Protocol for comparison in high gauge pressure up to 1 GPa

November 2022
Abstract:
CMI and SMU agreed a bilateral comparison in high gauge pressure from 0.1 GPa up to 1 GPa in oil medium. A direct comparison method will be used – a novel pressure balance of SMU will be compared to a new pressure balance of CMI.
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1. Introduction
In summer 2021, the Czech Metrology Institute (CMI) purchased a novel commercial pressure balance which is able to cover the high gauge pressure range in oil medium up to 1 GPa. This was evaluated and made traceable to the Czech national standard of gauge pressure in oil medium up to 0.5 GPa in autumn 2021. Approximately at the same time, the Slovak Institute of Metrology (SMU) also extended its capabilities in the high gauge pressure in oil medium up to 1 GPa, utilizing a commercial piston-cylinder unit (PCU) and a stand of own design. This system was evaluated and made traceable to the Slovak national standard of gauge pressure in oil medium up to 0.2 GPa. Both institutes decided to compare their new instruments in the range from 0.1 GPa to 1 GPa bilaterally to test the correctness of their new developments and their mutual equivalence.
2. Participants
The participants will be CMI and SMU. CMI will be a pilot of this comparison. See Tab. 1 for the contact details.

Table 1 - The participant contacts

	
	CMI
	SMU

	Contact
	Dominik Pražák
	Miroslav Chytil

	Address
	Okružní 772/31

63800 Brno
	Karloveská 63

84255 Bratislava

	E-mail
	dprazak@cmi.cz
	chytil@smu.gov.sk

	Phone
	+420545555226
	+421902245733


3. Circulation Scheme
Comparison will be performed at CMI laboratories in Brno in November 2022. Transportation of the standard of SMU to and from CMI will be performed by SMU staff, using a car. Therefore, no instruction due to transportation process is needed. All transportation costs will be covered by SMU.
4. Facilities Used
CMI and SMU will use the PCUs of different manufacture and independent traceability, see Tab. 2 for the details. Both standards will be compared directly. The pressure transmitting medium will be the di(2)-ethyl-hexyl-sebacate oil provided by CMI, which is a normal working medium of both instruments. Each standard has its own sensor of its PCU temperature. Both these sensors should have valid calibrations. The measurements will be performed at the CMI pressure lab at usual laboratory conditions, the local acceleration due to gravity being (9.809273 ± 0.000010) m.s-2, the ambient temperature, the atmospheric pressure and the relative humidity will be monitored by CMI.

Table 2 - The standards used

	
	CMI
	SMU

	Type
	Pressure balance
	Pressure balance

	Manufacturer
	Aréméca
	SMU

	Model
	BH5-10000B
	E-01, 500 MPa piston-cylinder by Desgranges et Huot

	Range (MPa)
	20 ÷ 1000
	1 ÷ 1000

	Material of piston
	tungsten carbide
	tungsten carbide

	Material of cylinder
	tungsten carbide
	tungsten carbide

	Nominal effective area at 20 °C without pressure (m2)
	0.50·10-6
	1.96·10-6

	Nominal pressure distortion coefficient (Pa-1)
	6.9·10-13
	8.1·10-13

	Thermal expansi-vity coefficient of the PCU (°C-1)
	9.0·10-6
	9.0·10-6

	Mass set 
	Aréméca
	SMU

	Traceability
	To the Czech national standard of gauge pressure in oil medium up to 0.5 GPa
	To the Slovak national standard of gauge pressure in oil medium up to 0.2 GPa

	Claimed uncertainty (Pa)
	2·10-13·p2 + 4,2·10-5·p + 10000 Pa (p in Pa)
	3,9·10-5·p (p in Pa)


5. Comparison Protocol, Methods and Conditions
The method used for measurements will be a direct comparison of SMU and CMI pressure balances by the cross-float method using the piston fall rates as the equilibrium criterion. The following gauge pressure points were chosen: (100; 200; 300; 400; 500; 600; 700; 800; 900; 1000) MPa of increasing pressure in two measurement series in uploading and downloading that will be treated as four measurement series. The real pressures have to lie within 1 % of the nominal value. The measurements shall be performed at ambient temperature (20,0 ± 1,0) °C.
Both standards will be located close to each other to keep the pressure line between the two instruments as short as possible. During connection it must be ensured that no gas is left inside tubes (the system was completely evacuated before the measurement started). Before the beginning of the measurements, it is necessary to provide a suitable check concerning the tightness of the system. The height difference will be leveled within 8 cm and taken into account. Horizontality of the CMI standard will be checked with the built-in spirit level and on the top level of the mass loading bell after any significant change of the loaded mass. Horizontality of the SMU standard will be checked on the top level of the mass loading bell prior measurement. At each measuring point the nominal total mass is to be adjusted, so the equilibrium is kept. Trim masses can be added either on the side of SMU standard or CMI standard.
For each standard, the generated pressures will be calculated based on the noted data, according to the following equation:
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where:
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gauge pressure measured at the bottom of the piston,
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total mass applied on the piston bottom,
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local acceleration due to gravity,
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density of air,
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mean density of the total mass,
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surface tension of the oil (0.031 N/m),
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circumference of the piston,
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effective area of the piston-cylinder unit at base conditions,
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deformation coefficient of the PCU,
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linear thermal expansion coefficient of the PCU,
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temperature of the PCU,
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reference temperature (20 °C).

For CMI standard, the generated pressures will be calculated also according to the following equation which considers quadratic deformation coefficients of the PCU [image: image27.png]
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:

[image: image30.png]m(1— )g+uc

- P _
T A, (1 +alT —T.DA + Ayp + A,p?)





The pressure head [image: image32.png]


 will be determined before the measurements and the corresponding head pressure added to the value of CMI.

The claimed expanded uncertainty ([image: image34.png]
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 of the gauge pressure [image: image38.png]


 determined by CMI and [image: image40.png]


 of the gauge pressure [image: image42.png]


 determined by SMU will be calculated according to the ordinary procedures of CMI and SMU.

6. Reporting the results
The following data will be noted at each point: pressure generated by each standard, piston-cylinder temperature of each PCU, environmental conditions (temperature, humidity, ambient pressure) and sensitivity. All these data (except sensitivity) must be accompanied with uncertainty estimation.
A difference of pressure values [image: image44.png]
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 for each nominal pressure and each of four series will be determined as [image: image48.png]d;
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. For each nominal point, the average value of difference between SMU and CMI [image: image50.png]


 will be calculated from four series differences [image: image52.png]


, together with the corresponding claimed uncertainties and type-A uncertainty [image: image54.png]uy(d)
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 (this uncertainty will be only informative and not used in further calculations). 
A few comments on the type of both standards, the way of determination of each effective area and deformation coefficient and their estimations of the uncertainty, as well as any usefull information, will be added.
7. Degrees of Equivalence
This comparison is not aimed (and not possible) to be linked with any key comparison. The comparison results will be evaluated as the standardised equivalence degrees, using the claimed uncertainties of CMI and SMU via the following equation:
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The results will be considered satisfactory if this degree is less or equal one.
