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Ex Guide Uncertainty of Measurement 

IECEx - ExTAG Guide for Application of Uncertainty of Measurement

to conformity for laboratory tests carried out under the IECEx Scheme
1
Scope

This Guide presents a practical approach to the application of uncertainty of measurement to conformity assessment activities in the electrotechnical sector. It is 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 scheme. 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.

It must be noted that whilst this Guide is concerned with uncertainty of measurements, there remains an inherent uncertainty in ‘where to measure’ for some tests that will affect the result obtained by different ExTLs. Particularly with thermal or explosion pressure measurements, the choice of location for the thermocouple or transducer can significantly affect the result. With thermocouples, the method of attachment can also have an impact, with the thermocouple wire acting as a heat sink, drawing heat away from the surface being measured. This Guide is not able to offer guidance on best practice for conducting tests.

2
Reference documents

ISO/IEC 17025:2005 General requirements for the competence of testing and calibration laboratories 

Guide (GUM):1995, Guide to the expression of uncertainty in measurement [BIPM, IEC, IFCC, ISO, IUPAC; IUPAP, OIML]

3 General:

3.1
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).”

3.2
IEC/ISO 17025 Clause 5.10.3.1 item c states:

“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.;” 

3.3
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.

3.4 
This ExTL document is written to provide more specific guidance on the application of uncertainty of measurement principles to reporting of testing results under the IECEx Scheme.

4
Background:

4.1 
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.

4.2
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.

4.3
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 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 ± 2.0 %, frequency ± 0.5 %, total harmonic distortion maximum 3.0 %.

b)
Ambient temperature: 23°C ± 2K.

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.

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

4.4
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.

5
Application of Uncertainty of Measurement Principles:

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.

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.

[image: image6.jpg]
Figure 1 – Procedure 1: uncertainty of measurement calculated

5.3 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.
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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.

Figure 2 – Procedure 2: accuracy method

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
Guidance on making uncertainty of measurement calculations including an example of how to perform the calculations

6.1
General principles

6.1.1
This section is meant to be a short and simplified summary of the steps to be taken when the need to estimate uncertainties arises.  It should not be considered as a comprehensive paper about measurement uncertainty (MU), its sources and estimation in general, but does offer a practical approach for most applicable circumstances within a CBTL in the IECEx CB Scheme.

6.1.2
No measurement is perfect and the imperfections give rise to error of measurement in the result. Consequently, the result of a measurement is only an approximation to the true value (measurand) and is only complete when accompanied by a statement of the uncertainty of that approximation. Indeed, because of measurement uncertainty, a true value can never be known.
6.1.3
The total uncertainty of a measurement is a combination of a number of component uncertainties.  Even a single instrument reading may be influenced by several factors.  Careful consideration of each measurement involved in the test is required to identify and list all the factors that contribute to the overall uncertainty.  This is a very important step and requires a good understanding of the measuring equipment, the principles and practice of the test and the influence of environment.
6.1.4
The Guide to the expression of Uncertainty in Measurement (GUM) has adopted the approach of grouping uncertainty components into two categories based on their method of evaluation, Type A and Type B.  This categorisation of the methods of evaluation, rather than of the components themselves, avoids certain ambiguities.


Type A:
those that are evaluated by statistical, e.g. from a series of repeated observations.


Type B:
those that are evaluated by means.  For example, by judgment based on the following table.

	Data in calibration certificates
	This enables corrections to be made and type B uncertainties to be assigned

	Previous measurement data
	For example, history graphs can be constructed and yield useful information about changes with time

	Experience or general knowledge
	Behaviour and properties of similar materials and equipment

	Accepted values of constants
	Associated with materials and quantities

	Manufacturers’ specifications
	

	All other relevant information
	


6.1.5
Individual uncertainties are evaluated by the appropriate method and each is expressed as a standard deviation and is referred to as a standard uncertainty.  These standard uncertainties are then combined to generate an overall uncertainty of the measurement.

6.2
Summary of steps when estimating uncertainty

6.2.1
Identify the input quantities that may influence the measured value, for example the imported calibration uncertainty of a piece of measurement equipment, the repeatability of a process or effects of ambient temperature.  This input quantity is represented by the symbol X.  There will usually be a number of input quantities so the i th quantity is represented by the symbol Xi the value of which is represented by xi.  Therefore the value of X1 will be x1, that of X2 will be x2, and so on.
6.2.2
The standard uncertainty associated with the i th input quantity is represented by u(xi).  The standard uncertainty is defined as one standard deviation and is derived from the uncertainty of the input quantity by dividing by a number associated with the assumed probability distribution.

The probability distribution of the measured quantity describes the variation in probability of the true value lying at any particular difference from the measured result.  The form of the probability distribution will often not be known, and an assumption has to be made, based on prior knowledge or theory, that it approximates to one of the common forms. 

The main distributions, and their associated divisors, are;

–
Normal
1

–
Normal (k = 2)
2

–
Rectangular
(3

–
Triangular
(6
–
U-shaped
(2

Although in practice Normal and Rectangular distributions are by far the most common distributions encountered.

For more information on the types of distribution refer to Appendix A.

6.2.3
The purpose of the measurement is to determine the value of the measurand, Y.  As with the input quantities the value of the measurand is represented by the lower-case letter, y.

In some cases the input quantity to the process is not in the same units as the output quantity.  For example, one contribution to a measurement made using a vernier caliper maybe the effect of ambient temperature.  In this case the input quantity is temperature, but the output quantity is dimensional.  It is therefore necessary to introduce a sensitivity coefficient so that the output quantity (y), can be related to the input quantity (xi).  This sensitivity coefficient is referred to as ci, and is effectively a conversion factor from one unit to another.

6.2.4
Once the output quantities associated with each input quantity xi have been obtained in the form of a standard uncertainty (one standard deviation), u(xi), they are combined by taking the square root of the sum of the squares, yielding a combined standard uncertainty uc(y).

uc(y) = ( [ u1(y)2 + u2(y)2 +    + ui(y)2]

6.2.5
The combined standard uncertainty uc(y) is also in the form of one standard deviation, which for most purposes does not give sufficient confidence that the “true value” lies within the stated limits.  For this reason uc(y) is then multiplied by a coverage factor k to provide an expanded uncertainty, U.   It is recommended that a value of k = 2 is used, yielding a confidence level of approximately 95 %.

U = k ( uc(y)
6.2.6
The result of a measurement is then reported, normally in the form of y ± U, together with a mention of the coverage factor used to obtain the expanded uncertainty, and an indication of the confidence level obtained should also be included.  An example of the wording may therefore be similar to the following;
10.5 V ± 0.4 V (coverage factor k = 2, for a level of confidence of approximately 95 %).

6.2.7
As previously stated the above information provides a short and simplified summary of the steps to be taken when the need to estimate uncertainties arises.  In the summary it has been assumed that none of the input quantities are correlated, that is all the input quantities are independent of each other.  A detailed approach to the treatment of correlated input quantities can be found in the GUM.

6.3
Simple example – Estimation of measurement uncertainty for a temperature rise test using a thermocouple in combination with a hand held indicating device

The following example has been chosen to demonstrate the basic method of evaluating the uncertainty of measurement.  It has been simplified in order to provide transparency for the reader and intended to be general guidance on how to proceed.  The contributions and values are not intended to imply mandatory or preferred requirements. The input quantities are regarded as being not correlated.

In this example we wish to determine an expanded uncertainty value that is appropriate for a range of temperature measurement values, recognising that at any specific value within that range the actual expanded uncertainty value could be less as individual components may vary across the temperature range.

We recognise there are errors associated with both the indicator and the thermocouple, however as these errors vary across the temperature range we wish to use the devices uncorrected.  Whilst this is acceptable we need to account for these errors in our uncertainty calculation.

a)
Identification of significant influencing factors
	Quantity
Xi
	Source of uncertainty
	Examples of where the value (xi) can be obtained

	Xind cal
	Calibration uncertainty of indicator
	From the calibration certificate of the device.  Included on the certificate should also be statement as to what coverage factor (k) has been used.

	Xind drift
	Performance drift of indicator
	Examination of instrument performance between calibrations, by comparing certificates.

Manufacturer’s specifications.

	Xind error
	Maximum uncorrected error of indicator
	From calibration certificates.

	Xt/c cal
	Calibration uncertainty of thermocouple
	From the calibration certificate of the device.  Included on the certificate should also be statement as to what coverage factor (k) has been used.

	Xt/c drift
	Performance drift of thermocouple
	Examination of instrument performance between calibrations, by comparing certificates.

Manufacturer’s specifications.

	Xt/c error
	Maximum uncorrected error of thermocouple
	From calibration certificates.

Manufacturer’s specifications.

	Xt/c fixing
	Influence of fixing method of thermocouples
	From the laboratory's own investigation campaign

	Xamb temp
	Uncertainty of ambient temperature measurement
	Measured by a separate instrument, data taken from the manufacturer's specifications


b)
Relating input quantities to the measured value

In this simple example, there is a 1-to-1 relationship between the input quantities and the measured value. Therefore, the sensitivity coefficient is 1. 

	Quantity
Xi
	Estimate of value

xi
	Sensitivity coefficient
	Limit values of xi

	Xind cal
	In the range, –80 to +600°C
	1
	± 0.2°C

	Xind drift
	In the range, –80 to +600°C
	1
	± 0.5°C

	Xind error
	In the range, –80 to +600°C
	1
	± 0.9°C

	Xt/c cal
	In the range, –50 to +250°C
	1
	± 0.4°C

	Xt/c drift
	In the range, –50 to +250°C
	1
	± 1.2°C

	Xt/c error
	In the range, –50 to +250°C
	1
	± 1.3°C

	Xt/c fixing
	In the range, –50 to +200°C
	1
	± 2.0°C

	Xamb temp
	
	1
	± 0.3°C


c) Uncertainty budget, 

The combined standard uncertainty, uc(y), is then calculated using the formular

uc(y) = ( [ u1(y)2 + u2(y)2 +    + ui(y)2]
	Quantity
Xi
	Estimate 
xi
	Limit values of xi

±
	Probability distribution
	Divisor
	Sensitivity coefficient
	Uncertainty contribution
ui (y)

	Xind cal
	–80 to +600°C
	0.2°C
	Normal (N2)
	2
	1
	0.10

	Xind drift
	–80 to +600°C
	0.5°C
	Rectangular
	(3
	1
	0.29

	Xind error
	–80 to +600°C
	0.9°C
	Error
	0
	1
	0.00

	Xt/c cal
	–50 to +250°C
	0.4°C
	Normal (N2)
	2
	1
	0.20

	Xt/c drift
	–50 to +250°C
	1.2°C
	Rectangular
	(3
	1
	0.69

	Xt/c error
	–50 to +250°C
	1.3°C
	Error
	0
	1
	0.00

	Xt/c fixing
	–50 to +200°C
	2.0°C
	Normal (N1)
	1
	1
	2.00

	Xamb temp
	
	0.3°C
	Rectangular
	(3
	1
	0.17

	
	
	
	
	
	
	

	uc(y) 
	–50 to +200°C
	
	
	
	
	2.16


d)
Expanded uncertainty, U

U
= k ( uc(y)

= 2 ( 2.16 °C = 4.32 °C 

However no account has yet been taken of the uncorrected errors and these have to now be added to the value U, hence giving a value of 4.32 + 0.9 + 1.3 = 6.52 °C
e)
Reported result


The measured temperature rise is xx.x K ± 6.5 °C

The reported expanded uncertainty of measurement is stated as the standard uncertainty of measurement multiplied by the coverage factor k = 2, which for a normal distribution corresponds to a coverage probability of approximately 95 %.

APPENDIX A

Information on the various probability distributions

A.1
There are two types of Normal distribution.

The first (shown in Clause 6.3.c as N2) is assigned when the uncertainty is taken from, for example, a calibration certificate/report where the coverage factor, k, is stated.  The standard uncertainty is found by dividing the stated uncertainty from the calibration certificate by its coverage factor k, which is k = 2 for a level of confidence of approximately 95 %. It would be necessary to confirm k with the calibration laboratory if it is not stated on the certificate.
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The second (shown in Clause 6.3.c as N1) is where a statistical evaluation of repeatability gives a result in terms of one standard deviation, and therefore no further processing is required and the divisor is 1.

A.2
Rectangular distribution means that there is equal probability of the true value lying anywhere between two prescribed limits. A rectangular distribution should be assigned where a manufacturer's specification limits are used as the uncertainty, unless there is a statement of confidence associated with the specification, in which case a normal distribution can be assumed.

Rectangular: 
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A.3
Triangular distribution means that the probability of the true value lying at a point between two prescribed limits increases uniformly from zero at the extremities to the maximum at the centre.  A triangular distribution should be assigned where the contribution has a distribution with defined limits and where the majority of the values between the limits lie around the central point.

Triangular: 
[image: image3.wmf]6

)

(

i

i

a

x

u

=


A.4
U-shaped distribution means that the probability of the true value lying at a point between the two prescribed limits is more likely to be close to one or other of the edges of the distribution.  It is generally associated with radio frequency (RF) mismatch uncertainty, and as such it is extremely unlikely that this distribution would be encountered in IECEx test work.  For this reason limited information is included in this document other than to say that;
U-shaped: 
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Where M is the RF mismatch uncertainty.
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