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Bilateral key comparisons of gas pressure between LEI and VTT MIKES in the range 25 kPa to 200 kPa (gauge and absolute mode) and 0.7 MPa to 7 MPa (gauge mode)

Technical Protocol

Euramet Project No. 1694






Introduction

This key comparison was initiated by the Lithuanian Energy Institute (Lithuanian DI) to demonstrate the metrological equivalence of their national standard in the range from 0.008 MPa to 7.0 MPa (gauge mode) and from 0.008 MPa to 0.35 MPa (absolute mode). The comparisons will be piloted by LEI, and VTT MIKES who took part in the previous EURAMET key comparisons (EURAMET.M.P-K8. 2012 and EURAMET.M.P-K1.c. 2020) has agreed to link the reference value. The parameter to be compared is the determined effective area of a Piston Cylinder Assembly (PCA-unit) for each selected pressure level in the range of 25 kPa to 200 kPa (gauge and absolute mode) and in the range 0.7 MPa to 7.0 MPa gauge mode. This technical protocol specifies the procedures to be followed in the comparison.

Participants
Pilot laboratory: 	Lithuanian Energy Institute (LEI) 
Contact person: 	Andrius Tonkonogovas 
Invoice address: 	Lithuanian Energy Institute
Breslaujos 3, Kaunas, Lithuania
LT-44403 
Phone:		+370 671 13961
E-mail: 		Andrius.Tonkonogovas@lei.lt 

Reference laboratory: VTT MIKES 
Contact persons: 	Antti Lakka, Richard Högström 
Address: 		VTT Technical Research Centre of Finland Ltd 
National Metrology Institute VTT MIKES 
Tekniikantie 1, Espoo 
P. O.Box 1000, FI-02044 VTT, Finland 
Phone: 		+358505952231, +358 50 3039341 
E-mail 		Antti.Lakka@vtt.fi, Richard.Hogstrom@vtt.fi
Transfer standard
The comparisons will be performed using transfer standard – pressure balance Ruska 2465 with two piston-cylinder units and a mass set. It will be provided by JSC “Vilduja” Central calibration and testing laboratory, through the agreement with LEI. As a result of these comparisons, VTT will issue a calibration certificate.
Technical parameters of the transfer standard are presented in the Table. 


	Parameter
	Value

	Base unit
	2465-754

	Manufacturer
	Ruska

	Serial number
	





Low range piston-cylinder unit
	Parameter
	Value

	Model
	2465-725

	Serial number
	TL1711

	Nominal area of the piston
	335 mm2

	Pressure range
	0.0014 – 0.172 MPa

	Piston material
	440C Stainless steel

	Cylinder material
	Tungsten Carbide

	Thermal expansion coefficient
	1.5·10-5 1/°C

	Conventional  mass ± U (k=2)
	(47.0363 g ± 10·10-5) g

	Assumed density of the piston
	(8000±200) kg/m3     



High range piston-cylinder unit
	Parameter
	Value

	Model
	2465-729

	Serial number
	V1692

	Pressure range
	0.014 – 0.7 MPa

	Nominal area of the piston
	8 mm2

	Piston material
	Tungsten Carbide

	Cylinder material
	Tungsten Carbide

	Thermal expansion coefficient
	9.1·10-6 1/°C

	Conventional mass ± U (k=2)
	(11.63791  ± 5·10-5) g

	Assumed density of the piston
	(8000±200) kg/m3



Mass set
	Parameter
	Value

	Model
	2465-799

	Serial number
	65990

	Approximate Total Mass
	6.31 kg

	Assumed density
	(8000±200) kg/m3

	Mass Material
	300 Series, Non-magnetic, Austenitic, Stainless Steel



	Mass number
	Conventional mass, g
	Uncertainty, mg (k = 2)
	Density

	Mass carrier + bell (1)
	113.6121
	0.16
	8000

	2
	1000.005
	1.03
	8000

	3
	1000.041
	1.03
	8000

	4
	1000.018
	1.03
	8000

	5
	999.989
	1.03
	8000

	6
	1000.052
	1.03
	8000

	7
	500.050
	1.05
	8000

	8
	300.0202
	0.39
	8000

	9
	200.0075
	0.25
	8000

	10
	100.0078
	0.16
	8000

	11
	49.9981
	0.08
	8000

	12
	30.00340
	0.12
	8000

	13
	20.00971
	0.07
	8000

	14
	10.00782
	0.05
	8000



Time schedule
The expected preliminary time schedule is:

	Dates 
	Action

	2024-11-01 .. 2025-02-01
	Measurements (gauge pressure) at LEI

	2025-05-21..2025-05-22
	TS transportation to VTT MIKES

	2025-05-26..2025-08-30
	Measurements at VTT MIKES

	2025-09-02..2025-09-05
	TS transportation to LEI

	2025-10-25..2025-12-31
	Measurement at LEI


Transportation of the equipment and cost
The shipping costs of the equipment are covered by LEI. Equipment will be delivered to VTT and back to LEI personally by the LEI.
The cost of the calibration performed by VTT MIKES will be covered by LEI.
Laboratory standards
LEI
LEI national standard is DH Instruments pressure balance with 2 piston-cylinder assemblies and mass set (traceability to SI is transferred via calibration at PTB, calibration certificates No PTB 11090/23 dated 2023-10-12 and No. PTB 30079/23 dated 2024-01-16 ) and Pfeifer vacuum pressure gauge (traceability to SI is transferred via calibration at MIKES, calibration certificate No M-25P052, dated 2025-05-27 . Instruments characteristics are presented in tables bellow. 
Base
	Parameter
	Value

	Model
	PG7601

	Serial number
	296

	PCU temperature sensor (integrated in PG7601 base)
	PT100


	PCU temperature probe serial number
	U323

	Temperature calibration uncertainty (k=2)
	0.07 °C



Weight carrier
	Parameter
	Value

	Serial number
	396

	Mass
	(0.2999865±5058) kg

	Density ± U (k=2)
	(5058±100) kg/m3



Low pressure PCU
	Parameter
	Value

	Piston cylinder assembly
	PC-7100/7600-10 TC

	Serial number
	0525

	Piston material
	Tungsten carbide

	Cylinder material
	Tungsten carbide

	Nominal diameter
	35 mm

	Calibration range
	(0.008-0.5) MPa

	Mass ± U (k=2)
	(0.4999790±5·10-6 )kg

	Density ± U (k=2)
	(10080±150) kg/m3

	A0 ± σ
	(9.80528±0.012) mm2

	λ ± U (k=2)
	(4.2±0.73)·10-12 Pa-1

	(α+β) ± U (k=2)
	(9.0±1.0)·10-6 °C-1



High pressure PCU
	Parameter
	Value

	Piston cylinder assembly
	PC-7100/7600-200

	Serial number
	0487

	Piston material
	Tungsten carbide

	Cylinder material
	Tungsten carbide

	Nominal diameter
	8 mm

	Calibration range
	(0.1-10) MPa

	Mass ± U (k=2) 
	(0.1999948±2·10-6) kg

	Density ± U (k=2)
	(8030±100) kg/m3

	A0 ± σ
	(49,01484±0.0085) mm2

	λ ± U (k=2)
	(-3.1±0.65)·10-12 Pa-1

	(α+β) ± U (k=2)
	(9.0±1.0)·10-6 °C-1



Mass set 
	Parameter
	Value

	Model
	MS-7002-35

	Serial number
	2143

	Material
	Stainless steel AISI 304L

	Nominal value 
	100 g- 5 kg



	Mass number
	True mass, g
	Uncertainty, mg 
(k = 2)
	Density

	5 kg – 1
	5000.037
	15
	(7930±140) kg/m3

	5 kg – 2 
	5000.048
	15
	

	5 kg – 3
	5000.043
	15
	

	5 kg – 4
	5000.052
	15
	

	5 kg – 5
	5000-043
	15
	

	4 kg
	4000.039
	12
	

	2 kg – 1
	2000.021
	6
	

	2 kg – 1
	2000.021
	6
	

	1 kg
	1000.006
	3
	

	0.5 kg
	500.0025
	3
	

	0.2 kg – 1
	200.0002
	0.6
	

	0.2 kg – 2
	200.0009
	0.6
	

	0.1 kg
	100.0001
	0.3
	



Vacuum gauge
	Parameter
	Value

	Type
	Capacitance Diaphragm Gauge

	Model
	CMR 364

	Serial number
	47018136

	Measurement range
	(10-4 – 1.1) hPa

	Controller
	OmniControl200

	Serial number
	80108137


MIKES

VTT MIKES national standards include DH Instruments and Desgranges et Huot pressure balances with 5 piston-cylinder assemblies and 3 mass sets and a Pirani vacuum pressure gauge. Instruments characteristics are presented in tables below. 

Bases
	Parameter
	Value

	Model
	PG7607

	Serial number
	397

	PCU temperature transducer serial number
	MIKES010391

	Temperature calibration uncertainty (k=2)
	0.5 °C



	Parameter
	Value

	Model
	PG7601

	Serial number
	149

	PCU temperature transducer serial number
	MIKES010390

	Temperature calibration uncertainty (k=2)
	0.5 °C



	Parameter
	Value

	Model
	D&H 5203

	Serial number
	4401

	PCU temperature transducer serial number
	1300 ch101

	Temperature calibration uncertainty (k=2)
	0.02 °C



	Parameter
	Value

	Model
	D&H 5203

	Serial number
	6402

	PCU temperature transducer serial number
	1123 ch102

	Temperature calibration uncertainty (k=2)
	0.02 °C




Weight carriers
	Parameter
	Value

	Serial number
	3105

	Mass
	(800.007±0.004) g

	Density ± U (k=2)
	(7920±30) kg/m3



	Parameter
	Value

	Serial number
	2926

	Mass
	(799.978±0.004) g

	Density ± U (k=2)
	(7920±30) kg/m3



	Parameter
	Value

	Serial number
	2376

	Mass
	(492.972±0.005) g

	Density ± U (k=2)
	(4610±160) kg/m3




	Parameter
	Value

	Serial number
	626

	Mass
	(299.995±0.003) g

	Density ± U (k=2)
	(5013±60) kg/m3



PCUs
	Parameter
	Value

	Piston cylinder assembly manufacturer
	DHI

	Serial number
	451

	Piston material
	Tungsten carbide

	Cylinder material
	Tungsten carbide

	Calibration range
	(0.005-0.17) MPa

	Mass ± U (k=2)
	(699.9507±0.0030) g

	Density ± U (k=2)
	(970360) kg/m3

	A0 ± σ
	(1961.046±0.044) mm2

	λ ± U (k=2)
	(7.15±)·10-12 Pa-1

	(α+β) ± U (k=2)
	(9.0±1.0)·10-6 °C-1



	Parameter
	Value

	Piston cylinder assembly manufacturer
	DHI

	Serial number
	1931

	Piston material
	Tungsten carbide

	Cylinder material
	Tungsten carbide

	Calibration range
	(0.007-0.35) MPa

	Mass ± U (k=2)
	(400.0037±0.0008) g

	Density ± U (k=2)
	(9363100) kg/m3

	A0 ± σ
	(980.5260±0.0216) mm2

	λ ± U (k=2)
	0 Pa-1

	(α+β) ± U (k=2)
	(9.0±1.0)·10-6 °C-1



	Parameter
	Value

	Piston cylinder assembly manufacturer
	DHI

	Serial number
	620

	Piston material
	Tungsten carbide

	Cylinder material
	Tungsten carbide

	Calibration range
	(0.04-1.75) MPa

	Mass ± U (k=2)
	(199.9945±0.0007) g

	Density ± U (k=2)
	(691030) kg/m3

	A0 ± σ
	(196.1238±0.0044) mm2

	λ ± U (k=2)
	0 Pa-1

	(α+β) ± U (k=2)
	(9.0±1.0)·10-6 °C-1



	Parameter
	Value

	Piston cylinder assembly manufacturer
	D&H

	Serial number
	4012

	Piston material
	Tungsten carbide

	Cylinder material
	Tungsten carbide

	Calibration range
	(0.1-5) MPa

	Mass ± U (k=2)
	(199.9945±0.0008) g

	Density ± U (k=2)
	(9800300) kg/m3

	A0 ± σ
	(98.04905±0.00216) mm2

	λ ± U (k=2)
	0 Pa-1

	(α+β) ± U (k=2)
	(9.0±1.0)·10-6 °C-1



	Parameter
	Value

	Piston cylinder assembly manufacturer
	D&H

	Serial number
	6804

	Piston material
	Tungsten carbide

	Cylinder material
	Tungsten carbide

	Calibration range
	(0.2-16) MPa

	Mass ± U (k=2)
	(199.9953±0.0007) g

	Density ± U (k=2)
	(8800200) kg/m3

	A0 ± σ
	(49.02622±0.00197) mm2

	λ ± U (k=2)
	(1.6±0.2)·10-12 Pa-1

	(α+β) ± U (k=2)
	(9.0±1.0)·10-6 °C-1




Mass sets 
	Parameter
	Value

	Manufacturer
	DHI

	Serial number
	2376

	Material
	AISI 304L

	Nominal value 
	0.1 kg- 6.2 kg



	Mass number
	True mass, g
	Uncertainty, g 
(k = 2)
	Density

	6.2kg 1
	6 247.046
	0.010
	(7920±……) kg/m3

	6.2kg 2
	6 241.484
	0.010
	

	6.2kg 3
	6 244.967
	0.010
	

	6.2kg 4
	6 243.793
	0.010
	

	6.2kg 5
	6 242.422
	0.010
	

	3.2kg 
	3 209.041
	0.004
	

	1.6 kg 
	1 608.994
	0.003
	

	0.8 kg 
	806.6795
	0.0015
	

	0.4 kg 
	402.4284
	0.0005
	

	0.2 kg 
	200.56179
	0.00020
	

	0.1 kg
	100.97399
	0.00020
	



	Parameter
	Value

	Manufacturer
	DHI

	Serial number
	2229

	Material
	AISI 304L

	Nominal value 
	100 g- 5000 g



	Mass number
	True mass, g
	Uncertainty, g 
(k = 2)
	Density

	      100 g
	    100.0003
	          0.0003
	(8000±…….)kg/m3

	      200 g 1
	    199.9990
	          0.0006
	

	      200 g 2
	    200.0006
	          0.0006
	

	      500 g
	    500.002
	          0.002
	

	    1000 g
	  1000.014
	          0.003
	

	    2000 g 1
	  2000.020
	          0.004
	

	    2000 g 2
	  2000.018
	          0.004
	

	    4500 g
	  4500.003
	          0.010
	

	    5000 g 1
	  5000.046
	          0.010
	

	    5000 g 2
	  5000.037
	          0.010
	

	    5000 g 3
	  5000.029
	          0.010
	

	    5000 g 4
	  5000.038
	          0.010
	

	    5000 g 5
	  5000.030
	          0.010
	



	Parameter
	Value

	Manufacturer
	D&H

	Serial number
	2926

	Material
	AISI 304L

	Nominal value 
	100 g- 5 kg



	Mass number
	True mass, g
	Uncertainty, g 
(k = 2)
	Density

	100 g
	99.9995
	0.0003
	(7920±……) kg/m3

	200 g 1
	199.9996
	0.0006
	

	200 g 2
	200.0004
	0.0006
	

	500 g
	500.002
	0.002
	

	1 kg
	999.989
	0.003
	

	2 kg 1
	1999.996
	0.004
	

	2 kg 2
	1999.995
	0.004
	

	4 kg
	4000.005
	0.008
	

	5 kg 1
	4999.984
	0.010
	

	5 kg 2
	4999.991
	0.010
	

	5 kg 3
	4999.998
	0.010
	

	5 kg 4
	4999.986
	0.010
	

	5 kg 5
	4999.985
	0.010
	

	5 kg 6
	4999.962
	0.010
	

	5 kg 7
	4999.984
	0.010
	

	5 kg 8
	4999.983
	0.010
	



Vacuum gauge
	Parameter
	Value

	Type
	Pirani vacuum gauge

	Model
	PG7601

	Serial number
	149

	Measurement range
	(0.006 – 0.01) hPa



Measurements procedures
The preparation of the measurements, as well as their execution and reporting, should be done according to procedures based on EURAMET cg-3 methodology (including measurement uncertainty estimation), and include the following specified steps:

Preparation
Upon arrival at the laboratory, personnel should inspect the transfer standard for potential damage or deformation, which could impact measurements. 
The piston cylinder unit should be cleaned when the laboratory personnel think it is necessary.
· Visual inspection of the instrument. The piston and cylinder shall also be inspected with respect to potential damage or deformations, which could influence the measurement results. Cleaning of the PCA-unit should be performed if deemed necessary. 
· Reassembly and initial pressure balance functionality test including leak rate, and evaluation of piston fall rate and piston rotation speed. 
· Alignment of reference levels between the transfer standard and the reference standard of the laboratory (if required). 
As gas medium, dry nitrogen (N2) or synthetic air is to be used.
Calibration
The comparison measurements shall be carried out in four measurement series at increasing and/or decreasing pressure in the nominal pressure points, specified below. 

5-200 kPa gauge and absolute pressure 
	Number
	Nominal pressure level
[kPa]
	TS piston, used for measurements
	Weights combination

	1
	25
	2465-725
	1, 7, 10, 11, 12, 14

	2
	50
	2465-725
	1, 2, 7, 12, 14

	3
	75
	2465-725
	1, 2, 3, 8, 10

	4
	100
	2465-725
	1, 2, 3, 4, 9, 11

	5
	125
	2465-725
	1, 2, 3, 4, 5, 10, 14

	6
	150
	2465-725
	1, 2, 3, 4, 5, 7, 8, 10, 11, 14

	7
	175
	2465-725
	1, 2, 3, 4, 5, 6, 7, 8, 13

	8
	200
	2465-729
	1, 12, 14



0,7 – 7,0 MPa gauge pressure
	Number
	Nominal pressure level
[MPa]
	TS piston, used for measurements
	Weights combination

	[bookmark: _Hlk197960846]1
	0.73
	2465-729
	1, 7

	2
	1.08
	2465-729
	1, 7, 9, 11, 12, 14

	3
	1.77
	2465-729
	1, 2, 8, 11, 12

	4
	2.94
	2465-729
	1, 2, 3, 8, 11, 12

	5
	4.12
	2465-729
	1, 2, 3, 4, 8, 11, 12

	6
	5.28
	2465-729
	1, 2, 3, 4, 5, 8, 11, 12

	7
	6.45
	2465-729
	1, 2, 3, 4, 5, 6, 8, 11, 12

	8
	6.77
	2465-729
	1, 2, 3, 4, 5, 6, 7, 10, 11, 12



Stability check
Prior to the comparison a calibration of the transfer standard was performed at LEI, which will serve as the stability check. The calibration followed the same procedures as those specified in this technical protocol, but was limited to gauge pressure with four repetitions at each of the pressure points. The results of these measurements will be used to verify that the transfer standard maintained its functionality during transports and that no significant drift has occurred between the time of the calibrations and the stability check. In the case that the instrument proves to have drifted, uncertainty due to this drift will be included in the uncertainty of the reference value.

Reporting
The participants should report the data of their own pressure standards filling the table given in Annex 1, as well as giving any additional information, if useful. 
It should be reported how TS was connected to LS and how their pressure equilibrium was achieved and controlled. 
Results of individual measurement series and a summary of the 4-measurement series should be reported using forms given in Annexes 1, 2 and 3. 
In addition, a list of main uncertainty sources and their contributions to 𝑢(𝐴𝑝) for minimum and maximum pressure must be reported. Reports with the results of the measurements should be prepared as a WORD file with the tables from Annexes 2 and 3 being additionally provided in an EXCEL file. 
The reports should initially be sent to the head of the EURAMET TC-M Subcommittee Pressure as an impartial instance by e-mail to wladimir.sabuga@ptb.de within three months after finishing the measurements. Then they will be forwarded to the pilot laboratory. The pilot laboratory will evaluate the measurement data and prepare a report.
Evaluation
The reference value of the comparison is provided by the reference laboratory including associated uncertainties, and (if required) including influence due to drift. 
The results will be compared in accordance with the statistical approach presented in the standard ISO/IEC 17043:2010 “Conformity assessment – General requirements for proficiency testing”. The degree of equivalence will be described by the number 𝐸𝑛 calculated from the mean values of determined effective areas at each pressure level, according to the following equation 


where: 
 - is the value of the effective area determined by LEI (participant’s result);
 – is the value of the effective area determined by MIKES (reference value);
– is the estimated expanded uncertainty of the LEI result;
– is the estimated expanded uncertainty of the MIKES result.

Link to KCRV
The results of the present KC will be linked to the reference values of EURAMET.M.P-K8 and EURAMET.M.P-K1.c using results of VTT MIKES obtained in these two comparisons. The link will be performed at gauge and absolute pressure points (25, 50, 75, 100, 125, 150, 175 and 200) kPa and (0.73; 1.08; 1.77; 2.94; 4.12; 5.28; 6.45 and 6.77) MPa. To do this, the results of the present KC will be linearly interpolated to the pressure points of the link.
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3. JCGM 100:2008 Evaluation of measurement data — Guide to the expression of uncertainty in measurement
Annexes

Annex 1. Results of measurements (gauge pressure)
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pnom, – nominal pressure;
tLS – temperature of laboratory standard;
tamb – ambient temperature;
pamb – ambient pressure;
φ amb – ambient humidity;
p – applied reference pressure at the reference level of transfer standard;
tTS – temperature of transfer standard;
𝐴𝑝,t is effective area of TS pressure p and reference temperature 20 °C

Annex 2. Results of measurements (absolute pressure)
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pnom, – nominal pressure;
μLS – absolute pressure under the bell jar of laboratory standard;
tLS – temperature of laboratory standard;
tamb – ambient temperature;
pamb – ambient pressure;
φ amb – ambient humidity;
p – applied reference pressure at the reference level of transfer standard;
μLS – absolute pressure under the bell jar of transfer standard;
tTS – temperature of transfer standard;
𝐴𝑝,t is effective area of TS pressure p and reference temperature 20 °C







Annex 3. Results of measurements 
	pnom,
kPa/MPa
	Ap, cm2
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Ap  – mean value of the Ap, measured at the same nominal pressure;
σ(Ap )/Ap – standard deviation of the Ap mean value;
u(p)/p –type B uncertainty of the pressure at the reference level of transfer standard, 
u(t) – uncertainty of the transfer standard temperature measured values, 
u(Ap )/Ap – combined uncertainty of the Ap mean value. 

In addition, a list of main uncertainty sources and their contributions to u(Ap) for pressures of 20 kPa and 175 kPa (both gauge and absolute pressure), and 0.7 MPa and 7.0 MPa (gauge mode) must be presented. 

All the uncertainties should be expressed as standard ones.
