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Protocol for the bilateral comparison between INRiM and TUBITAK UME

Prepared by: Ferruccio GIRARD – INRiM - Italy


Protocol for the comparison of measurement parameters required in radiance temperature scale realisation from 156 °C to 1100 °C
1 RATIONALE

The purpose of this collaboration project, between INRiM and TUBITAK UME, is to undertake an examination of some underlying parameters in temperature scale realisation using an InGaAs-based radiation thermometer (size-of source effect, gain ratios, fixed-point realisations and ambient temperature effects) over the temperature range from 156 °C to 1100 °C.
The results of the comparison will be used to support CMC claims of TUBITAK UME.
2 ORGANISATION

The bilateral comparison will be coordinated by:
INRiM – Istituto Nazionale di Ricerca Metrologica

Strada delle Cacce, 91

10135 Torino - ITALY

Contact:
Ferruccio GIRARD

Phone: +39 011 3919 749
E-mail: f.girard@inrim.it
3 PARTICIPANTS

The participants in the project are:
	
Institute
	Contact person

	1)
INRiM, Italy


(Coordinator)
	Ferruccio Girard and Michael Florio

Tel: +39 011 3919 749 and 373

E-mail:
f.girard@inrim.it


m.florio@inrim.it


	2)
TUBITAK UME, Turkey


(Participant)
	Humbet Nasibli and Ozlem Pehlivan Yildirim
Tel: +90 262 679 5000 and 3412
E-mail:
humbet.nasibli@tubitak.gov.tr


ozlem.pehlivan@tubitak.gov.tr



4 PROJECT END DATE

The measurements are due to be completed by the end of December 2018, with the final project report to be completed by the end of March 2019.

5 CIRCULATION SCHEME

The thermometer will be circulated according to the following schedule:
	Institute
	Time periods

	INRiM, Italy
	1st September 2018 to 31 October 2018

	TUBITAK UME, Turkey
	1st November 2018 to 31 December 2018

	INRiM, Italy
	Since 1st January 2019 on


Wherever possible, door-to-door transportation should be used to minimise the risk of damage to the instrument. TUBITAK UME, as soon as receives the thermometer, should carry out the check described in 7.4 and confirm by e-mail (f.girard@inrim.it) to the coordinating laboratory (INRiM) that the thermometer has arrived safely. TUBITAK UME laboratory, once completing all the measurements, before sending back the instrument to INRiM should repeat the same procedure described in 7.4 in order to check the stability of the thermometer during the measurements. INRiM will be responsible for both the request and cost to issue concerning the ATA Carnet in order that the instrument could be transferred, free of duty charge, between Italy and Turkey. Each Institute is responsible for paying the transport costs in sending the instrument, including an insurance for the same amount value specified in the ATA Carnet. At the end of comparison the instrument should be returned to INRiM who should then confirm the performance of its instrument.
6 TRANSFER INSTRUMENTS
A transfer standard radiation thermometer provided by INRiM (Italy), based on a InGaAs photodiode device with a peak wavelength of nominally 1.6 (m and an additional zinc fixed point blackbody source supplied by INRiM, will be circulated together so that the performance and stability of the thermometer can be checked, by each Institute, before and after completing all the requested measurements. Technical information and details of both devices are given below.
6.1 – INRiM Transfer Standard radiation thermometer TS1

Wavelength range:
1.5 (m to 1.7 (m

Temperature range:
150 °C to 1100 °C

Field of view:

5 mm diameter at 470 mm working distance

Note: the working distance should be measured from the target to the front of the objective nose of the radiation thermometer

Warm-up time: 
2 hours from switch-on

Output:

the output is in terms of voltage

Background signal:
measurement should be performed by placing the lens cap on the thermometer nose, taking great care not to touch the front surface of the lens
Dimensions:
170 mm high x 126 mm wide and 400 mm long (including the objective nose)
6.2 – INRiM zinc fixed-point blackbody source

Blackbody dimensions:
9 mm diameter x 61.5 mm depth with a 120° end cone

Emissivity:


0.99957 (open aperture)

Dimensions:


150 mm x 260 mm x 315 mm

Weight:


5.7 kg including the Zn ingot
7 INITIAL MEASUREMENTS

7.1 – Stabilisation: it is recommended that the thermometer be left to stabilise for at least two hours after switch-on before starting measurements. The thermometer should subsequently be left switched on, if possible, for all the duration of the measurements.
7.2 – Lens cleaning: superficial dust should be blown off the front lens of the thermometer using clean and dry air but otherwise the lens should NOT be cleaned by touching it. The protective lens cap should be placed on the objective nose of the thermometer in-between measurements and great care should be taken not to touch the front lens.
7.3 – Positioning: the thermometer should be set up and aligned at the prescribed working distance according to the local procedure, with reference to any specific instructions supplied with the thermometer.
7.4 – Check on arrival: to make sure that it has not been damaged during transport, a quick check should be made of the thermometer’ output when viewing the supplied Zn fixed-point blackbody source. The working distance should be 330 mm from the stainless steel flange on the front of the furnace to the front of the objective nose of the thermometer. The instructions for using the Zn point are reported in the Appendix 1. The results of the check in terms of the thermometer' average output signal at the freezing point of zinc, the background signal and the value of the internal instrument temperature should be immediately e-mailed to the coordinator (f.girard@inrim.it).
8 PROBLEMS

Should any problems arise with the operation of one or both devices, the coordinator should be contacted by e-mail.
9 REQUIRED MEASUREMENTS

The following gives information about the measurements to be made at each laboratory. Measurements should be made according to the usual method used at each laboratory, but following any specific instructions given below. During all the measurements the internal instrument temperature (tint), the ambient temperature (tamb) and the relative humidity (RHamb) should be recorded preferably all over the measurement time or at least before and after each measurement cycle.
Please note:

All the measurements with the INRiM transfer standard thermometer should be made at a distance of 470 mm from the target to the front of the objective nose.
9.1 SIZE-OF-SOURCE EFFECT
The size-of-source effect has to be measured using the indirect method (i.e. by obscuring the central portion of the field-of-view of the thermometer by means of a blackened disc or spot placed in front of the source). Measurements should be made using a black spot of 6 mm size in conjunction with a suitable set of apertures (ideally up to recommended maximum diameter of about 100 mm).
Results - The results shall be presented in the form of a table giving the SSE for each aperture size. The table should include columns for the following information: aperture size (mm), ‘on spot’ thermometer output, ‘off spot’ output, background signal, SSE, the individual uncertainty components in determining the SSE (u1, u2, u3, …), the total combined uncertainty USSE, tint, tamb, and RHamb.
9.2 FIXED-POINT CALIBRATION
The thermometer should be calibrated following the laboratory’s usual local procedure using freezing point blackbody sources of: In, Sn, Zn, Al, Ag and Cu. At least 3 melt/freeze cycles should be performed for each fixed-point.
A scan across the blackbody aperture should be performed with the thermometer during a melt and freeze plateau to assess the temperature profiles. These can be used, if necessary, to perform any corrections due to the size-of-source effect.
Additionally, the thermometer output must be corrected to allow for the size-of-source effect. The correction should be performed according to the laboratory’s usual method using the results of the SSE measurements carried out in Section 9.1 and the temperature profile of the fixed-point blackbody aperture. The correction should be from the actual fixed-point blackbody aperture diameter to a reference target of 20 mm diameter.
Results – The following information shall be provided:
a) The blackbody geometry, aperture diameter and emissivity data.

b) For each fixed-point plateau the average thermometer output, the average background measurement and the average thermometer output corrected for background as well as the standard deviation associated to the measurements.

c) The instrument and ambient conditions tint, tamb, and RHamb.
d) The thermometer output corrected for SSE to a reference target of 20 mm diameter.
e) The individual uncertainty components in the fixed-point calibration (u1, u2, u3, …) and the total combined uncertainty Ucalibration.
9.3 GAIN RATIO MEASUREMENTS
Gain ratio values should be determined for all the settings of amplifier gain used in the fixed-point calibration, by measuring the signal ratios with successive pairs of amplifier gain settings. These measurements may be carried out during a melting or freezing realisation of the appropriate fixed-points or by using any other suitable and stable radiance temperature source.
Results – The following information shall be provided:
a) The average thermometer output signal and background signal for measurements made at amplifier gain “High” (e.g. at 109 V/A) along with the background-corrected signal
b) The average thermometer output signal and background signal for measurements made at amplifier gain “Low” (e.g. at 108 V/A) along with the background-corrected signal
c) The gain ratio: (background corrected output at amplifier gain “High” / background corrected output at amplifier gain “Low”)
d) The instrument and ambient conditions tint, tamb, and RHamb.
e) The individual uncertainty components in the measurement of the gain ratio (u1, u2, u3, …) and the total combined uncertainty Ugainratio.
9.4 MEASUREMENTS OF EFFECT OF AMBIENT CONDITIONS
If facilities in the laboratory allow, measurements should be made of the effect of changes in ambient temperature on the output of the thermometer. Measurements should be made while viewing a stable blackbody source (either a fixed-point, a variable temperature blackbody or by using any other suitable and stable radiance temperature source) set at a temperature of nominally 420 °C. If the laboratory wishes, additional measurements may be made at 232 °C and 962 °C. The effect of ambient temperature should be measured by recording the output of the thermometer over the temperature range from 18 °C and 28 °C, or over a smaller range if this is more practical. Measurements should preferably be made only in one step or at intervals of 5 °C (i.e. 18 °C, 23 °C and 28 °C).
Results – The following information should be provided:
a) The average thermometer output and background signal for each measurement set at each temperature, the average thermometer output corrected for background and the standard deviation of the measurements. If using a variable temperature blackbody source or any other suitable and stable radiance temperature source the average temperature or radiance temperature of the source over the duration of the measurements should also be given along with the standard deviation.
b) The instrument and ambient conditions tint, tamb, and RHamb for each measurement set at each temperature.
c) The individual uncertainty components in the measurements of the ambient temperature effect (u1, u2, u3, …) and the total combined uncertainty Uteffect.
10 REPORTING OF THE RESULTS

The following information should be sent to the coordinator (INRiM) within one month of completing the measurements. Please supply both a paper copy and an electronic version.
10.1 DESCRIPTION OF THE EQUIPMENT
All the equipment used for the measurements should be described along with details of the measurement methods, calculations and any assumptions that have been made. The electronic version should be in the form of a Microsoft® Word document.
10.2 RESULTS
The results should be supplied in the form of a Microsoft® Excel spreadsheet / workbook and presented as detailed in Section 9.
10.3 UNCERTAINTIES
The individual uncertainty components for each of the measured parameters should be listed along with the total combined uncertainty of the measurements. All uncertainties should be expressed as k = 2; i.e. providing a level of confidence of approximately 95%.
Operational guidelines for the check at the Zn point

Purpose: check of the thermometry signal stability against a reference source at the temperature of zinc fixed-point.

Scheduled procedure: at each arrival of the transfer standard radiation thermometer to the institute participating in the comparison, the stability of the thermometer during transportation has to be checked with respect to the reference source at fixed-point of the zinc before starting all other measurements. The result of this check must be sent to INRiM’ coordinator immediately (f.girard@inrim.it).
Reference: for detailed information about the Zn-point furnace, please refer to the following paper
F. Girard, T. Ricolfi, “A transportable blackbody furnace for the accurate realization of the fixed points of indium, tin and zinc”, Meas. Sci. Technol. 9, 1215-1218 (1998)
http://iopscience.iop.org/article/10.1088/0957-0233/9/8/012/pdf
Experimental set up

· the thermometer must be positioned at 330 mm between the end of the objective lens nose and the front stainless steel flange of the Zn fixed-point furnace;

· the alignment of the thermometer can be made visually by illuminating the interior of the furnace with a suitable illuminator (e.g., fiber optic). If thermometer and furnace are properly aligned, observing through the thermometer eyepiece one will see several concentric circles located in different focal planes;

· the following gain must be set: 107 V/A.
Running the furnace
The parameters on the temperature controller of the furnace have been set to run automatically two cycles each of them being comprised of one melt and one freeze.
The operations to start the automatic cycles after switching on the furnace are as follows:

· press button “PAR” two times in quick succession and release it immediately: the upper display will indicate “prog” and the lower display “idle”;

· press the up arrow button “(” and release it immediately: the lower display will change its indication to “run”;

· the controller now starts running the set program. No further intervention of the operator is needed.

Notes:

· In case of mistake in the above operations, simply wait a few seconds for the temperature controller to restore the stand-by condition then repeat the procedure.

· The temperature controller will indicate 424 °C during the melting phase and 417.5 °C during the freezing phase.

· The execution of the whole program, that includes two melts and two freezes, will take approximately 5 and half hours.

· Do not switch off the furnace before terminating the program. The program will be terminated when the set point display indicates 0 °C after completing the second freeze.

Warnings:

· Do not change any other parameters that have been set on the temperature controller. Should any problem arise, please contact INRiM immediately !!!
Check of positioning

The quality of the melting plateaus is not optimum because of the fast temperature change in the furnace. However a melting plateau may be used to check the alignment of the thermometer. To this purpose, the furnace should be slightly rotated or displaced laterally and vertically during the plateau to ensure that the cone of sight of the thermometer is not partially obstructed.

Measurements during freeze

At the beginning of the freezing plateau, the following parameters should be measured and recorded:
· ambient temperature tamb
· ambient relative humidity RHamb
· thermometer’ background signal (by masking the lens with the cap)
During the freezing plateau, the following quantities must be measured and continuously recorded over the time:
· the signal output S in millivolts

· the resistance Rint of the internal PRT (using the 4-wire technique)

Notes:

· The INRiM thermometer is provided with a 100 ( PRT for measuring its internal temperature. A four-wire cable is supplied for this purpose.

· The internal temperature tint can be obtained from the PRT resistance Rint according to the relationship:

tint (°C) = – 274.8501 + 2.857835 Rint – 1.151867·10-3 Rint 2

with the following temperature range of applicability: 16 °C < tint < 30 °C.
As representative of the Zn fixed-point signal SZn, the average of at least 25 readings taken during a time interval of 10 minutes around the maximum of the plateau should be considered.
After completing the first freezing plateau, the temperature of the furnace will be increased automatically to repeat a second complete cycle of melt and freeze.
Warning:
· This Zn fixed-point is to be intended for performance and stability check of the thermometer and not for its calibration, because of its low quality. Any possible comparison with other Zn points may provide not significant results !!!
PAGE  
Page 1 of 7
(Version 01) – July 04, 2018


