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Abstract: Intercomparison is the key tool to guarantee metrological results of measurable quantity. It is the comparison of measurements obtained of the same artifact by different labs.  This work presents the analyses of an intercomparison of parallelism measurements on optical parallels involving seven Accredited Brazilian laboratories
. The labs are located in four different Brazilian states which is way it lasted so long. The measurements started in November 2004 and ended in February 2006.  The same specimens, a set of four optical parallels, were sent to each lab at a time. The reference lab (LMSO) measured the set before and after sending it to the next lab, in order to guarantee there was no change caused by transportation or incautious handling. The analyses showed that there is no uniformity in the results probably due to a misunderstanding of what a calibration of optical parallels really means. There were three parameters to be measure: flatness
 (or planarity) of face A, flatness of face B and parallelism. Some labs apparently just did the parallelism measurement. This is why only the parallelism is discussed in this paper.
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1. Introduction

The accredited laboratories must participate in national and international intercomparison programs. The comparison of measurements from the same artifact, attending to reproducibility conditions, allows knowing if a lab satisfies the normalized error condition. It also helps the Accreditation Body, providing objective evidences for the supervision visits.

Optical parallels are essential artifacts for calipers and micrometers calibration. They are designed especially for checking flatness and parallelism of micrometer measuring faces. They are commercially available in a set of four optical parallels, manufactured from fused quartz, which has particularly hard wearing qualities and thermal stability. Figure 1 shows a picture of a micrometer flatness being tested using an optical flat. 
The reference lab for this work was the Laboratório de Medição de Superfícies Ópticas – LMSO, IEAv – CTA. The lab ha been accredited by INMETRO, since 2001. The set of optical parallels is a commercial one (Mitutoyo), provided by LMSO.
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Figure 1: The micrometer flatness is been tested against an optical flat.
There are two different components of the optical parallel calibration: flatness (or planarity) and parallelism. In order to completely characterize the artifact, the flatness of both surfaces and the parallelism between them must be measured.

2. Experimental Setup
All the participating labs were expected to use the procedures and equipments they normally use for this kind of calibration. The calibration certificate was the same the lab normally sends to their clients. A detailed uncertainty evaluation chart should also be sent as part of the intercomparison. Due to confidentiality agreement among participating labs, the results do not allow the identification of the lab that produced them. The labs are identified by numbers that do not have any relationship to the order they are presented in this paper. The participating labs are presented on table 1.

All participating labs received an instruction guide with basic instructions about how to send the artifacts back after measurement. They were also instructed to use their usual procedure to calibrate the artifacts. No special instructions about the measurement procedure or handling were provided. The main idea was to receive the calibration certificate as a common client. The initial calibration schedule was set for six labs and one more was added. The initial forecast for the intercomparison was 6 to 7 months but it took 16 months in total. There were communication problems, such as labs asking for information they already had, artifacts left behind by technicians, as this was not a profitable measurement, to mention just a few.
One laboratory performed the measurements using an interferometer to evaluate all involved parameters; three others used a fringe interference technique for flatness and a gauge block comparator to evaluate the parallelism (angle between faces); and the last three used only gauge block comparator. 

Table 1 - Labs participating in the intercomparison.

	Laboratory
	Institution
	State
	City

	DME
	IPT
	SP
	São Paulo

	LMSO
	IEAv
	SP
	S. J. Campos

	LMD
	CERTI
	SC
	Florianópolis

	Lab. de Metrologia
	Mitutoyo
	SP
	Suzano

	LMD
	SENAI
	MG
	Contagem

	Lab. de Metrologia
	SOCIESC
	SC
	Joinville

	LMD
	CETEMP
	RS
	São Leopoldo

	LMD
	UNICAMP
	SP
	Campinas


LMD – Dimensional metrology laboratory - 
One laboratory performed the measurements using an interferometer to evaluate all involved parameters; four others used a fringe interference technique for flatness and a gauge block comparator to evaluate the parallelism (angle between faces); and the last three used only gauge block comparator. 

All participating labs sent envelopes containing the calibration results. They were opened only when the last result was received. This was done to avoid any kind of tendency or influence during the measurements. 
3. Intercomparison results
The Form Error presented on the graphs is the addition of parallelism + flatness of face A + flatness of Face B. The results, presented on figure 2, were listed as stated on the certificates, without any prior analysis, comparing the results as any client would receive if he/she decided to send the same artifact to all accredited labs. Each one of the optical parallels used is univocally identified by a five figures number, presented in the graphs. All results are for k = 2. The results are not as uniform as they should be, taking into consideration the uncertainties. It seems that labs numbered 1 to 4 just measured the parallelism, not taking the flatness to account.
The upper accepted limit for an optical parallel is in general 0.5 μm. The optical parallel calibration result is part of the uncertainty evaluation of the micrometer calibration. Thus, all the results satisfy this condition, but the agreement among labs is different from the expected. Probably the main problem is the definition of what is being measured and how it is measured. The labs that used gauge block comparator probably measured the flatness’s and the parallelism at once. The measuring principle is that one face of the optical parallels is supported on a basis; the mechanical measurement of the other face would result on parallelism + flatness’s, as both faces flatness’s were “included”. But the flatness of the optical parallel is essential to evaluate the flatness of micrometer measuring faces. 

The optical parallels form error as declared on the calibration certificates of all participants labs are shown on figure 1.
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Figure 1 - Optical parallels form error as declared on the calibration certificates of all participants labs.

In order to have a better results comparison, all participating labs were asked to send separate results for flatness and parallelism, if available. These results are presented in figure 2 and show better agreement.
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Figure 2 - Parallelism measurements results as declared by the participant labs.
The normalized error (En) was evaluated and the results showed on figure 3 state that the results of lab number 3 were above 1 for all 4 optical parallels. Lab 7 had an En bigger than 1 for the optical parallel number 40157 and the lab number 4 for the optical parallel number 40235.
4. Conclusions
The lack of agreement in the form error results shows that there should be a deep revision on the measurement procedures of some participant labs.

Better agreement was found when just the parallelism was compared. Even though one lab had normalized error result greater than 1 for all optical parallels.
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Figure 3 -The normalized error (En) of all participant labs for the 4 optical parallels.
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