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1 Document control

Version 2, issued on 12 Nov 1999.

2 Introduction

At its meeting in September 1997, the Consultative Committee for Length, CCL, decided upon a key comparison on gauge block measurements by interferometry, named CCL-K1, with METAS as the pilot laboratory. The comparison final report was approved in May 1999. This is the Executive Report on the comparison. 
3 Scope of the comparison

Ten gauge blocks made from steel and ten made from tungsten carbide were circulated in a single loop. The artefacts ranged in size from 0.5 mm to 100 mm. Artefact circulation started in March 1998 and was completed in March 1999. 
4 Participants
Give a concise list of the participants.

Table 1. List of participant laboratories and their contacts.
	Laboratory
Code
	Laboratory name
	Contact & email

	NPL
	National Physical Laboratory
	Andrew Lewis 
Andrew.Lewis@npl.co.uk 

	LNE
	Laboratoire National d’Essais


	Georges Vailleau
GVailleau@lne.fr  

	NIST
	National Institute of Standards and Technology


	John Stoup
John.Stoup@nist.gov 


4.1 Changes in participation

Clearly state any participants which joined the comparison later and those that withdrew from the comparison at any stage, listing the reasons for withdrawal.

5 Processing of the results
· The results were analysed using the weighted mean as the Key Comparison Reference Value. 

· Some results were excluded from the calculation of the weighted mean as they were determined to be outliers. Determination of outliers was initially performed through statistical analysis. There was then discussion to determine if the laboratory concerned could explain the problem. By such a technique, four results from one participant and one from another participant were identified as outliers and removed from contributing to the weighted means. 

· One participant withdrew all of their results due to equipment failure.
6 Implications regarding the MRA and CMC claims
There should be a listing of the participants’ results and the uncertainties in the format of degrees of equivalence, DoE, and the uncertainty of each DoE. This should be accompanied by a listing of any CMCs which are already in the KCDB which relate to the subject of the comparison. This should then be followed by a discussion of the results and their impact on any existing or future CMC claims. Follow the format and instructions given in CCL-WG-MRA/GD3.
Different pilots present the data in different ways, as appropriate for the comparison. Here are some examples. Other pilots have used graphs where the measurands are complex.
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Table 2 Differences of measured diameters with respect to the KCRVs and with the associated expanded uncertainties (k=2). Differences and uncertainties are in nm, the uncertainty is rounded up to the nearest nm. Figures in blue in braces indicate the CMC claim ( in the KCDB) of the NMI at the time of preparation of this Executive Report. [N – indicates no CMC currently listed in the KCDB]. Grey shaded numbers indicate differences from the KCRV by more than the k =2 uncertainty.

Recommendation 1

Unless mentioned otherwise below, the results of the participants are well controlled and support their existing CMC claims.
Recommendation 2
From Table 5, where the laboratory has a tick, all results of that parameter across the artefacts were accepted and the laboratory can claim a new CMC. It is left to any CMC submission for the laboratory to have a range and uncertainty peer reviewed. The last column of Table 5 lists the number of different parameters that the laboratory can claim. Therefore, all of the sixteen participants would be expected to be able to submit CMC claims except for SCL who only submitted results for parameters with an existing CMC listing.

Looking at one laboratory, NMIA had 1 listed CMC but of fifteen different parameters, had one result excluded. This suggests that NMIA could justify thirteen new CMC claims where the range of parameter and best uncertainty would have to be considered on individual results, noting that some parameters were reported on multiple artefacts for different sizes.

Recommendation 3
Six of the outliers are from NPLI where their submitted uncertainty, adjusted to k = 2, is less than the KCDB quoted CMC uncertainty (in each case, 5% of the parameter). If the CMC uncertainty is used in the relevant KCRV assessment, all six of these NPLI results would still have been removed from KCRV calculations. This suggests that NPLI should investigate both results and uncertainties for certain parameters and what impact these results have on the claims in the KCDB.

Recommendation 4
An adjusted En ratio does not guarantee that the result is excluded as the Birge ratio governs the limits of the population. This is the case for the KRISS outlier, Ra, shown in Table 6. If the CMC listed uncertainty was used, the new En = 1.07 but this result would remain in the population since calculations show the Birge ratio is within the Birge Criterion. Therefore, for this parameter, KRISS could justify maintaining this CMC with the CMC listed uncertainty.

Recommendation 5
The NIST outlier is a unique case where a stylus radius correction is applied which significantly increases the Ra value as discussed on page 8 and in more detail in the full report. If this correction was not applied, as no other laboratory does, the reported value of 0.9497 μm would be 0.9377 μm and using the submitted uncertainty of ± 0.0088 μm; this result would give an En of 0.41 and would not be excluded from the KCRV. Therefore NIST could therefore actually reduce their CMC uncertainty if backed up by a revised uncertainty budget supporting the new claim. 
Recommendation 6
Where Table 5 shows a solid green cell with no tick or number, the laboratory results were accepted and support the existing CMC listing on the KCDB. Differences between submitted and listed uncertainties are not examined for these parameters. The laboratory may choose to leave the listing as it is or if a smaller uncertainty was used, may submit a reduced uncertainty if backed up by a revised uncertainty budget supporting the new claim. 

7 Support for CMCs/service categories

(This section can be copied from the Final Report).

<Key Comparisons> The service categories and CMCs supported by this comparison can be found by looking up key comparison topic ???? in the CCL Competence Matrix
.

<Supplementary Comparisons> The service categories and CMCs supported by this comparison have been determined by reference to the CCL Competence Matrix. Although there is not a one-to-one mapping to service categories, the following principal techniques are tested by this comparison:

<select from the following list, or consult competence matrix>

Vacuum wavelength production/measurement; optical interferometry; silicon lattice spacing; air refractive index; gauge temperature measurement; thermal expansion correction; gauge mounting and aligning; effects of phase change on reflection; wringing; elastic compression correction; probe size calibration; dynamic probing response; stylus contact at surface with 1-D proving; bi-directional probing; probing for 3D centre coordinates; line centre sensing; measuring small angles; circular division for large angles; small angle generation; ISO parameter extraction from data; flatness determination; roundness determination; measurement of thread/gear profiles; 3D surface evaluation; error separation; extraction of geometric primitives from data.

�Guidance document CIPM MRA-G-11 requires that “A statement indicating which service categories/CMCs can be supported by the comparison, or criteria to identify such categories/CMCs (i.e., ‘how far the light shines’)”. The 2021 WGMRA meeting gave guidance that for key comparisons, the protocol document should simply include a reference to the competence matrix. For supplementary comparisons, the protocol should simply list the relevant principal techniques from the competence matrix� that are tested by the comparison. 





The competence matrix is maintained by WG-S; it can be found in either the CCL Strategy Document or as a meeting document from the most recent meeting. At the time of writing this protocol template, the most up-to-date copy of the competence matrix can be found as meeting document � HYPERLINK "https://www.bipm.org/documents/20126/61813408/WGMRA_21-09.01_Competence_Matrix.pptx/cac06c8e-127e-a222-9131-da80e356f9a7" ��WGMRA 21-09.01�. 
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