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Foreword


ISO (the International Organisation for Standardization) is a worldwide federation of national standards bodies (ISO member bodies).  The work of preparing International Standards is normally carried out through ISO technical committees. Each member body interested in a subject for which a technical committee has been established has the right to be represented on that committee. International organisations, governmental and non-governmental, in liaison with ISO, also take part in the work.  ISO collaborates closely with the International Electromechanical Commission (IEC) on all matters of electrotechnical standardization.


Draft International Standards adopted by the technical committees are circulated to the member bodies for voting. Publication as an International Standard requires approval by at least 75% of the member bodies casting a vote.


ISO 10012 is the result of combining ISO 10012:1:1992: Metrological confirmation system, and ISO 10012-2:1997: Control of measurement processes �The Annexes of ISO 10012 are for information only.


Introduction


A measurement control system ensures that measuring equipment and measurement processes are fit for their intended use and are an important step in demonstrating the achievement of product quality objectives. The methods used for the measurement control system range from basic measurement comparisons, and measuring equipment characteristics, to the application of statistical techniques to the measurement process. The organisation should determine the level of control needed to ensure the achievement of its quality objectives. ISO 10012 gives generic requirements for quality assurance and control methods to be used in ensuring that measuring equipment and measurement processes satisfy the quality objectives for measurements. Following the requirements laid down in ISO 10012 will facilitate compliance with requirements for measurements and measurement process control in other standards, for example, in the ISO 9000 and 14000 families of standards. 


References to ISO 10012 is recommended to be made:


-  by a customer when specifying products required;


-  by a supplier when specifying products offered;


-  by legislative or regulatory bodies;


-  in assessment and audit of control of measurement systems.


ISO 10012 includes both requirements and guidance for implementation of measurement control systems. The requirements appearing in normal typeface are generic. Organisations have the responsibility for deciding and/or justifying whether or not specific measurement control system requirements are appropriate as part of the overall quality systems for their businesses. Additional requirements may be necessary to cover specific industry sectors, for example for calibration/testing laboratories. Guidance appears in italic typeface after the appropriate requirement paragraph.  Guidance is for information only and statements given there are not to be construed as adding to, limiting, or modifying any requirement.  


The objective of a measurement control system is to minimise the risk that measuring equipment and measurement processes could produce incorrect results that would affect the quality of the organisations’ product.


For information, an overview of metrological confirmation is given in Annex D.


NOTE: Use of the masculine gender in ISO 10012 is not meant to exclude the feminine gender where applied to persons. Similarly, use of the singular does not exclude the plural (and vice versa) when the sense allows. 


�
1.	Scope


1.1	ISO 10012 specifies the main features of a measurement control system that may be used by an organisation making measurements. It is intended to provide generic requirements for systems controlling measuring equipment and measurement processes used to support and demonstrate compliance with requirements established between the organisation and its customers, or to satisfy the requirements of standards such as ISO 9001and ISO 14001. 


1.2	ISO 10012 contains quality assurance requirements for an organisation to ensure that metrological requirements are satisfied.  Under the headings of “Guidance”, it contains information to help the user.


	ISO 10012 deals with measurement control systems and control of measurement processes. Other standards and guides cover specific requirements for particular elements affecting measurement results, for example, details of measurement methods, competence of personnel, inter-laboratory comparisons. Examples of such standards are to be found in Clause 2, or Annex B.


1.4	ISO 10012 is not intended for use as the sole basis for certification, registration or accreditation.


2	Normative references


The following standards contain provisions which, through reference in this text, constitute provisions of ISO 10012. At the time of publication, the editions indicated were valid. All standards are subject to revision, and parties to agreements based on this International Standard are encouraged to investigate the possibility of applying the most recent editions of the standards indicated below. Members of IEC and ISO maintain registers of currently valid International Standards. 





ISO 3534-1: 	1993:	Statistics - vocabulary and symbols - Part 1 Probability and general statistical terms.


�ISO 9000:2000		QMS-Fundamentals and Vocabulary





VIM: 		1993: International vocabulary of basic and general terms used in metrology BIPM, IEC, IFCC, ISO, IUPAC, IUPAP, OIML.





GUM: 		1995: Guide to the expression of uncertainty in measurement BIPM, IEC, IFCC, ISO, IUPAC, IUPAP, OIML.








3.	Definitions�	�For the purposes of ISO 10012, the following definitions apply. Other relevant terms taken from the normative references (see Clause 2 above) are included in Annex C as an aid the user of this part of ISO 10012. 


3.1	intended use of measuring equipment


description of the measurement process in which the measuring equipment is to be used.


3.2	limits of permissible error (of measuring equipment)


maximum permissible error (of measuring equipment)


extreme values of an error permitted by specifications, regulations, etc. for a given measuring equipment and its intended use. 


�
3.3	measurement process


set of interrelated resources, activities, and influences which produce a measurement.


NOTES	1	The resources concerned include measuring equipment, measurement procedures and operators.


	2	Influences are all factors caused by the environment or procedures which may or may not be controlled or controllable and which add to the variability or the bias of the process.


	measuring equipment�any instrument, measurement standard, reference material and/or auxiliary apparatus necessary to implement a measurement process for carrying out a specified and defined measurement.


NOTE	1	This definition is necessarily wider than that of a measuring instrument [VIM, 4.1] since it has to include all the means necessary for producing measurement results.


	metrological characteristic (of a measuring equipment)


attribute of a measuring equipment, which may influence the results of measurement.


NOTES	1	Measuring equipment usually has several metrological characteristics.�	2	Metrological characteristics may be the subject of calibration.





	metrological confirmation�set of operations required to ensure that an item of measuring equipment is in a state of compliance with the requirements for its intended use.


NOTES 1	Metrological confirmation normally includes calibration and/or verification, any necessary adjustment or repair, and subsequent recalibration, comparison with the metrological requirements for the intended use of the equipment as well as any required sealing and labeling.


	2	Metrological confirmation is not achieved until and unless the fitness of the measuring equipment for the intended use has been demonstrated and documented.


	3	The requirements for intended use may include such considerations as range, resolution, maximum permissible errors, etc.


	4	Metrological confirmation requirements are usually distinct from and are not specified in product quality requirements. 


	5	A diagram of the processes involved in metrological confirmation is given in Figure 1.


	6	For brevity in ISO 10012, this term may be referred to as “confirmation”.


3.7	metrological function


organisation structure, however defined, responsible for formulating and implementing the measurement control system. 


3.8	metrological requirement for measuring equipment


required and specified metrological characteristics of measuring equipment


NOTE	Metrological requirements are derived from specified requirements for the product or the equipment to be calibrated, verified and/or confirmed.


3.9	measurement control system


set of operations necessary to achieve metrological confirmation of measuring equipment and continuous control of measurement processes. 


�
4 	General Requirements


The measurement control system shall be documented. The system shall ensure that all measuring equipment is fit for its intended use and operates within the defined metrological requirements, and that the measurement processes are controlled. 


Guidance: 	Equipment may be confirmed for use for particular measurement processes, and not confirmed for use for other measurement processes because of differing metrological requirements.


The organisation shall establish and document objective performance criteria and procedures for the measurement processes, and their control. They shall be specific in terms of which measurement processes are subject to the provisions of this standard. 


5.0	Management responsibility


5.1	Measurement control system


The management of the organisation shall establish and maintain an effective documented measurement control system for the managing, fit-for-use confirmation, and use of measuring equipment (including measurement standards) used to demonstrate compliance with specified requirements. The management of the organisation shall implement a system to assure that the performance of the measurement process is within the requirements. This system should take into account any stated and acceptable risk of failure to comply with specified requirements. 


5.2 Customer satisfaction


Management of the organisation shall ensure that the measurement control system is satisfactory to provide measurement results adequate to ensure product and/or services that meet customer requirements. The organisation should be able to demonstrate to the customer that the required performance is achieved.


5.3 Quality objectives


The organisation shall establish quality objectives for the measurement control system that are internally consistent with the intended metrological function.


5.4 Management review


The management of the organisation shall ensure that periodic and systematic reviews of the measurement control system are carried out. The system shall be modified as necessary, for example, on the basis of advances made in measurement techniques or knowledge, waivers granted, anomalies observed, feedback from customers or audit findings. The organisation shall ensure that the necessary resources are available to assess the metrological requirements and to carry out the metrological confirmation of measuring equipment which may have an influence on the quality of the product or service.


�



6.0	Resource Management


6.1	General


The organisation shall determine and provide adequate resources to carry out the assigned responsibilities of the metrological function.


6.2	Human Resources


6.2.1		Assignment of Personnel


The management of the organisation shall define and document the responsibilities of all personnel assigned to the operation and control of measuring equipment and measurement processes. Personnel shall be made aware of the extent and limits of their responsibilities and accountabilities.


Guidance:	These responsibilities are often defined in organisation charts, job descriptions, and work instructions or procedures.


6.2.2		Competence and training


The organisation shall ensure that personnel involved with the measurement processes are competent to perform their assigned tasks. Any specialised skills required shall be documented. The management shall ensure that training is provided to address identified needs, and that the effectiveness of the training is evaluated.


6.3	Information Resources


6.3.1		Procedures and work instructions


Documented procedures and work instructions shall be prepared and used for all elements of the measurement control system. These procedures shall be adequate for their purpose and contain sufficient information to ensure proper implementation, consistency of application, and the validity of measurement results. The procedures and work instructions shall be available to staff performing confirmations, measurements, and control of measurement processes and shall be part of the organisation documentation control system.


Guidance:	Procedures may be based on published standard measurement practices, or on customer or equipment manufacturers written instructions. Procedures should specify the characteristics and permissible measurement uncertainties (or limits of, or maximum permissible errors) required to satisfy metrological requirements.


6.3.2		Software


Software used in the measurement processes and calculations of results shall be documented, tested and validated.


6.3.3		Records


Documented procedures shall be prepared and implemented to ensure which records are to be kept, retention periods, and methods used to safeguard the records. Methods of disposition of records when they are no longer required, shall be documented and followed.


�
6.3.4		Identification


All equipment and process elements of a validated measurement process shall be clearly identified, individually or collectively, to indicate the status. Instruments or equipment confirmed for use only in a particular measurement process or processes shall be clearly identified or otherwise controlled to prevent unauthorised use.


6.4	Material Resources


6.4.1		Measuring equipment


Measuring equipment shall be confirmed and used in an environment that is controlled to the extent necessary to ensure valid measurement results.


Measuring equipment that is used to assure quality specifications shall have the metrological characteristics necessary to obtain the required measurement.


Equipment found unfit for its intended use and which is not repaired and brought back to the intended metrological characteristics, shall be clearly marked or otherwise identified to show this. Confirmation of such equipment for other uses shall ensure that the altered status is clearly apparent and includes identification of any limitations of use.


Guidance:	If it is impractical to adjust, repair or overhaul equipment found not to be fit for its intended use, downgrading and/or change in its intended use is an option. Downgrading should only be used with great care as it may cause confusion between the allowable uses of apparently identical pieces of equipment. This includes limited confirmation of only some of the ranges or functions of multiranged equipment.


6.4.2		Environmental conditions


Relevant environmental factors affecting measurement shall be monitored and recorded. Correcting compensations shall be applied to measurement results, if appropriate. Records shall contain relevant environmental data and both original and corrected measurement data.


Measurement processes and documentation shall be maintained to take account of any corrections and conditions of use that are necessary to achieve the required performance.


Guidance:	Factors affecting measurement results include temperature, rate of change of temperature, humidity, lighting, vibration, dust control, cleanliness, electromagnetic interference, and other factors. Equipment manufacturers usually provide specifications giving ranges and maximum loads, and limitations of environmental conditions, for correct use of the equipment.


6.4.3		Measurement standards and reference materials


Measurement standards and reference materials necessary for the operation of the measurement control system shall be available.


6.5	Outside suppliers


A process shall be implemented to ensure that products and services from outside sources are of the quality required by the measurement control system. Organisations shall have documented procedures for the selection of outside suppliers. Records shall be maintained of the products or services provided by outside suppliers.





Guidance:	If an outside supplier is used for calibration, the supplier should be able to demonstrate compliance to a laboratory competency standard such as ISO/IEC 17025.


7.	Measurement Control System


7.1	Metrological Confirmation Process


7.1.1		Metrological Confirmation


Metrological confirmation shall be designed to give assurance that the measurements will satisfy the metrological requirements of both the organisation and its customers. Before each confirmation, the metrological characteristics of the measuring equipment shall be compared against the metrological requirements (see 7.2.2, Figure 1, and Annex D). Confirmations shall be supported by certificates, reports and/or data sheets attesting to the conditions under which the results were obtained. Each such document shall be approved, dated, and signed by an authorised person to attest to the correctness of the results.


Documented evidence of traceability for the measuring equipment within the confirmation system shall be maintained for as long as required by the system procedures, the customer, or by legal requirements.


7.1.2 Confirmation intervals


Procedures shall document the methods used to determine confirmation intervals. The confirmation intervals shall be regularly reviewed and adjusted to assure continuous compliance with the specified metrological requirements.


Guidance:	Data obtained from previous confirmation histories and advancing knowledge and technology may be used for this purpose. Records obtained using statistical process control techniques for measurements may be useful in determining whether or not to extend confirmation intervals (see Annex A).


7.1.3		Equipment information


Information relevant to the confirmation status of measuring equipment shall be readily available to the user, including any limitations or special requirements. Equipment not in the confirmation system shall be distinguishable from confirmed equipment.


The metrological characteristics of measuring equipment shall be suitable for its intended use.


Guidance:	Examples of such characteristics for measuring equipment include:


Bias;


Repeatability;


Stability;


Hysteresis;


Drift;


Effects of influence quantities;


Resolution;


Discrimination (threshold);


Maximum permissible error;


Dead band.





The identification and analysis of relevant metrological characteristics shall be completed before confirming that the measuring equipment is suitable for its intended use.


Guidance: If the effects of the metrological characteristics are evaluated and combined as an measurement process uncertainty(see 7.3.1)this numerical measure allows direct comparison with the requirements as a major factor toward confirmation. Qualitative statements of the metrological characteristics in terms of, for example, “required accuracy of measuring equipment” should be avoided.


7.1.4 Equipment Access Sealing


Access to adjusting devices on confirmed measuring equipment, whose setting affects the performance shall be sealed or otherwise safeguarded to prevent unauthorised adjustment. Seals shall be designed and located so tampering will be detected.


The confirmation system procedures shall include actions to be taken when seals are found damaged or broken.


7.1.5		Confirmation Process Records


The organisation shall maintain records of all relevant measuring equipment (including measurement standards) covered by the confirmation process. These records shall demonstrate that each item of measuring equipment satisfies the metrological requirements laid down within the confirmation process for that equipment. Calibration certificates and other relevant information (e.g., records of adjustment and repair) shall be available.


The recorded information shall include, as appropriate:


a)	the description and unique identification of the equipment manufacturer, type, serial number, etc.,;


b)	the date(s) on which the confirmation was performed and completed;


c)	the calibration results obtained after, and where relevant, before any adjustment and repair.


Guidance:	Calibration results should be recorded so that the traceability of all the measurements can be demonstrated and so that the calibration measurements can be reproduced under conditions close to the original conditions. Where a second or third party carries out a calibration, the confirmation system should ensure that the second or third party is competent to do this.


In some instances the calibration result is given as a report stating that the measuring equipment complies with (or fails to comply with) stated requirements


the result of the confirmation;


the assigned confirmation interval


identification of the confirmation procedure;


the designated maximum permissible error(s);


the relevant environmental conditions and a statement about any corrections necessary;


the uncertainties involved in calibrating the equipment and their cumulative effect;


details of any maintenance such as servicing, adjustment, repairs or modifications carried out;


any limitations of use;


identification of the person(s) performing the confirmation;


identification of the person(s) responsible for the correctness of the recorded information;


unique identification (such as serial numbers) of any calibration certificates and other relevant documents concerned;


the source(s) of the calibration used to obtain traceability;


the requirements for the intended use.


The supplier shall maintain documented procedures specifying the retention period(s) for records and the methods (s) used to safeguard the records.


Guidance:	the records may be in manuscript, typescript or microfilm or may be in an electronic or a magnetic memory or on another data medium.  Where records exist only in electronic form, the organisation should ensure that only authorised persons are able to generate, amend, issue, and delete such records.


The minimum time for the retention of records is dependent on many factors, such as the customer’s requirements, regulatory or legal requirements, manufacturers liability. Records concerned with measurement standards may need to be retained indefinitely.


7.1.6		Storage and handling of measuring equipment


The organisation shall establish, maintain and use documented procedures for receiving, handling, transporting, storing and dispatching measuring equipment, in order to prevent abuse, misuse, damage and changes in metrological characteristics. The organisation shall have documented procedures for the disposition of measuring equipment removed from the measurement control system.


7.2	Measurement Process Control


7.2.1		Process Planning


Measurement processes necessary to demonstrate that the required product and/or service is achieved shall be determined, planned and implemented. This includes the implementation of the metrological confirmation, and the control of the measurement processes.


The system shall provide for the prevention of errors by ensuring the prompt detection of deficiencies and timely corrective actions.


7.2.2	Measurement processes


The performance characteristics required for the intended use of the measurement process shall be characterised.


Guidance:  Examples of characteristics for the measurement process include:


	--uncertainty in use;


	--stability;


	--range;


	--resolution;


	--repeatability;


	--reproducibility;


	--skill level of the operator.


	Other characteristics may be important for some measurement processes.


Each measurement process subject to control shall be specified and documented. The complete specification of such a measurement process shall include identification of all relevant equipment, measurement procedures, measurement software, conditions of use, operator capabilities and all other factors affecting the reliability of the measurement. The control of measurement processes shall be carried out in accordance with documented procedures.


�
Guidance:  A measurement process may be limited to the use of a single measuring equipment.


A measurement process also may require data correction, for example, due to environmental conditions.


7.2.3		Measurement process set-up and design


The measurement requirements, based on the needs of the customer, shall be determined. The measurement processes designed to meet these needs shall be documented and, if necessary, agreed to with the customer.


Guidance:  Influence quantities affecting the achievement of the requirements of the measurement process should be identified. The impact of influence quantities on the measurement process should be quantified. It may be necessary to design and carry out specific experiments or investigations to do this. When this is not possible, the data, specifications, and warnings provided by an equipment manufacturer should be used.


7.2.4		Segregation of nonconforming equipment


Any item of confirmed measuring equipment that:


Has suffered damage;


Has been overloaded;


Shows any malfunction that may invalidate its intended use;


Is suspected of producing incorrect measurements;


Has exceeded its designated confirmation interval;


Has a damaged or broken seal.


shall be removed from service by segregation, prominent labeling or marking, and a non-conformance report prepared. Such equipment shall not be returned to service until the reasons for its nonconformity have been eliminated and it is again confirmed.


7.2.5		Out-of-tolerance equipment


If the results of a calibration prior, to any adjustment, are discovered to be out-of-tolerance, the organisation shall determine the potential consequences and take the necessary corrective action. This may involve examination of product produced using measurements involving the nonconforming measuring equipment.


If the result of a calibration prior to any adjustment were such as to indicate a risk of significant error in any of the measurements made with the equipment before the calibration, the organisation shall determine the potential consequences and take the necessary corrective action.


7.2.6		Records of control of measurement processes


The organisation shall maintain records to demonstrate compliance with the requirements of the measurement process, including:


a)	a full description of the measurement process control system implemented, including all unique elements, e.g., operators, any unique measuring equipment or check standards used and the relevant operating conditions;


Guidance:  Batch identification may be adequate for consumable items used in measurement process control.


b)	the relevant data obtained from the measurement process control system, including any information relevant to the measurement uncertainty;


c)	any actions taken as a result of measurement process control data;





d)	the date(s) on which each measurement process control activity in the organisations’ surveillance and verification programme was carried out;


e)	the identification of any relevant verification and other documents;


f)	identification of the person responsible for providing the information for the records;


g)	qualifications (required and achieved) of the personnel.


Documented procedures on retention and safeguarding of records shall be developed. Retention times for records shall be established and recorded.


7.3	Measurement Realisation


7.3.1		Measurement Uncertainty


Measurement uncertainty shall be taken into account for each measurement process covered by the measurement control system.


Uncertainty determinations shall be formally recorded. The analysis and determination of measurement uncertainties shall be completed before confirming the measuring instruments and the measurement process are suitable for their intended use.


Guidance:  The concepts involved and the methods that may be used in combining the uncertainty components and presenting the results are given in the “Guide to the expression of uncertainty in measurement” (GUM).  Other documented and accepted methods may be used. 


It is possible that some components of uncertainty are so small compared to other components as to make their detailed determination unjustifiable on economic grounds. This is acceptable provided that the decision and justification is recorded. In all cases the effort devoted to determining and recording uncertainties of measurements should be commensurate with the importance of the measurements to the quality of the final product of the organisation. The recording of uncertainty determinations may take the form of “generic statements” for similar types of measuring equipment, with only specific variations being necessary for individual measurement processes.


The appropriate use of statistical methods for analysing the results of preceding calibrations, for assessing the results of calibrations of several similar items of measuring equipment can assist in the prediction of cumulative uncertainties. Further guidance is also available in ISO 14253-1 and ISO/TR 14253-2 (see Annex B).


8.0 Measurement control system analysis and improvement


8.1 Management review


The organisation management shall carry out systematic management reviews of the measurement control system to ensure its continuing effective implementation and compliance with requirements.


Plans and procedures for the management review of the measurement control system shall be documented. Based on the results of the review, management shall modify the system as necessary. The results of all reviews, and all corrective actions shall be recorded. 


�
8.2 Periodic audit


The organisation shall carry out, or arrange to be carried out, periodic independent audits of the measurement control system to ensure its continuing effective implementation and compliance with these requirements.


Plans and procedures for the audit of the measurement control system shall be documented. Based on the results of the audits and of other relevant factors, such as feedback from customers, the organisation shall review and modify the system as necessary. The results of all audits of the measurement control system, and all corrective actions shall be recorded. 


Guidance:  Failure of the measurement control system, due for example to deterioration of a check standard or change of operator competence, may be revealed by post-process indications such as:


	--analysis of control charts;


	--subsequent inspections


	--interlaboratory comparisons;


	--customer complaint


8.3	Monitoring of measurement processes


The controlled measurement processes shall be monitored in accordance with documented procedures and at established intervals. The system shall provide for the prevention of errors outside specified maximum permissible errors by ensuring the prompt detection of deficiencies and timely actions for their correction.


8.3.1 Data analysis for control of measurement processes


For each measurement process that is subject to control, the process elements for analysis should be identified and limits for the elements established. The choice of elements and control limits should be commensurate with the risk of failure to comply with specified requirements. These may include the effects of operators, equipment, ambient conditions, influence quantities, application method, etc.


Guidance:  For example:  for the process of measuring impedance, resistance may be chosen as an element for analysis. 


The use of check standards with control charts is one method used for surveillance of a measurement process. A series of measurements of a check standard can be analysed using a control chart or equivalent means to judge whether or not a given measurement process is in a state of control.


Guidance note:  the use of check standards and control charts may not identify all errors that may arise in or from the measurement process.  


Sources of known measurement variability that are not included in the specified process should be documented. How the uncertainty contributions are accounted for in estimating the measurement uncertainty should be included in the data analysis procedures. 


Guidance:  Different sets of specified process variables may result in measurement processes that differ at a specified level of significance. (see ISO 5725).  The existence or absence of statistically significant differences is part of an overall measurement uncertainty budget for the process.


Examples


The variability or drift of a working standard can be quantified by means such as trend charts or their equivalents.


A different mix of personnel operating the measurement process or a different range of environmental conditions may constitute a process that differs at the specified level of significance.   


�
8.3.2 Verification of the measurement processes 


The results of surveillance of measurement processes and any resulting corrective actions shall be documented to demonstrate that the measurement process has continuously complied with the documented requirements. 


The verification procedures for each measurement process should ensure traceability, within the stated uncertainty.


8.3.3 Indicated failure of a measurement process 


When a relevant measurement process parameter is found to exceed specified limits, or when a sequence of checks shows an unacceptable pattern, action should be taken to bring the measurement process back under control, or confirm that it remains under control.


The criteria for taking corrective action shall be documented. 


Guidance:  Corrective actions to be taken when programme performance fails to meet stated objectives may, for example consist of:


--decreasing intervals between checks of one or more processes or of the instruments used in one or


more processes;


--repairing or eliminating unstable or unreliable instruments;


--extending the time span over which the measurements are made;


--decreasing the uncertainty acceptable for the measuring equipment at the time of confirmation


--increasing the number of influence quantities being checked;


--upgrading the operator skill level requirement. 


�
�EMBED Unknown���


Figure 1 - Metrological Confirmation Process


�
Annex A  (informative)		Guidelines for the determination of confirmation intervals��NOTE:	This Annex is based on OIML International Document No. 10.�			�A.1	Introduction��An important aspect of the efficient operation of a confirmation system is the determination of the maximum period between successive confirmations of measurement standards and measuring equipment.  A large number of factors influence the frequency of confirmation.  The most important of these factors are:


	


	a)  	type of equipment;


	b)  	manufacturer’s recommendation;


	c) 	trend data obtained from previous calibration records;


	d)  	recorded history of maintenance and servicing;


	e) 	extent and severity of use;


	f)  	tendency to wear and drift;


	g) 	frequency of cross-checking against other measuring equipment, particularly measurement standards;


	h)  	frequency and formality of in-house check calibrations;


	i)  	environmental conditions (temperature, humidity, vibration, etc.);  


	j)	measurement uncertainty sought;


	k)  	the consequence of an incorrect measured value being accepted as correct because the measuring equipment has become faulty. 


�The cost of confirmation cannot normally be ignored in determining the confirmation intervals and this may therefore be a limiting factor.  It is obvious from all these stated factors that a list of confirmation intervals which can be universally applied cannot be constructed.  It is more useful to present guidelines on how confirmation intervals may be established and then reviewed once confirmation on a routine basis is underway.


�There are two opposing criteria to be balanced when setting the confirmation intervals:





	a)  	the risk of measuring equipment failing to conform to specification when in use should be as small as possible (implying short calibration intervals);


	b)  	the confirmation cost should be kept to a minimum (implying long calibration intervals).


�Methods are presented in this annex for the initial selection of confirmation intervals and for the readjustment of these intervals on the basis of experience.


��A.2	Initial choice of confirmation intervals


�The initial determination of the confirmation interval is often “engineering judgement”.  Some person with experience of measurements in general, or of the measuring equipment to be confirmed in particular (and preferably with knowledge of the confirmation intervals used by other organisations) makes an estimate for each item of equipment or group of items as to the length of time it is likely to remain within tolerance after confirmation.


�Factors to be taken into account are:


�	a)  	the equipment manufacturer’s recommendation;


	b)  	the extent and severity of use;


	c)  	the influence of the environment;


	d)  	the accuracy of measurement sought.














A.3	Methods of reviewing confirmation intervals


�A confirmation system which retains confirmation intervals without review is not considered to be sufficiently reliable, especially if these confirmation intervals are based only on engineering judgement.


�Once confirmation on a routine basis has been established, review and possible adjustment of the confirmation intervals will be possible to determine the optimum the balance of risks and costs mention in A.1, above. Some of the factors to be considered are:





	a)	equipment may be less reliable than expected; 


	b)	equipment usage may not be as expected; 


	c)	the possibility to limit the scope of  the confirmation activities may be identified (for example if an electrical multimeter is only used to measure voltage, then only the voltage ranges of the multimeter need be covered by the confirmation process, rather than all the other ranges such as current or resistance; 


	d)	the drift determined by the regular calibration of the equipment may show that longer confirmation intervals are possible without increasing the risks. Alternatively, the drift determined may show that shorter confirmation intervals are appropriate.


�If shortage of money or shortage of personnel means that extended confirmation intervals are necessary, it should not be forgotten that the costs of using inappropriate measuring equipment may be significant.  If an estimate of these costs is made, it may well be found to be more economical to spend more money on confirmation and to reduce the confirmation intervals.


�A range of methods is available for reviewing the confirmation intervals.  These differ according to whether





	a)		items of equipment are treated individually or as groups (for example, by maker or by type);


	b)		items fail to comply with their specifications due to drift with the lapse of time, or by usage;


	c)		data are available and importance is attached to the history of calibration of the equipment.


�No one method is ideally suited for the full range of equipment encountered.


��A.3.1   Method 1:	Automatic or “staircase” adjustment


�Each time an item of equipment is confirmed on a routine basis, the subsequent interval is extended if it is found to be within tolerance, or reduced if it is found to be outside tolerance.  This “staircase” response may produce a rapid adjustment of intervals and is easily carried out without clerical effort.  When records are maintained and used, possible trouble with a group of items, indicating the desirability of a technical modification or preventive maintenance, will become apparent.


�A disadvantage of systems which treat items individually may be that it is difficult to keep the confirmation workload smooth and balanced, and that it requires detailed advanced planning.





�A.3.2   Method 2:	Control chart


�The same calibration points are chosen from every confirmation and the results are plotted against time.  From these plots, both scatter and drift are calculated, the drift being either the mean drift over one confirmation interval or, in the case of very stable equipment, the drift over several intervals.  From these figures the effective drift may be calculated.


�The method is difficult to apply, in fact very difficult in the case of complicated equipment and can virtually only be used with automatic data processing.  Before calculations can commence, considerable knowledge of the 





law of variability of the equipment, or of similar equipment, is required.  Again, it is difficult to achieve a balanced workload.  However a considerable variation of the confirmation intervals from those prescribed is permissible without invalidating the calculations; reliability can be calculated and, in theory at least, it gives the efficient confirmation interval.  Furthermore, the calculation of the scatter will indicate if the manufacturer’s specification limits are reasonable and the analysis of the drift which is found may help in indicating the cause of the drift.





A.3.3   Method 3:	Calendar time


�Items of measuring equipment are initially arranged into groups on the basis of their similarity of construction and of their expected similar reliability and stability.  A confirmation interval is assigned to the group, initially on the basis of engineering intuition.


�In each group, the quantity of items which return at their assigned confirmation interval and are found to have excessive errors or to be otherwise nonconforming is determined and expressed as a proportion of the total quantity of items, those which are obviously damaged or which are returned by the user as suspect or faulty, are not included as they are not likely to cause measurement errors.


�If the proportion of nonconforming items of equipment is excessively high, the confirmation interval should be reduced.  If it appears that a particular subgroup of items (such as particular make or type) does not behave like the other members of the group, this subgroup should be removed to a different group with a different confirmation interval.


�The period during which the performance is assessed should be as short as possible, compatible with obtaining a statistically meaningful quantity of confirmed items for a given group.


�If the proportion of nonconforming items of equipment given group proves to be very low, it may be economically justifiable to increase the confirmation interval.


�Other statistical methods may be used.


��A.3.4   Method 4:	“In-use” time


�This is a variation on the foregoing methods.  The basic method remains unchanged but the confirmation interval is expressed in hours of use rather than  in calendar months of elapsed time.  An item of equipment may be fitted with an elapsed-time indicator, and is returned for confirmation, when this indicator reaches a specified value.  The important theoretical advantage of this method is that the number of confirmations performed, and therefore the cost of confirmation,  varies directly with the length of time for which the equipment is used.  Furthermore, there is an automatic check on equipment utilization.


�However, the practical disadvantages are many and include the following:





	a)   	the method cannot be used with passive measuring instruments (for example, attenuators) or with passive measurement standards (resistors, capacitors, etc.);


	b)   	the method should not be used when equipment is known to drift or deteriorate when on the shelf, or when handled or when subjected to a number of short on/off cycles; it should in any case have a calendar-time back-up;


	c)   	the initial cost of the provision and installation of suitable timers is high and, since users may interfere with them, supervision may be required which again will increase costs;


	d)   	it is even more difficult to achieve a smooth now of work than with the other methods mentioned, since the calibration n laboratory has no knowledge of the date when the confirmation interval will terminate.


��A.3.5   Method 5:	In-service or “black-box” testing


�This method is complementary to a full confirmation.  It can provide useful interim information on characteristics of measuring equipment between full confirmations and can give guidance on the appropriateness of the confirmation programme.��This method is a variation on methods 1 and 2 and is particularly suitable for complex instruments and test consoles.  Critical parameters are checked frequently (once per day or even more often) by portable calibration gear or, preferably, by a “black-box” made up specifically to check the selected parameters.  If the equipment is found to be nonconforming by using the “black-box”, it is returned for a full confirmation.


�The great advantage of this method is that it provides maximum availability for the equipment user.  It is very suitable for equipment which is geographically separated form the calibration laboratory, since a complete confirmation is only done when it is known to be necessary or at extended confirmation intervals.  The main difficulty is in deciding on the critical parameters and in designing the “black-box”.


�Although theoretically the method gives a very high reliability, this is slightly ambiguous since the equipment may be falling on some parameter which is not measured by the “black-box”.  In addition, the characteristics of the “black-box” itself may not be constant and it also needs to be regularly confirmed.


����
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Annex C 	(informative)	Supplementary definitions





These terms are given alphabetically, with the sources quoted in square brackets.


C.1	accuracy of measurement


closeness of the agreement between the result of a measurement and a true value of the measurand


NOTES	1	“Accuracy” is a qualitative concept.


	2     	The term precision should not be used for “accuracy”. 	[VIM, 3.5]





C.2	adjustment (of a measuring instrument)


Operation of bringing a measuring instrument into a state of performance suitable for its use


NOTE	 Adjustment may be automatic, semiautomatic or manual. 	[VIM, 4.33]


C.3 bias (of a measuring instrument)


systematic error of the indication of a measuring instrument


NOTE:  The bias of a measuring instrument is normally estimated by averaging the error of indication over an appropriate number of repeated measurements. 


[VIM:1993, 5.25]





C.4	calibration


set of operations which establish, under specified conditions, the relationship between values of quantities indicated by a measuring instrument or measuring system, or values represented by a material measure or a reference standard, and the corresponding values realised by standards.


NOTES	1	The result of a calibration permits the assignment of values of measurands to the indications or the determination of corrections with respect to indications.


	2     	calibration may also determine other metrological properties such as the effect of influence quantities.


	3.	The result of a calibration may be recorded in a document, sometimes called a calibration certificate or a calibration report.	[VIM, 6.11]


�C.5


Conventional true value (of a quantity)


Value attributed to a particular quantity and accepted, sometimes by convention, as having an uncertainty appropriate for a given purpose


EXAMPLES


at a given location, the value assigned to the quantity realized by a reference standard may be taken as a conventional true value;


b) the CODATA (1986) recommended value for the Avogadro constant, NA:6,022 136 7 x 1023mol-1.


[VIM:1993, 1.20]


C.6	correction


value added algebraically to the uncorrected result of a measurement to compensate for the systematic error


NOTES	1	The correction is equal to negative of the estimated systematic error.


	2 	Since the systematic error cannot be known perfectly, the compensation cannot be complete. 	


				[VIM, 3.15]


C.7


Correction factor


Numerical factor by which the uncorrected result of a measurement is multiplied to compensate for systematic error


NOTE	Since the systematic error cannot be known perfectly, the compensation cannot be complete.


[VIM:1993,3.16]


C.8	customer


 recipient of a product provided by the supplier


NOTES	1	In a contractual situation, the customer is called the “purchaser”


	2	The customer may be, for example, the ultimate customer, user, beneficiary or purchaser.


	3	The customer can be either external or internal to the organisation. 	[ISO 8402, 1.9]


GUIDANCE:  For the purposes of this standard, the customer is the person(s) using the confirmed measuring equipment.


�C.9	drift


slow change of a meteorological characteristic of a measuring instrument [VIM, 5.16]


C.10


Error (of indication) of a measuring instrument


Indication of a measuring instrument minus a true value of the corresponding input quantity.


NOTES


Since a true value cannot be determined, in practice a conventional true value is used.


This concept applies mainly where the instrument is compared to a reference standard.


For a material measure, the indication is the value assigned to it.


[VIM:1993, 5.20]


C.11	error (of measurement)


result of a measurement minus the true value of the measurand


NOTES	1	Since a true value cannot be determined, in practice a conventional true value is used (see 			1.19 and 1.20).


	2	When it is necessary to distinguish “error” from  “relative error” the former is sometimes called the absolute error of measurement.  This should not be confused with absolute value of error, which is the modulus of the error. 	[VIM, 3.10]





C.12	expanded uncertainty


quantity defining an interval about the result of a measurement that may be expected to encompass a fraction of the distribution of values that could reasonably be attributed to the measurand


NOTES	1	The fraction may be viewed as the coverage probability or level of confidence of the interval.


	2	To associate a specific level of confidence with the interval defined by the expanded uncertainty requires explicit or implicit assumptions regarding the probability distribution characterised by 


	


the measurement result and its combined standard uncertainty.  The level of confidence that may be attributed to this interval can only be known to the extent to which such assumptions are justified.


	3	Expanded uncertainty is termed “overall uncertainty” in paragraph 5 of Recommendation INC-1 (1980) 	{of BIPM/CIPM - see Giacomo, P. (1982), Metrologia 17, pp. 73-74 for full text}  


				[GUM, 2.3.5]


C.13	influence quantity


quantity that is not the measurand but that affects the result of the measurement


	EXAMPLES	


		a)   temperature of a micrometer used to measure length;


		b)   frequency in the measurement of the amplitude of an alternating electric potential difference;


		c)   bilirubin concentration in the measurement of hemoglobin concentration in a sample of human blood plasma. 		[VIM, 2.7]


�C.14	international (measurement) standard


standard recognised by an international agreement to serve internationally as the basis for assigning values to other standards of the quantity concerned 	[VIM, 6.2]


�C.15	maximum permissible error (of a measuring instrument - MPE)


extreme values of an error permitted by specifications, regulations, etc. for a given measuring instrument 


				[VIM, 5.21]


C.16	management review


formal evaluation by top management of the status and adequacy of the quality system in relation to the quality policy and objectives�NOTES	1	Management review may include review of the quality policy.


	2	Quality audit results are one of the possible inputs to management review.


	3	The term “top management” refers to the management of the organisation whose quality system is being reviewed.  	[ISO 8402, 3.9]


�C.17	measurand


particular quantity subject to measurement


EXAMPLE 	vapour pressure of a given sample of water at 20 deg C 


NOTE 		The specification of a measurand may require statements about quantities such as time, temperature and pressure.	[VIM, 2.6]


�C.18	measuring instrument


device intended to be used to make measurements alone or in conjunction with supplementary device(s)


				[VIM, 4.1]


C.19	measuring range


set of values of measurands for which the error of a measuring instrument is intended to lie within specified limits


NOTES	1	“error” is determined in relation to a conventional true value.


	2    	See 5.2 Note	[VIM, 5.4]





C.20	national (measurement) standard


standard recognized by a national decision to serve, in a country, as the basis for assigning values to other standards of the quantity concerned 		[VIM, 6.3]


�C.21	precision�the closeness of agreement between independent test results obtained under stipulated conditions


NOTES	1	Precision depends only on the distribution of random errors and does not relate to the true value or the specified value.


	2	The measure of precision usually is expressed in terms of imprecision and computed as a standard deviation of the test results.  Less precision is reflected by a larger standard deviation.


	3	“Independent test results” means results obtained in a manner not influenced by any previous result on the same or similar test object.  Quantitative measures of precision depend critically on the stipulated conditions. Repeatability and reproducibility conditions are particular sets of extreme stipulated conditions. 	[ISO 3534-1, 3.14]





C.22	quality audit


systematic and independent examination to determine whether quality activities and related results comply with planned arrangements and whether these arrangements are implemented effectively and are suitable to achieve objectives


NOTES	1	The quality audit typically applies to, but is not limited to, a quality system or elements thereof, to processes, to products, or to services.  Such audits are often called “quality system audit”, “process quality audit”, “product quality audit” or “service quality audit”.


	2	Quality audits are carried out by staff not having direct responsibility in the areas being audited but, preferably, working in cooperation with the relevant personnel.


	3	One purpose of a quality audit is to evaluate the need for improvement or corrective action.  An audit should not be confused with quality surveillance or inspection activities performed for the purposes of process control or product acceptance.


	4	Quality audits can be conducted for internal or external purposes. 	[ISO 8402, 4.9]


�C.23	reference condition


conditions of use prescribed for testing the performance of a measuring instrument or for intercomparison of results of measurements


NOTE		The reference conditions generally include reference values or reference ranges for the influence quantities affecting the measuring instrument. 	[VIM, 5.7]


��C.24	reference material (RM)


material or substance one or more of whose property values are sufficiently homogeneous and well established to be used for the calibration of an apparatus, the assessment of a measurement method, or for assigning values to materials.


NOTE		A reference material may be in the form of a pure or mixed gas, liquid or solid.  Examples are water for the calibration of viscometers, sapphire as a heat capacity calibrant in calorimetry, and solutions used for calibration in chemical analysis.  This definition, including the Note, is taken from ISO Guide 30 - 1992. 		[VIM, 6.13]


C.25	resolution (of a displaying device)


smallest difference between indications of a displaying device that can be meaningfully distinguished


NOTES	1	For a digital displaying device, this is the change in the indication when the least significant digit changes by one step.


	2 	The concept applies also to a recording device. 	[VIM, 5.12]


�C.26	stability�ability of a measuring instrument to maintain constant its metrological characteristics with time


NOTES	1	Where stability with respect to a quantity other than time is considered, this should be stated explicitly


	2	Stability may be quantified in several ways, for example:


			-     in terms of the time over which a metrological characteristic changes by a stated amount, 


			or


			-     in terms of the change in a characteristic over a stated time.	[VIM 5.14]


�C.27	supplier�organization that provides a  product to the customer


NOTES	1	In a contractual situation, the supplier may be called the “contractor”.


	2     	The supplier may be, for example, the producer, distributor, importer, assembler or service organization.


	3	The supplier can be either internal or external to the organization. 	[ISO 8402, 1.10]


�C.28	(measurement) standard


material measure, measuring instrument, reference material or measuring system intended to define, realize, conserve or reproduce a unit or one or more values of a quantity to serve as a reference


EXAMPLES	


		a)   1 kg mass standard;


		b)   100 ohm standard resistor;


		c)   standard ammeter;


		d)   cesium frequency standard;


		e)   standard hydrogen electrode;


		f)   reference solution of cortisol in human serum having a certified concentration


NOTES	1	A set of similar material measures or measuring instruments that, through their combined use, constitutes a standard is called a collective standard.


	2 	A set of standards of chosen values that, individually or in combination, provides a series of values of quantities of the same kind is called a group standard. 	[VIM, 6.1]


�C.29	traceability�property of the result of a measurement or the value of a standard whereby it can be related to stated references, usually national or international standards, through an unbroken chain of comparisons all having stated uncertainties


NOTES	1	The concept is often expressed by the adjective traceable.


	2	The unbroken chain of comparisons is called the traceability chain.


	3	(only applicable to French text) [VIM, 6.10]


�


C.30	True value (of a quantity)


Value consistent with the definition of a given particular quantity.


NOTES


This is a value that would be obtained by a perfect measurement.


True values are by nature indeterminate.


The indefinite article “a”, rather than the definite article “the”, is used in conjunction with “true value” because there may be many values consistent with the definition of a given particular quantity.


[VIM:1993,1.19]





C.31	uncertainty of measurement


parameter, associated with the result of a measurement, that characterizes the dispersion of the values that could reasonably be attributed to the measurand


NOTES	1	The parameter may be, for example, a standard deviation (or a given multiple of it), or the half-width of an interval having a stated level of confidence.


	2	Uncertainty of measurement comprises, in general, many components.  Some of these components may be evaluated from the statistical distribution of the results of series of measurements and can be characterized by experimental standard deviations.  The other components, which can also be characterized by standard deviations, are evaluated from assumed probability distributions based on experience or other information.


	3	It is understood that the result of the measurement is the best estimate of the value of the measurand, and that all components of uncertainty, including those arising from systematic effects, such as components associated with corrections and reference standards, contribute to the dispersion.  This definition is that of the “Guide to the expression of uncertainty in measurement” in which its rationale is detailed (see, in particular, 2.24 and annex D) {Published 1993 by BIPM, IEC, IFCC, ISO, IUPAC, IUPAP, OIML} 	[VIM, 3.9]


�C.32	verification�confirmation by examination and provision of objective evidence that specified requirements have been fulfilled


NOTES	1	In design and development, verification concerns the process of examining the result of a given activity to determine conformity with the stated requirements for that activity.


	


2	The term “verified” is used to designate the corresponding status. 	[ISO 8402, 2.17]


GUIDANCE:	This definition is more general than, but compatible with, that given as 2.4 of the “Vocabulary of Legal Metrology: Fundamental Terms”: 1978.


�



Annex D	(informative)	Metrological confirmation process overview





D.1	Introduction





The complete confirmation process needs two inputs, namely, the User Requirements (UR) and the Measuring Equipment Characteristics (MEC).





D.2	User Requirements


The User Requirements are those measurement requirements specified by the user as relevant for the user’s production processes and therefore depend on the specifications for the variables to be measured. The measurement requirements include those involved in verifying the compliance of product with customer specifications in addition to those arising from the control of the production process and its inputs. The determination and specification of these requirements is the responsibility of the user (supplier), though this process may be performed on behalf of the user by some suitably qualified person, since this often requires a deep knowledge of the production processes as well as metrology. The user requirements should also take into account the risk of bad measurements, and the effects of these on the supplier and the business. The UR may be expressed in terms of maximum permissible error, maximum permissible uncertainty, maximum permissible drift, measurement capability,  class of instrument, etc.  However they are expressed, there should be enough detail to allow the operators of the confirmation system to unequivocally decide whether or not a particular measuring equipment can be confirmed (or not) for its intended use.





D.3	Measuring Equipment Characteristics


The Measuring Equipment Characteristics are those characteristics of the equipment necessary to meet the User Requirements. They include:


Range,


Resolution,


Hysteresis,


Drift,


Repeatability, 


Maximum permissible error, etc.





For example:		It is required that the pressure must be controlled to between 200 to 250 in a process reactor.  This requirement must be interpreted and expressed as a UR for the pressure measuring equipment. This could result in a UR that the equipment be capable of measuring a pressure range of 150 to 300 kPa, with  1 kPa of maximum permissible error, an uncertainty of measurement of 0,3 kPa, and with a drift not larger than 0,1 kPa per specified time period. The user compares the UR with the characteristics (either explicit or implicit) specified by the equipment manufacturer and selects measuring equipment and procedures that best match the UR. The user may specify a particular supplier’s manometer with an accuracy class of 0,5% and a  range of 400 kPa.  Care should be taken to identify whether the 0,5% accuracy class applies to the reading, or to the Full Scale Deflection (FSD) for the instrument.


Other important characteristics for measurements, for example, measurement uncertainty, are not only dependent on the equipment but also depend on the environment, the specific procedure of measurement, and sometimes the skills and experience of the operator.  For this reason it is very important that the whole measurement process is considered when selecting measuring equipment to satisfy user requirements.  This consideration is the responsibility of the “metrological function” for the supplier, though specific activities may be performed either by the supplier or by an appropriately qualified person such as an independent metrologist. 


Since the MEC are often determined by calibration (or several calibrations) and/or tests, the metrological function within the confirmation system specifies and controls all such necessary activities. The inputs for the calibration process are the measuring equipment, a measurement standard and a procedure stating the environmental conditions. The calibration results must include a statement of the measurement uncertainty attached to the calibration, since this is an important characteristic as an input when determining the measurement uncertainty for the measurement process when the equipment is used. The calibration results may be documented within the confirmation system in any appropriate method, for example as calibration certificates or calibration reports (when calibrations are outsourced), or by records of calibration results (when performed entirely within the metrology function of the supplier.








D.4	Comparison, verification and confirmation


After the calibration, the UR are compared to the MEC before confirming the equipment for its intended use. For example, the reported error of indication of the measuring equipment would be compared to the maximum permissible error specified as a UR. If the error is smaller than the maximum permissible error, then the equipment complies with that requirement, and can be confirmed for use. Otherwise it is necessary to take corrective actions.  Such direct comparison of MEC and UR is often termed verification (see ISO 8402, 2.17).  The confirmation system is firmly based on such verifications, but must also include detailed consideration and review of the complete measurement process in order to give assurance of the quality of the measurements made with the equipment in support of determining the compliance of product with the end user requirements. 


Whether performed by the user or by the metrology function, the results of the verification process may be compiled into a verification document, in addition to any calibration or test certificates or reports, as part an audit trail within the confirmation system. 


The final stage in the confirmation system is the proper identification of status of the measuring equipment., for example by labeling, marking, etc. After this the measuring equipment can be used for the purpose it has been confirmed to perform.





D.5	Corrective action


When non-compliance occurs, the corrective actions to be taken will depend on the specific characteristic of the equipment under examination.  For example, some measuring equipment will have mechanisms to make adjustments to bring the equipment back into compliance with the User Requirements. After the adjustment, another calibration is necessary to establish compliance with the MEC.  The calibration/verification interval should be reviewed and  possibly reduced, to ensure that the equipment remains within the specifications required to provide the necessary assurance in the quality of the measurements made with that equipment. 


Following the manometer example, let us assume that the error found by calibration is 3 kPa at 200 kPa, with a calibration measurement uncertainty of +/- 0,3 kPa. Therefore, the error does not comply with the requirement of maximum permissible error. After adjustment the error found by calibration is 0,6 kPa +/- 0,3 kPa. This now complies with the maximum permissible error requirement, so the equipment can be reconfirmed for use.  However, the user of the equipment should be informed of the results of the first calibration since corrective actions may be required concerning product production for a period before the equipment was taken out of use pending the reconfirmation.


If corrective action is not possible, or not successful, due regard should be given to repairing, downgrading or removing the equipment from that use. 


When the uncertainty determined exceeds that necessary to satisfy the UR, a review of the elements involved in the measurement, such as the equipment, the procedures, the environmental conditions and the skills of the operators, is advisable, and a change of measuring equipment and/or method must be considered.









































						




















Annex E	Measurement process control overview


					        (informative)


E.1  General


This annex is intended to give a brief overview of controlling measurements as continuing processes rather than as individual events.  It concentrates on describing the use of check standards.  As the control of measurement processes is a relatively new approach to controlling measurements, a bibliography is given in annex B.  These references, while not exhaustive, describe the underlying rationale of the control of measurement processes, the problems it helps to resolve and the opportunities it presents for enhancing product quality. 


Up to the present time, the largest amount of literature on the control of measurement processes has been written with reference to “Measurement Assurance”.





E.2. Using check standards





E.2.1 A check standard is some device that is similar in kind to the items being measured by the measurement process that is to be controlled.  By making regular measurements on a check standard that is expected to be stable and plotting the data on a control chart(s), one obtains the Type A evaluation of one or more of the contributions to the measurement uncertainty.  When the average of the measurements of a check standard differs from the previously established value of that standard, one should suspect that an apparent bias has crept into the measurement process.  This apparent bias should be tested to determine whether it is significant.  Rigorous statistical tests are available for making such tests.  Any bias should be removed or compensated for, as appropriate.





E.2.2 A check standard need not be a single object; for example, in specific and limited circumstances the difference between two standards may be used as a check standard.  One of the results of this is that the definition of a check standard should be framed to include a wide range of possibilities.  (See E.3.4.)





E.2.3 A check standard should be measured or calibrated by a process that is independent of the process which it is used to control and which is also more precise than the process it controls.  However, even without such independence and/or precision, the check standard can nevertheless serve a useful function to control the process.  Traceability of the independent measurement or calibration of the check standard is essential if the results obtained are to be used to assess the bias in the measurement process being controlled, and to assess the uncertainty contribution due to any corrections applied for this.





E.2.4 Plotting the data simply as obtained, or more formally as a control chart, can identify unexpected temporary biases or process variabilities as well as long-term trends.  If the measured value of the check standard changes with time, then one should conclude that either the check standard is changing or that the measurement process is changing, or both.  In such cases, confidence in the measurement process should be suspended until the reason for the variation is found and statistical control can again be asserted.


E.2.5 It should be noted that one may achieve statistical control of a time dependent when the time-dependent behaviour is predictable.





If one measurement on the check standard indicates a possible out-of-control condition, then the measurement should be repeated.  The formalised control chart methods lay down specific rules for dealing with single measurements outside specified limits.  (See also E.4.)


A confirmed out-of-control condition should be identified and corrected.





E.2.6 There are many different types of control charts for variables that can be applied to controlling measurement processes. Average X-bar and range R charts are particularly useful.  The output of a process is under control only when its mean (X-bar chart) and its variability (R-chart) are under control.  This will be so when the values plotted remain within the limits set, with valid statistical reason for any points (outliers) outside these limits.  When this is not so, a changed measurement process is indicated and the reasons for this should be investigated.





E.2.7 Some Suppliers prefer the use of cumulated sum (CUSUM) charts instead of X-bar and R-charts.  CUSUM charts are often better suited to detecting small changes with greater confidence that the measurement process is under control.





E.2.8 Sometimes, sample standard deviations, s, are used instead of ranges resulting in s-charts.  R-charts, however, are the preferred measures of process variability since they are better than standard deviations as estimators of process variability when the samples are small.  Statistically, standard deviations begin to become better when more than about ten observations are available.  Usually, however, the number of observations has to be kept small because the time and cost of obtaining them.








E.3 Frequency of monitoring of measurement processes





E.3.1  Care should be taken to ensure that the frequency of check standard measurements is appropriate for the measurement process.  The underlying effects of time on the measurement process should be fully investigated and understood.  Several hours to several days are sometimes required to obtain the necessary observations for one check measurement.  Shorter time periods may cause the emergence of significant “between-group” variability which prevents the establishment of statistical control.





E.3.2  The frequency at which check standard measurements are made depends on four main factors:


the amount of control;


the degree of assurance required


the degree of criticality of the measurement uncertainty;


the stability of the process.





Normally one would re-measure the check standard frequently for a new process and/or for a new check standard.  Once experience is gained and the process is shown to be stable and to remain in statistical control, the intervals between check standard measurements can often be lengthened.





E.3.3  Check standard measurements and their frequency should, of course, be specified by procedure, like all other important requirements of the measurement process.  Well-established measurement processes with a history of few assignable causes may be deemed to require fewer check standard measurements than other measurement processes.  It may be sufficient to make a measurement on a check standard at randomly selected times during a working day or week.  If check standard measurements are not made with each measurement of unknown measurands, one should ensure that such measurements are made at random times.  A measurement that is always made at the same time of day, for example, may mask between-group random errors.  The same may be true for any other condition that is held constant only for the check standard measurement.





E.3.4  Some measurement processes, however, are not sufficiently critical to warrant check standard measurements and the maintenance of control charts.











E.4  Monitoring the control limits





All data obtained from the use of check standards should be computed and plotted promptly.  The resultant charts should be regularly monitored and assessed by an independent person (i.e. not the person carrying out the measurements).  When monitoring the results obtained from the use of check standards, it is important that all data are considered.  Such monitoring and assessment should be realistic.  For example, if the uncertainty limits assigned to the measurement process are too narrow, indications of an increased process variability may be frequent.  However, for a well-established process, it may be better to investigate if a process has changed, rather than computing the uncertainty limits and making them wider.  With control limits set at +/-2 times the standard deviation (usually called “warning limits”), “outliers” in the range of two to three standard deviations are statistically predicted from time to time.  The occurrence of such a point does not necessarily mean that the process is out of control.  The normal procedure would be to repeat the check standard measurement when an outlier is observed.  If subsequent points fall within the warning limits, the process is still in control.  Periodically, the frequency of occurrence of outliers should be investigated, and possible causes identified.  If frequency of outliers from unidentified causes indicates that they are likely to occur more often than would be predicted statistically, the process has changed and should be re-assessed.
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