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[bookmark: _Toc74561780][bookmark: _Toc225244088]Introduction

This document is to provide guidance for the application of Uncertainty of measurement uncertainty to conformity for laboratory tests carried out under the IECEx System.
[bookmark: _Toc74561781]Document History
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	Edition 2 Revised to provide information regarding compliance with IEC 17025:2005. ExCB comments included and comments from IECEx members addressed.
Edition 3 Revised to update content to IEC 17025 2017,clarify information on decision rules and simple accpetance, remove content in clauses 5,6 and Annex A, introduce advice for IECEx assessors (Annex B) and introduce guidance for calibration certificates (Annex C).
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Ex Guide Uncertainty of Measurement

IECEx - ExTAG Guide for Application of Measurement Uncertainty of Measurement
to conformity for laboratory tests carried out underassessment activities in the IECEx System


1 [bookmark: _Toc225244089][bookmark: _Toc67829709][bookmark: _Toc129481990][bookmark: _Toc74561782]Scope

This Guide presents a practical approach to the application of measurement uncertainty to conformity assessment activities in the IECEx System. 

2 [bookmark: _Toc74561783]Reference documents
ISO/IEC 17025: 2017 (Edition 3) General requirements for the competence of testing and calibration laboratories 
ISO/IEC Guide 98-3:2008, Uncertainty of measurement - Part 3: Guide to the expression of uncertainty in measurement (GUM:1995).
ISO/IEC Guide 98-4:2012 Uncertainty of measurement - Part 4: Role of measurement uncertainty in conformity assessment
IEC Guide 115:2021 Application of uncertainty of measurement to conformity assessment activities in the electrotechnical sector. It was specifically conceived for use in IECEE Schemes as well as by testing laboratories engaged in testing electrical products to national safety standards. The Guide has been adapted for use with the IECEx System. Clause 4 describes the application of uncertainty of measurements principles. Clause 5 provides guidance on making uncertainty of measurement calculations. Annex A gives some examples relating to uncertainty of measurement calculations for product conformity assessment testing.
[bookmark: _Toc225244092]
3 
General
3.1 [bookmark: _Toc74561785]Requirements of ISO/IEC 17025: 2017
ExTLs in the IECEx is performedare required to comply with ISO/IEC/ISO 17025, General requirements for the competence of testing and calibration and testing laboratories.

ISO/IEC/ISO 17025: 2017 Clause 5.47.6.23 states:
“Testing laboratoriesA laboratory performing testing shall have and apply procedures for estimating uncertainty ofevaluate measurement. In certain cases, the nature of uncertainty. Where the test method may precludeprecludes rigorous, metrologically and statistically valid, calculation of uncertainty evaluation 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  uncertainty, an estimation shall be made based on knowledge an understanding of the theoretical principles or practical experience 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	1: In those cases where a well-recognizedrecognised test method specifies limits to the values of the major sources of measurement uncertainty of measurement and specifies the form of presentation of the calculated results, the laboratory is considered to have satisfied this clause7.6.3 by following the test method and reporting instructions (see 5.10).”.
[bookmark: _Toc225244093]3.2	IEC/ISO 17025 Clause 5.10.3.1 item c states:
Note 2: For a particular method where the measurement uncertainty of the results has been established and verified, there is no need to evaluate measurement uncertainty for each result if the laboratory can demonstrate that the identified critical influencing factors are under control.
ISO/IEC 17025: 2017 Clause 7.8.2.2 The laboratory shall be responsible for all the information provided in the report, except when information is provided by the customer. Data provided by a customer shall be clearly identified. In addition, a disclaimer shall be put on the report when the information is supplied by the customer and can affect the validity of results…
[bookmark: _Hlk66465445]ISO/IEC 17025: 2017 Clause 7.8.3.1 item c states:
“In addition to the requirements listed in 5.107.8.2, test reports shall, where necessary for the interpretation of the test results, include the following:”
“c) where applicable, a statement on the estimatedmeasurement uncertainty of measurement; information on uncertainty is needed in test reports, ……when:
- it is relevant to the validity ofor application of the test results, when
- a client’scustomer’s instruction so requires, or when
- the measurement uncertainty affects complianceconformity to a specification limit.;”” 
3.3	ISO/IEC/ISO 17025: 2017 Clause 7.8.6 states the following where measurement uncertainty is defined within the decision rule if the ExTL is requested to make conformance statements in the test report:
“7.8.6 Reporting statements of conformity.
7.8.6.1 When a statement of conformity to a specification or standard is provided, the laboratory shall document the decision rule employed, taking into account the level of risk (such as false accept and false reject and statistical assumptions) associated with the decision rule employed, and apply the decision rule.

NOTE Where the decision rule is prescribed by the customer, regulations or normative documents, a further consideration of the level of risk is not necessary.

7.8.6.2 The laboratory shall report on the statement of conformity, such that the statement clearly
identifies:
a) to which results the statement of conformity applies;
b) which specifications, standards or parts thereof are met or not met;
c) the decision rule applied (unless it is inherent in the requested specification or standard).

NOTE For further information, see ISO/IEC Guide 98-4.”
Note: for the purposes of certification, where the ExCB is providing the client with a decision on certification, the ExCB is the client of the ExTL and the ExCB is making the judgement on conformity.
3.2 [bookmark: _Toc74561786]Application of ISO/IEC 17025: 2017 in the IECEx Equipment Scheme
ISO/IEC 17025: 2017 was written as a general use document, for all industries.  Uncertainty of measurementMeasurement uncertainty 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 measurement uncertainty of measurement calculations are well established.
3.4 	This ExTLThe standards used by the IECEx do not contain any specifications for measurement uncertainty or requirements for decision rules for test results at the time of publication of this OD.  Therefore, there are no established specification limits that can be used to determine whether a particular measurement uncertainty for a result is in conformance or that measurement uncertainty is to be used in determining conformance.  The standards contain significant safety factors, which have been used in lieu of requiring measurement uncertainty for test results.
Therefore, this document is written to provide some more specific guidance on the application of uncertainty of measurement principles to reporting of testing results under the IECEx Systembackground, give some references to IEC guides that can be used. Reference is also made to the ‘Simple acceptance’ decision rule that is commonly used in IECEx.

4 [bookmark: _Toc74561787][bookmark: _Toc225244094]Background:

4.1 [bookmark: _Toc225244095][bookmark: _Toc74561788] Application of Uncertainty ofApplying Measurement Principles:Uncertainty principles
A challenge to applying measurement 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.
4.2 [bookmark: _Toc74561789][bookmark: _Toc225244096]Test methods used in the IECEx System
Test methods used under the IECEx System 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 measurement 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.
4.3 [bookmark: _Toc74561790][bookmark: _Toc225244097] 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 while variations in other parameters may have an effect. However, limiting the variability of the parameter when performing the test can minimize the degree of influence.
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 ± 3.0 %, frequency ± 2 %, total harmonic distortion maximum 5.0 %.
b. Ambient temperature: 23°C ± 5°C. or 20°C +/-± 5°C
c. Relative Humidity: 50 % ± 5 %.
d. Concentration of flammable gases in explosive mixtures ± 2 %
e. Personnel: documented technical competency requirements for the test.
f. Procedures: documented laboratory procedures.
g. Equipment accuracy: instrumentation with accuracy per relevant standard or ExTL decision as an indication of a primary contributor to measurement uncertainty.
Note – The acceptable limits in items a through d are given as examples and do not necessarily represent actual limits established.
4.4 [bookmark: _Toc65151285][bookmark: _Toc65151286][bookmark: _Toc74561791][bookmark: _Toc225244098]Decision based on simple acceptance ISO/IEC Guide 98-4
No decision rule is specified by the IEC standard, when comparing the measurement result with the applicable limit according to the specification in that standard.  The decisions on conformity are made without applying the measurement uncertainty (“simple acceptance” decision rule, previously known as “accuracy method”). 
The end result of controlling sources of variability within prescribed limits is Other rules may be used:… (to be specified, for example when required by the standard or client)
An important and widely used decision rule is known as simple acceptance (ref: ISO/IEC Guide 98-4: 2012 section 8.2).
[The ExTL and the client] agree implicitly or explicitly, to accept as conforming (and reject otherwise) an item whose property has a measured value in the tolerance interval.
In practice, in order to keep incorrect decisions to acceptable levels, there is usually a requirement that the measurement result can be used as the best estimate of the measurand.  In effect, the uncertainty of has been considered and judged to be acceptable for the intended purpose.

This confirms that measurement about the measured result is negligibleuncertainty should be addressed, but provided the uncertainty lies within acceptable limits, it is acceptable to use the measurement result without adjusting it to account for the uncertainty. A ‘simple acceptance’ decision rule is employed in this case.

The question of what level of measurement uncertainty would be acceptable or unacceptable, is not addressed by this guide. Proficiency tests give an indication of the accuracy of results achieved by an ExTL, where the measurand is established by a consensus of the test data from participating laboratories. Precision can be determined by repeating measurements to establish the range of results obtained.

4.5 [bookmark: _Toc74561792]Decision rules
4.5.1 [bookmark: _Toc74561793][bookmark: _Toc64986940]General
This section only provides information on simple acceptance. Other decision rules may be created and applied by ExTLs.
The uncertainties of measurement are calculated by the laboratory based on application of ISO/IEC Guide 98-4 and application of any relevant test methods, decision sheets and operational procedures of IECEx.
This guide assists ExTL’s on the application of measurement uncertainty principles and applying the decision rule when reporting test results within IECEx Product Certification scheme, noting that the reporting of the measurement uncertainty for measurements is not necessary unless required by the test standard or customer.
Calculations of uncertainty leading to the reported values, when required by the test standard or customer, are on file with regard to the finalthe ExTL that conducted the testing.
4.5.2 [bookmark: _Toc74561794]Simple acceptance
With simple acceptance, as described earlier in this guide, the measurement uncertainty is not accounted in the result. For measurements recorded at the limits of the tolerance on the measurand, there is a 50% probability of conformity and they are recorded as a pass/fail decision.
[bookmark: _Toc225244099]Other decision rules may be requested by the client.

5 [bookmark: _Toc74561795]Application of Uncertainty of Measurement Uncertainty Principles: (Informative)
[bookmark: _Toc45289978][bookmark: _Toc65151295][bookmark: _Toc45289664]
[bookmark: _Toc225244100]5.1	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 5.2 or 5.3.
[bookmark: _Toc225244101]5.2	Procedure 1, Uncertainty of Measurement Calculated 
Procedure 1 is used when the 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.  See Figure 1 below.

Limit
Pass
Pass
Fail
Fail
Measurement result 
Upper limit of uncertainty [image: ]
Lower limit of uncertainty [image: ]

[bookmark: _Toc225244102]Figure 1 – Procedure 1: uncertainty of measurement calculated






[bookmark: _Toc225244103]5.2	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 System 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.
Limit
Pass 
Pass
Fail
Measurement result [image: ]



[bookmark: _Toc225244104]Figure 2 – Procedure 2: accuracy method



[bookmark: _Toc225244105]5.4	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)



6	Text in this section deleted in Edition 3 – refer to IEC Guide 98-4

6 [bookmark: _Toc71534742][bookmark: _Toc129481999][bookmark: _Toc74561796]Guidance on making measurement uncertainty of measurement calculations including an example of how to perform the calculations (Procedure 1) (Informative)

[bookmark: _Toc129482000][bookmark: _Toc225244107]6.1	General principles
6.1.1	Text in this section is meantdeleted in Edition 3 – refer to be a short and simplified summary ofIEC Guide 98-4


Annex A [bookmark: _Toc74561797]: Information on the stepsvarious probability distributions (Informative)
Text in this section deleted in Edition 3 – refer to be taken when the need to estimate uncertainties arises.  ISO/IEC Guide 98-4
Annex B [bookmark: _Toc74561798]: Notes for IECEx assessors (Informative)
It is not necessary for the IECEx assessment team to verify the ability of ExTLs in the IECEx to perform measurement uncertainty calculations that have acceptable national accreditation to ISO/IEC 17025, General requirements for the competence of testing and calibration laboratories.  ExTLs that do not have acceptable national accreditation shall be able to demonstrate, for the IECEx assessment team, their ability to evaluate measurement uncertainty.
When reviewing an ExTL against IEC 17025: 2017 note that the accuracy method that was included in Edition 1 of this guide has been removed from Edition 3.
Measurement uncertainty is only required to be applied to a measurement, where a tolerance limit on the measurand is included in the standard. For example:
· Gas mixture
· Drop height of impact weight
As an example the explosion pressure determination test of IEC 60079-1 includes a tolerance on gas mixture but does not define a measurement uncertainty for the end result. Whilst the uncertainty on the gas mixture can be determined, the explosion pressure result depends on numerous factors. These factors are compensated for in the subsequent overpressure test of the enclosure, which includes a safety factor. Naturally it is important to take an accurate measurement of the explosion pressure at the points selected by the ExTL. It is therefore sensible to use calibrated equipment to take that pressure measurement but the uncertainty need not be calculated because no tolerance on that measurement is included in the standard.
The measurement uncertainty value is an indication of the level of confidence in the measurement of a result. It is not possible to prescribe limits to measurement uncertainty because the test equipment used may be different and estimation the quantity of the measurand is also different. Proficiency testing gives a good indication of the accuracy of an ExTL to take measurements because their data is compared to other laboratories.
In general, the requirement of ISO/IEC 17025: 2017 is met if the ExTL presents information according to the procedures stated. It is generally not necessary to challenge an ExTL on the information provided (see note). If an assessor is concerned that the accuracy of a particular item of equipment used for a test is poor, or a contribution to the calculated method is a large component of the combined uncertainty, then an observation only shall be raised to suggest that further research is undertaken to see if an improvement can be made.

Note: ISO/IEC 17025: 2017 requires measurement uncertainty to be established but does not prescribe limits. Neither do the Ex standards prescribe limits to uncertainty, although limits to the measured amount are prescribed in some cases (e.g. gas mixtures). It is not possible to apply an arbitrary maximum uncertainty because it would not be possible to compare that to the accuracy method.
Annex C [bookmark: _Toc74561799]: Calibration guidance for measurement uncertainty (Normative)
C.1 [bookmark: _Toc74561800]External calibration
Calibration shall be carried out by organisations that are accredited to ISO/IEC 17025 to carry out calibration by a nationally recognised accreditation body.
If a nationally accredited body is not available to carry out the calibration required, it is acceptable to use the original equipment manufacturer as long as a calibration certificate is provided and the calibration is traceable to national standards. Measurement uncertainty shall be provided.
C.2 [bookmark: _Toc74561801]Internal calibration (by ExTL)
Internal calibration by an ExTL shall be carried out using externally calibrated equipment and shall produce an internal calibration certificate with measurement uncertainty detail.
C.3 [bookmark: _Toc74561802]Witness / offsite testing instrument calibration requirements
Manufacturers wishing to use their own equipment for offsite or witness tests shall arrange calibration of the equipment according to this Annex C.1 or C.2. For Annex C.2 the manufacturer may carry out their own internal calibration or use an ExTL.
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