculated from:

U 2(di) = u 2(xi) — U 2(Xref) (8)

Discrepant values can be identified when |d;| > 2u(d;),
To calculate the degrees of equivalence dij between the laboratories the following formulas are
used:

dij= Xi - Xj 9
U(dij) = 2 x u(dij) (10)
Where u(di;) is calculated from

U %(dij) = u 2(xi) + u 2(x)) (11)

The factor 2 in equation (7) and (10) corresponds to a 95% coverage interval under the
assumption of normal distribution of the results.

The normalized error En,i describes the degree of equivalence of a laboratory i related to the
RV.

En,i was calculated for each reported value of the participant as follows,

Eni = di/U(di) (12)

If |Em-| < 1, the measurement is generally considered as acceptable, and the measured values
are consistent.

6.4 Results with reference value and RV uncertainty

The obtained reference value using the results of all 17 laboratories (v=16) isy = 999,270 L.
The expanded uncertainty U(y) = 2 x u(y) of the reference value is: 0,032 L.

Final Report - EURAMET Project 1479 14
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The calculated value x°(v) = 26,30 is smaller than the observed y%bs = 39,04, therefore

: : S (xi -y
consistency test fails. The result with highest value of ul—

2

2(Xi)

iIs TUBITAK UME. If the

result of TUBITAK UME is removed, the consistency test with the remaining 16 laboratories
(v=15) passes, where expected y°(v) = 25,00 is bigger than the observed yZos = 18,94.
Therefore, the newly calculated reference value (RV) is xref = 999,260 L. The expanded
uncertainty U(Xrer) = 2 x u(Xref) Of the RV Xrer = 0,032 L.
All the measurement results, the reference value and its uncertainty are presented in the

following Figure 3:

1000,4
1000,2
1000
999,8

999,6

V(x)/L

999,4
999,2

999
998,8
998,6
998,4
998,2

998

Official results with reference value

I 1 =

T - ’ 1 hd
o A 9u22 z

o & B @ g B 9 ! . 2 B 8 2 &

g 4 édHg888g ¢ HE Z g 8 Z

Reference value y/L

Expanded uncertainty of
reference value Ufy)/L
Volume x/'L

Figure 3 — Reference value and uncertainty
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The degree of equivalence with the RV is presented in Figure 4 and Table 11:

Degree of equivglence with RV
1,30
1,10
0,90

0,70

¢
0,50
0,30

%O'mHHNI, i T
-0,10 I J + l I T 1L * I
-0,30
-0,50
-0,70
-0,90
-1,10
- oy o W g 2 24 % - ST % > 5
E 569598 8sz:28 BE5 2483
Figure 4 — Degree of equivalence with reference value
Table 11 — Degree of equivalence with RV
NMI di Udi/L En
IPQ 0,03 0,09 0,33
LNE 0,07 0,13 0,54
CMI 0,04 0,12 0,30
LEI 0,09 0,18 0,52
RISE 0,03 0,10 0,34
MIRS -0,02 0,16 -0,14
BOM 0,02 0,29 0,07
MBM -0,12 0,14 -0,87
TUBITAK 0,44 0,19 2,30
UME
JV 0,01 0,16 0,09
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There is one more laboratory besides TUBITAK UME that present slightly discrepant value
when compared with the reference value, that is INM-RO with a En=1,2, which is a warning
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INM-MD 0,11 0,17 0,66
CEM -0,04 0,18 -0,22
VSL -0,04 0,09 -0,41
SMU 0,24 0,32 0,76

INM-RO 0,56 0,47 1,20
BEV -0,04 0,05 -0,86

DMDM -0,05 0,20 0,20

level according to WGFF protocol.

The results of the degree of equivalence between all the laboratories can be found in Annex 3.

7 Uncertainty presentation

It was requested that all participants present their uncertainty calculations based on the GUM

[4]. Because the used methods are different, also the uncertainty analysis will be different.

7.1 Gravimetric method

The uncertainty components for each NMI that used the gravimetric method are as follows:
Table 12 — Uncertainty components for gravimetric method

Instituto Portugués da Dlualidade

Uncertainty

contributions NMI
IPQ LNE cMmI LEI RISE | MBM | UME Y 'Eﬂ'\g' VSL SMU BEV | DMDM
Repeatability
measurements/ | 9,6E-03 | 2,2E-02 | 6,0E-03 | 9,1E-03 | 2,1E-03 | 9,2E+00 | 1,2E-02 | 1,5E-02 | 2,5E-02 | 1,1E-02 | 1,7E-02 | 2,0E-02 | 3,2E-02
L
Mass/kg 2,8E-02 g'gg:gg 55E-02 | 1,6E-02 | 1,2E-02 | 6,9E+01 | 8,6E-02 | 3,1E-02 | 1,6E-03 | 1,6E-02 | 1,2E-01 | 1,0E-04 | 2,0E-03
Alr Den_flty 9,6E-04 | 1,8E-02 | 1,3E-03 | 3,3E-04 | 7,6E-04 | 54E-01 | 5,8E-04 | 59E-04 | 5,8E-04 | 1,6E-06 | 2,3E-02 | 1,1E-03 | 3,4E-07
/kgL
Water Density 5,0E-04 -
kgL ! -29B-02 | ;o g | 1.9E-02 | 85E-02| -83E-02 | 5 gr, o | 29E-02 | -15E-03 | 2,1E-02 | 9,3E-06 | 3,6E-02 | -1,26-02 | -1,5E-08
Dersiyof
mass pieces | 6,4E-04 T | B6E-04 | o, | LBEH00 | 5,1E-04 | 1,4E-03 | 3,1E-04 | -7,1E-06 | 53E-02 | -5,6E-05 | 16E-06
kgLt -1,0E-04
Coefficient of
expansion from |, | o, 1,4E-07 | 1,9E-03 | -2,0E-03 | 1,1E-02 | 4,0E-03 | 1,6E-02 | 1,3E-03 | -3,1E-06 | 43E-04 | /%5 | 58E-06
the tank 04
material/°C*
Water
-7,1E-03 | 3,1E-02 | 3,5E-03 | 4,8E-03 | 2,6E-02 | -5,2E-01 | 1,7E-02 | -8,5E-03 | 1,3E-03 | -1,7E-07 | 8,7E-02 | -1,9E-03 | -3,3E-07
temperature /°C
Meniscus
. 2,5E-02 | 4,3E-02 | 2,5E-02 | 4,1E-02 | 1.8E-02 | 2,0E-01 | 2,5E-02 | 5,1E-02 | 2,9E-02 | 4,4E-02 | 2,6E-02 | 4,9E-03 | 3,0E-02
reading/L
4,0E-02
Other 2,5E-03 6,9E-02 7,4E-02 81E-02
Combined
. 0,049 | 0,067 | 0,062 | 0,089 | 0,051 | 0,48 | 0,096 | 0,078 | 0,086 | 0,050 | 0,161 | 0,024 | 0,10
Uncertainty/L
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Expanded 1 416 | 014 | 013 | 018 | 011 | 014 | 020 | 0,16 | 017 | 0,099 | 0,33 | 006 | 020
uncertainty/L
For the majority of the laboratories the largest uncertainty component is the uncertainty of the
balance/mass and repeatability.
7.2 Volumetric method
The uncertainty components for the volumetric method are as follows:
Table 13 — Uncertainty components for volumetric method
Uncertainty
contributions NMI
LEl | RISE | MIRS | BOM | MBM WV ',':'A'\[")' CEM 'ﬁ'(\)"' BEV |DMDM
Repeatability 2 6E-02 | 42803 | 29E-02 | 21E-02 | 27E-01 | 1qg.02 | 15E-02 | 2,0E-02 | 34E-03 | 1,1E-02 | 1,02E-02
measurements/L ' ' ’
Volume standard/L 3,1E-02 | 4,6E-02 4,6E-02 3,5E-02 9,5E-02 1,01E-01 7,5E-02 5,0E-02 2,2E-01 2,1E-02 | 1,01E-01
Expansion
coefficient of the | 53€-03 | 25E-04 | 11E-02 | 2,5E-06 | -54E+00 | 13E-02 | 60E-04 |-61E-04| 25E-03 |-17E-02 | g19E-06
standard/°C™
Temperature od the | . = . | 88E-03 | 2,6E-02 | 24E-02 | 54E+01 | 6,8E-03 | 42E-03 |-58E-02| 43E-03 | 42E-03 | g50E.07
standard/°C ' ’
Expansion 333E-08
coefficient of the | 86E-04 | .13g-06 | LOE-03 | 2,0E-06 |-100E-01 | 00E+00 | 47E-05 |-3,9E-04| 35E-05 - *
water/°C?
Temperature of the 20E-02 | 58E-03 | 20E-02 | 3,1E-02 | 3,1E+01 | gog.03 | 42E-03 | 82E-03| 1,5E-03 - 9 63E-07
proving tank/°C ' ' ’ '
Expansion
coefficient of the 2,4E-03 -1,4E-04 2,5E-03 1,7E-06 3,9E+00 2,7E-02 5,9E-04 7,5E-04 1,7E-03 1,2E-02 5,30E-06
tank/°C™
Meniscus/L 41E-02 | 18E02 | 25E-02 | 14E-02 | 26E+0L | 51F.0p | 46E02 | 29E-02 | 45E-02 | 49E-03 | 2,89E-02
Evaporation/L 69E-02 | 2,6E-02 | 44E-02 | 2,6E-02 omop | 2OE02 | LSE-02 | 70E-02 | L7E-03 | 404E-02
Other 6,1E-03 - 7T0E+0L | 4,4E-02 - - - | 9,50E-02
Combined 0,099 | 0068 | 0,082 | 015 | 014 | 014 | 11 | 008 | 024 | 0033 | 0,15
Uncertainty/L '
Expanded 020 | 014 | 017 | 030 | 027 0,27 021 | 018 | 047 | 0065 | 0,30
uncertainty/L

In the volumetric method the components with the largest contribution to the uncertainty are

the volume standard calibration, the meniscus reading and the repeatability.

8 CMC

In order to assess the support of CMCs entries provided by this comparison Table 14 is

provided.

For NMls without CMC on this range, the label n/a is shown.
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Table 14 - Consistency check for CMC entries for volume

NMI Method Ucwmcs /% U1000 L/%0 Comments
IPQ Gravimetric 0,010 0,010 Uncertainty claim consistent with
CMC
LNE Gravimetric n/a 0,014
CMI Gravimetric n/a 0,013
LEI Gravimetric n/a 0,018
RISE Gravimetric 0,010 0,011 Uncertainty claim larger than
CMC
MIRS Volumetric 0,060 0,017 Uncertainty claim smaller than
CMC
BOM Volumetric 0,030 0,030 Uncertainty claim consistent with
CMC
MBM Gravimetric n/a 0,014
TUBITAK . .
UME Gravimetric n/a 0,020
Y Gravimetric 0,020 0,016 Uncertainty claim smaller than
CMC
INM-MD Gravimetric n/a 0,017
CEM Volumetric 0,020 0,018 Uncertainty claim smaller than
CMC
VSL Gravimetric 0,010 0,0099 Uncertainty claim smaller than
CMC
SMU Gravimetric n/a 0,033
INM-RO Volumetric n/a 0,047
BEV Gravimetric 0,0050 0,0060 Uncertainty claim larger than
CMC
DMDM Gravimetric n/a 0,020
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9 Long-term stability of the proving tank

The 1000 L proving tank was first used as transfer standard in the intercomparison EURAMET
1157 in 2013. Its nominal volume has been changed for the purpose of this intercomparison by
IPQ. We compared reference values from the first intercomparison in 2013 with reference value
in this comparison (Table 14) and all the laboratory variation that participated in both
comparisons (11), over time (Table 15).

Table 14 — Long-term stability of transfer standard — calculated reference value

Year Reference value/L AVa012-2020/L
2013 999,67 0.41
2022 999,26 '

Table 15 — Long-term stability of transfer standard - laboratories

Laboratory| Volume 2013 | Volume 2022 | AV 2013-

(L) (L) 2022 (L)
RISE 999,700 999,291 0,41
MIRS 999,83 999,236 0,59
IPQ 999,55 999,29 0,26
BEV 999,705 999,215 0,49
CEM 999,73 999,22 0,51
VSL 999,620 999,22 0,40
SMU 999,64 999,50 0,14
DMDM 999,97 999,224 0,75
JV 999,64 999,272 0,37
BOM 999,52 999,28 0,24
LNE 999,55 999,33 0,22
Average 0,40

The difference between reference value in 2013 and reference value in 2022 and the average of
the laboratories that participated in both comparisons are similar, which proves a very good
long- term stability of the proving tank.

10 Conclusions

The results are quite satisfactory. The majority of the laboratories present results that are
consistent with the reference value, and with each other. Result from TUBITAK UME was not
used to calculate reference value of this intercomparison. There is one more laboratory that
present slightly discrepant value when compared with the reference value, that is INM-RO with
a En=1,2 but still with the warning level.

The presented uncertainties for the volumetric method are in all cases larger that the
uncertainties of the gravimetric method, as expected, because it is a secondary calibration
method. The instrument tested has a very good long-term stability.
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Annex 1 - Spreadsheets
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METROLODGCY INSTITUTE OF THE REPUBLIC OF SLOVENIA

F.1479; FURAMET Project “Inter. . 1000 | . k"

Data Form Gravimetric Calibration
General Information

Country

Laboratory

Responsible

Date

Technical spe

cifications and

traceabhility

Instituto Portugués da Dlualidade

Instituto Portugués da D)Jalidade

Ingtrument

Manufacturer

Type

Range Resolution

Calibration
date

Traceability

Balance

Weights

Ambient air

Temperature

Pressure

Relative Humidity

Water

Temperature

Production

Method

Density formula (or table)

Water density

Gravimetric used formula

Measurement procedure (short description)

Cleaning procedure

Comments:

Signature:
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Results Form Gravimetric Calibration
Measurement results

Test Mass of wate) Temperature Density Air Atmospheric | Relative Density Volume
of water of water temperature pressure humidity of air
m ty Pw t; P RH P Ve
(ka) (*C) (kaiL) *C} (hPa) (%) (kg/L) (L)
1
2
3
4
5
[
7
&
9
10
Mean (L)
Standard
deviation (L)
Uncertainty budget
Quantity Value Distribution Standard Sensitivity |Uncertainty Comment! Explanation
uncertainty coefficient
) (x4 L) fc,) vy}
Repetibility measurements
Mass (kg)
Air Density (kg/L)

Water Density (ka/L)
Density of the mass pieces
(kL)
Coefficient of expansion
from the micropipette
material (°C")

VWater temperature (°C}
Wenizcus reading (L)

Other
Combined Uncertainty (L)
Degrees of equivalence
k
Expanded Uncertainty (L)
Comments:
Signature:
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R REPUBLIC OF SLOVENIA - - F
MINISTRY OF ECONOMIC DEVELOPMENT AND TECHN OLOGY Instituto PDI'tL.IgIJE.‘S da D)..IEI“CFEIUE

METROLOGY INSTITUTE OF THE REPUBLIC OF SLOVENIA

F.1479: FURAET Project “Inter. . 1000 | . =

Data Form Volumetric Calibration
General Information

Country Laboratory
Reszponsible Date

Technical specifications and traceability

Calibration
Instrument Manufacturer Type Range Resolution date Traceability
Volume standard

Ambient
Temperature
Pressure
Relative Humidity
Water
Temperature of
laboratory volume
standard
Temperature of
proving tank

Production Method

Water type

Volumetric used formula

Measurement procedure (short description)

Cleaning procedure

Comments:

Signature:
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Results form gravimetric calibration
Measurement results

Test [Temperature] Air Atmospheric Relative Volume
of water |temperature| pressure humidity
ty t, P RH Vogeg
(*C) (*C) (hPa) (%) Ly
1
2
3
4
5
6
7
a8
9
10
Mean (L)
Standard
deviation (L)
Uncertainty budget
Quantity Value Distribution Standard Sensitivity Uncertainty Comment! Explanation
uncertainty)} coefficient
) (x,) ufx ) e iy}
Repetibility measurements
Volume standard [L]
Expansion coeficient of the
standard [*C"]
Temperature od the standard
[*C]
Expansion coeficient of the
waterl [C]
temperature of the proving
tank [*C]
Expansion coeficient of the
proving tank [*C™"]
Meniscus [L]
Evaporation [L]
Combined Uncertainty (L)
Degrees of equivalence
k
Expanded Uncertainty (L)
Comments:
Signature:
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Annex 2 — Calibration certificate of temperature probe

. . ) PORTUGUESE INSTITUTE FOR QUALITY
Instituto Portugués da q;.lalldade XA

Tal (+351) 12 543 186

Fax {#351) 212945 168

meimeogiaipa ol
e oot
DE CALIBRACAO NIMERO 5002111042600
CALIBRATION CERTIFHICATE NUWEBER
PAGIMNA 1 de2
PAGE 1 of 2
ENTIDADE
ENTITY
HOME Instituto Portugues da Chalidade - Labomatone de Volume
HAME
ENDERECOD Rua Anténio Gido, 2 2320-513 Caparica
ADDRESS
INSTRUMENTO DE MEDICAD
MEASURING INSTRUMENT
DESI . M y
mﬂmm Termometm de resistencia de platinag de 100 O
Sensor Unidade de Leitua
MARCA - Tempecontnol
MANUFACTURER
MODELD — PS00
MQOEL
NUMERD TS 65010031333
CONSTITUI
e GAO Termometm de resisteEncia de plating de 100 0 com unidade de leitura
CARACTERISTICAS METROLOGICAS
METROLOGICAL CHARACTERISTICS
CLASSE DE EXATIDAD —
ACCURACY CLASS
INTERVALO DE INDICACAD —
INDICATION INTERVAL
RESOLUGAO DO DISPOSITIVO 0,01
RESOLUTION OF THE DIEPLAYING DEWCE
OPERACAD EFETUADA
OFERATION
TIPO =
Calibragso
DaTA 2019-10-04
METODO Calibragso por comparagao com termametro padrae SMT15 em banho termoregulado.
METHOD )
DOCUMENTO DE REFERENCIA PT 5010025506
REFERENCE DOCUMENT i
RASTREAEILIDADE METROLOGICA Ao Sl atraves da realizacdo dos Ponbos Fixos da EITB0
METROLOGIGAL TRACEASILITY 1 Links thyough ITS00 Fived Points
INCERTEZA EXPANDIDA Ver paginas seguntes
EXPANDED MEASUREMENT UNCERTAINTY  See nee pages
RESULTADO DE MEDICAD Ver paginas seguintes
MEASLREMENT RESILT e net pages = . . - .
R Jodo Luk Vieira (= o
ISABEL MARIA MELC LOWPES  fasrado e lonma digrsl oo [ "
DIAS LOID g B Alves e Sousa et
RESPONSAVEL DE DOMIMIO DIRETOR DA UNIDADE
TERMOMETRIA LABORATORIO MACIOMAL DE METROLOGIA
Head of Thermometry Domain Direcior of the Nafional Metmiogy Laborstory Uinit
g ey = Esta Conficad wibd Sa sczids com i C de Mediho u Call e [CHIC], insublin fo Ahiss O, do Assedo da Reconhadmeie Mdlus [CPMEMRA), medigide paks
ﬁ#l'f"" Combh plemesona de Peiss o Madidas [CPM) Mo dmble de CIPRLAMRS, todss o Laboaldvies Macenak paik ! 1 & vaklade &
- C_IPH MRA Canficades de Calbragie o da Wadk:lo, amlides pans s grandaze, dominion & ook de Midiclo, manconides i Anins (B msi it P veji wew, bpim o5
Thia cortifosie & congain wib e capadiibes thal are houded in Appendx © of e CIPMLRA diamn W &y e GPM Under dbe CIPFMLARA, af pedicpaing Raifules
recogrive e ity of sech oifierl mngd o (e quaniies, ey and mesaLretrenl LscaTshtes speciisd in Apsevely G (for deleis ses
e s Do gt

o mmmulm 54 pode ser reproduzidc no seu todo & aperas s= refere 30(s) emis) ensaiadois).
This calbrafion cerfificaie may only be reproduced in il and only refers jo the fesfed measuring nstrumenty’s).
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DE CALIBRAE AD NUMERO 500.21/1842509
CALIBRATION CEJ TE NLIMEER
PAGINA 2 da 2
Page 2 of I
COMDIGOES DE REFERENCIAC r={20£2)°C HR = [50=10 )%
REFERENCE CPERATING COMNDITACHN
RESULTADO:
ialor verdadelro da tamparatura Indlcz¢30 do termomstro Incertaza Expandida
TOS

ttl °C tiec tieC

15,000 1484 o.01

20,000 19,54 0,01

30,000 2354 0,01
Potas
O ierdmate el celibieds fo Candl 1 S ufdeds S8 eiluia
A inceiiela expendedn aprasenids ebh sopressa pai i - 1 oo el de oy ol p i s
05 %, aphaimdarmanie. A hoareza Mol calcilicds de ecoids ome Evihustionn of k o " SO0 1002008 | GUM 1006
With ming’ cormecion |
S —— — P — 2 -y - -
stz Smmi o e G i i o iy b e, 50 0 U e ez .

RLNME3-01
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Annex 3 — Degree of equivalence between the laboratories

dij IPQ LEI RISE CMI Y, UME INM-MD | SMU LNE VSL MBM  [BEV MIRS [BOM [CEM INM-RO | DMDM
IPQ -0,06 0,00 0,00 0,02 -0,41 -0,08 -0,21 -0,04 0,07 0,15 0,07 0,05 0,01 0,07 -0,53 0,07
LEI 0,06 0,06 0,06 0,08 -0,35 -0,02 -0,15 0,02 0,13 0,21 0,13 0,11 0,07 0,13 -0,47 0,13
RISE 0,00 -0,06 0,00 0,02 -0,41 -0,08 -0,21 -0,04 0,07 0,15 0,08 0,06 0,01 0,07 -0,53 0,07
CMI 0,00 -0,06 0,00 0,02 -0,40 -0,07 -0,21 -0,03 0,07 0,15 0,08 0,06 0,01 0,07 -0,53 0,07
Y, -0,02 -0,08 -0,02 -0,02 -0,42 -0,10 -0,23 -0,06 0,05 0,13 0,06 0,04 -0,01 0,05 -0,55 0,05
UME 0,41 0,35 0,41 0,40 0,42 033 0,20 0,37 0,48 0,56 0,48 0,46 0,42 0,48 0,13 0,47
INM-MD 0,08 0,02 0,08 0,07 0,10 -0,33 -0,13 0,04 0,15 0,23 0,15 0,13 0,09 0,15 -0,45 0,14
SMuU 0,21 0,15 0,21 0,21 0,23 -0,20 0,13 0,17 0,28 0,36 0,29 0,26 0,22 0,28 -0,32 0,28
LNE 0,04 -0,02 0,04 0,03 0,06 0,37 -0,04 0,17 0,11 0,19 0,11 0,09 0,05 0,11 -0,49 0,10
VSL -0,07 -0,13 -0,07 -0,07 -0,05 -0,48 -0,15 -0,28 -0,11 0,08 0,00 -0,02 -0,06 0,00 -0,60 0,00
MBM -0,15 -0,21 -0,15 -0,15 -0,13 -0,56 -0,23 -0,36 -0,19 -0,08 -0,08 -0,10 0,14 -0,08 -0,68 -0,08
BEV -0,07 0,13 -0,08 -0,08 -0,06 -0,48 -0,15 -0,29 -0,11 0,00 0,08 -0,02 -0,06 0,00 -0,61 -0,01
MIRS -0,05 -0,11 -0,06 -0,06 -0,04 -0,46 -0,13 -0,26 -0,09 0,02 0,10 0,02 -0,04 0,02 -0,59 0,01
BOM -0,01 -0,07 -0,01 -0,01 0,01 0,42 -0,09 0,22 -0,05 0,06 0,14 0,06 0,04 0,06 -0,54 0,06
CEM -0,07 0,13 0,07 0,07 -0,05 -0,48 -0,15 -0,28 -0,11 0,00 0,08 0,00 -0,02 -0,06 -0,60 0,00
INM-RO 0,53 0,47 0,53 0,53 0,55 0,13 0,45 0,32 0,49 0,60 0,68 0,61 0,59 0,54 0,60 0,60
DMDM -0,07 -0,13 -0,07 -0,07 -0,05 -0,47 -0,14 -0,28 -0,10 0,00 0,08 0,01 -0,01 -0,06 0,00 -0,60
Discrepant values are found in red letters.
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