


Contents

(70T 01 1= o | K= PO PTPTPPTRPPRRN 2
1 TaLd goTo 1T T o1 (o) o EOU T O PP PU PP 3
2 L0 o =TT =7= 11 o] o PP UPUT R OURUPRPRN 3
21 LT [eT oY= | PSR 3
22 RS Ted o= [ PRSP 4
23 1= o 1= o [ O PRSPPI 6
3 Measurement instructions and reporting Of reSUIS ... 7
4 Measurement methods and instruments used by the participantS........cccccooviiiiiiccieeeeen, 8
5 Stability and condition of the gauge BIOCKS ......coveiiiiiiiiic e 13
5.1 Central 1ength StaDIlity .........c.eeiiiii e 13
5.2 Condition of the gauge DIOCKS ...........ooiiiiii e 15
5.3 Stability of flatness and variation in length .............cccco oo 19
54 LYY =11 Iy =1 o111 Y PSSRSO 20
6 Measurement results, as reported by partiCipants ........ccoooveiiiiieiie i 21
6.1 Deviation from nominal Iength ... e 21
6.2 Difference between left and right Wringing ...........coooiiiiiiii e 27
7 MeasuremMeNnt UNCEITAINTIES ......ooiiiiiiii ittt e e st e s e e e s e e e e snnnee s 29
71 oo [ =Y [ E= 1T 1 S 29
7.2 Measurement by INTErfEroMELIY..........ueiiiiie e 29
7.3 Measurement DY COMPATISON .........ue e e e e e e 30
8 Analysis Of the reported reSUILS ... e e e 32
8.1 DEIIVATIONS ...ttt h et e e e e e e e 32
8.2 ANAIYSIS USING £, VAIUES........uiiiiiiiee ettt e e e et e e e e e e e st e e e e e e e e e nnnseeeeaaeeesnnsnreees 33
8.3 Birge ratio t0S .. .eeiii i e e e e e s e aaaaaaaan 33
8.4 Results Of all PArtiCIPANTS........cciiieie e e e e e e e e e aaae s 33
8.5 Analysis of results, outliers excluded from weighted mean.............ccccooiiiiiini e, 39
8.6 DISCUSSION Of FESUIES .....coiiiiiie ettt e e et e e s snb e e e e anbeeeeeans 43
8.7 FUMNET dISCUSSION .....eiiiiitiie ettt e et e e e et e e e e bt e e e e nbe e e e e nbee e e enees 44
8.8 Normalised differences between 1aboratories ... 44
1S B ©0 Y o [ox [V =] o] ¢ K-S OO PP P R PURPRRTOPRTPIN 47
O Yo g o )1 TA =T fo T=T 0 0= | £ SRR 48
R T =T T o T OO SRR PRI 49
Appendix 1: Determination of the Key Comparison Reference Values..........cccccceeevvivciiieeeee e, 50
111 KCRVs and their UNCertainties ............cuii i 50
11.2  Artefact UNCEMAINTIES ..o e 50
Appendix 2: Comparison With referenCe ValUES ..........oooiiiiiiiiiiiii e 53
Appendix 3: Transfer of reference values to RMO key COMPAariSONS .......cccovvveeeeiiiieeeiniiee e 57

EUROMET.L-K2 Version B-Final.doc Page 2 of 57



1 Introduction

The metrological equivalence of national measurement standards and of calibration certificates issued by
national metrology institutes is established by a set of key comparisons chosen and organized by the
Consultative Committees of the CIPM or by the regional metrology organizations in collaboration with the
Consultative Committees.

At its meeting in November 1997, the EUROMET Technical Committee for Length, TC-L, decided upon a
key comparison on long gauge block measurements, numbered EUROMET.L-K2, with the National
Physical Laboratory (NPL) as the pilot laboratory. This comparison would be the RMO equivalent of the
comparison CCL-K2, which was also piloted by NPL.

The results of this international comparison contribute to the Mutual Recognition Arrangement (MRA)
between the national metrology institutes of the Metre Convention [1]. This EUROMET key comparison is
linked with the CCL and other RMO comparisons through mutual competence of participating
laboratories. Laboratories participating in both the CIPM and the RMO comparisons establish the link
between these comparisons and assure their equivalence.

2 Organisation

The protocol document for this comparison and this report have been based on the corresponding
documents for key comparison CCL-K2 [2, 3]. The protocol document [4] was issued to all participants at
the start of the comparison. A revised version was issued before commencing the second loop artefact
circulation, to take into account the replacement of two failed gauge blocks and a revised timetable.

2.1 Participants

All members of EUROMET TC-L were invited to participate. 23 laboratories expressed an interest. The
list of participants is given in Table 1.

LOOP COUNTRY CONTACT ADDRESS PHONE, FAX, EMAIL

Bundesamt flr Eich- und Vermessungswesen (BEV)

Arltgasse 35 +43 149 110 540

1 AUSTRIA Michael Matus +43 149 20 875

A-1160 .
\Wien m.matus@metrologie.at
Metrologische Dienst
. +32-2-206 4960
1 BELGIUM Hugo Pirée gf’fg(‘)% Albert |l laan 16 +32-2-206 57 45
Brussels hugo.piree@mineco.fgov.be

National Centre of Metrology

2nt +359 2 873 5268
2 BULGARIA | V. Gavaljugov |28 G-M Dimitrov Bivd. +359 2 873 5285

1797 ncm@sasm.orbitel.bg

Sofia
Czech Metrology Institute (CMI)
CZECH Laboratories for Fundamental Metrology +420 257 288 326
2 REPUBLIC Petr Balling |V botanice 4 +420 257 328 077
150 72 pballing@cmi.cz
Praha 5

Centre for Metrology and Accreditation (MIKES) +358 9 6167 521
Lénnrotinkatu 37

1 FINLAND Antti Lassila +358 9 6167 467

FIN-00181 . . f )
Helsinki antti.lassila@mikes.fi

Laboratoire National d'Essais (LNE)
Georges 1, rue Gaston Boissier

+33 14043 3777

S I it i S e
Paris Cedex 15 ) )
Physikalisch-Technische Bundesanstalt

1 Division for Precision Engineering +49 531 592 5130

& GERMANY  [Gerhard Bonsch |Postfach 3345 +49 531 592 4305

2 D-38023 gerhard.boensch@ptb.de
Braunschweig

rsza Mérésligyi Hivatal (OMH
o gllsNZ?ﬁestvé‘lag;s ut 3317-39ata OV +36 14585 997
2 HUNGARY Edit Banréti +36 1 4585 927

H - 1535

Budapest, Pf.919 e.banreti@omh.hu

EUROMET.L-K2 Version B-Final.doc Page 3 of 57



National Metrology Laboratory, Enterprise Ireland +35 31808 2657
Howard ; +35 31 808 2026
2 IRELAND . Glasnevin ) .
McQuoid . howard.mcquoid@enterprise-
Dublin 9 ireland.com
Istituto di Metrologia G. Colonnetti
1 +39 011 3977 470
& ITALY Alessandro  [Strada delle Cacce 73 +39 011 3977 459
Balsamo 1-10135 . .
2 Tori a.balsamo@imgc.to.cnr.it
orino
Latvian National Metrology Centre +371 736 2086
2 LATVIA Edite Turka |157, K. Valdemara Street +371 736 2805
Riga, LV-1013 edite@Inmc.lv
Lilijana g"?a'!ﬂiﬂ??f Ig géi?eenn;rgs‘(VMTNMC) +37023062 76
2 LITHUNIA . - : ) +3702 2337 27
Gaidamaviciute (2038 ]
- vmc@taide. It
Vilnius
Nederlands Meetinstituut (NMi/VSL)
Schoemakerstraat 97 +31 15 2691 601
1 NETHERLANDS | Gerard Kotte [(PO Box 654) +31 152612 971
NL-2600 gkotte@nmi.nl
AR Delft
Central Office of Measures (GUM)
Zbianiew ul. Elektoralna 2 +48 22 620 54 38
2 POLAND Ramgtowski P.O. Box 10 +48 22 620 83 78
00-950 length@gum.gov.pl
Warszawa
1 PORTUGAL . ’ +351 21 294 8188
Saraiva 2829-513 fsaraiva@mail.i t
Caparica Pq.p
INM-National Institute of Metrology +40 1 334 55 20
11, Sos. Vitan-Barzesti
2 ROMANIA Alexandru Duta 75669 +40 1 334 55 33
Bucharest 4 duta@inm.ro
Slovak Insltltute of Metrology (SMU) +421 7 602 94 321
2 SLOVAK Roman Fira |<arioveska ul. 63 +421 7 654 29 592
REPUBLIC 84255 fira@smu.gov.sk
Bratislava -gov.
Univ. of Maribor, Faculty of Mech. Engineering
. Smetanova 17 +386 2 220 7581
2 SLOVENIA Bojan Acko 5000 +386 2 220 7990
Maribor bojan.acko@uni-mb.si
Centro Espafiol de Metrologia (CEM) +34 91 807 4716
. . C/del Alfar ,2
1 SPAIN Emilio Prieto 58760 +34 91 807 4807
Tres Cantos, Madrid epristo@mfom.es
Mikacl g;irég;s Provnings- och Forskningsinstitut (SP) +46 33 16 5486
1 SWEDEN +46 33 10 6973
Frennberg |S-50115 mikael.frennberg@sp.se
Boras ) 9@sp.
Swiss Federal Office of Metrology and Accreditation
(METAS) +41 31 323 33 85
1 SWITZERLAND |Ruedi Thalmann |Lindenweg 50 +41 313233210
CH-3003 rudolf.thalmann@metas.ch
Bern-Wabern
Ulusal Metroloji Enstitisu (UME)
Tanfer Tabitak, UME +90 262 646 6355
2 TURKEY Yandavan P.O. Box 21 +90 262 646 5914
Y 41470 tanfer@ume.tubitak.gov.tr
Gebze, Kocaeli
1 UNITED National Physical Laboratory (NPL) +44 208 943 6124
& KINGDOM Andrew Lewis [Teddington, Middlesex +44 208 943 2945
2 TW11 OLW andrew.lewis@npl.co.uk
Table 1 Participating laboratories.
2.2 Schedule

The comparison was organised in two loops, the first being limited to laboratories able to make direct
measurement by interferometry, with the second loop consisting of all other laboratories. The time
schedule for the comparison is given in Table 2. Advantage was made of the change to membership of
the EU, by scheduling laboratories of some of the new member states to make measurement after 1 May
2004, when they joined the EU. This reduced the carnet cost.

Each laboratory was allowed one month in which to make its measurements and to prepare for
transportation to the next participant. The schedule was designed to fit with the preferences of the
laboratories for scheduling the measurements and any changes to the schedule, after the start of the
circulation, were discussed and agreed among the participants and the TC-L chairman.
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Laboratory Country Final schedule Results received
LOOP 1
NPL GB Feb 2002 Feb 2002
SMD BE Mar 2002 June 2003
NMi-VSL NL Apr 2002 Jan 2003
MIKES Fl May 2002 June 2002
SP SE June 2002 Aug 2002
BEV AT July 2002 Sept 2002
Rev. Oct 2002
IPQ PT Aug 2002 Jan 2003
METAS CH Sept 2002 Oct 2002
CEM ES Oct 2002 Nov 2002
IMGC IT Nov 2002 Apr 2005*
PTB DE Jan 2003 Mar 2003
LOOP 2
PTB DE Apr 2003 July 2003
2 replacements
UME TR May 2004 Jul 2004
NCM BG Jun 2004 Jul 2004
IMGC IT Jul 2004 Apr 2005*
NML IE Aug 2004 Aug 2005
Rev. August 2005
CMI CZ Sept 2004 Oct 2004
SMU SK Oct 2004 Dec 2004
Rev. Sep 2005

OMH HU Nov 2004 Mar 2005
INM RO Dec 2004 Feb 2005
GUM PL Jan 2005 Feb 2005
VNT/VMC LT Feb 2005 Mar 2005
LNMC LV Mar 2005 Apr 2005
MIRS-LTM Sl Apr 2005 July 2005
LNE FR May 2005 July 2005

Shaded = NON EU, thus ATA carnet required on entry/exit of artefacts
Shaded = new EU member after 1 May 2004, ATA carnet was not required

Table 2 Time schedule of the comparison. ‘Final schedule’ refers to the latest schedule agreed
among the participants. ‘Results received’ refers to the first date of receipt, by the pilot
laboratory, of the official results of the participant (paper or electronic report). * IMGC

results sent together (loops 1&2).

Towards the end of the first loop, significant problems were noticed on two gauge blocks (900 mm and
500 mm S/N ‘B’). The CCL linking laboratories (IMGC, NPL and PTB) were asked at this time to attempt
measurements of all the gauges, in order to close the first loop. On return of the gauges to the pilot
laboratory at the end of loop 1, detailed repeat measurements confirmed the problem. The 500 mm
gauge block faces were no longer parallel, showing a variation in length of 470 nm. Similarly the 900 mm
gauge block exhibited a variation in length of 580 nm. There was also evidence to suggest that the
500 mm gauge block was changing size (from results received up to that date). It was therefore decided
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to replace these two gauge blocks before starting loop 2. This resulted in a delay of around 1 year, whilst
replacement gauges were supplied (from PTB) and characterised (PTB and NPL). The comparison re-
started in April 2004. Apart from the problem at the end of loop 1, the timetable was followed strictly as
per the plan.

2.3 Standards

Four gauge blocks made of steel were circulated in each loop. At the end of loop 1, two gauge blocks
were replaced. The gauge blocks, which had been kindly donated by JV, PTB and NPL, were selected as
having a stable history of measurement and good flatness and variation in length. The gauge blocks were
of rectangular cross section, according to international standard ISO 3650 (1998). The thermal expansion
coefficient of the gauge blocks had been measured by the pilot laboratory and another laboratory (PTB)
before the comparison. The weighted mean of the pilot laboratory and PTB results of expansion
measurement (and their calculated uncertainties) were given to the participating laboratories in the
technical protocol. The participating laboratories were informed of the nominal length of the gauge blocks,
the gauge material (steel), and the pre-determined expansion coefficients.

Loop Serial number Nominal length a o uncertainty
(mm) (x 10° K™ (x 10°K™)

1&2 8728 150 11.407 0.072

1&2 AA/71001 500 10.766 0.025
1 B 500 10.510 0.028
1 EM/718 900 11.054 0.020
2 4 PTB 55 500 11.082 0.029
2 PTB 5.13 11/2001 900 10.943 0.022

Table 3 Standards used in the comparison. The uncertainties for the thermal expansion coefficients

are given at k = 2. Shaded cells indicate gauges that were replaced at the end of loop 1.

The standards were supplied in a custom made transport case, fashioned from aluminium and steel,
containing high density foam, sculpted to make a tight fit with the gauge blocks, to prevent any motion of
the gauge blocks and generation of excessive bending forces. The case was designed to be suitable for
either cabin or hold transportation. The desire was for cabin transportation (hand carriage) with a fall-back
option of transportation in the hold. The gauge blocks were accessible and visible with the lid opened and
a pair of chamois gloves were included in case of any request by customs to handle the gauge bocks.
The transport case and gauge blocks had a total mass in excess of 10 kg. Despite this being greater than
the advertised cabin baggage allowance of many airlines, most airlines involved did not object to the hand
carriage of the case in the aircraft cabin, provided they had been informed in advance.
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