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Abstract: The Dimensional Metrology Laboratory (LAMED) from the National Institute of Metrology, Standardization and Industrial Quality (INMETRO), the brazilian National Metrology Institute (NMI), has, for many years, a system used for calibration of optical polygons and precision indexing tables. Its long-term stability is being evaluated since 1995 through periodic calibrations of a LEITZ 12-faces optical polygon. 

The metrological confidence of this system is shown by the comparison between the measurement results from INMETRO and from the Physikalisch-Technische Bundesanstalt (PTB), the german NMI, obtained with the calibration of the above mentioned optical polygon. The choise of this standard was due to its stable construction and the reflection quality of the measurement surfaces.   

The evidences of the calibration system stability and the results confidence of the INMETRO’s laboratory are shown in this paper.
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1. INTRODUCTION 

The LAMED has developed a system and methodologies for calibration of optical polygons and precision indexing tables.

The angle measurements carried out by the developed measuring system are traceable to a reference small angle generator, which is consequently linked to the length unit definition through its calibration. 

The small angle generator is based on a sine bar made of Aluminium, with a nominal length of 412,529 mm, and a small displacement generator, with scale interval of 0,2 (m and measuring range from 0 up to 5 mm. It generates angular increments of  0,1” (see Fig. 1).

The sine bar is calibrated by a linear laser interferometer adapted to a coordinate measuring machine and the small displacement generator calibrated by an electronic displacement transducer (LVDT) traceable to the linear laser interferometer.

The linear laser interferometer has its wavelength in vacuum calibrated by the Interferometry Laboratory (LAINT) of INMETRO. This laboratory maintains the national reference of length, a He-Ne laser of high stability.
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Fig. 1. Small Angle Generator - Schematic view

The small angle generator is used to calibrate an  autocollimator with resolution of 0,1”. This autocollimator, a precision indexing table with a scale interval of 15’ and an auxiliary dividing table, used to establish different relative angle positions between the polygon and the precision indexing table, compose the system for calibration of optical polygons and precision indexing tables.

Optical polygons are plane angle standards materialised in the form of a right angle prism with regular polygonal base. Their lateral faces are plane mirrors with high degree of reflexibility, which is one of the necessary features to achieve a high measurement accuracy in the use of these kind of standards. 

2. PURPOSE 

The purpose of this technical paper is to provide evidences of the metrological confidence in the optical polygons calibration service carried out by the LAMED from INMETRO.

3. POLYGONS CALIBRATION METHOD 

The method used by the LAMED for calibration of polygons is known as “multistep” or “rosette” method [10].


This method consists in the comparison between the angles of an optical polygon and the angles of the precision indexing table, considering all the possible relative positions between both, being the angle differences measured by the autocollimator. The change from one relative position to another between polygon and precision indexing table is done by the auxiliary dividing table. The Fig. 2 shows,  schematically,  the set up used for polygons calibration. 
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Fig. 2. Polygon calibration - schematic view
This method generates a set of n2 measuring values, n being the number of faces of the polygon. The Least Square method is used for data processing, thus separating the errors of the polygon from those of the precision indexing table.

4. METHODOLOGY

The metrological confidence was evaluated by:

- the results analysis obtained in calibrations carried out, from 1995 up to recently, in a optical polygon from the LAMED, aiming to confirm the reproducibility of these calibrations in a long time period.

- the comparison with the results obtained by the PTB, aiming the compatibility evaluation of the LAMED results with that NMI results.

5. DATA ANALYSIS

The data analysis was obtained from 5 measurements  performed in 1995, 2000 and 2007. In 1995 and 2000, they were done with an autocollimator Rank Taylor “DA-80”. In 2007, this one and a Leitz autocollimator were used. 


The measurements reproducibility was checked comparing the maximum difference between results obtained for each one (amplitude) of the calibrated angles with the expanded measurement uncertainty. As can be seen in table 1, containing the LAMED results from 1995, the maximum amplitude was 0,20” (in the angle 210()  and the uncertainty was 0,30”. In table 2, containing the LAMED results from 2000, the maximum amplitude was 0,27” (in the angle 90() and the uncertainty was 0,30”. In table 3, the 2007 results show that the maximum amplitude was 0,18”, obtained in the angle 180(, and the uncertainty was 0,26”.


Continuing the measurements reproducibility analysis, it can be seen that considering the whole period (from 1995 to 2007), the maximum amplitude obtained coincides with the one from 2000, which is smaller than the uncertainty of 0,30” given in that year and in 1995, and only 0,01” greater than the uncertainty given in 2007. 

Table 1. Measurement results (”) from 1995


08/15
08/29
09/05
09/21
09/22

30°
-0,23
-0,17
-0,21
-0,16
-0,14

60°
0,08
0,12
0,08
0,15
0,17

90°
-1,10
-0,99
-1,02
-1,00
-1,02

120°
-0,14
-0,09
-0,18
-0,14
-0,18

150°
0,18
0,10
0,15
0,23
0,20

180°
0,86
0,78
0,89
0,93
0,90

210°
0,59
0,52
0,65
0,72
0,66

240°
-1,03
-1,01
-0,96
-0,93
-0,95

270°
0,23
0,21
0,28
0,33
0,28

300°
1,23
1,09
1,10
1,27
1,23

330°
0,03
0,01
0,08
0,04
0,05

U
0,30
0,30
0,30
0,30
0,30

Table 2. Measurement results (”) from 2000


07/05
07/06
07/10
07/14
07/17

30°
-0,22
-0,19
-0,19
-0,14
-0,16

60°
0,06
0,09
0,15
0,25
0,23

90°
-1,13
-1,08
-0,97
-0,86
-0,86

120°
-0,24
-0,21
-0,14
-0,08
-0,13

150°
0,08
0,08
0,14
0,23
0,17

180°
0,80
0,85
0,83
0,88
0,82

210°
0,58
0,60
0,54
0,56
0,56

240°
-0,98
-0,97
-1,01
-0,93
-0,92

270°
0,32
0,31
0,23
0,27
0,25

300°
1,20
1,23
0,98
1,14
1,08

330°
0,12
0,13
-0,03
0,01
-0,03

U
0,30
0,30
0,30
0,30
0,30

Table 3. Measurement results (”) from 2007, including PTB results


 02/02
 02/13
 02/14
 10/07
 10/26
 10/29

Aut.
Leitz
Leitz
Rank
PTB
Leitz
Rank

30°
-0,24
-0,25
-0,28
-0,18
-0,17
-0,16

60°
0,24
0,22
0,15
0,31
0,16
0,19

90°
-0,95
-0,98
-1,03
-0,83
-0,93
-0,98

120°
-0,19
-0,13
-0,19
0,01
-0,07
-0,08

150°
0,25
0,27
0,26
0,33
0,23
0,17

180°
0,91
0,90
0,94
1,03
0,94
0,76

210°
0,64
0,68
0,78
0,73
0,63
0,69

240°
-1,08
-1,04
-0,95
-0,93
-1,09
-0,94

270°
0,28
0,25
0,25
0,33
0,23
0,35

300°
1,26
1,19
1,24
1,22
1,24
1,33

330°
-0,01
-0,01
-0,02
0,02
-0,12
0,03

U
0,26
0,26
0,26
0,10
0,26
0,26

The compatibility evaluation was done by individually comparing the LAMED results from 1995, 2000 and 2007 with the PTB results (see table 3). It was adopted the well known En numbers as parameter to this analysis [2]. 


The Figs. 3, 4 and 5 s how, respectively, the LAMED results from 1995, 200 and 2007, plotted together with the PTB result from 2007 (see table 3). The PTB declared uncertainty was 0,10”.
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Fig. 3.  Results from 1995 x PTB results 
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Fig. 4.  Results from 2000 x PTB results 
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Fig. 5.  Results from 2007 x PTB results 

The tables 4, 5 and 6 show the En values obtained for the measurements carried out in 1995, 2000 and 2007, respectively. 

Table 4.  En values - 1995


08/15
 08/29
 09/05
 09/21
 09/22

30°
-0,16
0,03
-0,09
0,06
0,12

60°
-0,72
-0,59
-0,72
-0,50
-0,44

90°
-0,84
-0,50
-0,59
-0,53
-0,59

120°
-0,47
-0,31
-0,59
-0,47
-0,59

150°
-0,47
-0,72
-0,56
-0,31
-0,41

180°
-0,53
-0,78
-0,44
-0,31
-0,41

210°
-0,44
-0,65
-0,25
-0,03
-0,22

240°
-0,31
-0,25
-0,09
0,00
-0,06

270°
-0,31
-0,37
-0,16
0,00
-0,16

300°
0,03
-0,41
-0,37
0,16
0,03

330°
0,03
-0,03
0,19
0,06
0,09

Table 5. En values - 2000


 07/05
 07/06
07/10
 07/14
 07/17

30°
-0,11
-0,04
-0,04
0,12
0,07

60°
-0,78
-0,68
-0,50
-0,19
-0,27

90°
-0,92
-0,79
-0,43
-0, 09
-0,09

120°
-0,78
-0,68
-0,47
-0,27
-0,45

150°
-0,77
-0,77
-0,59
-0,30
-0,51

180°
-0,72
-0,56
-0,61
-0,48
-0,67

210°
-0,48
-0,41
-0,59
-0,54
-0,54

240°
-0,17
-0,11
-0,24
-0,01
0,04

270°
-0,04
-0,07
-0,33
-0,20
-0,25

300°
-0,06
0,02
-0,74
-0,24
-0,43

330°
0,30
0,33
-0,14
-0,04
-0,14

Table 6. En values - 2007


02/02
02/13
02/14
10/26
10/29

Autoc.
Leitz
Leitz
Rank
Leitz
Rank

30°
-0,21
-0,25
-0,35
0,03
0,08

60°
-0,25
-0,32
-0,56
-0,33
-0,42

90°
-0,42
-0,53
-0,71
-0,21
-0,54

120°
-0,71
-0,49
-0,71
-0,17
-0,33

150°
-0,28
-0,21
-0,25
-0,23
-0,58

180°
-0,42
-0,46
-0,32
-0,19
-0,96

210°
-0,32
-0,18
0,18
-0,21
-0,14

240°
-0,53
-0,39
-0,07
-0,36
-0,04

270°
-0,18
-0,28
-0,28
-0,21
0,07

300°
0,14
-0,11
0,07
0,05
0,37

330°
-0,11
-0,11
-0,14
-0,30
0,05

It can be noticed in this three tables that all the En values are ( 1, which means that the LAMED results are compatible with the PTB results.

6. CONCLUSIONS

Through the measurements reproducibility analysis it can be concluded that the measurements were very reproducible, showing the long-term stability of the optical polygon calibration system from LAMED.

The compatibility evaluation shows the reliability of this system and the consequent INMETRO’s laboratory metrological confidence, assuring the quality for the carried out calibration services.

Considering the document “Criteria for acceptance of data for Appendix C” - JCRB-14/06(2a)_final, the evidences given in this technical paper are, in the authors opinion, as enough to attest that the range and uncertainty of the polygons calibration service from LAMED, intended to be published in the Appendix C of the BIPM, are consistent with information from some or all of the sources described on it. The mentioned document says that, out of key and supplementary comparisons, other sources of information can be used to prove the consistence of a Calibration Measurement Capability (CMC). One of the described possibilities is “other available knowledge and experience”, which is shown in this technical paper.
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