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1 Introduction

At the meeting of TechnicaLommittee,s C1.10 of COOMET in 2007 it was
decded to undertakeregional comparisorbetween VNIIM (Russian Federationand
NSCIM (Ukraine)for realization of the IT®0 atthe freezing point of coppeén the field
of noncontact thermometry The COOMET themeNo. 387/UA-a/07, registration in the
KCDB ACOOMET.T-K 5.06The comparisorsuppors the following CMCitems 2.5.1,
2.5.2, 2.5.3and2.5.4atthe fixedpoint of copper.

The purpose ofthe regional comparison is dissemination of the metrological
equivalence to thetandard of the national metrology instittN&CIM (Ukraine), which
did not participate in theCCT key comparisons. The degree of equivalence of the
measurement standards of tNECIM is determinedelatively to the reference value of
the wd4u key comparisons through the meas:s
metrology institute, which talkgart in both comparisons.

VNIIM participated in the key compariso@CT-K5. In the COOMET comparison
VNIIM is thelinking institutein terms of dissemination of the metrological equivalence to
theNSCIM standardgUkraine).

The protocol of the comparison covers two separate comparisons: a comparison
fixed-point cells (Stage 1), and a comparison of lamiibcations (Stage 2t 1084.62C.

The former is not directly comparable or linkable to the &€®&GT whereas the latter is
comparable and linkable. It will be the results of the latter comparison that are to be take
as the RMGKS5 results for linkage intothe K5 data tables of the KCDB. The former, the
cell comparison, results can still be used under the auspices of the MRA, as addition
evidence for CMC support, but are more of a special regional supplementary comparist
that happens at the same timelasKC.

2 Organization of the comparison

The principles and the scheme of comparisons are presented in this SHo#on.
details and procedurese givenin the Technical ProtocgAppendix| of this Report)

2.1 Participants of the cmparison

Two NMils took partin the COOMETcomparison

- D.I. Mendeleyev Institute for MetrologgVNIIM), Moskovsky prospe¢tl9,
SaintPetesburg,the Russian Federation

Phone+7 812 323 96 37, fax +7 812 713 01 14

E-mail: M.S.Matveyev@vniim.ru

- National Scientific Centréinstitute of Metrologp (NSCIM), MironositskayaSt.,
42, Kharkov, Ukraine

Phone:+038 057 704 98 00, fax +038 057 704 34 47

E-mail: Rymma.Seriyenko@metrology.kharkov.ua


mailto:M.S.Matveyev@vniim.ru
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2.2 Scheme and comparison schedule

Participantsof comparisonsapprovedthe Technical Protocabf comparisonsthe
forms of presentation of the measurement results, the lists of the parafoeténs
equipmentpplied An expertise of the Technical protocol has been carried out in CCT.

Comparisons wergerformedin two stagesAt the first stage of the comparison
graphite crucible, containing pure metal and blackbody cawifig used as a transfer
standard.This transér standard is a part of the national measurement standard of NSC I\
(Ukraine) Characteristics of NSCIM's crucibére presented iAppendix A and B of the
Technical Protocol

The graphite cruciblevas transported from NSC IM to VNIIM where ivas
compaed with the corresponding crucibliexéd-point blackbody) of VNIIM on the basis
of national measurement standard of the Russian Federation with the use of equipment
this national standar&cheme of the first stage of comparison is presented in Fig.1.

Crucible with

NSC!M fixed point _VN”M )
(Ukraing (Russian Federatign

A\ 4

Fig. 17 Scheme of the first stage of comparison

At the second stage (the schemshswnin Fig. 2), vacuum tungstenibbon lamp
g R SI(10-300No. 5, which is provided by VNIIM was used as &ansferstandard.
Description andharacteristicef the lampSI 10-300 No.5 aregivenin Appendix G rules
for transportatiori in AppendixD; description of operation with transfer standard in
AppendixE of the Technical Protocol.

On the basis of theecond stagehe degree ofequivalenceof copper fixal-point
realization by theNSC IM standard wadeterminedelativdy to the rderence value of the
g5 key comparisons

NSCIf Lamp SI No.5 VNIIM
(Ukraine (the Russian Federatipn

Fig. 27 Scheme of the second stage of comparison

Vacuum tungsnribbonlamp SI10-300No. 5 was calibrated at VNIIMbefore the
comparisonits stability was controlled at VNIIM aftgverformance oimeaswements at
NSC IM.

Time schedule of the comparison

Measurements: August 2014Dctober2014
Data processing and compilation of report "@ttober2014i November2014
Preparation of report "B'November2014i December 2014
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3 Results of the first staye ofthe comparison
(Comparison ofthe copper fixed-point cells)

The result of the first stage tiie comparisons the deviationof the temperature
value reproduced bythe fixed-point blackbody(crucible of NSC IM under the VNIIM
laboratory conditionfrom the value reproduced by the VNIfi%ed-point blackbody

The measurements were taken using ts&ndard photoelectric spectral
comparato(SPC)andthe equipment of the nationaheasurement standard of temperature
of the Russian Federation GET -3@07. Information about crucibles and VNIIM
equipment is given in Appendid according to the Technical Protocdecause of
different dimensions ahe crucibles(AppendixIV), the VNIIM furnacewas redesigned.

Six plateausof freezingfor the NSCIM crucible andfive plateausof freezingfor
the VNIIM crucible were realized. The parameters of plateaus and the shape of plateau
curves are given in Appenditl and AppendixIV, respectively.Drift of the standard
photoelectric spectratomparator habeing monitored before and after the measurement
using the reference temperature lamfhe emperature differencbas beencalculded
taking into account th8RC drift.

The results of the comparisons of fixgdint blackbodies, the average temperature
differenee and the uncertainty are presented in Table 1 and Fig. 3.

u O Db IT &he tomparison results of thepperfixed-point cells

Number of | temperature equivaient, °C NSC IM 1 VNIl
freezing
plateau VNIIM NSC || Dus, s| usOOK (52’155
1 1084.63 1084.56 0.07
2 1084.64 1084.54 0.10
3 1084.66 1084.61 0.05 0.011 0.065
4 1084.68 1084.63 0.05
5 1084.65 1084.55 0.10
Average | 1084652 | 1084578 0.074

The estimaton of the combineduncertaintyup of the averagedifferencebetween
thecrucibles s calculated by the formula

2 . 2
do=+/Ux +Ug ,

whereu, i standard uncertainty of the temperature difference estimatédype

us? =4 uéi , Ug T standard uncertainty of the result estimdigd type.

i

In the uncertainty budget, estimated Bytype, such uncertaintycomponentsare
included:

- componentsassociated witithe crucibles of VNIIM and NS@M (impurities,
emissivity, plateas identification,heat transfer procesges
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- components associated witharacteristicof the VNIIM standard fnotoelectic
spectralcomparator, the NSC IM standard pyrometéscattering and polarization of the
radiation,size-of-sourceeffect otherg and tungsten strip lamps characteristics

The \alues of uncertainty components armgiven by VNIIM and NSCIM in
correspoding items oftheuncertainty budget in Appendwl| .

The combineduncertaintyup estimated byhis componentss equal to 0.64 K (for
VNIIM, k=1) and 0.127 K (for NSC IM, k=1)

0,100

0,050 =

0,000

-0,050
€ NSCIM
-0,100

-0,150

T(NSC IM) - T(VNIM), K

-0,200 =

-0,250

Fig. 31 The @mparisorresultfor theNSCIM crucible
expanded uncertain{k =2)

4 Results of the second stage afie comparison The bilateral equivalence of
the NSC IM standard relatively to the VNIIM standard

4.1 Comparison of lamp calibrationsat 1084.62 °C

At the second stagdhe compaison was carried outby means of a transfer
standard vacuumtungsterribbonlampSI 10-300No. 5.

Information about furnaces equipment conditions of measurementgjata
processing for the measurements of the voltage instability at the lamp basetand de
processing for the measurements of the instability of the lamp base temparatgreen
in AppendixVI according to the Technical Protocol

The information aboutmeasurements results amthta processing is given in
AppendixVII .

The information abauthe uncertainty budgets dhe lamp calibration at the
freezing point of copper is presented in Appendib .

Theaverage value of theamp currentl ¢, at thecopper fixedpoint, the evaluation
of standard uncertainties(lyv) presented bycomparisonparticipants the difference
(Insam - lvniv) In ¢ and the corresponding temperature differefaggc v T Uvnim) iN' S,
the uncertainty of this difference are presenitedlable 2 and Fig. 4The combined
uncertaintyu(Tysc m- Uvanm) has been calculateon the basis of the budgets of the lamp
calibration at the freezing point of copper submitted by comparison participants (Appendi



COOMET.T -K5 Final Report Page’ from 49

VIII') and taking into account thencertaintyof measurement resultiie tothe transfer
standardnstability u(L) (Sectio 4.2)

uz(-I-NMI - TVNIIM ): uz(-I-NMI )+u2(TVNIIM )+u2( L) .

vable2i The results otalibrationof the transfer standagt the copper fixedpoint

NMI lcus, A u(lcw) Insc v T Ty Unsc v T Bynim U(Tnsc v - Bvnim )
S A K K

(k=1) (k=1)

VNIIM 9.1899 0.088

-0.0016 -0.1&2 0.255

NSC IM 9.1883 0.235

0,600

0,400

0,200

0,000
¢ NSCIM

-0,200

-0,400

T(NSC IM) - T(VNIM), K

-0,600

-0,800

Fig. 47 The ®mparison resufor calibration ofthetemperaturéampi transfer standard
atthecopper fixedpointat NSCIM, expandedincertainty kK =2)

4.2 Evaluation of the transfer standard instability

The uncertainty othe measurement resultfL) due to the transfer standard
instability i vacuumtungstenribbon lamp SI110-300 No.5, was calculated under the
assumption that the distribution of tiemperaturedrift of the lampin time was
rectangular and asymmetrical

_ ur . 1
u(L)= [(lvNIIM)end- (Tunim )oegin]3 W?’ Nl
The nvestigationarried out at VNIIMbefore andafter the measurementsade it
possible teevaluatethe standard uncertaintyf the measurement resultkie tothe transfer
standardnstability at the level 0f0.045K.
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5 Comparison of the results of the first and second stages of the comparisons

The result of the first stage of comparisonghs difference of the temperature
value reproduced by thixed-point blackbody (crucible) of NS@V under the VNIIM
laboratory conditions from the value reproduced by the VNiKdd-pointblackbody.The
main reason for thdifferencein such a comparisois a different purity of metals in the
crucibles. Thus, the difference obtained at the first stage gpaasons is interestinfpr
evaluation of the correctness of tapproach d estimatbn of the componenassociated
with the purity of the metal.

The result of the second stage of comparigsrtBe differenceof the temperature
values ofthe copperfixed pointrealized by the national standardsNSCIM and VNIIM
with the help ofthe transfer standaiid vacuum tungstenbbon lamp. In this case, there
aremanyreasongor the differencesfeatures ofixed-point blackbodes, characteristics of
standard pgometersprocedures for realization of phasansitions at NMIstechniqueof
calibrationof thetransfer standard &Ml s.

Forillustration,the results of the first and second stages are shown in Table 3

Table31 The esultsof the first and secahstagesof comparisons

NSC IM T VNIIM
Dy, s
1 stage -0.074
2 stage -0.1&2

As can be seen from Table 3, although téwperaturadifferenceobtainedat the
second stagas more than twice thdifferenceobtainedat the first stage both valuesare
within the limitsof the claimed uncertainties of the resultbe results othe firststageof
comparisons allowedstimatingthat the effect of impuritiesf metal ofNSCIM crucible
is slight

6 Linkage of NSCIM result of the second stage of COMET comparison with
CCT-K5 results

The results of the COOMET comparisons were estimated in accordancéhevith
document AGui delines for dat a e \CAQOMEA,t i c
R/GM/14:2006. This document allow® link the results of the COORT regional
comparisons witlthose of the CIPM key comparisqna this case with the results of
CCT-K5 comparisons.

The results of key comparisons K5 are presented as differences
[Tav - KCRVK5S)] with the evaluations of their uncertaintiésr the fixedpoints and
fixed temperatur@alues

The degree of equivalencdof the NSCIM resultat the copper fixeghointcan be
calculated on the corresponding relationship

duscim= (Tnsciv = Bvnim) + [Uvnim - KERMKS)].
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The ¢andard uncertainty(dyscv) Is evaluatedy formula

uz(dNSCIM) = UZ(TNSCIM - Uynim) + UZ(UVNIIM - KCRV).

The resultsof CCT-K5 obtainedby VNIIM at the copper fixegboint are given in
Table4.

vable4i Results ofCCT-K5 for VNIIM ( Addendum to draft Bf CCT-K5:
from final results to KCDB values, April 20P8

Nominal (bvaim T s # R)V UTvam T s # R)V
temperature S (k=2),s
1084 -0.103 0.408

Copper fixed-point
VNIIM: result of CCT-K5 UvyNim - KCR\I(KS) =-0.103K
result of COOMET UNnsc 1M T UvyNnim = -0.1&2 K

The @uivalence of NSA@M result relatively toK CRUK5):
dNSCIM = TNSCIM - KCR\I(KS) =-0.265 K,
the standard uncertaintgdc,) = 0.327 K.

7 Conclusion

The purpose of the comparison is the determination of the degree of equivalence
the NSCIM standard at the copper fixgmbint relatively to the CCKS5 results and the
confirmation of tle uncertainties, claimed by NSM for CMC. VNIIM was the linking
NMI in this comparison.

Summary results of the comparison are presented in Table 5 and Fig. 5

Table 5i The degree of equivalence
of the NSCIM standard and its expanded uncertainty

U(dnsciv)
(k=2)

S
Cu NSCIM -0.265 0.654

dnsciv =Tnsciv = KCRV(KS),

Fixed point NMI K
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NSC IM - KCRV

0,600
0,400
0,200
0,000
« -0,200

® NSC IM
-0,400

-0,600

-0,800

-1,000

Fig. 517 The differencedysc iv- S & R(K5)] for the copper fixegpoint,
expanded uncertaintk €2)

According to the Document WGB C T  A-RMC GMIC review committee-26-
030, the values of the calibration uncertainty, claimed by participating laboratories, are
acknowledged if the deviation value is less than its expanded uncertainty:

aag2u(d).
As can be seetheresultfor dysciv Satisfies the abovieequality.
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Appendix |
TECHNICAL PROTOCOL (version 3)

Comparison COOMET.T-K5
Realizations of the ITS90 at 1084.62 °C
@l frv Proje®tY7387/ UA

Introduction

1 Organization of comparison

1.1 Participants and coordinator of comparison

1.2 Transfer standard at the first stage of comparison
1.3 Transfer standard at the second stage of comparison
1.4 Comparison schee and schedule

2 Instructions on measurements

2.1 General requirements

2.1.1 Conditions of measurements

2.1.2 Reference conditions of measurements
2.2 Stage 1

2.2.1 Transfer standard

2.2.2 Standard pyrometeomparatcs

2.3 Stage 2

2.3.1 Transfer stadard

2.3.2 Standard pyrometer (standard pyrometenparator)
2.4 Measurements

2.4.1 Stage 1

2.4.2 Stage 2

3 Presentation of results

3.1 Stage 1

3.2 Stage 2

4 Uncertainties budget

4.1 Stage 1

4.2 Stage 2

4.3 Comparison results

Appendix A. Characterigscs of NSCIM's crucibledesign photos
Appendix B. Informationfor transportatiorof NSCIM's crucible
Appendix C. Characteristics 0¥ NIIM 'slamp, design photos
Appendix D. Informationfor transportatiorof VNIIM 'slamp
Appendix E. Description of opration withVNIIM 'slamp

Introduction

The decision about the necessity to perform regional comparisons of national measureme
standards of the temperature unit in the field of-oontact thermometry was taken by the
Technical Committee TC 1.10 "Thermetry and Thermal physics" of COOMET.

The linking institute for the dissemination of the metrological equivalence to the standards of th
national metrology institutes is VNIIM (Russian Federation), whparticipated in the key
comparisons CCKb5.

The prdocol covers two separate comparisons: a comparison of fixed point cells (Stage 1), and
comparison of lamp calibrations (Stage 2). The former is not directly comparable or linkable to th
CCT-K5, whereas the latter is comparable and linkable. It willthe results of the latter
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comparison that are to be taken as the RKBDresults for linkage into the K5 data tables of the
KCDB. The former, the cell comparison, results can still be used under the auspices of the MR,
as additional evidence for CMC suppobut are more of a special regional supplementary
comparison that happens at the same time as the KC.

The comparisons is restricted in the range of temperatures to "only" the copper point, and it is ve
clear that the Ukraine CMCs at higher or lowenperatures will not be supported by the use of
this KC.

The participants of comparisons shall act in accordance with the instruction given Batthw
laboratory during the comparisons shall apply the adopted realization practice of @@ ITS

1 Organization of comparison

1.1 Participants and coordinator of comparison

Data about participants and coordinator of comparison are given in Table 1.
Table 1

Country,

. T Address, contacts
National metrological institute

Ukraine Ukraine
61002, Kharkov,

National Scientific Centre . )
Mironositskaya Str., 42

«Inditute of Metrology» (NSC IM)
Coordinator of comparison
R.P.Sergiyenko

Laboratoryof thermometry and thermal Rymma.Sergiyenko@metraly.kharkov.ua

measurements Tel.: +038 057704 98 00
Fax: +038 057704 34 47
Russian Federation Russian Federation
. 190005, SainPetesburg,
D.l. Mendeleevnstitute for Metrology Moskovskyprospect19

(VNIIM)
. Jf . S. Matveyeyv
The Research Division on Thermodynamics M.S Matveyev@vniim.ru
Tel.: +7812323 96 37

Fax: +7812713 01 14

The linkage between participants and coordinator of all current issues should be carried out !
these phones andmeail addresses.

1.2 Transfer standard at the first stage bcomparison

At the first stage of the comparison graphite crucibbataining pure metal and blackbody cayity

is used as a transfer standar@his transfer standard is a part of the national measurement
standard of NSC IM (Ukraine) and is identifie¢ the dimensions, weight and sketch. The
graphite crucible is transported from N®Z to VNIIM where it is compared with the
corresponding crucible (fixed point blackbody) of VNIIM on the basis of national measurement
standard of the Russian Federatiorhvwite use of equipment of this national standard.

Transfer standard should bansported from NSC IM to VNIIM and back in a special box. The
coordinatori NSC IM will send the graphite crucible (selfmade in Ukraine) number 532 in its
wooden box to partipating laboratory of VNIIM. Since the crucible is extremely fragile, its


mailto:Rymma.Sergiyenko@metrology.kharkov.ua
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transfer from laboratory to laboratory must be performed only by participants as a hand lugga
and with great care.

To comply with customs regulations when crossing state bordedettiarationi the ATA Carnet

form 1 must be fulfilled carefully, indicating the recipient country and dates of import and export
of the crucible. The issue of making the customs payment should be resolved between t
participating laboratories.

It is the responsibility of each laboratory to arrange transport of the crucible No 532 afte
calibration back to the coordinator. It is the responsibility of each laboratory to obtain insuranc
for the crucible No 532.

For customs declaration:
The following artfact is circulated among the participants for calibration:
The graphite crucible No 532.

The purchase/manufacturing cost of artifact is uncertain. It has no commercial value (it is not f
sale). It is meant solely for the calibration of national staredadd will be reexported
immediately after the calibration is complete.

We request that the device is not handled or removed from the container/package.

If a Customs inspection is required then please contact the relevant person so that he/she cat
presat and help you unpack it.

Participating laboratories are responsible for transferring the crucible to coordinator, its return ar
customs registration for export from the U
Carnet document.

Custom experes on the Russian Federation territory are paid by the comparisons coordinato
Descriptionof crucible has been used as the transfer standard of the comparison is given
Appendixes A and B.

An inspection procedure to be followed anthail sent to theipt indicating either safe arrival or
detailing the concerns after deliveringtbétransfer standard.

1.3 Transfer standard at the second stage of comparison

At the second stage of the comparistamperature vacuum tungsten strip lamp is uased
transferstandardThis transfer standard deliveredby VNIIM and is identified bynumber placed
on the top of lamp base.

VNIIM delivers atransfer standardith the following information:

- instruction as to the handling of the lamp, including an indinadiothe maximum lamp
current, not to be surpassed. Current switching and setting (maximum A/min);

- temperature coefficientsls/dt,, where v, and t, represent the spectral radiance
temperature and the lanpase temperature, respectively;

- dependence of spectral radiance temperature on wavekkngthe- ;

- sensitivity of the lamp calibration cuned/dT, at the freezing point, kaerel 1 the value
of lamp currentdT; 7 1°C;
- horizontal and vertical temperature distribution on the lamp strip.
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Transfer standard should brensported from VNIIM to NSC IM and back in a special box, to be
hand carried when transferring the langivizeen the participating institutes.

Prior to operatiorthe measurement of the roetamperature resistance of the lampst be carried
out. Thismeasuremerghould be done with uncertainty less 0.01 %

Two doublewire cablesare usedas current leads andoltage leads such that the room
temperature resistance,#g of the lamp elementsgomprising tungsten strip and its internal
support, can be measured (along withtdraperature J.,, measured with a calibratedsistance
thermometeimserted in the lampase) just beforealibrating them. After the calibration has been
completed Rmwp and Tmp Should beremeasured just before transferring the lamps to their next
destination. All of this is t@additionally monitor changes in the physical constitution efldmp
element, possiblinduced during transport of the lamps

An inspection procedure to be followed andhail sent to the pilot icating either safe arrival

or detailing the concerrafter delivering othe transfer standardndinforming aboutT ;mn Ramb
values.

The owneri VNIIM will send the lamp type € (SI) 10-300 (made by Moscow plant MELZ,
Russia) No5 in its wooden box to participating laboratory of NSC IM. Since the lamp is
extremely fragile, its transfer from laboratory to laboratory must be performed only by participant:
as a hand luggage andtiwgreat care.

To comply with customs regulations when crossing state borders the declathigoATA Carnet

form 1 must be fulfilled carefully, indicating the recipient country and dates of import and export
of the lamp. The issue of making the custopesyment should be resolved between the
participating laboratories.

It is the responsibility of each laboratory to arrange transport of the lamp No 5 after calibration bac
to the owner. It is the responsibility of each laboratory to obtain insurandeflamp Nb.

For customs declaration:
The following artifact is circulated among the participants for calibration:

The transfer standard of the comparisoffungsten ribbon lamp typerC10-300 (made by
Moscow plant MELZ, Russia) No 5.

The purchase/manaturing cost of artifact is uncertain. It has no commercial value (it is not for
sale). It is meant solely for the calibration of national standards and will be reexportec
immediately after the calibration is complete.

We request that the device is nohtked or removed from the container/package.

If a Customs inspection is required then please contact the relevant person so that he/she catr
present and help you unpack it.

Participating laboratories are responsible for transferring the lamp to catondins return and
customs registration for export from t he F
Carnet document.

Custom expenses on the Ukrainian territory are paid by the comparisons coordinator.

Description anccharacteristics of lampas been used as the transfer standard of the comparisor
aregiven in Appendix C.

Rulesfor transportation ofransfer standard is given in Appendix D.
Description ofopeationwith transfer standard is given in Appendix
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1.4 Comparison scheme and scheaal
Scheme of the first stage of comparison is presented in Fig.1.

Crucible with

NSCIM fixed point

(Ukraine)

VNIIM
(Russian Federatior)

\ 4

Fig. 117 Scheme of the first stage of comparison

Scheme of the second stage of comparison is presented in Fig. 2.

NSCIf Lamp SI No.5 VNIIM
(Ukraine) (Russian Federatior)

Fig. 21 Scheme of the second stage of comparison

Time schedule

Measurementst August2014 1 31 August2014

Data processing and compilation of report "A": 1 September R@DASeptember 2014
Preparation of report "Bt October20147 15 Decembe014

2 Instructions on measurements

The purpose of the measuremesitshe first stage is to determine the deviatbthe temperature
value reproduced by the fixgmbint blackbody (crucible) of NS®/1 under the VNIIM laboratory
conditions from the value reproduced by the VNIIM fixgaint blackbodyThe measurements are
performed usingthe standard pyrometezomparato(SPC) that has avell-known effective
wavelength in the visible range of spectrum.

The purpose of the measurements at the second stage is to establish the degree of equivalenc
the NSC IM standard withespect to the results of the key comparison &GT At stage 2, the
transfer standar@ temperature lamp is calibratédrough determining the value of current in
circuit of this lamp during equalization of spectral brightness of correspordeapf the lamp

strip with brightness of radiation of blackbody cavity with temperature of freezing @opire
metal Equalization of brightness is realized with the help of the standard monochromatic
pyrometer(or the standard spedt pyrometric settin whichis giving monochromatic radiation
with known effectivewvavelengthin the visiblerange of spectrunmApplied furnace with the model

of blackbody and standard pyrometer should be included into primary standards of temperatt

unit in the field of norcontactthermometry of participating countries
2.1 General requirements
2.1.1 Conditions of measurements

During the measurements it is necessary to control and record:

- ambient temperature

- relative humidity

- pressure




COOMET.T -K5 Final Report APPENDIX | Pagel6from 49

Indicated parameters should be in the linoitsvalues, which are required in routine practice of
participating laboratory. Actual values of parameters during the measurements should be indicat
in protocol of measurements.

2.1.2 Reference conditions of measurements
Socal l ed Ar ef er & Mmeasudrements ramply ttd obtais comparable results of
measurements, conducted in different laboratories. Reference conditions of measurements are:

- effective wavelengtly. = 656.3 nm;
- base temperature tinsferstandard,e = 22.5 °C (at stage 2)

2.2 Stage 1
2.2.1 Transfer standard

2.2.1.1 To avoid damage of the graphite crucible the last one should be kept according to rules
treatment of fragile devicebat have been adoptedthe participatinglaboratory.

2.2.1.2Before the measurementsjstnecessary to check that there are no defects on the surface
of the graphite crucible.

2.2.1.3Mounting the crucible into heating furnace should be done in accordance with the
procedure adopted in the participating laboratory.

2.2.1.4Rate of heatingrad cooling should be chosen on the basipretiminary researchesf
furnace,n whichthe crucibleof specifiedconfigurationandmass of the metas placed.

2.2.1.5 At temperaturegbove 350C, it is necessarplowing of crucible using pure argonto
preventburningout graphite.

2.2.1.6During the measuremenis is necessary teecordthe total operating timef the graphite
crucible.

2.2.2 Standard pyrometebomparatcs

2.2.2.1The opticalsystem of thetandard pyrometecomparatas (SPC) shoulgrovide theclear
image ofthe aperture athe blackbody cavity.

2.2.2.2The diameter of the field of view, the effective wavelengtid half-width of spectral
responseband are specified by technical and metrological characteristiosdicated in the
doaumentation for this SPC.

2.2.2.3 The diameter of the field of view should not exceed 1.0 mm.

2.2.2.4 The optical systems should provide the clear images of the lamp strip, the index and t
cross, placed on the balloon of lamp.

2.2.2.5 The effective wakengths should not differ from reference value, more thannt,(t
means it should be in the limita{° 10.0)nm, & = 656.3 nm.

2.2.2.6 The halfvidth of spectral responsivity bands should not exceed 20.0 nm.

2.2.2.7 The use of SPC should be e@tcording to Manual for this SPC.

2.2.2.8 The model of SPC of NSC IM is EOP serial No 2.

2.2.2.9 The model of SPC of VNIIM is S serial No 2.

2.3 Stage 2

2.3.1 Transfer standard
2.3.1.1Description of operations witthansfer standarig given inAppendix E.

Order of storage of transfer standard before and after conducting measurements should follow
rules of storage of standard lamps, which are included into primary standard.
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2.3.1.2 Before starting the measuremeaisaning the window is nessary. The window of the
lamp should be cleaned with a few drops of pure alcohol and immediately drying using len
cleaning paper. The contacts of lamp base should be also cleaned.

2.3.1.3 Order of installation and orientation of transfer standard:
- lamp is exploited in vertical position;
- plus of power source is given to the lamp base;
- direction of viewing should be athwart to the lamp strip;
- place of viewings indicated by index;
- lamp is oriented imsuch way that the optical axis of standpydometer goes parallel to
the line, connecting the end of index with the center of the cross, placed on the balloon of lamp.

2.3.1.4 Before each cycle of measurements, the lamp should be adjustedgain During the
measuremenishe adjustment shoulsk controled andshouldbe correcedif necessary.

2.3.1.5After switching on the lamp current is increased with the velocity not more than
0.5A/min.

2.3.1.6After switching on theburning time of lamp should be not less than 30. ifior vacuum

lamp not less than 40 mintp achieve théemperaturestabilization A criterion of temperature
stabilization is drift of voltage at the lamp base under the known value of current. The drift o
voltage should not exceed 0.08bduring 10 minutes.

2.3.1.7 To ®oid hysteresis it is necessary to change current in lamp circuit from small values t
bigger ones.

2.3.1.8 During the measuremenitsis necessary to record the burnitigie of the lamp. Total
burning time of the lamp under current, corresponded taifrgepoint of metal (I 2 0.99 ),
should not exceed 2 hours.

2.3.1.9 During the measuremenitsis necessary to stabilize the base temperature of the lamp,
which should be controlled amegistered.

2.3.1.10To control the stability of characteristicé transfer standardcontrol of voltage at the
lamp base should be conducted before, during and after the measurements.

2.3.1.11 To control the stability of characteristics of transfer standard (theteogperature
resistance) after back delivering to WM, must be done in accordance with paragraph 1.3 in 2
weeks.

2.3.1.12 The results of measurements to control the stability of characteristics of transfer standz:
after back delivering to VNIIM, must be sent to the pilot laboratory-byaé in period ofl week

after measurements. A probable drift component or lamp instability have to be incorporated int
the final uncertainty of comparison.

2.3.2 Standard pyrometer (standard pyrometenparator)

The Standard pyrometeomparators are used in both laliorees the same that described in
paragraph 2.2.2

2.4 Measurements

2.4.1 Stage 1
In generalthe measuremeicle contains the folloig procedures:
2.4.1.1Realization ofneltingplateaufor the NSC IM cruciblew, "¢,
2.4.1.2Processing experimental data on melting plateau
2.4.1.3Realization of freezing platedar the NSC IM cruciblew; V¢,
2.4.1.4Processing experimental data on freezing plateau
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2415Cal cul at i onuneffodtheNSCelM ceugililee
Wit o0 = (U CT U "S9/(dUrdT), 1)

whereU,,"*®andU"*¢, mVi theoutput signals of the standard pyrometer at melting and freezing
point, respectively
du/dT, mV/1°C 1 sensiivity of the standard pyrometat the fixedpointtemperature

2.4.1.6Realization of melting plateau for the VNIIM crucibtg,”™"™ .
2.4.1.7Processing experimental data on melting plateau.

2.4.1.8Realization of freezing platedar the VNIIM crucibke: u;
2.4.1.9Processing experimental data on freezing plateau.

24.1.10Cal cul at i onuvnet fdritheWN&IM erucible o
qum-fVN”M — (UmVNHM T Uf VNIIM )/(dU/dT), (2)

whereU,, "™ and U; ™W™ 'mV i the output signals of the standard pyrometer at melting and
freezing point, respectively;
du/dT, mV/1°C i sensitivity ofthe standard pyrometer at the fixgaint.

2.4.1.11Amount of measurememtycles each of which includesgints from 2.4.11 to 2.41.10,
should be not less than 5.
2.4.2 Stage 2
In general, the measurement cycle contains the following procedures:
2.4.2.1Realization of freezing platead pureMetal: sgo(Me).

VNIIM

2.4.2.2Processing experimental data on plateau. If necessary, input of correctigyda): v .

It is supposedhat thecorrectiongo sgo(Me) due to suclsourcesas impurities, emissivity of the
blackbodycavity, sizeof-source effecand otherwhich are taken into account by participants of
comparisons.

2.4.2.3Calibration of the transfer standard for spectral radiance temperature
U U [ u=f(l, aur, 1), Whereay i the effective wavelength dhe applied standard pyrometer;
t, 7 the lamp base temperaturk;i lamp current.The result is the average oft least10
measurements édmp currentl.

2.4.2.4Input of correctionsT, ¢ to the value ofs., which is caused by the diffarce of effective
wavelengthey of applied standard pyrometer frahrereference valuey. = 656.3nm.

For input ofthis correction comparisorparticipants use the datis/d pwhich are presented in
accompanying documents together with the lamp

DN et =/ eft T /re) (so/dex (3)
2.4.2.5Input of correctionOr, to the value ofsy;, which is caused by the differencklamp base

temperaturédy, under measurinfrom thereference valuge = 22.5°C.
For input ofthis correction comparison participants can use one of two variants:

a) usng the data on temperature coefficiaht/dt,, which are presented in accompanying
documents together with the lamp

DTy=(tp T tre) Qlse/dty. (4)

b) determining the temperature coefficienttbe transfestandard independently (in this case
the uncertainty of this correction value is evaluated by participant).

Because of correctiorm:cording td?.4.2.4 and 2.4.2,%he correctedralueurto should be
U = U1 Oy ei DT, (5)
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2.4.2.6Input of correction to the lamp current valul®r transformation oﬁrto to ugo(Me):
loo=1 + [UgoT Ur°] M/PTY. (6)
For input ofthis correctioncomparison participants can use one of two variants:

a) usng the data orsensitivity of the lamp calibration cuned/dT,, which are presented in
accompanying documents together with the lamp;

b) determining thesensitivity of the lamp calibtn curveindependently(in this case the
uncertainty of this correction value is evaluated by participant).

2.4.2.7 Amount of measurement cycles, each of which includes points frora 2. 2.42.6,
should be not less than 5.

3 Presentation ofresults
3.1 Stage 1

VNIIM shall submiinformationaccording to the form dfFables2, 3 and 4.

NSCIM shall submit informatiortoncerning theharacteristics of the graphite crucible with the
fixed-pointaccording to the form oFable 2

The namesf valuesin Tables 3 and 4 correspond to tires given in section 2.4.1.
3.2 Stage 2

Each participating laboratory shall submniiormationaccording to théorm of Tables 5 and 6.
The names of valuas Tables5 and6 correspond to the ones, given in section2.4

Table 2

g [ v Pr3g7jua®t Gtage 1 National Metrology Institute:

Parameter item Value/Comments

Radiator with the fixed-point:

Furnace manufacturef type

Puiity of themetal

Effective emissivity of the cavity

Dimensionsof thegraphite crucible

Mass ofthemetal, g

Diameter of the aperture tfeblackbodycavity, mm

Mounting thegraphitecrucible(if necessary)

Total operating time of thgraphte crucible

Standard pyrometer-comparator (SPC)

Diameter of field of viewmm

Effective wavelength, nm

Half-width of thespectral responsivity bandm

Focus distance of lens, mm

Aperture ratio

Conditions of measurements

Ambient temperaturenaximum, minimum and average
from all measurement cycle®

Relative humidity: maximum, minimum and average frof
all measurement cycle%bo

Pressure: maximum, minimum and aver&gen all
measurement cycles k P O
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sl {frv

P r387/Ué-@Q7, stage 1

Fixed point blackbody of NMI :

Number ofcycle:
melting-freezing

Plateau
duration,
minutes®

Plateau
slope,
s/ mi

UM my

U NMI’ mvV

dU/dTey,
mV/1 %

SPCoutput
signal in
temperature
equivalen, 54

1-melting

1-freezing

2-melting

2-freezing

é

5-melting

5-freezing

! _ participantcan presentie shapef plateaus of the fixed points

Table 4

sl ffrv

P r387jU&®t 0 7 ,

s t a driged doint blackbody of NMI :

Comparison of crucibles for realization of the freezingfixed-point
of NSC IM and VNIIM

Number offreezing

plateau

SPCoutput signal in temperature equivaléi

U

NSC
(o

Uf.VN”M 1 %

D =5 NSC - 5, VNIM. 1y,

1

2
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vObl e 5
g [ v Pr3g87jua®t Gtage 2 National Metrology Institute:

Parameter item

Value/Comments

Radiator with the fixed-point:

Type (1, 2 or 3 zones)

Purity ofthemetal

Mass of the metal, g

Diameter of the aperture of the blackbody cavity, mm

Standard pyrometer (or standard spectropyrometric setting

Diameter of field of view, mm

Half-width of spectral responsivity bandm

Focus distance of lens, mm

Aperture réio

Temperaturelamp i the transfer

standard

Features of lamp orientation, if they differ from 2.3.1.3

Instability of voltage at lamp base during measurements,
procedure of instability evaluation

Instability of lamp base temperature during measergs,
procedure of instability evaluation

Total burningtime of the lamp

Operating ime of lamp afixed-point temperature
(1 2 0.95l ve)

Conditions of measureme

Ambient temperature: maximum, minimum and average
from all measrement cyclesu

Relative humidity: maximum, minimum and average fromn
all measurement cycles, %

Pressure: maximum, minimum and average from all
measurement cycles, &P
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af{frwv

P r387jUa-©t 0 7 ,

stage 2

National Metrology Institute:

Number of
freezing
plateau

Plateau
duration
minutes

* 1 . I’ 2¢
for o'l uy =f(l, o, to)

Seif, NM

DT e,

s

Lamp base
temperazture

th, o

O, ‘s

loo, ¢

for
Uoo = f(l o0, e, tre)

1

2

Average

! temperature value, calculated acdogto item2.4.22

2 measured value

% temperature value, calculataccordng to item 2.4.2.4

* temperature value, calculated aading to item?2.4.2.5
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4 Uncertainty Budget

The standard uncertainties of typeaAdtype B, the combined standard uncertaisitypuld be
eval uat ed &ude torthee iExpeessionoof Uncertainty in Measuremerit (GUM)

and ebcument of CCTWGS5 on radiation thermometfjdncertainty budgets for realization of
scales by radiation thermometry.

4.1 Stage 1
Initial data for calculation of standard uncertainty of type A is a number of measurement results

Dy = NSC _ Us VNIIM (7)
which consists of 5 values as a minimum according td 2.%.and Table 4.

The sources of uncertainty components of type B are giveegbypmentand procedures, ad
during the measuremerit the first stage hese sources can be divided into following groups:

- furnace with the model of blackbody: impurities, emissivity, temperature gradients in the
cavity and plateau identification

- standard pyrometer (starrdapyromeér-comparator. sizeof-source effect; uncertainty of
knowledge of effective wavelengthscattering,polarization(spectral parametéersinstability of
standard pyrometemeasurement of output signal (electrical parameters); and others

Evaludion of uncertainty componentis given by participants in corresponding items of
uncertaintybudget according ttheform of Table7.

4.2 Stage 2

Initial data for calculation of standard uncertainty of type A is a number of measurement results
I 90, Which consists of x 5 values as a minimum (including measurements before and after lamp
transport) according to 2.4.2.7 and Table 6. Transformafistandard uncertainty, expressed in
current units, into standard uncertainty in temperature units is mangkhthe use ddensitivity

of the lamp calibration curvél/dT, (2.42.6).

At the stage 2the components, associated with temperature lamp, are &wlded above
mentioneduncertainty components

- measurement of lamp current; me@snent of lamp basemperaturg dependencdus/d @&nd
difference of effective wavelengthy; of applied standard pyrometer from reference vale
temperature coefficient of lamgis,/dt, and difference of base temperatuie from reference
valuet,; procedure ofransformatiorof values incurrent unitsinto values intemperature units
and others.

Evaluation of uncertainty componenis given by participants in corresponding items of
uncertaintybudget according ttheform of Table7.
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Uncertainty budget

g [ [frv Pr3gsjuaet 07

NMI :

Component of uncertainty

Standard

u

n

¢

Type ¢

Repeatability of thelgy values (including measurement
before and after lamp transport)

Type |

Fixed-point blackbody radiator

Impurities

Emissivity

Plateau identification

The temperature difference in the walls of the cavieat
transfer processes

é e

Standard pyrometer

Spectral parameters

Size-of-source effect

Drift (instability)

Resolution

ée

ée.

Temperature lamp

Current measurement

Base temperature

Positioning (adjustment)

ée.

ée.

Converting results to the reference conditions

Interpolation and integration

Converting to the referencbase temperature

Converting to the referenceffective wavelength

éee

e e

The combinedincertainty, mKk = 1)

The expanded uncertainty, n{K= 2)
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4.3 Comparison results

In this COOMET comparison VNIIM is the linking institute for determination of the equivalence
degree of the obitaed results relative to CCKS5 results.

The results of CCKS5 have been presented as differerdgs - KCRV(K5].

The degree o0d eduitvlad eNbE #Hesults for eac
calculated on the corresponding relationship:

di =(Tawr = Tunim )+[TVNIIM } KCRV(KS)].
The standard uncertainty(d) can be calculated with the corresponding relationship:
2 — 2 2
u“(d)=u"(Tymi - Tonam ) +U [TVNIIM - KCRV(KS)],
where u(Tnmi T Tyniv) €an be calculated on the corresponding relationship:
2 — 2 2 2
u (Tvan - TVNIIM )— u (TNMI )+U (TVNIIM )+U (I—) :
where u(L) i standardincertainty of lamp instability during VNIIMNMI-VNIIM,
Mr ., 1
— ; 3P 3 —
u(L)= [(|VNIIM )end ( i )oegir] ul \/é
The values of the calibration uncertainty, claimed by participating laboratories, are
acknowledged if the deviation value is less than its expanded uncertainty:
&ag2u(d)
(Document WG 8-RMACCAMC fieliewtc@mmittee-26-030).
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Appendix A

Characteristics of crucible has been used as the transfer standard of the comparison
(NSCIM's crucible)

Make by: NSCIM Size: Diameter 41.5 mm, Length 168.4 mm
Type: No name Weight: 610g
Serial Number: 532 Packaging: Specialwooden box witHfoampad

Fig. 1 Design of artifact:

<36 = 57 —— 58 ===

A13

~ 1684
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Fig. 2 Photos oértifact:

a) Crucible b) Crucible in packed box
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Appendix B

The transfer standard of the comparisori Graphite crucible containing pure copper

Complete list of the content of the package

Type: Noname

Serial Number: 532

Make by: National Scientific Centre «Institute of Metrology» (NSC IM)
Size: Diametr41.5mm, Lengthl68mm

Mass 6109 (Netto),

Owner: National Scientific Centre «Institute of Metrology» (NSC IM)
Address 42,Mironositskaya Str. Kharkqw1002,Ukraine

Packaging: Specialbox withfoampad

Size: 90 x 200 x 320 mm

Mass 1.1 kg (Cruciblewith packaging)

Handbook

1. Transportatiorof cruciblemust beonly by courier.

2. Should provide protection from bumps amdruciblesharp shock
3. Should provide protection from heatrucibleabove 50 °C.

4. It is forbiddento transporicrucide by luggage.

5. When air transportrucibleshould be at the courier in the cabin.
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Appendix C
Characteristics oflamp has been used as the transfer standard of the comparison
(VNIIM's lamp)
Make by: Plant'l ¢ [ 'y
Type: g R10- 300
Serial Number: 5
Size: Diameter76 mm, Lengthi250 mm
Mass 180 g
Packaging: Specialbox withfoampad

Fig. 1 Design of artifact:
76 e 70

YN

T4

\Aby

L bi I

E4LO/55x47

250
]

¢ 75
|

_{3@__
L
|

130

J

Tf
|
|
|

The Tungsten Ribbon Lomp of VNIIM
Ribban width ~ 28 mm, length - 2042x12 mm, thickness - 006 mm
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Fig. 2 Photos oértifact:

a) Lamp

b) Lamp in packing box
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Appendix D

The transfer standard of the comparisori Tungsten ribbon lamp

Complete list of the content of the package

Type: g R10- 300

Serial Number: 5

Make by: Plant[ ¢ [ 'y Moscow, Russia (Formed USSR)
Size: Diameter 76 mm, Length 250 mm
Mass 180 g (Netto)
Owner: D.I. Mendeleyev Institute for Metrology (VNIIM)
Address 19 Moskovsky prospect , SaiRetersburg, 190005, Russia
Packaging: Specialbox withfoampad
Size: 150 x 150 x 450 mm
Mass: 2.8 kg (Mass with package)
Handbook

1. Transportatiorof lamp must beonly by courier.

2. Should provide protection from bumps aakmp sharp shock
3. Should provide protection from healamp above 50 °C.

4.1t is forbiddento transporiampby luggage

5. When air transport lamp shld be at the courier in the cabin.
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Appendix E
Features of the transfer standard vacuum tungsten ribbon lampa r 10-300 No. 5
(stage 2 of the comparison)

Name - Temperatureyacuum tugstenribbonlamp

Typeof lamp -4 R10-300

Serial number -5

Dateof manufacture -1971

Manufacturer - LampFactory"[ ¢ [ "} Moscow

State - the USSR (now the Russan Federation)

City - Moscow

Belongs - D.I. Mendeleeunstitute for Metrology
(VNIIM)

Operating time - since 1990

The highest operating temperature - 1300°C

The esearches ahe lamp were carried odrom 2008to 2010 on the state primary measurement
standard of the temperature unit of the Russian Federation with the aim to usae ttaasfer
standard.

The lesearches were carried out undher fiollowing conditions:

ambient temperature i (22 N 2) Awu
relative humidity i (55 +10) %
pressure i (105 N 15) kPO

The researches were conductatlthe effective wavelength656.3 nmcenterng of the target area
0.7mmx 0.7 mmat the level of the index.

Conditions of use
The stabilizeccurrentmust beof unambiguous polarity plus of power source is given toe thread
of the lamp base

The rate of change dfielamp current in the cirgushould not exceed:

intherange of 0t6 ¢ i 10 m¢/
in the range of 66tmm(PR ¢
over 9 ¢ i 3 nsd/

Whenswitchingoff, the current change rate should not exceed these values.

The measurements should be performed in the direction of increasing cumhgrto avoid the
hysteresis effect

Before the measurements, the lamp window should be cleaned with few drops of pure alcohol ar
finally with distilled water and immediately ded with the help of thiens cleaning paper.

The lamp must be installed niigally with the basedown It is importantnot to touch the glasey
handsand use a clean cloth or gloves

Positioning: Thdamp should beoriented in such wathat the optical axis dhe standard pyrometer
goesparallel to the line, connecting the eofdindex with the center of the cross, placed on the rear
wall of the lampbulb.

The base of the lamp should be thermostdtethg the measurements

The current,the voltage the lamp baseemperaturendthe ambient temperatustouldbe recorded
during the measurements.
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It is important to check theesistancef the lamp periodicallyChangingthe resistancef more than
0.01% with respect to theesistanc®f the previous calibratiomdicatesthe structural changes in the
lamp that needs attenti@md possiblyhe extraordinary verification.

The daracteristicef the lamp in the range of radiaricee mper at ur e from 105

Time necessary to reach thermal equilibrium:

after switchingont o 1100 Awu 50 mirutes
after cangingthe current not more th&@b ¢ 10 mirutes
The wltage instabilityat the lamp bas@t current instability £ & mA) <50 mVv

The emperature instability dhe lamp ribbor{at current istability + 5 mA) <40 mK
At the copper fixeepoint temperature

slope of the lamp calibration characteristitdT, 99 di¢/
base temperature coefficiehiz/dt, 0.08 /1 °u
temperature drift <2mK

Temperature inhomogeneity along and actbesamp ribbon
(within the area .75 mmrelative to the position determined by the index areldénter of the
crossplaced on the rear wadf the lampbulb)

horizontaly:
left -03 s
right 3 +9.
vertically.
upwards +03 s

downwards +16 s
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Appendix Il

Information presented by VNIIM according to the Table 2 of the Technical Protocol

g [ (v Pr3s7jua®t Gtage 1

National Metrology Institute: VNIIM

Parameter item

Value/Comments

Radiator with the fixed-point: Copper

Furnace manufaturer/ type

1 1 350 0 No3w0963/al

Purity ofthemetal 99.992%

Effective emissivity of the cavity 0.99993

Dimensionsof thegraphite crucible See ApendixV

Mass ofthemetal 1609

Diameter of the aperture tfeblackbodycavity 2.0mm

Installation ofthe graphitecrucible(if necessary) -

Total operating time of thgraphite crucible 32 hours
Standard photoelectric spectralcomparator (No 300963/a3)

Diameter othefield of view 0.7 & mmM@(square)

Effective wavelength 6563 nm

Half-width of thespectral responsivity band 5.0nm

Focus distance of lens 600mm

Aperture ratio 1:15

Conditions of measurements

Ambient temperature: maximum, minimum and average frg
all themeasurement cycle®4

Ua= 218 %

Relative humidity: maximum, minimum and average from a
themeasurement cycle%o

Yma= 71%; ming 56 %);

Ya~ 64%
Pressure: maximum, minimum and aver&gen all the tmax=1019 € 1,996 G}
measurement cycles k P © tae=21007 €1 O
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Information presented by NSC IM according to theTable 2 ofthe Technical Protocol

g [ v Pr3g7jua®t Gtage 1

National Metrology Institute: NSC IM

Parameter item

Value/Comments

Crucible with the fixed-point: Cop

per

Furnace manufacturer type

3-heating coil; sedmade No 001a

Purity ofthemetal

99.996 %

Effective emissivity of the cavity

0.99981

Dimensionsof thegraphite crucible

See ApendixA of the Technical
Protool

Mass ofthemetal

510g

Diameter of the aperture tfeblackbodycavity

3.0mm

Installation ofthe graphitecrucibleinto VNIIM furnace
(if necessary)

An additional diaphragm with
aperture diameter of 2.5 mm was
installedfor alignment

Total operating time of thgraphite crucible

34 hours

Standard pyrometer (Sel-made

, No 001b)

Diameter ofthefield of view

Effective wavelength

Half-width of thespectral responsivity band

Focus distance of lens

Aperture ratio

Conditions of measurements

Ambient temperature: maximum, minimum and average fi
all themeasurement cycle®4

Relative humidity: maximum, minimum and average from
themeasurement cycle%o

Pressure: maximum, minimum and averbgen allthe
measurement cycles k P O
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Appendix Il

Information presented by VNIIM according to the Table 3 of the Technical Protocol

g [ rv Pr3s87jua®t 07, st age Eixed-point blackbody of NSC IM
Graphite crucible with the copper fixed-point of NSC IM
Number of| piateau | Plateau | Um' o mV SPCoutput
thecycle: | guration,|  slope C(lj;J///dT%J Wt 5, signal inthe
melting | minutest I mi NSC 1 temperature
freezing ® U my equivalent®u
1-melting 3 0.040 32.318 0.06 -
1-freezing 10 0.016 32.295 108456
_ 0.3860
2- melting 4 0.024 32.300 0.03 -
2- freezing 11 0.012 32.287 108454
3- melting 12 0.020 32.103 0.10 -
3- freezing 24 0.004 32.064 108461
_ 0.3856
4- melting 17 0.009 32077 0.10 -
4- freezing 21 0.005 32041 108455
5- melting 0.016 32.245 0.06 -
5- freezing 0.010 32222 108463
_ 0.3858
6- melting 14 0.010 32213 0.07 -
6- freezing 13 0.015 32.187 108454
g [l rv Pr3g7jua®t 07, st age Eixedpoint blackbody of VNIIM
Graphite crucible with the copper fixed-point of VNIIM
VNIIM SPCoutput
Number ofthe dﬂ?;ﬁgg lez;te:u Un ™ MV GidTe | aqume ™™ | signal inthe
cycle: melting Minutes! /pnlli U VNIM mV/ 1% " temperature
freezing S o equivalentu
1-melting 7 0.020 32341 -
. 0.070
1-freezing 12 0.006 32313 108463
_ 0.3860
2- melting 18 0.007 32319 -
_ 0.005
2- freezing 32 0.003 32318 108464
3- melting 6 0.018 32245 -
. 0.050
3- freezing 10 0.009 32226 108466
4- melting 12 0.008 32248 -
_ 0.3858 0.070
4- freezing 14 0.004 32223 108465
5- melting 23 0.010 32250 -
. 0.040
5- freezing 21 0.004 32233 108468
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Appendix IV

The shape of the freezing plateafor the crucibles ofthe comparison participants
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Appendix V

The drawing of the graphite crucibles of the comparison participants

The design of theVNIIM crucible
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The design of theNSC IM crucible
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Appendix VI

Information presented by VNIIM according to the Table 5 of the Technical Protocol

g [ [ [ (v Pr3s7/Ua-QQa7, stage 2

National Metrology Institute: VNIIM

Parameteitem

Value/Comments

Radiator with the fixed-point: Copper

Type (1, 2 or 3 zones) 3 zones
Purity ofthemetal 99.992 %
Mass of the metal, g 205 @
Diameter of the aperture of the blackbody cavity, mm 1.5 mm

Standard photoelectric spectral comparator

Diameter otthefield of view 0.7 0.7 mm
Half-width of the spectral responsivity band 5.0 nm
Focus distance of lens 1800 mm
Aperture ratio 1:15

Temperat

urelamp i transfer standard

Features ofhelamp orientation, if they differ from 2.3.1.3

Instability of voltage athelamp base durinthe measurements,
the pocedure otheinstability evaluation

Whenmeasuringthreadof baseandterminalclamp ae connected to the multimet]
Keithley2700.

Theform of thedataprocessings shown inTable 5.1 where:U - theaverage valu
of the voltageduringthe measuremest The evaluation ofthe voltage instabilityat

)2

g(Ui'

thelamp basdas beeralculatedoy theformulaS, = i=1n -

U

1

Instability of thelamp base temperature duritige
measurementshe procedure of instability evaluation

The £miconductor resistance thermometer was mounnetthe basavith the ug of
the ring holderThe measurements were performed using the multimet&9BThe
temperaturezalue has been calculatadcording to the individuatalibration curve
of theresistance thermometer
Theform of dataprocessings shown inTable 52, wheee: t - the average value @
the basetemperatureThe ezaluation ofthe temperature instability dhe lamp basq
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has beeralculated byheformula S =

Total burningtime of the lamp

12 hours

Operating ime of thelamp atfixed-point temperature

(12 0.95lcy)

did not exceed 8 hours

Conditions of Measuremens

Ambient temperature: maximum, minimum and average fron

themeasurement cycles

Trin=19.3% Tmax=22.3% T, = 20.6%

Relative humidity: maximum, minimum and average from all

themeasurement cycles

Y ma= 96 %; ming 44%; 2 Y48%

Pressure: maximum, minimum and average frorthall

measurement cycles

I min=988 kiR:@5 1016 k {R/&;1003 kPa

vable5.1 (VNIIM ) T Form ofthedataprocessingor the measuremestofthevoltage instabilityatthelamp base

Number of the Interval betweenthe Average
— S,B S, %
measuremens measurementsseconds U, ]
182 15 0.85337 0.000008 0.001
178 15 0.85318 0.000006 0.001

Table5.2 (VNIIM) 1 Form ofthedataprocessindor the measuremestoftheinstability ofthelamp baseemperature

Number of the

Interval betweenthe

Average

(o]
measurements measurementsseconds f,°C S 4
133 15 22.38 0.001
129 15 2261 0.002
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Information presented by NSC IM according to theTable 5 of the Technical Protocol

g [[f v Pr3g7juaot Gtage 2

National Metrology Institute: NSC IM

Parameteitem

Value/Comments

Radiator with the fixed-point: Copper

Type (1, 2 or 3 zones) 3 zones
Purity ofthe metal 99.996 %
Mass of the metal, g 510 g
Diameter of the aperture ofdlblackbody cavity, mm 3.0mm
Standard pyrometer
Diameter otthefield of view 1.0 mm
Half-width of the spectral responsivity band 14.6 nm
Focus distance of lens 254 B
Aperture ratio 1:32

Temperaturelamp i the transfer standard

Features ofhelamp orientation, if they differ from 2.3.1.3

Instability of voltage athelamp base durinthe measurements,
theprocedureof theinstability evaluation

Whenmeasuring,threadof baseandterminalclamp ae connected to theoltmeter
Keithley2182

Theform of the dataprocessings shown inTable 53, where:U - the average valu
of the voltageduring measuremest The e/aluation ofthe voltage instabilityat the

lamp basdnas beemalculated byheformulaS, = ‘=1n —

Instability ofthelamp base temperature duritige
measurementshe procedure ofheinstability evaluation

The neasuring junction ofhe thermocouple of Lype was mountedon the basg
with the use of the ring holdeiThe measurements were performed using
voltmeter Keithley2182Thetemperatureralue has been calculatadcording to thg
individual calibration curveof thethermocouple

Theform of the dataprocessings shown inTable 54, where:t - the average valug
of the basdemperatureThe ealuation ofthe temperature instability othe lamp
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base has bearalculated byheformula § =

Total burningtime of the lamp

did not excee® hours

Operating ime ofthelamp atthefixed-point temperature

(12 0.95lcy)

did not exceed.5hours

Conditions of Measuremens

Ambient temperature: maximum, minimum and average fron

themeasurement cycles

Relative humidity: maximum, minimum and average from all

themeasurement cycles

Y mac 33%; ming 45%; Y41 %

Pressure: maximum, minimum and average frorthall

measurement cycles

I min= 984k P Pye= 1018k P ©,, = 1001 kPa

vabl e 5. 3 FdrmNd@tidadtaNocessing fahe measurements difie voltage instability at the lamp base
Number of the Interval betweenthe Average
— S,B S,%
measurements measurementsseconds u, |
141 5.0 0.86532 0.000011 0.001
147 5.0 0.86535 0.000007 0.001

Table 5.4 (NSC IM) Form ofthedata processing fahe measurements dfeinstability of the lamp base temperature

Number of the Interval betweenthe Average S %

measurements measurementsseconds t,°C '
100 1.0 19.98 0.002
102 1.0 2011 0.002
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Appendix VII
Information presented by VNIIM according to theTable 6 of the Technical Protocol

g [frv Pr3gjua®t 07, stage 2 National Metrology Institute: VNIIM

thefreezing Plateauduration | ' cuy ) l, , dor for temperature, for loo, , fior
plateau minutes U ( CUbe=f(l, /er,to) [2=656,3N0  tp, te=225% | ueo(CU)="f(lgo, /re, tre)

1 14 1357.96° 9.1911 0 22.3 i 0.01 9.1891
2 17 135796° 9.1932 0 229 i 0.03 9.1910
3 10 135796° 9.1916 0 224 i 0.01 9.1896
4 33 135796° 9.1920 0 22.6 +0.01 9.1902
5 15 135796° 9.1906 0 224 i 001 9.1896
Average 9.1899

® Considering the effect of the source size (0,19 + (502)
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Information presented by NSC IM according to theTable 6 of the Technical Protocol

Paged5from 49

g[[frv Pr3g7jua®t 07, stage 2 National Metrology Institute: NSC IM
Number of | Plateau | | Lamp SI103 00 - Dl s  Base Z & LampS1103 0 0
the freezing| duration, | ¥ ( Cu) | I, ¢, Sff, M for temperature, | . _%,, ¢ loo, ¢,
plateau | minutes U( Cugn=1(, /e, tv) &=656,3 nm to, b e 5 Uoo(CU) =f(l g0, / re, tre)
1 8.0 135777 9.1963 6610 -0.63 200 -0.15 9.1891
2 145 135777 9.1894 6610 -063 201 -0.14 9.1818
3 175 135777 9.1976 6610 -063 200 -0.15 9.1899
4 215 135777 9.1941 6610 -0.63 220 -0.03 9.1876
5 170 135777 9.199 6610 -063 221 -0.02 9.1929
Average 9.1883
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Appendix VI

Information presented by VNIIM according to the Table 7 ofthe Technical Protocol

The uncertainty budget for calibration of the copper fixed-point

gl [ (v Pr3s7juae®t Ostagel NMI: VNIIM
Component otheuncertainty Standard wun
Type ¢
Repeatability of thégyvalues 11
Type |

Fixed-point blackbody radiator

Impurities 20
Emissivty 10
Plateau identification 30
The temperature difference in the walls of the cav 10

heat transfer processes

Positioning (adjustment) 40

Standard photoelectric spectral comparator

Spectral parameters 10

Sizeof-source effect 20

Drift (i nstability) 20

Resolution 4
e

The combined uncertainty, mK € 1) 64

The expanded uncertainty, mK=% 2) 128
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Information presented by NSC IM according to the Table 7 of the Technical Protocol

The uncertainty budget for calibration of the copper fixedpoint

g/ [ v Pr3s7juaet 07, stage 1 NSC
IM
Component of the uncertainty Standard unq
Type ¢
Repeatability of thégovalues 72
Type |

Fixed-point blackbody radiator

Impurities 30
Emissivity 20
Plateau identification 5

The temperature difference in the walls of the cav

heat transfer processes 10
Positioning (adjustment) 50
Standard photoelectric spectral comparator
Spectral parameters 55
Sizeof-source effect 60
Drift (instability) 20
Resolution 5
e
The combined uncertainty, mK € 1) 127

The expanded uncertainty, mK=% 2) 254
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Information presented by VNIIM according to theTable 7 of the Technical Protocol

The uncertainty budget for calibration of the lamp i the transfer standard

at the copper fixedpoint

gl [ v Pr3g7jua®t Ostage 2 NMI : VNIIM
Component otheuncertainty Standard unq

Type ¢

Repeatability of thégyvalues 33
Type |

Fixed-point blackbody radiator

Impurities 20

Emissivity 10

Plateau identification 30

The temperature difference in the walls of the cav 10

heat transfer processes

Standard photoelectric spectralcomparator

Spectral parameters 20

Size-of-soure effect 20

Drift (instability) 20

Resolution 4

Temperature lamp

Current measurement 30

Base temperature 40

Positioning (adjustment) 30

Converting results to the reference conditions

Interpolation and integration 20

Converting to the referencbase temperature 10

The combinedincertainty, mKk = 1) 88

The expanded uncertainty, n{K= 2) 176




COOMET.T -K5 Final Report APPENDIX VIII Page49from 49

Information presented by NSC IM according to theTable 7 of the Technical Protocol

The uncertainty budget for calibration of the lamp i the transfer standard
at the copper fixedpoint

e[ [fruv Pr3gijuaet Gtage 2 NMI : NSC IM
Component ofthe uncertainty Standard wunc
Type ¢
Repeatability of thégyvalues 185
Type |

Fixed-point blackbody radiator

Impurities 30
Emissivty 20
Plateau identification 5
The temperature difference in the walls of the cav 10

heat transfer processes

Standard pyrometer

Spectral parameters 55
Size-of-source effect 60
Drift (instability) 20
Resolution 5

Temperature lamp

Current measurement 75
Base temperature 16
Positioning (adjustment) 30

Converting results to the reference conditions

Interpolation and integration 25
Converting to the referencbase temperature 15
Converting to the reference effective wavelength 70
The combinedincertainty, mKk = 1) 235

The expanded uncertainty, n{K= 2) 470




