I CIMMEC

1ST  INTERNATIONAL CONGRESS ON MECHANICAL METROLOGY

October, 08 – 10, 2008, Rio de Janeiro, Brazil

INTERLABORATORY COMPARISONS PERFORMED IN ROMANIA: 

CALIBRATION OF STATIC UNIAXIAL TESTING MACHINES

Adrian Gherasimov 1, Gheorghe Cornea 2
1 Romanian Bureau of Legal Metrology, Timisoara, Romania, a.gherasimov@yahoo.com

2 Romanian Bureau of Legal Metrology, Timisoara, Romania , gheorghecornea49@yahoo.com

Abstract: One of the most important activities at European (EA, EURAMET) and National (RENAR, BRML, ROLAB) level is the organization of a series of interlaboratory comparisons, to verify the measurement capabilities of the calibration laboratories. In 2007 an interlaboratory comparison, for the calibration of static uniaxial testing machines was organized in Romania by Romanian Bureau of Legal Metrology, with the Force Laboratory Timisoara as the reference laboratory. 

A uniaxial testing machine with the maximum force limit of 500 kN, in tension mode, was utilized as a comparison artefact. Five calibration laboratories located in Romania which provide calibrations for static uniaxial testing machines participated in the interlaboratory comparison. The calibration results using the comparison artefact obtained by the Force Laboratory Timisoara, nominated as reference laboratory, were considered “reference values”. Each laboratory was asked to calibrate the static uniaxial testing machine by using their normal procedure and standards.

The paper presents the main results obtained during the interlaboratory comparison. The values of measurements and the associated uncertainties were reported by each laboratory as part of the calibration report. The degree of equivalence of each laboratory relative to comparison reference values and the figures of merit of the participants are presented.
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1. INTRODUCTION


The increasing demand, in Romania in particular, for calibration and certification work and for the accreditation of calibration centers, is due to a number of concomitant factors, namely: the need for industry to operate in accordance with EN ISO 9001 or EN ISO/CEI 17025 as regards quality; the Romanian laws which establish the National Accreditation System and the National Metrology Activities.

Measuring and controlling the applied force in several processes as well as in testing laboratory for final products may be a very important factor in achieving a high quality. Generally, the results of the measuring process are conclusive only if the traceability of the measurements to SI is ensured by periodical calibration of the metrological equipment. 
It is also very important to evaluate the uncertainty of the measurements, expressed as an associated parameter characterizing the dispersion of the values.

One of the most important activities of BRML is the organization of a series of interlaboratory comparisons, at National level, to check the calibration and measurement capabilities of the calibration laboratories.


In 2007/2008 an interlaboratory comparison, for the calibration of static uniaxial testing machines was organized in Romania by BRML with Force Laboratory Timisoara as reference laboratory. 
Force Laboratory Timisoara, functioning within the frame of Romanian Bureau of Legal Metrology (BRML), provides for traceability to the national standards of force all over the country, so as to allow high-quality measurements and tests to be made. At present, a number of 23 centres providing calibrations for force quantities (force transducers, force testing machines etc.) are functioning in Romania.
A uniaxial testing machine with the maximum force limit of 500 kN, used in tension mode, located at the Force Laboratory Timisoara was utilized as a comparison artefact. The calibration results obtained by the Force Laboratory Timisoara were considered “reference values”. 

A number of five calibration laboratories, located in Romania, providing  calibrations for static uniaxial testing machines participated in the interlaboratory comparison.

The values of measurements and the associated uncertainties, estimated in accordance with international standards, norms and procedures , were stated by each laboratory as part of the calibration report. 

The degree of equivalence of each laboratory relative to comparison reference values and the reported measurement uncertainties, and the figures of merit of the participants were calculated and presented by the reference laboratory. 

In the paper the main results obtained during the interlaboratory comparison are discussed, in particular an analysis was applied to evaluate the differences in the reproducibility and accuracy given by the different calibration laboratories, as well as the degree of equivalence of each laboratory relative to comparison reference values.

All activities carried out for interlaboratory comparison described in the paper observed the Guidelines for Interlaboratory Comparisons, edited by BRML, in accordance with international standards, norms and procedures (i.e. Guidelines on Conducting Comparisons edited by EA).
2. OBJECTIVES

The interlaboratory comparison had the following main purposes:

- To give an experimental validation of force dissemination in Romania;

- To evaluate the calibration competence of the different participating laboratories;

- To give a contribution to solving the problem for future national and international comparisons for such kind of equipments (uniaxial testing machines), with a view to mutual recognition of force measurements in the field of testing of materials. 

The main objective of the paper is to disseminate the experience obtained by the reference laboratory during the interlaboratory comparison as well as presenting the main results and conclusions of the comparison.

3.  GENERAL EVALUATION

The interlaboratory comparison regarding the calibration of static uniaxial testing machines was made possible by the decision of BRML and included in the national program of comparisons. The participating laboratories were the regional force laboratories from Brasov, Bucharest, Cluj, Craiova and Oradea.

One of the difficulties encountered was represented by the weight and large size of the equipment to calibrate, so it was difficult or impossible to circulate such equipment (e.g. a static uniaxial testing machine).

In this case each participating calibration centre had to travel to Force Laboratory Timisoara, were the equipment is located. 

A second difficulty was that the object of the comparison (the material testing machine) does not have the status of reference standard.

The comparison, in which the reference artefact was not assumed to have long-term stability, was carried out under a strict time schedule. This enabled all participating laboratories to make their measurements within a fixed period of time.  

4.  THE COMPARISON PROCEDURE
4.1. Measurement procedure

Each laboratory was asked to calibrate the measuring force system of the testing machine nominated as comparison artefact by using their normal procedure (usually based on EN ISO 7500-1) and their own standards. Each calibration laboratory had to carry out the calibration in 10 points, distributed over the entire range of the force-measuring system of the testing machine. There were five points in the range from 50 kN to 100 kN, and five points in the range from 100 kN to 500 kN. The uncertainties of calibration results had to be evaluated and associated with the force measurements.

The calibration results obtained by the Force Laboratory Timisoara, nominated as reference laboratory, were considered “reference values”. In order to increase the accuracy of the reference, a high precision force transducer type Z4A, produced by HBM Germany, having the accuracy class 00 in accordance with EN ISO 376 in the range from 50 kN to 500 kN was used. 

Considering the mean value over three angular positions of the standard transducer utilized for calibration, it was possible to strongly reduce the effects due to parasitic components (e.g. the reproducibility of the calibration standards). 

Thus, the differences against the mean reference results could be considered mainly, if not exclusively, to be due to the calibration capabilities (technical and operational) of each calibration centre with only a limited contribution of the reproducibility errors of the reference.

During the comparison, as the results were received by the reference laboratory, they were kept confidential until all the participants had completed their measurements and all the results had been received. The final report contained the reference values, the results of the participating laboratories, the associated uncertainties, factors of merit and the degrees of equivalence. The final report is not considered confidential.   

4.2. Uncertainty evaluation

Generally, the results of a measuring process are not conclusive in the absence of the uncertainty of the measurements, expressed as an associated parameter characterizing the dispersion of values.

To express the uncertainty in measurement, it is necessary to evaluate the uncertainty propagated from the entire considered traceability system. The uncertainty budget to evaluate the calibration uncertainty of the uniaxial testing machine involved in the interlaboratory comparison was recommended by the reference laboratory and carried out in accordance with International Guidelines and Standards.

Evaluating uncertainty in calibration of uniaxial testing machine, the following factors were taken into account:

a) Standard relative uncertainty of the reference force transducer, wtra-cal.

This term can be obtained from the calibration certificate of the utilized force standard, and is calculated from the mentioned expanded relative uncertainty Wtra-cal divided by the coverage factor k.
It is assumed that the relative uncertainty of the reference transducer is represented by a normal probability.
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b) Standard relative uncertainty of the reference force transducer due to the temperature fluctuation, wtra-tmp.


If possible, first the compensation for the temperature difference between at the time of calibration and the time of use of the force standard transducer shall be done by the participating laboratories.

After the compensation, the influence of the temperature fluctuation Δtcal during the calibration of the force-measuring system of the testing machine should be considered.

It is assumed that the temperature fluctuation is represented by a rectangular probability distribution having the width of Δtcal. 
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where α is the temperature sensitivity coefficient (relative) of the standard force transducer, in % / K. 


Generally, if the reference conditions of the metrological laboratory are in a normal range , this term can be neglected.   

c) Standard relative uncertainty due to the long-term instability of reference force transducer, wtra-stb.

Uncertainty due to the long-term instability of reference force transducer can be evaluated either as type A or as type B. The type A evaluation of uncertainty can be applied when several calibration of reference force transducer have been made (generally for n ≥ 10). In this case, the standard uncertainty based on pooled estimate variance will be:
	
[image: image3.wmf](

)

å

=

-

÷

÷

ø

ö

ç

ç

è

æ

-

-

=

n

i

i

stb

tra

x

x

x

n

n

w

1

2

1

1


	(3)


If the reference force transducer was calibrated only a few times, than the uncertainty is estimated as type B, and can be represented by a typical value of the instability (e.g. 1×10-4 from measured force). 

The combined relative standard uncertainty of the reference value, wref is given as follows:
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The following factors were considered as input quantities for the estimated uncertainty originated in the calibrated testing machine:

d) Standard relative uncertainty due to the reproducibility, wrep.

Uncertainty due to the reproducibility of the testing machine can be evaluated as type A uncertainty, from the xi  (i = 1 … n) values obtained in n measurements during calibration. 

For n ≥10 it is assumed that the relative uncertainty due to the reproducibility is represented by a normal probability and can be calculated as follows:
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e) Standard relative uncertainty due to the limited resolution of the indicator, wres.

Uncertainty due to the limited resolution of the force measuring system of the testing machine is evaluated by assuming a rectangular distribution having width ares. The relative resolution ares is determined in accordance with chapter 6.2 from EN ISO 7500-1. The uncertainty is evaluated as type B as follows:
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f) Standard relative uncertainty due to the zero point shift, wzer.

Uncertainty due to the zero point shift of the force-measuring system of the testing machine is evaluated by assuming a rectangular distribution having width f0.
	f0 = max | f0,i |
	(7)


where f0,i (i = 1 … n) are the zero point shifts established in n calibration measurements, divided by the maximum capacity of the range under calibration.
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g) Standard relative uncertainty due to the hysterezis (reversibility), whys.

The standard relative uncertainty due to the hysteresis is evaluated by assuming a rectangular distribution having the width ν, obtained from the differences νi  (i = 1 … n) between the values at increasing and decreasing forces, divided by the force under consideration, established in n calibration measurements.  
	ν = max | νi |
	(9)


Standard relative uncertainty due to the hysterezis is:
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Finally, combined relative standard uncertainty originated in the testing machine, wfms  is given as follows:
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Standard relative uncertainty associated with the calibration results of the testing machine, wcal is calculated from the standard relative uncertainty of the reference value, and the standard relative uncertainty originated in the force-measuring system.

	
[image: image10.wmf]2

2

fms

ref

cal

w

w

w

+

=


	(12)


The expanded relative uncertainty of the calibration results for the uniaxial testing machine is calculated as follows:

	Wcal = kwcal
	(13)


where k is the coverage factor, established for a confidence level of approximately 95 %. For a normal distribution of the output quantity the coverage factor can be considered k=2. 

In Table 1 the general uncertainty budget based on measurements results in calibration of the testing machine is given.

Table 1. Uncertainty budget.

	Quantity
	Distribution
	Cs
	N
	w

	Calibration
	Normal
	1
	∞
	wtra-cal

	Temperature
	Rectangular
	1
	∞
	wtra-tmp

	Instability
	Rectangular
	1
	∞
	wtra-stb

	Reference
	wref

	Reproducibility
	Normal
	1
	>9
	wrep

	Resolution
	Rectangular
	1
	∞
	wres

	Zero point shift
	Rectangular
	1
	∞
	wzer

	Hysterezis
	Rectangular
	1
	>9
	whys

	Indications
	wfsm

	Calibration
	wcal

	Calibration
	Wcal = kwcal , k = 2


Notes:
Cs : Sensitivity coefficients

  

N  : Number of degrees of freedom



w  : Standard relative contribution

5.  EXPERIMENTAL RESULTS
5.1. Reference values

In Table 2 the reference values of the interlaboratory comparison, obtained by the Force Laboratory Timisoara as reference laboratory are presented.
Table 2. Reference values.

	Measuring points            kN
	Reference values            kN
	Wcal
%
	Repeated values      kN
	Wcal

%

	50
	46,3
	0,18
	46,3
	0,20

	60
	55,6
	0,18
	55,7
	0,20

	70
	65,0
	0,16
	65,1
	0,18

	80
	74,4
	0,15
	74,4
	0,15

	90
	83,9
	0,11
	83,9
	0,12

	100
	93,7
	0,07
	93,3
	0,10

	200
	187,3
	0,05
	187,3
	0,07

	300
	281,6
	0,04
	281,7
	0,05

	400
	376,2
	0,03
	376,3
	0,04

	500
	470,3
	0,03
	470,4
	0,03


Note: The repeated measuring values are obtained by the reference laboratory after the completion of the interlaboratory comparison, in order to validate the initial measurements.

5.2. Participating laboratories results 
The same procedure for basic measurements and evaluation of measurement uncertainty was applied in the case of all calibration laboratories taking part in the comparison.
The measurement results obtained during interlaboratory comparison, including the determined uncertainties and additional information required by the reference laboratory, were reported in the form given by the comparison instructions and sent to the reference laboratory. Each laboratory reported the analytical results of the measurements and the calculated relative uncertainties to the reference laboratory within two weeks after the measurements were competed.
To protect the confidence of the calibration capabilities, the participating laboratories were codified from L2 to L6 (the code L1 was ascribed to the reference laboratory). 

In Table 3 the results obtained by the five calibration laboratories involved in the comparison are given. 

Table 3. Calibration results.

	Measu-ring points            kN              
	L2                                                

kN
	L3     

kN
	L4        

kN
	L5     

kN
	L6      

kN

	50
	45,7
	46,2
	46,3
	46,1
	46,7

	60
	55,3
	55,4
	55,6
	55,3
	55,9

	70
	64,6
	64,8
	65,1
	64,7
	65,3

	80
	74,0
	74,1
	74,7
	74,0
	74,7

	90
	83,5
	83,7
	84,2
	83,6
	84,1

	100
	92,8
	92,9
	93,7
	93,0
	93,6

	200
	186,9
	186,8
	187,0
	186,6
	187,8

	300
	281,8
	280,8
	282,2
	280,6
	282,2

	400
	376,3
	375,9
	376,9
	375,4
	376,9

	500
	470,1
	470,0
	471,1
	469,6
	470,5


Table 4 contains the extended relative uncertainties calculated by the five calibration laboratories for each measuring point. 

Table 4. Extended relative uncertainties

	Measu-ring points            kN              
	L2                                                

%
	L3     

%
	L4        

%
	L5     

%
	L6      

%

	50
	0,79
	0,68
	0,93
	0,78
	0,66

	60
	0,78
	0,64
	0,92
	0,76
	0,65

	70
	0,73
	0,59
	0,84
	0,70
	0,58

	80
	0,65
	0,53
	0,75
	0,60
	0,54

	90
	0,62
	0,52
	0,65
	0,54
	0,49

	100
	0,54
	0,51
	0,58
	0,45
	0,45

	200
	0,35
	0,42
	0,37
	0,43
	0,40

	300
	0,24
	0,32
	0,35
	0,40
	0,29

	400
	0,17
	0,15
	0,25
	0,27
	0,27

	500
	0,17
	0,09
	0,31
	0,21
	0,17


5.3. Results of the comparison and analysis 

The results of the calibration of the testing machine shows a low deviation between the different laboratories. 

The force unit transmission conditions for the different laboratories show a good stability.

The results of the interlaboratory comparison can be evaluated in accordance with EA (European co-operation for Accreditation Organization) Guidelines on Conducting Comparisons, using the En number, which represent the figure of merit of the participating laboratory, calculated for each measuring point.
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where:

Xlab:
calibration results given by the comparison participating laboratories;

Xref:
calibration values certified by reference laboratory;

Wlab:
expanded relative uncertainty reported by the comparison participating laboratories;

Wref:
expanded relative uncertainty of the reference values.

The figures of merit values, calculated and ascribed for each reported calibration result given by participating laboratories are presented in Table 5.

Table 5. Figures of merit of the laboratories

	Measu-ring points            kN              
	E2                                                


	E3     


	E4        


	E5     


	E6      



	50
	- 1,62
	- 0,41
	 0,08
	- 0,59
	1,25

	60
	- 0,68
	- 0,55
	 0,00
	- 0,69
	0,88

	70
	- 0,83
	- 0,58
	 0,24
	- 0,76
	0,77

	80
	- 0,83
	- 0,66
	 0,47
	- 0,88
	0,71

	90
	- 0,76
	- 0,45
	 0,54
	- 0,66
	0,48

	100
	- 0,99
	- 0,90
	 0,80
	- 0,71
	0,71

	200
	- 0,56
	- 0,63
	- 0,43
	- 0,87
	0,67

	300
	  0,30
	- 0,88
	 0,63
	- 0,88
	0,72

	400
	  0,16
	- 0,52
	 0,73
	- 0,77
	0,69

	500
	- 0,25
	- 0,71
	 0,54
	- 0,70
	0,25


The compatibility of the calibration measurements provided by participating laboratories with the reference laboratory is testified by the setting of the figures of merit in the specified range [-1, 1].

Taking into account the above mentioned considerations, the following ranges for compatibility with the reference laboratory and the acknowledged measurements capabilities of the participating laboratories were settled (see Table 6):

Table 6. Ranges and capabilities

	Lab code
	  Min. range limit                                            
	Max. range limit
	Capability 

W

	L2
	60 kN
	500 kN
	0,78 %

	L3
	50 kN
	500 kN
	0,68 %

	L4
	50 kN
	500 kN
	0,93 %

	L5
	50 kN
	500 kN
	0,78 %

	L6
	60 kN
	500 kN
	0,65 %


6.  CONCLUSIONS
In 2007/2008 an interlaboratory comparison for the calibration of static uniaxial testing machines was organized in Romania by Romanian Bureau of Legal Metrology. Force Laboratory Timisoara, functioning in the frame of Romanian Bureau of Legal Metrology, was appointed as reference laboratory. 

The main aims of the comparison were to demonstrate the stated measurement capability of the participant laboratories, and to check the adequate dissemination of force unit in Romania. 

The subject of the interlaboratory comparison was the calibration of a uniaxial testing machine having the nominal range of 500 kN, in tension mode. 

Five metrological laboratories, performing calibrations in the denominated field in Romania, participated in the interlaboratory comparison. The participating laboratories were the regional force laboratories from Brasov, Bucharest, Cluj, Craiova and Oradea.
The interlaboratory comparison was performed in accordance with Romanian and international guidelines and procedures.

The results of the interlaboratory comparison were presented by participating laboratories and evaluated by the reference laboratory in accordance with EA Guidelines on Conducting Comparisons using the En number, which represent the figure of merit of the participating laboratory, calculated for each measuring point..
The ranges for compatibility with the reference laboratory and the acknowledged measurements capabilities of the participating laboratories were settled.
Generally, all the participating laboratories demonstrated the compatibility of the force measurements with the reference laboratory in the nominated range, having different determined measurement capabilities. However, there were two laboratories having unacceptable measurement results in the lower part of the force range, probably due to the inadequate choice of the force standards utilized for calibration.  
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