Good Measurement Practice

By R Benyon INTA, L B Cronin, D S Mills and A D Skinner MBE

Consultants LBCS Ltd

Abstract

Reliable measurement underpins most of the activities of mankind, including manufacturing, service industries and the health service.  For example, measuring instruments are used throughout manufacturing processes to ensure the quality of the product is satisfactory.  It is essential for international trade that all measuring instruments throughout the world should be based on a compatible system of measurement; this is achieved by calibration, traceability and good measurement practice.  Traceability is the process by which measurements are related through an approved chain of comparisons to national and international standards.  This paper describes the good measurement practices that are necessary so as to provide assurances that the chain of measurement traceability is unbroken.

Introduction

There are many aspects in measurement, which must be performed correctly, if the right result is to be achieved.  This not only applies to the measurements themselves, but all the elements that make up the National Measurement System [NMS], which includes the role to be played by users of calibration services. 

Therefore, the aim of the following sections in this paper is to promote measurement awareness. These sections will cover, not only, those elements that ensure that good practices are adhered to in making measurements, but the good practices that must be followed by the user to ensure that the correct sources of calibration are obtained and in the most cost effective manner.

1. Measurement System Requirements

The new ISO/IEC Standard 17025 specifies the measurement system requirements that accredited laboratories are to meet and all of these requirements must be satisfied if good measurement practices are to be fulfilled.

However, those for staff, equipment, traceability, environment, quality and procedures [1] are especially important and will be discussed as follows: -

1.[i]. Staff

Requirements for laboratory staff are that they must have adequate competence and experience to ensure compliance with all the criteria of measurement and must know and understand the necessary measurement principles and practices.  Therefore laboratory staff should have a combination of academic and/or professional qualifications together with metrological training, experience and skills appropriate to their position in the organisation.  

1.[ii]. Equipment

The laboratory must maintain an inventory of all equipment used to support its measurement capabilities.  Each item of equipment must be uniquely identified and a case history maintained against each such item giving the following information:

Description of item

Manufacturer's name and type number of instrument

Manufacturer's instructions

Serial number

Date of acquisition

Condition on receipt (new, used or reconditioned)

Maintenance information (repairs undertaken and parts replaced)

Compliance checks

Calibration history

Calibration results

Calibration uncertainty

Calibration interval

)

Calibration procedure number
)  for each item requiring

Date of last calibration

)  periodic calibration

Due date of next calibration
)

One of the major uncertainty contributions in uncertainty budgets for measurement is drift, which must be based on actual data and not only manufacturers’ specifications.  Therefore it is a requirement that laboratories maintain historical performance data of their equipment to analyse and predict the uncertainty contribution for drift.

All equipment needs to be appropriately labelled or otherwise identified to show its calibration status within the laboratory. 

1.[iii]. Accommodation and Environment

It is important that considerations are given to the siting, construction, environment, supply of services and equipping of measurement laboratories, to ensure that measurements undertaken therein are valid and not adversely affected by environmental conditions. 

BS 7789:1995 (Design of measurement laboratories) is recommended for further reading. It gives guidance on design criteria and considerations for the siting, construction, environment, supply of services and equipping of measurement laboratories. 

1.[iv]. Documentation (Quality Manual and Measurement Procedures)

(a) Quality Manual

To ensure that good measurement practices are maintained it is a requirement that an organisation produces a written description of its measurement system in its quality manual. This will mean that its operations are carried out in a consistent and controlled manner, and will also demonstrate how the requirements are met.  The organisation will also be required to show that changes in management or staff do not affect its operations and justify such changes by a formal document signed by an appropriate manager.  In general terms, the document should cover all items which are relevant, but the main emphasis should be on quality policy, quality procedures, staff responsibilities, quality audits and reviews.

(b) Measurement Procedures

Measurement procedures are required for each measurement parameter for which a service is provided to ensure that the uniformity and continuity of measurement is maintained.  They need to describe how the measurement capability is achieved and should include: scope of measurement, equipment to be used, circuit diagrams, method (in some detail) and uncertainty budgets.  Circuit diagrams should cover, e.g. for electrical measurement: the requirements of guarding, earthing and any loading considerations that may be necessary.  Methods should include; the techniques used, precautions taken and any formulae needed.  Reference to manufacturers’ handbooks is acceptable but the date and issues must clearly be stated.  Uncertainty budgets must include all relevant uncertainty contributions associated with the measurement system, e.g. for electrical measurement: importation uncertainty of reference standards, drift, temperature coefficients, linearity, resolution, frequency effects, thermal effects, short term stability.  Wherever possible, estimations for uncertainty contributions should be based on historical and factual evidence.  

Maintenance of equipment is an important area that is often overlooked by laboratories and users of instrumentation.  It is increasingly necessary to have in-house procedures, which describe how equipment is evaluated or calibrated, maintained and stored.  This is also the case for accessories associated with equipment, such as leads and connectors.  A recent IEE colloquium gave some excellent guidance on good measurement practice on the use and maintenance of leads and connectors [2].

1.[v]. Traceability

Traceability requires laboratories to have their reference standards calibrated by approved sources.  These include NPL, the National Institute of Standards and Technology (NIST) in the USA, the Physikalisch-Technische Bundesanstalt (PTB) in Germany or other national authorities with which NPL or UKAS have international agreement.  Traceability is also accepted from other UKAS or EA calibration accredited laboratories whose measurement capabilities are appropriate for another laboratory's needs.

Traceability is defined in the BS Vocabulary of Metrology PD6461: Part 1:1995 as:

‘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.’

2. User Requirements   

One major area, where good measurement practices need to be improved, is with the user.

In many cases there is considerable lack of knowledge in the understanding of calibration measurement requirements.  Some aspects that need to be addressed are as follows: -

What is calibration?

Specifying calibration requirements/how much calibration is needed?

Use of equipment for it intended purpose.

What is an acceptable calibration?

2.[i]. What is calibration?

The need for calibration is often not known or understood and this is an area that requires considerable attention.  An understanding of measurement performance, traceability, uncertainty of measurement, adjustment and instrument application is an essential requirement if the user is to get the right calibration service for his range of products.

2.[ii]. Specifying calibration requirements/ how much calibration is needed.

To specify a calibration service the user must be aware of his calibration needs – the measurement range and performance specification of the product/process.  He must decide, which one of the following services is required for the instrument: -

Functional check

Calibration to process specification

Calibration to manufacturer’s specification

In- house calibration

External calibration

An accredited certificate of calibration

This will control the amount of calibration that is needed and the correct calibration for the product.

2. [iii]. Use of equipment for it intended purpose.

It is good measurement practice to specify calibration requirements for the intended use of the instrument.  A process specification can then written for the instrument around the performance requirements of the product.  All factors that can affect the measurement process must be taken into account e.g. equipment and its use, environment and operators. This can be a cost effective exercise in that a less stringent calibration is often required then that specified by the manufacturer’s specification. Thus a saving in calibration costs is achieved.  However this does mean that equipment must only be used for this intended purpose. 

2. [iv]. What is an acceptable calibration?

It is essential that following a calibration that there is a person or persons in the organisation, who can take the responsibility for accepting the calibration that has been undertaken.  This person must have knowledge of where the equipment is to be used and whether it conforms to the process or manufacturer’s specification that is required.

The certificate of calibration will contain data that will determine, whether the calibration is acceptable or not.  Some of the points to be checked are as follows: -

Has the right calibration service been provided e.g. accredited or non- accredited certificate? 

How close to tolerance are the results?

Are uncertainties of measurement quoted, and if so do they include those associated with the instrument during its calibration?  Is there a confidence level stated?

Does the compliance statement allow for uncertainty?

Was it checked at the appropriate points?

How much has the instrument drifted?

Is there any hysterisis?

Is the certificate signed and dated?

Are there any statements on the certificate regarding the instrument’s status?

If adjusted are there ‘before and after figures’ quoted?

3. In- house measurements

It is good measurement practice to perform in-house or cross checks on instruments used in a measurement system, whenever this is a practicality.  It helps to ensure that instruments are in-accordance with their accuracy specifications or whether any unexpected changes have taken place in the instrument’s performance.  This is especially important on receipt of a new instrument or a new calibration. Accreditation bodies, who run measurement audit programmes [3], have found that those laboratories that perform in-house measurements generally obtain better results than those laboratories, which do not.

4. Conclusions

Evidence has been provided, which shows that both the provider and users of calibration services should pay considerable attention to good measurement practices to ensure that all aspects of a measurement system are sound.  There is a considerable amount of work to be done in the promotion of good measurement practice, especially when it is considered that over 80% of certificates of calibration issued in the UK are non-accredited and may not contain the information needed to develop a process specification for a product.  Many of the measurement systems generating these non-accredited certificates will not have been subjected to measurement audit evaluation.
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