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Foreword (OIML)

The International Organization of Legal Metrology K@QI) is a worldwide, intergovernmental organization
whose primary aim is to harmonize the regulatiomsl anetrological controls applied by the national
metrological services, or related organizationstsoMember States. The main categories of OIML malibns
are:

= International Recommendations (OIML R), which are model regulations that establish the
metrological characteristics required of certairamging instruments and which specify methods and
equipment for checking their conformity. OIML MembeStates shall implement these
Recommendations to the greatest possible extent;

= International Documents (OIML D), which are informative in nature and which are ialeth to
harmonize and improve work in the field of legaltralogy;

= International Guides (OIML G), which are also informative in nature and whichiatended to give
guidelines for the application of certain requirenseo legal metrology; and

= International Basic Publications (OIML B), which define the operating rules of the various QIM
structures and systems.

OIML Draft Recommendations, Documents and Guides deseloped by Technical Committees or
Subcommittees which comprise representatives frioenMember States. Certain international and redjiona
institutions also participate on a consultationihaSooperative agreements have been establisheddre the
OIML and certain institutions, such as ISO and tE«,| with the objective of avoiding contradictory
requirements. Consequently, manufacturers and usferseasuring instruments, test laboratories, stay
simultaneously apply OIML publications and thosetbfer institutions.

International Recommendations, Documents, GuidesBasic Publications are published in English (E) and
translated into French (F) and are subject to périgevision.

Additionally, the OIML publishes or participatesthre publication olocabularies (OIML V) and periodically
commissions legal metrology experts to wiigpert Reports (OIML E). Expert Reports are intended to
provide information and advice, and are writtenebolfrom the viewpoint of their author, without the
involvement of a Technical Committee or Subcommijttem that of the CIML. Thus, they do not necessarily
represent the views of the OIML.

This publication - reference ILAC-G24 / OIML D 10, Hdit 2007 - was developed by the ILAC Accreditation
Committee and by OIML TC Measurement standards and calibration and verifa@a devices This version
supersedes OIML D 10 (Edition 1984). It was apprdeedinal publication by ILAC in November 2005 ang b
the International Committee of Legal Metrology irf020

OIML Publications may be downloaded from the OIML wsite in the form of PDF files. Additional
information on OIML Publications may be obtainednfrthe Organization’s headquarters:

Bureau International de Métrologie Légale
11, rue Turgot - 75009 Paris - France
Telephone: 33 (0)148 7812 82

Fax: 33(0)1428217 27
E-mail: biml@oiml.org
Internet: www.oiml.org
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Guidelines for the determination of
calibration intervals of measuring instruments

Preamble

This Guidance Document is a revision of OIML D 10.was drafted by ILAC (International
Laboratory Accreditation Cooperation) and the OIMlnternational Organization of Legal
Metrology) as a joint venture and is publishedwshs

It is important to point out that:

e It is not the responsibility of accreditation baglieo teach laboratories how to run their
business.

* ltis the responsibility of each individual labarat to choose to implement any or none of the
methods described in this Document based on itévithhl needs and its individual
assessment of risks.

« It is also the responsibility of the laboratory ¢valuate the effectiveness of the method it
chooses to implement and take responsibility ferdbnsequences of the decisions taken as a
result of the method chosen.

Purpose

The purpose of this Document is to give laboragrigarticularly while setting up their calibration
system, guidance on how to determine calibratiaeruals. This Document identifies and describes
the methods that are available and known for tladuetion of calibration intervals.

Authorship

This publication was developed by the OIML and ILAE a joint venture and as a revision of OIML
D 10. Within ILAC the focal point has been the Aeditation Committee.

1. Introduction

An important aspect for maintaining the capabibifya laboratory to produce traceable and reliable
measurement results is a determination of the maxinperiod that should be permitted between
successive calibrations (recalibrations) of theenmmice or working standards and measuring
instruments used. Various international standaakis this aspect into account, e.g.:

ISO/IEC 17025:2005 [1] contains the following reguments:

Clause 5.5.2: “Calibration programs shall be ediabed for key quantities or values of the
instruments where these properties have a sigmifieffect on the results”.

Clause 5.5.8: "Whenever practicable, all equipmamter the control of the laboratory and
requiring calibration shall be labeled, coded, otherwise identified to
indicate the status of calibration, including thatal when last calibrated and
the date or expiration criteria when recalibratiesdue”.

Clause 5.6.1  “All equipment used for tests and/alibcations, including equipment for
subsidiary measurements (e.g. for environmentalditioms) having a
significant effect on the accuracy or validity dfetresult of the test,
calibration or sampling shall be calibrated befdseing put into service. The
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laboratory shall have an established program andogedure for the
calibration of its equipment.”

Note: Such a program should include a system féecsag, using, calibrating,
checking, controlling and maintaining measuremetgndards, reference
materials used as measurement standards, and niegsamd test equipment
used to perform tests and calibrations.

ISO 9001:2000 [10] contains the requirement:

Clause 7.6: “Where necessary to ensure valid tesuheasuring equipment shall:
a) be calibrated or verified at specified intersalor prior to use, against
measurement standards traceable to internationahational measurement
standards; where no such standards exist, the basgsl for calibration or
verification shall be recorded”.

Note: This Document focuses on the determination of beafion intervals of measuring
instruments. The methods described can also beinsedappropriate manner for reference
standards, working standards, etc., which are uthéecontrol of the laboratory.

In line with the terminology of the VIM [11], theetm “measuring instrument” is used instead of
“measuring equipment” in this Document.

The general purpose of a periodic calibration is:

» to improve the estimation of the deviation betwaeeference value and the value obtained using a
measuring instrument, and the uncertainty in tiegiation, at the time the instrument is actually
used;

« to reassure the uncertainty that can be achievttdtiaeé measuring instrument; and

« to confirm whether or not there has been any dlaraf the measuring instrument which could
introduce doubt about the results delivered inetlapsed period.

One of the most significant decisions regardingdhlbration is “When to do it” and “How often to
do it". A large number of factors influence the d¢ininterval that should be allowed between
calibrations and should be taken into account byldboratory. The most important factors are:

¢ uncertainty of measurement required or declarethéyaboratory;

« risk of a measuring instrument exceeding the limftthhe maximum permissible error when in use;

» cost of necessary correction measures when iuisdohat the instrument was not appropriate over
a long period of time;

e type of instrument;

« tendency to wear and drift;

* manufacturer’'s recommendation;

e extent and severity of use;

« environmental conditions (climatic conditions, \dbon, ionizing radiation, etc.);

« trend data obtained from previous calibration rdspr

» recorded history of maintenance and servicing;

« frequency of cross-checking against other referstenedards or measuring devices;

« frequency and quality of intermediate checks inrtteantime;

e transportation arrangements and risk; and

« degree to which the serving personnel are trained.
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Although the cost of calibration cannot normallyigrored in determining the calibration intervals,
the increased measurement uncertainties or a highein terms of measurement quality and services
arising from longer intervals may mitigate agathst apparently high cost of a calibration.

The process of determining calibration intervalsaisomplex mathematical and statistical process
requiring accurate and sufficient data taken dutimg calibration process. There appears to be no
universally applicable single best practice foabkshing and adjusting the calibration intervdlkis

has created a need for better understanding otalibration interval determination. As no single
method is ideally suited for the whole range of sugsg instruments, some of the simpler methods of
assigning and reviewing the calibration intervad d@imeir suitability for different types of instrumis

are covered in this Document. The methods have pablished in more detail in certain standards
(e.q. [2]), or by reputable technical organizati¢ag. [5], [6], [7]), or in relevant scientific jmnals.

The methods can be used for the initial selectiorabbration intervals and the readjustment ofthe
intervals on the basis of experience. Laboratomelimed methods or methods adopted by the
laboratory may also be used if they are appropaatkif they are validated.

The laboratory should select appropriate methodssaould document those used. Calibration results
should be collected as historical data, in orddrase future decisions for calibration intervalghaf
instruments.

Independently from the determined calibration wéds, the laboratory should have an appropriate
system to ensure the proper functioning and cdidmastatus of the standards and measuring
instruments used between calibrations (see Cldau5eR) and 5.6.3.3 of ISO/IEC 17025:2005).

2. Initial choice of calibration intervals

The initial decision in determining the calibratimrerval is based on the following factors:

* the instrument manufacturer’'s recommendation;

e expected extent and severity of use;

« the influence of the environment;

e the required uncertainty in measurement;

« maximum permissible errors (e.g. by legal metrolagthorities);

« adjustment of (or change in) the individual instau

« influence of the measured quantity (e.g. high tewrupee effect on thermocouples); and
e pooled or published data about the same or simdaices.

The decision should be made by a person or by pensith general experience of measurements, or
of the particular instruments to be calibrated, preferably also with knowledge of the intervalgdis

by other laboratories. An estimate should be made#ch instrument or group of instruments as to
the length of time the instrument is likely to remavithin the maximum permissible error after
calibration.

3. Methods of reviewing calibration intervals

Once calibration on a routine basis has been ésitiabl, adjustment of the calibration intervals $tiou
be possible in order to optimize the balance disriand costs as stated in the introduction. It will
probably be found that the intervals initially st do not give the desired optimum results due to
number of reasons, for example:

e instruments may be less reliable than expected:;

« the usage may not be as anticipated;

e it may be sufficient to carry out a limited caliboem of certain instruments instead of a full
calibration; and
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« the drift determined by the recalibration of thestinments may show that longer calibration
intervals may be possible without increasing rigis,

A range of methods is available for reviewing tladiration intervals. The method chosen differs
according to whether:

e instruments are treated individually or as grouwpg.(by manufacturer’'s model or by type);
e instruments exceed the calibration by drift overdior by usage;

e instruments show different types of instabilities;

e instruments undergo adjustments; and

e data are available and importance is attachecdethigtiory of calibration of the instruments.

The so-called “engineering intuition” which fixeldet initial calibration intervals, and a system whic
maintains fixed intervals without review, are namnsidered as being sufficiently reliable and are
therefore not recommended.

Method 1: Automatic adjustment or “staircase” (caldar-time)

Each time an instrument is calibrated on a routiasis, the subsequent interval is extended if it is
found to be within e.g. 80 % of the maximum peribigserror that is required for measurement, or
reduced if it is found to be outside this maximugrmissible error. This “staircase” response may
produce a rapid adjustment of intervals and isleasirried out without clerical effort. When recerd
are maintained and used, possible trouble with aumrof instruments indicating the need for a
technical modification, or preventive maintenangi,be known.

A disadvantage of systems treating instrumentsviddally may be that it is difficult to keep the
calibration workload smooth and balanced, anditlrafjuires detailed advanced planning.

It would be inappropriate to take an interval taremes using this method. The risk associated with
withdrawing large numbers of certificates issuadrenloing large numbers of jobs may ultimately be
unacceptable.

Method 2: Control chart (calendar-time)

Control charting is one of the most important toofsStatistical Quality Control (SQC) and well-
described in publications (e.g. [3], [4]). In priple, it works as follows: Significant calibratigroints

are chosen and the results are plotted against fnoen these plots, both dispersion of results and
drift are calculated, the drift being either theamelrift over one calibration interval, or in thase of
very stable instruments, the drift over severadnviils. From these figures, the optimum intervay ma
be calculated.

This method is difficult to apply (in fact it is me difficult to apply in the case of complex
instruments) and can virtually only be used withoamatic data processing. Before calculations can
commence, considerable knowledge of the law ofalmlity of the instrument, or similar instruments,
is required. Again, it is difficult to achieve al@aced workload. However, a considerable variatibn
the calibration intervals from those prescribedoé&smissible without invalidating the calculations;
reliability can be calculated and in theory at tegises the efficient calibration interval. Furtheare,

the calculation of the dispersion of results willlicate whether the manufacturer’s specificationtt

are reasonable and the analysis of drift found h&y in indicating the cause of drift.

Method 3: “In-use” time

This is a variation on the foregoing methods. Tasibmethod remains unchanged but the calibration
interval is expressed in hours of use, rather tt@lendar months. The instrument is fitted with an

elapsed time indicator and is returned for calibratvhen the indicator reaches a specified value.
Examples of instruments are thermocouples, usedtegme temperatures, dead weight tester for gas
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pressure, length gauges (i.e. instruments that beagubject to mechanical wear). The important
theoretical advantage of this method is that thealver of calibrations performed and therefore the
cost of calibration varies directly with the lengthtime that the instrument is used.

Furthermore, there is an automatic check on instnirtilization. However, there are many practical
disadvantages in using an automatic check, inctudin

e it cannot be used with passive instruments (etgnaators) or standards (resistance, capacitance,
etc.);

¢ it should not be used when an instrument is knoovdrift or deteriorate when on the shelf, or
when handled, or when subjected to a number ot simeoff cycles;

» the initial cost of the provision and installatioh suitable timers is high, and since users may
interfere with them, supervision may be requiredciwlagain will increase costs;

e it is even more difficult to achieve a smooth fl@f work than with the methods mentioned
above, since the (calibration) laboratory has nowkdadge of the date on which the calibration
interval will terminate.

Method 4: In service checking, or “black-box” testi

This is a variation on methods 1 and 2 and is @adily suitable for complex instruments or test
consoles. Critical parameters are checked frequéntice a day or even more often) by portable
calibration gear, or preferably, by a “black boxade up specifically to check the selected parameter
If the instrument is found to be outside the maximpermissible error by the “black box”, it is
returned for a full calibration.

The major advantage of this method is that it pfesimaximum availability for the instrument user. |
is very suitable for instruments geographically ssaped from the calibration laboratory, since a
complete calibration is only done when it is knowrbe required. The difficulty is in deciding oreth
critical parameters and designing the “black box”.

Although theoretically the method is very relialitds is slightly ambiguous, since the instrumealym
be failing on some parameter not measured by tleeKbox”. In addition, the characteristics of the
“black box” itself may not remain constant.

Examples of instruments suitable for this methoal @density meters (resonance type); Pt-resistance
thermometers (in combination with calendar-timehods); dosimeters (source included); and sound
level meters (source included).

Method 5: Other statistical approaches

Methods based on statistical analysis of an ind@&idnstrument or instrument type can also be a
possible approach. These methods are gaining muiden®re interest, especially when used in
combination with adequate software tools. An exangil such a software tool and its mathematical
background is described by A. Lepek [9].

When large numbers of identical instruments (ii@ugs of instruments) are to be calibrated, the
calibration intervals can be reviewed with the hefpstatistical methods. Detailed examples can be
found for example in the work of L.F. Pau [7].

Method comparison

No one method is ideally suited for the full rangk instruments encountered (see Table 1).
Furthermore, it should be noted that the methodsehawill be affected by whether the laboratory
intends to introduce planned maintenance. There tmayother factors which will affect the
laboratory’s choice of method. The method choséh iwiturn, affect the form of records to be kept.
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Method 1 | Method 2 | Method 3 | Method 4 | Method 5%
“staircase” control | “in-use” time| “black other
chart box” statistical
approaches
Reliability medium high medium high medium
Effort of application low high medium low high
Work-load balanced medium mediun bad mediym bad
Applicability with respect medium low high high low
to particular devices
Availability of instruments medium medium medium ghi medium

1) Better grading is achieved when an appropridtevace tool is used.

Table 1: Comparison of methods reviewing calibraiitervals

10
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