
Final Report 
 

 

TC for Mass and Related Quantities (M) 
 

 

   

EURAMET e.V., Bundesallee 100, 38116 Braunschweig, Germany 
Phone: +49 531 592 1960    Fax: +49 531 592 1969    E-mail: secretariat@euramet.org  
www.euramet.org 

 

 

1. Project Title 
 

Bilateral comparison to determine the effective area of the piston cylinder unit by 
cross-floating 

 

2. Coordinator 
 

Richard Högström, MIKES (Finland) 
  

3. EURAMET Registration Number 
 

1207 
 

4. KCDB Identifier 
 

-- 

5. Date 
 

2023-09-19 
 
 
 
 
 
 
 
 
 

 
 

  

http://www.euramet.org/


FINAL REPORT 
 

 

 

 

  

Mittatekniikan keskus, Tekniikantie 1, FI-02150 Espoo, FINLAND, tel +358 10 6054 000 
metrologia@mikes.fi, www.mikes.fi 

 
Tämän raportin osittainen julkaiseminen on sallittu vain kansallisen mittanormaalilaboratorion antaman kirjallisen luvan perusteella. 
Utdrag ur detta rapport får endast publiceras med skriftligt tillstånd av det nationella mätnormallaboratoriet. 
This report may not be reproduced partially, except with a written approval of the issuing National Standards Laboratory. 

Project no 
 

EURAMET 1207 

Participant(s) 
 

MIKES (FI), MCCAA (MT) 
 
 

Transfer standard 
 

Gas piston cylinder unit 
- Manufacturer:  DHI 
- Model:   50 kPa/kg 
 

Type of comparison 
 

Determination of the effective area by cross-floating method 
 
 

Range of the comparison 
 

Nominal area 196 mm2 with nominal operational range 
0.025 MPa to 1.75 MPa 
 

  
Date of measurements 
 

23. September 2009 (MIKES) 
12. - 15. February 2012 (MCCAA) 
 
 
 

Completion date of the comparison 
 

21.3.2013 
 
 
 
 

Coordinator’s signature  
 
 

Richard Högström 
Head of Pressure 

VTT MIKES 
 

 
 
Page 

 
 
1/16 
 
 

Appendices A: Calibration results reported by the laboratories 
 
 

 
 
 
 
 
 

 

http://?
http://?


EURAMET 1207 FINAL Report 

 
 

 
Tämän todistuksen osittainen julkaiseminen on sallittu vain kansallisen mittanormaalilaboratorion antaman kirjallisen luvan perusteella. 
Utdrag ur detta bevis får endast publiceras med skriftligt tillstånd av det nationella mätnormallaboratoriet. 
This certificate may not be reproduced partially, except with a written approval of the issuing National Standards Laboratory. 

 2/16 

Participants 
Name Acronym Address 
Centre for Metrology and 
Accreditation (nowadays 
VTT MIKES) 

MIKES 
Tekniikantie 1 
02151 Espoo, Finland 

Malta Competition and 
Consumer’s Affairs Authority 

 
MCCAA 

Kordin Business Incubation Centre,  
Corradino Industrial Estate, 
Kordin,PLA 3000, Malta 
 

 
 

Nominal measurement points 
In this comparison, laboratories determined the effective area of the piston cylinder unit using the 
cross-floating method. The nominal effective area is 196 mm2. MIKES performed measurements 
at nominal pressures 0.025 MPa, 0.070 MPa, 0.100 MPa, 1.120 MPa and 1.150 MPa. MCCA 
measurements were performed at nominal pressures 0.5 MPa, 0.75 MPa, 1.0 MPa, 1.25 MPa, 
1.5 MPa and 1.75 MPa. Four measurements were performed at each nominal pressure both in 
ascending and descending pressures. Detailed results are given in the calibration certificates in 
Appendix A. 
 
Note. MIKES measurements cover only the lowest part of the operating range of the transfer 
standard. However, the results are in good agreement with the results from a calibration at MIKES 
in August 2009 performed in the range from 0.5 MPa to 1.75 MPa. 
 
 
 
 

 

Reference equipment used in the comparison 
Laboratory Equipment id. Description 
 
MIKES 

 
PG7607 
p/c 451 
 
 
 

 
Pressure balance DHI PG7607 no. 397: 

- Piston cylinder unit no. 451 
- Mass set DHI no. 2229 
- Mass carrier DHI no. 626 

 
Traceability to the international system of 
units (SI) is provided as follows: 

- The piston cylinder effective area 
and the masses are traceable to 
Finnish national standards 

 
Uncertainty: 

- Effective area uncertainty is 
34 ppm 

- Mass uncertainty is 3 ppm 
 
Measurement uncertainties are estimated 
according to GUM using the coverage 
factor k = 2, which for a normal distribution 
corresponds to a probability of 
approximately 95 %. 
 

 
MCCAA 

 
PG7202 
p/c 1371 

 
Pressure balance DHI PG7202 no. 825: 

- Piston cylinder unit no. 1371 
 
Traceability to the international system of 
units (SI) is provided via calibration at 
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pressure balance manufacturer FLUKE 
(calibration certificate FLUKE DHI 
1284544524). 
 

 
 

Transfer standard 
Model Serial number 
Gas piston cylinder unit 620 

 
 

Comparison scheme 
 Laboratory Date 
1. MIKES 23. September 2009 
2. MCCAA 12. - 15. February 2012 

  
Both laboratories performed the measurements in the gauge mode using cross-floating method, where the 
equilibrium state of the two piston cylinder units are found with the help of the trim masses. 
 
During the measurements at MIKES, the transfer standard PCU was mounted to a pressure balance basement 
DHI PG7601 no. 149 (owned by MIKES). During the measurements at MCCAA, the transfer standard PCU was 
mounted to a pressure balance basement DHI PG7601 no. 806 (owned by MCCAA). 
 
 

Stability of the transfer standard 
The stability of the transfer standard was estimated from MIKES calibration results. The transfer 
standard is owned by MIKES since 2006 and it is calibrated three times using cross-floating methods. 
The value used for uncertainty due to instability of the effective area is ±4 ppm. 

 
 
 
 

Method for analyzing the results 
 
Comparison of the laboratories 
The analysis was carried out in the following way:  
 
Laboratories determined the effective areas of the piston cylinder units according to their own 
calculation procedures. 

 
The difference between the laboratories (Dlab) was then determined as follows: 
 𝐷lab = 𝐴eff MCCAA − 𝐴eff MIKES      (1) 

 
The uncertainty of the difference was taken as the combined uncertainty of the both laboratories and 
the estimated stability of the transfer standard: 
 𝑢(𝐷lab) = √𝑢2(𝐴eff MCCAA) + 𝑢2(𝐴eff MIKES) + 𝑢stab2     (2) 

 
The standard uncertainty due to instability of the transfer standard (ustab) during the comparison was 
taken into account as type B uncertainty component, rectangular distribution. 

 
Significance of the observed differences 
To analyse the significance of the differences calculated with equation (1), normalized error values 
(En) were calculated by dividing the difference with its expanded uncertainty (k = 2) 
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If -1 < En < 1, the estimate for the difference is smaller than its expanded uncertainty. In this case, 
there is no statistically significant difference between the results obtained by the laboratories. 

 
 

Results of the comparison 
Final results obtained with the transfer standard are presented in Table 1 and Figure 1. 

 
Table 1.  Results obtained with the transfer standard. The uncertainty includes the estimated instability of the 
transfer standard. 

Nominal 
effective area MCCAA - MIKES 

Normalized 
error 

Aeff DLabX U(DLabX)  1) En 

(mm2) (ppm) (ppm)  

196 -0,5 41,7 -0,01 
1) Expanded uncertainty with the coverage factor of 2. 

 

 
Figure 1.  Results of the comparison. Error bars show the estimated expanded uncertainty (k = 2). 

 
 

All the calculated En values are -1 < En < 1, which means there are no statistically significant 
differences between the results obtained by the laboratories. 

 
 

Conclusions and discussion 
All results agreed within the stated expanded uncertainties. 

 
 
Contact information:  Richard Högström, Tel. +358 50 303 9341 

E-mail: richard.hogstrom@vtt.fi 
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Summary of participant’s results in terms of effective areas and corresponding uncertainties. 
 
 
 

MIKES 
 
 

Effective area 
Uncertainty 

k = 2 

(mm2) (mm2) (ppm) 

196,1203 0,0067 34 

 
 
 
 

MCCAA 
 
 

Effective area 
Uncertainty 

k = 2 

(mm2) (mm2) (ppm) 

196,1202 0,0046 23 

 
 
 
 


