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ExGUM

IECEx - ExTAG Guide for Application of Uncertainty of Measurement

to conformity for laboratory tests carried out under the IECEx Scheme

(draft paper duplicating large parts of IECEE-CTL/153/INF 16 draft rev 2)
1 General:

1.1 Qualification of ExTLs in the IECEx is performed to IEC/ISO 17025, General requirements for the competence of calibration and testing laboratories.

IEC/ISO 17025 Clause 5.4.6.2 states:

“Testing laboratories shall have and apply procedures for estimating uncertainty of measurement. In certain cases, the nature of the test method may preclude rigorous, metrologically and statistically valid, calculation of uncertainty of measurement. In these cases the laboratory shall at least attempt to identify all the components of uncertainty and make a reasonable estimation, and shall ensure that the form of reporting of the result does not give a wrong impression of the uncertainty. Reasonable estimation shall be based on knowledge of the performance of the method and on the measurement scope and shall make use of, for example, previous experience and validation data.”


“Note 1 the degree of rigor needed in an estimation of uncertainty of measurement depends on factors such as:

  the requirements of the test method;

  the requirements of the client;

  The existence of narrow limits on which decisions on conformance to a specification are based.”

“Note 2 In those cases where a well-recognized test method specifies limits to the values of the major sources of uncertainty of measurement and specifies the form of presentation of calculated results, the laboratory is considered to have satisfied this clause by following the test method and reporting instructions (see 5.10).”

1.2 IEC/ISO 17025 Clause 5.10.1 item c states:

“5.10.3.1 In addition to the requirements listed in 5.10.2, test reports shall, where necessary for the interpretation of the test results, include the following:” “c) where applicable, a statement on the estimated uncertainty of measurement; information on uncertainty is needed in test reports, when it is relevant to the validity of application of the test results, when a client’s instruction so requires, or when the uncertainty affects compliance to a specification limit.;” 

1.3 IEC/ISO 17025 was written as a general use document, for all industries. Uncertainty of measurement principles are applied to laboratory testing and presentation of test results to provide a degree of assurance that decisions made about conformance of the products tested according to the relevant requirements are valid. Procedures and techniques for uncertainty of measurement calculations are well established.

1.4 This ExTL document is written to provide more specific guidance on application of uncertainty of measurement principles to reporting of testing results under the IECEx Scheme.

2 Background:

2.1 Application of Uncertainty of Measurement Principles:

A challenge to applying uncertainty of measurement principles to conformity assessment activities is managing the cost, time and practical aspects of determining the relationships between various sources of uncertainty. Some relationships are either unknown or would take considerable effort, time and cost to establish. There are a number of proven techniques available to address this challenge. These techniques include eliminating from consideration those sources of variability, which have little influence on the outcome and minimizing significant sources of variability by controlling them.

2.2 Test methods used in the IECEx scheme

Test methods used under the IECEx Scheme are in essence consensus standards. Criteria used to determine conformance with requirements are most often based on a consensus of judgement of what the limits of the test result should be. Exceeding the limit by a small amount does not result in an imminent hazard.

Test methods used may have a precision statement expressing the maximum permissible uncertainty expected to be achieved when the method is used. Historically, test laboratories have used state of the art equipment and not considered uncertainty of measurement when comparing results to limits. Safety standards have been developed in this environment and the limits in the standards reflect this practice.

2.3 Test parameters that influence the results of testing in IECEx

Test parameters that influence the results of tests can be numerous. Nominal variations in some test parameters have little effect on the uncertainty of the measurement result.

Variations in other parameters may have an effect. However, the degree of influence can be minimized by limiting the variability of the parameter when performing the test.

An often-used way of accounting for the effects of test parameters on tests results is to define the acceptable limits of variability of test parameters. When this is done, any variability in measurement results obtained due to changes in the controlled parameters is not considered significant if the parameters are controlled within the limits. 

Examples of application of this technique are requiring:

a) Input power source to be maintained: voltage ± 2.0 percent, frequency ± 0.5 percent, total harmonic distortion maximum 3.0 percent.

b) Ambient temperature: 23°C ± 2K.

c) Relative Humidity: 50% ± 2 percent.

d) Concentration of flammable gases in explosive mixtures ± 2%

d) Personnel: documented technical competency requirements for the test.

e) Procedures: documented laboratory procedures.

f) Equipment accuracy: instrumentation with accuracy per relevant standard or ExTL decision.

Note – The acceptable limits in items a through d are given as examples and do not necessarily represent actual limits established.

2.4 Pass/fail decision

The end result of controlling sources of variability within prescribed limits is that the measurement result can be used as the best estimate of the measurand. In effect, the uncertainty of measurement about the measured result is negligible with regard to the final pass/fail decision.

3 Application of Uncertainty of Measurement Principles:

3.1 Measurement of variables

When a test results in measurement of a variable, there is uncertainty associated with the test result obtained. Uncertainty may be taken care of according to 4.2 or 4.3.

3.2 Procedure 1, Uncertainty of Measurement Calculated 

Procedure 1 is used when calculation of uncertainty of measurement is required by IEC/ISO 17025-clause 5.4.6.2 and 5.10.3.1 item c. Calculate uncertainty for measurement and compares the measured result with uncertainty band to defined acceptable limit. The measurement complies with the requirement if the probability it being within the limit is at least 50 percent.

3.3 Procedure 2, “Accuracy Method” 

Procedure 2 is used when IEC/ISO 17025 clause 5.4.6.2 Note 2 applies. Procedure 2 is the traditional method used under the IECEx Scheme and may be referred to as the “Accuracy Method”. 

Test performed is routine. Sources of uncertainty are minimized so that the uncertainty of the measurement need not be calculated to determine conformance with the limit. Variability in test parameters is within acceptable limits. 

Test parameters such as power source voltage, ambient temperature, ambient humidity, concentration, pressure and temperature of explosive mixtures are maintained within the defined acceptable limits or limits specified by the relevant IEC standards for the test. 

Personnel training and laboratory procedures minimize uncertainty of measurement due to human factors. Instrumentation used has an uncertainty within prescribed limits.

The measurement result is considered in conformance with the requirement if it is within the prescribed limit. It is not necessary to calculate the uncertainty associated with the measurement result.

Note – The name “accuracy method” comes from the concept of limiting uncertainty due to instrumentation by using instruments within prescribed accuracy limits. For this purpose, the accuracy specification for an instrument is considered the maximum uncertainty of measurement attributable to the instrument.

3.4 Measurement by go/no-go testing, (potentially) destructive testing

For measurements where the test does not result in a variable, the test report does not need to give information about measurement uncertainty of the test result.

This particularly applies to:

- Intrinsic safety testing of circuits or components by use of explosive mixtures (IEC 60079-11)

- Flameproof enclosure testing for non-transmission of flames and resistance against explosion pressures (IEC 60079-1)

- Dust and water ingression testing

- Impact testing (IEC 60079-0)

- Dielectric tests (IEC 60079-4, 60079-11, 60079-18)

This also applies to the following tests where test method and handling of the results has already taken into account measurement uncertainties by testing under worst case conditions and by application of safety factors:

- Determination of reference pressure for flameproof enclosures (IEC 60079-1)

- Determination of maximum permissible inductance or capacitance for IS circuits by spark testing (IEC 60079-11)

Remark:

An Annex could be generated which gives guidance for each test/measurement specified in the applicable IEC standards of the IECEx scheme similar to the former document ExTAG_Braunschweig_Sec_02. This should be discussed in Budapest.
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