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1. Introduction

A measurement audit is a method for checking measurements; normally those performed in a calibration laboratory, and assessing that they are within the limit of claimed uncertainties of measurement.  It is also a technique that supports the quality assurance of all aspects of a laboratory’s calibration system.

Most organisations seeking or having obtained calibration accreditation from a national accreditation authority within Europe will be required to participate in either measurement audit programmes or comparative measurement exercises. No system of measurement accreditation is fully complete without a measurement audit programme to support it.  It is a vital tool in providing evidence and information that an Assessor needs to know for the evaluation of a measurement capability against claimed, or previously accredited uncertainties of measurement.

Recent articles published on Measurement Audits [1] and Proficiency Testing demonstrated the emerging and growing importance of measurement audits in support of a national measurement accreditation system.  Therefore this paper will not only explore and discuss how new transfer standards have improved the method of auditing, but how the use of measurement audits in all sections of industry could greatly strengthen a country’s National Measurement System.  It will attempt to show that it is not sufficient to depend on traceability of measuring equipment to national standards alone, but that a system of national measurement audits is necessary to supplement all existing traceability of measurement services.  

1[a]. The need for measurement audits.   

A measurement organisation/laboratory, regardless of the number of measurement parameters for which it performs or the uncertainties of measurement it is trying to achieve, will, of necessity, have its equipment or transfer standards calibrated by a higher echelon laboratory in the National Measurement System [NMS].  Such calibrations, which provide traceability to national standards, must be undertaken at well-defined and acceptable intervals.

In order to minimise the possibility that any imported values could be degraded, it is vital that approved internal measurement procedures must be used to transfer the imported values to the domestic standard components or reference instrumentation of the laboratory.  Comparable approved procedures must be employed for the routine re- calibration of the company’s /customer’s equipment in order to justify the final quoted values of uncertainty on a calibration certificate; inevitably, such figures will always be larger than the original imported values.

If such practices gave complete assurance that 95% of all future measurements from a calibration laboratory would be within specified limits, and that the dissemination of all traceable values would be accurately performed, further assurances would not be necessary.  Unfortunately, there are many factors which can introduce errors and which may not be apparent during in-house checks or day-to-day measurements.  The four main factors are: quality of standards, quality of measurement procedures, quality of environmental controls and quality of personnel

1[b]. Measurement audit methods

There are a number of basic methods for all fields of calibration, which have not changed over the years, of carrying out measurement audits exercises. Three of these are described below, the first is the circumferential audit, the second is generally termed a radial audit, and the third is a continuing process method.  

[i] The circumferential measurement audit: In this type of audit the items of equipment chosen for the exercise are measured by a reference laboratory and a number of different organisations in the audit programme, in turn. The circle is completed by the return of the items to the reference laboratory for final measurement.  Since this type of audit can take some time to complete, the equipment used, as audit standards must be of good long- term stability.  It is, however, sometimes the practice for audit exercises of some duration to include mid-audit measurement by the reference laboratory.

[ii] The radial audit: A radial audit involves only the reference laboratory and one laboratory under audit at any one time.  In this case the standards need only be of good short- term stability.  Generally the audit packages can be tailored to suit the varied disciplines of the organisation involved and the short time factor enables the results to be produced fairly quickly; the reduced time factor could be extremely important if retrospective action has to be taken on previous calibrations or production line measurements.  By their nature radial audits are very costly in terms of provision of reference values, equipment utilisation and administration.  However they are essential in the evaluation of ‘state of the art measurement capabilities’ such as a Josephson junction array voltage standard, where the time factor has to be kept to a minimum.

[iii] The continuing process audit: The continuing process circulation has no clearly defined end.  A suitable artefact is sent in radial fashion to a laboratory from the issuing body, and then returned for visual inspection, addition of fresh paperwork and so on, before being sent back out to the next laboratory.  This cycle carries on indefinitely, with each laboratory’s results being compared to expected values [derived from periodic re-calibrations by a single laboratory, or from a weighted audit mean] as the exercise proceeds.

1[c]. Analysis of measurement audits 

There are various methods, which can be used to analyse an audit result.  The most common method used is the En [normalised error] ratio: 

                                    En = lab. result – ref.value

                                                  (Ulab2 + Uref2
for use where the uncertainties of measurement, Ulab and Uref, have been calculated to the same confidence level and they are the uncertainties associated with the laboratory’s measured value and the reference value, respectively.

Where the uncertainties are to a confidence probability of 95%, an (En( ratio ( 1 is insufficient evidence at the 5% significance level to reject the hypothesis that the laboratory result equals the reference value.  An (En( ( 1 suggests evidence at the 5% level of significance that the laboratory value does not equal the reference value, and this indicates the need for urgent investigation of the source of the problem.

2. Changes in measurement audits

Many changes have occurred in the practice and application of measurement audits due to: -

 [i] the availability of new, very stable, transfer standards coupled with the computerisation of data. 

[ii] the important role that audit devices play in supporting international comparisons of fundamental units, as well as that of a country’s principal accreditation organisation.

[iii] new international standards on Proficiency Testing [3]. 

The new standard devices and their role in audit metrology are discussed below.

2[a]. New transfer standards

The most significant advances have been made in the field of active devices rather than passive devices; where only a few notable changes have taken place.  New active devices have been produced for nearly all the electrical parameters of measurement and some of these are listed below: - 

Zener reference standards, Long-scale digital multi-meters, Multi-function calibrators, Multi-function transfer standards, AC voltage standards, Power meters, Frequency standards and Support equipment [computers].

These devices are a major improvement over their predecessors and they provide a far more detailed coverage of each measurement parameter.  They are also more stable, more robust, more transportable, and generally easier to operate and therefore they provide a faster service.  Some advantages over previous audit devices are as follows: -

2[a]i. Zener reference standards

The Zener reference standard initially gained favour over the standard cell, as an audit device, because it was a very much more robust and transportable device.  In more recent times the Zener reference standard, with its improved stability and reliability, is replacing the standard cell as the main DC voltage audit standard for fixed values of voltage at 1.0 V, 1.018 V and 10.0 V.  It was made possible by using a Zener reference standard as a  measurement audit device to grant a DC voltage accreditation at the three fixed points of 1.0 V, 1.018 V and 10 V with an uncertainty of measurement of ± 0.1 µV for a coverage factor of k=2.

2[a]ii. Digital Multi-meters 

These devices, because of their wide coverage of electrical quantities, transportability, stability, reliability, resolution and accuracy, have played a major part in providing a far more comprehensive and efficient audit service.

2[a]iii. AC voltage standards

From about the mid-1960’s and for the next 15 years the most suitable instrument for AC voltage audits was an  AC-DC thermal transfer reference standard.  From the 1980s onwards, the market demands of the defence industry led to the development of improved AC voltage measurement standards.  This technology has been developed to the extent that these instruments can provide a high- resolution AC voltage reading without the need for repetitive AC/DC transfer; moreover, the measurement audits can be made over a very wide dynamic range from a few millivolts up to a kilovolt at frequencies up to 30 MHz.  The main advantage however, is that there now exists an audit standard which can measure AC voltage directly to a very high accuracy.

2[a]iv. Multifunction transfer standards

One of the most exciting developments in suitable transfer standards for measurement audits has been the specially designed Multifunction Transfer Standard MTS [2].  This transfer instrument was designed to maintain a very high stability under transport conditions, thus making it possible to audit high accuracy calibrators.  A brief summary of the advantages and features of the instrument is as follows: -

The Multifunction Transfer Standard or MTS is a measurement standard rather than a source.  This means it can be made smaller and lighter because it does not have to generate high voltages and currents that require heavy power supplies.  A measurement standard is more compatible with the audit measurements that must be made to support high accuracy Digital Multimeter calibrations.

The MTS measurement capability covers the common DC and LF parameters.  This allows auditing of many different levels and frequencies to a very high degree of accuracy – including AC and DC Current, which otherwise would be difficult to audit.

The MTS is designed for transportation.  It is light and portable with a ruggedised case designed for repetitive shipment.  It includes monitors for temperature, humidity and shock.  Because of its rugged designed, the MTS is normally transported by common carrier so reducing transportation costs.

2[a]v. Support Equipment [Computers]

The computerisation of data has vastly improved the performance of measurement audit programmes.  The response time for informing laboratories of their results is now very much faster and a quick response time is an essential requirement of a successful measurement audit service 

2[b]. The present role of measurement audits

Measurement audits have grown significantly in stature and importance since their early beginnings.  Nowdays they contribute to so many different aspects of measurement: -

2[b]i. The National Measurement System

 As explained above measurement audits play a fundamental part in establishing that capabilities at international and national level are sound.  They mainly provide the assurance that measurements are being performed correctly, which is vital to the satisfactory operation of the UK’s National Measurement System.

2[b]ii. The European co- operation for Accreditation [EA] - Multilateral Agreements 

The Multilateral Agreement Signatories guarantee equivalence of their accreditation activities by continuous and rigorous mutual evaluation, surveillance and re-evaluation. For calibration accreditation the evaluation includes interlaboratory measurement comparisons, which are organised by EA member counties and EA expert groups. All members countries with suitable accredited laboratories are obliged to participate.  When all the results have been received, the piloting member body prepares a draft report for discussion by the relevant EA expert group.  Results, which are then deemed unsatisfactory, are investigated by those member countries where discrepancies have occurred and their corrective actions are published in the final report. 

2[b]iii. Quality Control Systems

Measurement audits verify that all aspects of a calibration system are sound and, therefore, provide evidence that quality systems are effective.  They take the place of a customer’s instrument, which means all aspects of a calibration system are audited – from the time the device is checked in, until it is despatched.  

2[b]iv. Measurement Capability

They are essential in establishing the measurement capability of a calibration laboratory.  They provide evidence that can be clearly interpreted by everyone, including acceptability by senior management in an organisation.

2[b]v. Measurement Accreditation Bodies

They are essential for the technical standing of a measurement accreditation service and, thus, form part of accreditation bodies own approved procedures.  They are also essential in providing accreditation assessors with the assurance that practises operated by calibration laboratories are correct.

2[c]. The future role for measurement audits

A possible future role for measurement audits is that a system of auditing is established that covers all aspects of a country’s national measurement system, which covers all of industry’s requirements.  If future studies by measurement audit services continue to support the evidence of the last 30 years then there is a strong case for setting up national wide system of regular audits, which supplements all existing traceability methods. 

3.Conclusions 

Measurement audits are an essential element of providing confidence that measurements are performed to acceptable standards.  Whether it is sufficient to depend on the traceability of measuring equipment to national standards to establish a system of accurate measurement or whether a system of national measurements audits is needed to support traceability, requires considerable further discussion. 
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