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ABSTRACT
Over the years many organisations have dealt with the problem of quality-assurance calibration requirements and accreditation.   Documentation produced by these organisations has established a firm realisation of the various requirements for a comprehensive calibration system. With the introduction of the ISO 9000 [2000] Series of Standards and the ISO/IEC Standard 17025 [formally ISO/IEC Guide 25] these requirements are now internationally available. It is perhaps now time to discuss how calibration system quality standards have evolved and how metrology has benefited from the foresight of the authors of these early quality standards. 

Introduction 

The importance of a quality system such as ISO 9000 in an organisation’s activities can be seen from the efforts made by over 50 000 or so European organisations, which are currently registered in order to meet the requirements of the standard. The standard was originally developed to enable manufacturers to demonstrate that they were exercising control over the quality of their operations.

The importance of a fully integrated calibration system within the quality control arrangement was not realised by all organisations for a number of years.   This prompted the introduction of standards to provide guidance for quality control and calibration requirements.   This has included the introduction ISO/IEC Standard17025 [formally ISO/IEC Guide 25] which has now been adopted by many national accreditation schemes as the criterion for assessment of calibration and testing laboratories.

Schemes of this kind have developed in the UK since the 1960s.  The growth in the number of registrations to BS EN ISO 9000 has led to a more widespread understanding of the importance of reliable measurements, particularly in the area of traceability of measurements. 

This paper explores the development of quality standards relating to calibration and future calibration standards.

Early Quality Control Standards

Quality control standards for calibration systems have developed rapidly over the past fifty years.   Two events in the sixties gave impetus to this process.   In 1966 the British Calibration Service (BCS) was established, and at the end of the sixties NATO introduced the following Allied Quality Assurance Publications (AQAP): -

AQAP1: NATO
Quality Control System Requirements for Industry

AQAP4: NATO
Inspection System Requirements for Industry

AQAP6: NATO
Calibration System Requirements for Industry

AQAP9: NATO
Basic Inspection Requirements for Industry

In the UK the BCS was set up as an independent authority for granting accreditation to calibration laboratories in industry, academic institutions and government establishments.   This showed the importance being placed on the provision of authenticated certificates of calibration backed by measurements traceable to national standards.   Later NATO introduced AQAP6, which was called up in the two main NATO standards for AQAP1 and AQAP4 for defining the calibration system requirements for quality control and inspection system approvals.   The introduction of the BCS and the NATO standards played a large part in focusing the attention of industry on the need for the traceable calibration systems that are generally available today in the UK and Europe.

In the early seventies the Ministry of Defence (MOD), which is one of UK industry's largest customers, was looking at methods for changing its policy on the acceptance of its contractor-manufactured products.   In 1971 MOD [in particular its Aeronautical Quality Assurance Directorate [AQD] and Electrical Quality Assurance Directorate [EQD]) was still appraising MOD contractors for calibration as Part I and Part III test houses.   A technical memorandum, MAS P.96 M15 Issue 1, defined the requirements for electrical calibration organisations.   This paper was considered during the compilation of many future documents of a similar nature.

This acceptance policy used by the MOD had involved the inspection of the manufactured product by the MOD’s own team of Government inspectors who, if satisfied, would sign the appropriate conditions of contract release forms 6-40 or 6-49.   This system required considerable Government manpower resource, even though the 6-49 release form could be signed by a company's Chief Inspector who had been recognised in his function by the MOD.   The concept of the NATO AQAPs was that a contractor would be made responsible for the quality and reliability of his product, once he had acquired approval to the appropriate NATO AQAP, thus removing the need for further inspection of the product by the client.

In view of these considerations the MOD implemented a change in 1973 from inspection to a quality assurance approach and introduced the 05 Series of Defence Standards, based on the NATO publications, to cover their quality assurance requirements:

Def Stan 05-21
Quality Control System Requirements for Industry

Def Stan 05-24
Inspection System Requirements

Def Stan 05-26
Measurement and Calibration System Requirement for Industry

Def Stan 05-29
Basic Inspection Requirements for Industry.

Industry accepted Def Stan 05-21 and Def Stan 05-24 as presented by the MOD and these were published as Issue 1.   However, this was not the case for Def Stan 05-26 where Industry had made a large number of comments requesting changes to the stringent requirements of the original document presented by MOD.   Following lengthy committee meetings with Industry, the standard was modified and published as Issue 2 in July 1976.   One of the main issues to be resolved was the categorisation of instruments.   This was to reduce the effort and cost of the calibration of simple and robust equipment.   Industry's concern over this document was evident from the analysis of the findings of early MOD assessments to the new Defence Standards which showed that the majority of non-compliances found were for the calibration system requirements of Def Stan 05-26, Issue 2.

The introduction of the 05 Series of Defence Standards was a further impetus for the need for acceptable calibration systems.   The importance the MOD placed on traceability of measurement (Def Stan 05-26, Issue 2) also added to the need for authenticated certificates of calibration.

At the end of the seventies it became clear that to avoid multiple assessment of contractors by different customers (MOD, British Rail, British Telecom, etc) there was a need for a common approach.

This was achieved in 1979 by the introduction of two British Standards: BS 5750 and BS 5781.   These standards were based on the requirements of the 05 Series Defence Standards for quality assurance.   The measuring equipment standard BS 5781, in particular, emphasised the importance of authenticated traceability of measurement.

British Standards and ISO Standards
With the natural progression of time the requirements of the two British Standards were incorporated with modifications into ISO Standards.   In the UK the British Standards BS 5750 and BS 5781 were then re-issued to be identical with the ISO Standards.   The major difference in their titles was that the ISO 9000 series was called ‘Models for Quality Assurance’ whereas BS 5750 referred to ‘Specifications’.  The European Standards, which were identical to these British Standards and ISO Standards, were the EN 29000 Series.

The continuing importance given to calibration systems can be seen from the need to have ISO 10012‑1:1992, which specifies the requirements for measurement equipment.   In ISO 10012‑1:1992 the term ‘confirmation system’, has been used instead of ‘calibration system’ to give a better international understanding of the latter.

Testing and Calibration 

Running in parallel with the unified approach to quality assurance requirements was the unification of test house accreditations by the National Physical Laboratory (NPL).   (The MOD in January 1976 had 

introduced Def Stan 05-32 to cover their contractors' requirements for approved test houses and those of other major UK organisations who were operating similar approval schemes for test houses.)  This led to the emergence of the National Testing Laboratory Accreditation Scheme (NATLAS) formed in 1981.

In 1985 NATLAS was merged with the BCS to form the National Measurement Accreditation Service (NAMAS). 

In turn the NACCB (The National Accreditation Council for Certification bodies) and NAMAS merged in 1995 to form the United Kingdom Accreditation Service (UKAS), which is a Company Limited by Guarantee.

The UKAS calibration and testing standard for accreditation was originally M10 that encompassed the requirements of European Standard EN 45001, which equated to ISO/IEC Guide 25, for the operation and accreditation of calibration and testing laboratories.   The aim of the Guide 25 was to provide a means by which laboratories can demonstrate technical competence and that they operate a quality system.   Guide 25 had been in use for nearly twenty years and had stood the test of time, before it and EN 45001 were replaced by the new ISO/IEC Standard 17025.

The Growth of Quality Assurance Registrations and Laboratory Accreditations
The unified approach to quality assurance registrations and test house accreditations in the U.K. has brought about a remarkable growth rate of companies accredited to ISO/IEC Standard 17025 and registered to BS EN ISO 9000 - over 2,000 and 50,000, respectively.   This in turn has enhanced the demand for authenticated (UKAS) certificates of calibration. 

Conclusions
The foresight of the authors of the early quality standards and their acceptance by U.K. Industry has established the UK as a world leader in the registration of companies to BS EN ISO 9000 and accreditation of laboratories to ISO/IEC Standard 17025.

The evolution of quality standards for calibration systems has given an important impetus and status to the field of metrology, which in turn has greatly strengthened the standing of the U.K. National Measurement System [NMS] and those working in it.

The contribution of accurate instrumentation to product quality is now internationally acknowledged and embodied in all formal quality standards.
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