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Pressure	standard	comparison	
gas	media	and	gauge	mode	
from	0,7	MPa	to	7	MPa.	

 

EURAMET project no. 1179 
KCDB SC no. EURAMET.M.PK1.c 

 

 

Introduction	

This Euramet project no. 1179 (KCDB SC no. EURAMET.M.PK1.c) is coordinated by 
DANIAmetFORCE and TÜBITAK UME. The pressure standards of the participating 
laboratories will be compared in the pressure range 0,7 MPa to 7 MPa in gauge mode using a 
DHI PG7601 transfer standard with mass set provided by TÜBITAK UME. Monitoring of 
transfer standard's performance will be checked by TÜBITAK UME, acting as a copilot of the 
comparison. 
 
At each calibration point the parameter to be compared is the effective area of the piston 
cylinder assembly determined by each participant corrected to 20 °C. Additionally, the zero 
pressure effective area, A0, and the distortion coefficient with the associated uncertainties 
will have to be determined. 
 
The comparison form a Key Comparison within the Euramet region which, it is anticipated, 
will link to the CCM Key Comparison CCM.P K1c (80 kPa – 7 MPa). 
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Equipment	

The transfer standard is a DHI pistoncylinder unit belonging to TÜBITAKUME, together with 
the ancillary equipment.  
 
The equipment must be handled with care, i.e., only by qualified metrology personnel.  
 
Additional equipment required for the measurements, for example ruler etc, shall be 
provided by the participating laboratory. 

 

Mass number Virtual number Conventional Mass Uncertainty (k=2) 

5 kg – 1 1 5000,0089 g 10,0 mg 

5 kg – 2 2 5000,0164 g 10,0 mg 

5 kg – 3 3 5000,0225 g 10,0 mg 

5 kg – 4 4 5000,0090 g 10,0 mg 

5 kg – 5 5 4999,9987 g 10,0 mg 

4.5 kg 6 4500,0232 g 8,0 mg 

2 kg – 1 7 2000,0163 g 4,0 mg 

2 kg – 2 8 2000,0108 g 4,0 mg 

1 kg 9 1000,0031 g 2,5 mg 

500 g 10 500,0028 g 1,5 mg 

200 g – 1 11 200,0014 g 1,5 mg 

200 g – 2 12 200,0010 g 1,5 mg 

100 g 13 99,9997 g 1,0 mg 

Transfer Standard Piston Cylinder 

TÜBITAKUME Inventory Number 08583 

Type PG7100/7600200 

DH Instruments Part Number 401564 

Serial Number 440 

Nominal Area 50 mm
2
 

Linear Thermal Expansion Coefficient (α+β) 9 x 10
6

 °C
1

 

Conventional mass 199,995 g (u=1,0 mg) 

Mean piston density 8030 kg/m
3
 (u= 80 kg/m

3
) 

Fall rate at 0,3 MPa < 0,05 mm/min 

Fall rate at 7,0 MPa < 0, 50 mm/min 

Deceleration (70 to 30 rpm) at 0,3 MPa > 5 min 

Base  

Type PG7601 

Part Number 400480 

Serial Number 430 

TÜBITAKUME Inventory Number 20272 

Terminal  

Type PG TERMINAL (PG7000) 

Serial Number N/A 

Part Number 401284 

Mass Set  

Serial Number 2067 

Density 5 kg, 4,5 kg, 2 kg and 1 kg 8000 kg/m
3
 (u= 40 kg/m

3
) 

Density 500 g, 200 g and 100 g 7920 kg/m
3
 (u= 40 kg/m

3
) 

TÜBITAKUME Inventory Number 01043 

Mass Carrying Bell  

Serial Number 654 

Conventional mass 299,9719 g (u=1,0 mg) 

Density 5013 kg/m
3
 (u= 50 kg/m

3
) 
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The uncertainties quoted for the masses include the calibration of the masses plus an 
estimate for their reproducibility (based on the experience of TÜBITAK UME). If the 
reproducibility is found to be significantly different following the completion of the 
comparison then the uncertainties will be revised.  

 
Please ensure that the weights are handled using gloves in order to avoid contamination. 
 
The correction value of the temperature probe is 0,001 ± 0,02 °C. 
 
NOTE: A hard copy of the manufacturer’s instruction manual will be sent with the 
equipment. 

Transportation,	cost	and	insurance	

The equipment is sent in one main box consisting of three boxes, 1 box for the base and 2 
boxes for the masses. The size of the main box is 110x100x87 cm and the weight is 150 kg.  
 

 
Figure 1 Picture of the box for the base and boxes for the masses. 

 
Each participating institute is responsible  for  its  own  costs  for  the  measurements,  
transportation  and  any  customs charges  as  well  as  any  damage  that  may  occur  within  
its  country.  

  
A warning note should be attached to the package indicating that the package should be 
opened only by laboratory personnel.  

 
The participating institutes are responsible for the transport to the next institute according 
to the circulation scheme. The method of transport as defined in the instructions shall be 
respected. 

 

� Before dispatching the package, each participant must inform the next participant and 
the pilot institute, giving transportation details. 

� If an ATA carnet is used, it must be used properly. Upon each movement of the package 
the person organizing the transit must ensure that the carnet is presented to customs on 
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leaving the country, and upon its arrival in the country of destination. When the package 
is sent unaccompanied the carnet must be included with the other forwarding 
documents so that the handling agent can obtain customs clearance. In no case should 

the carnet be packed with the device in the package.  

� After arrival of the package, the participating institute shall inform the pilot institute of 
this by completing and returning a form which is included in the package. Immediately 
after receipt,  the  participating  institute  shall  check  for  any  damage  of  the  
standards, in particular scratches and rust, and report this to the pilot institute.	

Schedule	

The pilot laboratory contacts each participant at least 4 weeks before they are due to 
receive the transfer standard to request confirmation that the participant is still able to 
undertake the measurements according to the schedule. If confirmation is not received 

participant will be dropped from the schedule and the equipment will be forwarded to the 

following participant. Participants are requested to use the supplied progress report sheet 
(listed in Annex A in excel file EURAMET.M.PK1.c.xlsm) to keep the pilot laboratory 
informed at each stage of the work (as listed on the form). In the event of any problems the 
pilot laboratory shall be informed immediately.  
 
In the event of unforeseen delays, for example due to customs problems or problems with a 
participant’s standard, the pilot laboratory will inform the remaining participants and 
attempt to revise the schedule. However, due to the restricted time available it may be 
necessary for the laboratory to forward the transfer standards to the next destination 
without making their measurements. The pilot laboratory will then endeavour to add that 
laboratory to the end of the schedule, but this cannot be guaranteed. 
 

Period Laboratory Country 
36, 37, 38, 39 2011 UME Turkey 
40, 41, 42, 43 2011 PTB Germany 
44, 45, 46, 47 2011 DANIAmet-FORCE Denmark 
48, 49, 50, 51 2011 BEV Austria 
1, 2, 3, 4 2012 METAS Switzerland 
5, 6, 7, 8 2012 SMD Belgium 
9, 10, 11, 12 2012 MSA Malta 
13, 14, 15, 16 2012 CEM Spain 
17, 18, 19, 20 2012 UME Turkey 
21, 22, 23, 24 2012 FSB-LPM Croatia 
25, 26, 27, 28 2012 MIRS/IMT/LMT Slovenia 
29, 30, 31, 32 2012 SMU Slovakia 
33, 34, 35, 36 2012 IMBiH Bosnia-Herzegovina 
37, 38, 39, 40 2012 INM Romania 
41, 42, 43, 44 2012 MKEH Hungary 
45, 46, 47, 48 2012 EIM Greece 
49, 50, 51, 52 2012 UME Turkey 
1, 2, 3, 4 2013 INRIM  Italy 
5, 6, 7, 8, 9 2013 SP Sweden 
10, 11, 12, 13 2013 NPL United Kingdom 
14, 15, 16, 17 2013 NML Ireland 
18, 19, 20, 21 2013 CME Tunisia 
22, 23, 24, 25 2013 NIS Egypt 
26, 27, 28, 29 2013 UME Turkey 
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Precalibration	

Receipt	and	inspection	of	equipment	

The transfer standard shall only be unpacked by qualified personnel. On receipt of the 
equipment participants shall complete the relevant section of the progress report sheet and 
send the email to the pilot laboratory. Immediately on receipt the equipment shall be 
inspected and the pilot laboratory notified of any damage or missing items straight away. 

Cleaning	

Prior to calibration, it is important that the piston and cylinder are cleaned thoroughly. This 
should be done in accordance with the manufacturer's instructions.  
Ensure that the cleaning solvent or soap does not leave a residue.  
Following cleaning, the pistoncylinder should be left for at least one hour prior to use in 
order to reach thermal equilibrium.  
In the report to the pilot laboratory participants shall briefly describe the processes used to 
clean the pistons and cylinders.	

Checks	for	magnetism	

The surface magnetism of the pistoncylinder shall be checked according to the institute’s 
normal procedure.  
The magnetic flow density at the pistoncylinder surfaces should not exceed 2E4 Tesla. If 
the levels of magnetism are considered to be high then the components should be 
demagnetized. The values of the magnetization before and after demagnetization shall be 
included in the participating laboratory’s report to the pilot laboratory, along with details of 
where on the components the magnetism was detected. 

Calibration	

Calibration	gas	

Calibrations shall be carried out using dry, filtered nitrogen. 

Calibration	pressures	and	rotational	speed	

The nominal calibration pressures, together with the required weights, are shown in the 
following table: 

Number Nominal pressure 

MPa 

Weights combination 

number 

Rotational speed  

rpm 

1 6,77 1,2,3,4,5,6,7,8,10 30 – 40 

2 6,45 1,2,3,4,5,6,7,10,11,12 30 – 40 

3 5,28 1,2,3,4,5,9,11,12 30 – 40 

4 4,12 1,2,3,6,9 40 – 50 

5 2,94 1,2,6 40 – 50 

6 1,77 1,8,9,10 40 – 50 

7 1,08 1 40 – 50 

8 0,73 7,9,12 40 – 50 

The nominal pressure points are calculated from the nominal effective area. Use the weights 
combination to generate the pressure. 	
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Calibration	procedure	

The calibrations shall be performed in both 5 ascending series and 5 descending series, 
totally 80 single measurements. Participants may start the calibration at either the highest 
pressure or the lowest pressure depending on their normal procedure.  
To simplify the data handling, participants are requested that, wherever reasonably possible, 
the masses on the laboratory’s standard should be adjusted to obtain crossfloat equilibrium 
(rather than the masses on the transfer standard). 
 
 

Data	recording	

In order to ensure that the required information is presented to the pilot laboratory in a 
consistent form, it is requested that copies of the calibration results sheet (Annex B in excel 
file EURAMET.M.PK1.c.xlsm) are used to record the data.  
 
For each calibration cycle the following information shall be recorded: 

 

� Identification of the laboratory’s standard  if more than one laboratory standard is used 
during a calibration then the pressures which were generated by each standard shall be 
identified 

� Height difference between the laboratory’s standard and the transfer standard, together 
with its associated standard uncertainty 

� Gravity ± standard uncertainty 
 
For each measurement the following information shall be recorded: 
 

� Measurement number (No). 

� Pressure, as measured by the laboratory's standard, corrected to the datum level of the 
transfer standard (P’). 

� Uncertainty of the pressure measured by the laboratory u(P’). 

� Total conventional mass on the transfer standard including the mass of the floating 

elements (�m). 

� Atm. Pressure ± uncertainty. 

� Humidity ± uncertainty. 

� Temperature of the laboratory’s standard (T) 

� Temperature of the transfer standard (T’) 

� Effective area of the transfer standard pistoncylinder at the reference pressure and 
corrected to 20 °C (Ap’) 

� Date and time of measurement 

Report	

The  participating  institutes  must  report  the  results  to  the  pilot  laboratory as soon  as  
possible  and  at  the  latest  six  weeks  after  the  measurements  are  completed, however, 
UME and PTB shall wait until FORCE Technology have sent their results to PTB. The 
measurement results together with the uncertainties and any additional information 
required should be reported in the format given in the Annex B, Annex C and Annex D.   

Presentation	of	results	
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NOTE: All uncertainties should be reported for a coverage factor, k=1 
 

� Details of the laboratory’s standards against which the transfer standards were 
calibrated, including: 

� Nature of the standard’s traceability to the SI (for example from dimensional 
metrology, mercury column, calibration at another NMI) 

� Name of NMI providing traceability to SI 

� Relative standard uncertainty of the standard. 

� A short description of the methods of calibration including the method used to determine 
the effective area of the transfer standard. 

� The complete equations used to calculate the pressure generated by the reference 
standards and the effective area of the transfer standards. 

� Details of the method for calculating the measurement uncertainty in the reference 
pressures and the effective areas of the transfer standards. 

� A description of the processes used to clean the pistons and cylinders. 

� A record of the magnetism checks and any demagnetisation of the transfer standards. If 
any component was demagnetised, then the location and the values before and after 
demagnetisation shall be reported. 

� The method used to determine the height difference between the laboratory’s standard 
and the transfer standard, indicating whether the transfer standard was above or below 
the laboratory’s standard. 

� Method used to determine the operating position of the piston, for example a 
cathetometer or estimation by eye. 

� For each measurement the information recorded on the calibration results sheets 
(Annex B in excel file EURAMET.M.PK1.c.xlsm) shall be included. 

� A summary of the calibration of each transfer standard shall be provided using the form 
in Annex C in excel file EURAMET.M.PK1.c.xlsm.  

� The effective area parameters of the calibrated piston cylinder assemblies must be 
provided.  

� The calculated effective area at null pressure A0 ± the standard uncertainty. 

� The calculated pressure distortion coefficient � ± the standard uncertainty. 

� If it exists, the covariance between both parameters A0 and �� 
� For each nominal pressure following information shall be included: 

� Average reference pressure. 

� The standard uncertainty of the reference pressure. 

� The effective areas Ap of the transfer standard at the reference pressure and 
corrected to 20 °C. 

� The uncertainty of the effective area. 

� The estimate Âp = A0·(1+�·P) of Ap. 

� The standard uncertainties of the estimate: u(Âp). 
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Participants	

The list of participants with full details of mailing and electronic addresses 
 

Name	of	the	institute	 Country	 Email	,	phone	no.	and	postal	delivery	address	
DANIAmetFORCE 
Att.: Aykurt Altintas 

Denmark aya@force.dk 
+45 4326 7160 
 
FORCE Technology 
Midtager 3, 2605 Brøndby, Denmark 

TÜBITAKUME 
Att.: Ilknur Kocas 

Turkey Ilknur.KOCAS@ume.tubitak.gov.tr  
+90 262 679 5000 
 
TUBITAK UME 
Att.: Ilknur Kocas 
Anibal Caddesi, TUBITAK Gebze Yerleşkesi, 41470 Gebze –
Kocaeli, Turkey 

PTB 
Att.: Wladimir Sabuga 

Germany Wladimir.Sabuga@ptb.de 
+49 531 5923230 
 
PTB, Pressure Working Group 3.33  
Att.: Dr. Wladimir Sabuga  
Bundesallee 100, 38116 Braunschweig, Germany  

INM 
Att.: Ion Sandu 

Romania isandu@inm.ro 
+40 740 333 275 
 
INSTITUTUL NATIONAL DE METROLOGIE 
Att.: Ion Sandu 
Sos. Vitan Barzesti, nr. 11, sect. 4, 042122 BUCHAREST, 
Romania 

NIS 
Att: Alaaeldin A. Eltawil 

Egypt eltaweel38@yahoo.com 
+20 10030 5355 
 
National Institute for Standards  NIS 
Att.: Dr. Alaaeldin A. Eltawil (Mass, Density and Pressure Lab) 
Elgiza – ElHaram, Tersa St., P.o. 136 Giza   code 12211 
Egypt 

NPL 
Att.: Bernard Waller 

United 
Kingdom 

Bernard.Waller@npl.co.uk   
+44 208 943 6401 
 
National Physical Laboratory 
Att.: Bernard Waller 
Hampton Road, Teddington, Middlesex, TW11 0LW 
United Kingdom 

MIRS/IMT/LMT 
Att.: Janez Setina 

Slovenia janez.setina@imt.si 
+38614701976 
 
Institut of metals and technology 
Att.: Janez Setina 
Lepi pot 11, SI1000 Ljubljana, Slovenia 

SMD 
Att.: Antoine Condereys 

Belgium a.condereys@economie.fgov.bet  
+32 2 277 79 53 
 
SMDENS  
Att.: Antoine Condereys 
Koning Albert IIlaan 16 , 1000 Brussels, Belgium 
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IMBIH 
Att.: Sanja Burzić 

Bosnia
Herzegovina 

sanja.burzic@met.gov.ba 
+387 33 568 949 
 
Institute of Metrology of Bosnia and Herzegovina 
Att.: Sanja Burzic 
Dolina 6, 71000 Sarajevo, BosniaHerzegovina 

FSBLPM 
Att.: Lovorka Grgec 
Bermanec 

Croatia lovorka.grgec@fsb.hr 
+385 91 2505444 
 
FSBFaculty of Mechanical Engineering and Naval 
Architecture 
LPMLaboratory for Process Measurements 
Att.: Dr.Lovorka Grgec Bermanec, dipl.ing. 
Ivana Lucica 5, 10000 Zagreb , Croatia 

NML 
Att.: Paul Hetherington 

Ireland paul.hetherington@nsai.ie 
+353 1 808 2609 
 
NSAI National Metrology Laboratory 
Att.: Paul Hetherington 
Griffith Avenue Ext., Glasnevin, Dublin 11, Ireland 

INRIM 
Att.: M. Bergoglio 

Italy m.bergoglio@inrim.it 
+39 0113919920 
 
 

BEV 
Att.: Dietmar Steindl 

Austria dietmar.steindl@bev.gv.at 
+43 1 211 10 6362  
 
Bundesamt für Eich und Vermessungswesen 
Att.: Dietmar Steindl 
Arltgasse 35, A1160 Wien, Austria 

EIM 
Att.: Alexandros Lefkopoulos 

Greece lefkopoulos@eim.gr 
+30 2310569961 
 
Hellenic Institute of Metrology 
Att.: Alexandros Lefkopoulos 
Sindos Industrial Area, Block 45, GR 57022 THESSALONIKI, 
Greece 

METAS 
Att.: Christian Wüthrich 

Swiss christian.wuethrich@metas.ch 
+41 31 32 33 423 
 
Office fédéral de métrologie METAS  
Att.: Christian Wütrich 
Laboratoire force, couple et pression  
Lindenweg 50, CH3003 BernWabern, Swiss 

LCAE 
Att.: Mouna Makhlouf 

Tunisia mouna_makhlouf@hotmail.com 
+216 22 522 220 
 
Laboratoire Central d'Analyses et d'Essais (LCAE) 
Att.: Mouna Makhlouf 
23, Rue Jawaher Lel Nehry 1008 Montfleury, Tunisia 

CEM 
Att.: Nieves Medina 

Spain mnmedina@cem.mityc.es 

+34918074789 
 
Centro Español de Metrología (CEM) 
Att.: Nieves Medina/Salustiano Ruiz 
C/ Alfar 2 , Tres Cantos, 28760 Madrid, Spain 
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MKEH 
Att.: Csilla Vámossy 

Hungary vamossycs@mkeh.hu 
+36 1 4585 947 
 
Metrológiai Hatóság 
Att.: Csilla Vámossy 
1124  Budapest,  Németvölgyi út 3739, Hungary 

SP 
Att.: Måns Ackerholm 

Sweden mans.ackerholm@sp.se 
'+46 105 16 53 97 
 
SP Swedish technical research institute 
Att.: Måns Ackerholm 
Department: MTmT 
Brinellgatan 4, SE518 32 Borås, Sweden 

MSA 
Att.: Joseph Bartolo 

Malta josephanthony.bartolo@msa.org.mt 
+35 6223980176 
 
MCCAA  Standards and Metrology Institute 
Att.: Joseph Bartolo 
Kordin Business Incubation Centre, 
Industrial Estate, Kordin, PLA 3000  Malta 

 
 

 


