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If a manufacturer wishes to establish a reputation for
quality products and services, he has to be able to
demonstrate that he can comply with specified
requirements. The control of manufacturing processes

and the assessment of product quality and conformance

with specification almost invariably necessitates
measurement of some kind. The integrity of all such

measurement work depends on selecting and using, in the

correct manner, suitable measuring equipment and
validating it by a system of control and calibration.

Therefore any organization working to the requirements
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of BS 5750 or any other formal series of quality system
standards, has to be able to demonstrate that it is able to
measure adequately and to certify that the results
obtained can be relied upon.

BS 5781 : Part 1 specifies requirements for a measurement
and calibration system. This guide, which is based on
Defence Standard 05-27 issue 2, gives reasons for these
requirements and offers guidance for evaluating and/or
reviewing working systems. Appendix A lists the typical
questions that should be answered when reviewing and/or
evaluating a measurement and calibration system.
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BS 5781 : Part 2 : 1981

British Standard

Measurement and calibration systems

Part 2. Guide to the use of BS 5781 : Part 1 ‘Specification of system requirements’

0. Introduction

Manufacturers are being faced to an increasing extent
with demands for certification relating the conformance
of their product to a specification. Most products require
the application of accurate measurement during
manufacture and in order to prove conformance to
specification. It is essential that the manufacturer should
be able to demonstrate that his equipment is capable of,
and provides precise measurement, before he can give any
assurance of conformance. The need for this assurance
generally requires the manufacturer to possess equipment
that is capable of an accuracy higher than that achieved in
the product being certified.

Calibration is defined in BS 4778 and BS 5233 as ‘all the
operations for the purpose of determining the values of
the errors of a measuring instrument (and, if necessary,
to determine other metrological properties) .

Any measuring equipment (and this term includes items
such as standard resistors and gauge blocks as well as
voltmeters and volumetric glassware) has at some time
during its life been adjusted or graduated to the required
accuracy, within known limits. For almost all measuring
equipment, this will have occurred as one of the final
steps of the manufacturing process. If, in addition, its
errors have been determined and recorded, this activity
constitutes a calibration and, in cases where the ultimate
user requires it, these figures can be given to him on a
signed certificate called a ‘calibration certificate’.

In order to achieve harmony between measurements made
in different locations and using different measuring
equipment, equipment should initially have been correctly
adjusted using traceable values. Unfortunately this by
itself is rarely sufficient as almost everything is subject to
change. Some of these changes are slow ageing drifts such
as are common with resistors and capacitors; some are
caused by wear such as usually occurs with gauge blocks
and micrometers; and some are associated with reliability
(wear out) failures that can occur with valves and
electrolytic capacitors. In addition, some changes are
caused by abuse such as overloading or shock (knock)
loading, and some erratic changes are caused by either
defective design and/or faulty construction.

It should not therefore be assumed that just because a
device was once ‘correct’ it will remain so forever.

The chance of its doing so is greater if it is simple, rugged
and is well treated. For example, a master gauge block,
kept in a controlled environment and used only on rare
occasions by a skilled operator, is much more likely to
remain unchanged than a voltmeter used by partially
trained labour in a field trials section.
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A problem with some measuring equipment is that it can
become seriously erroneous but still appear to be
functioning correctly. Suspicion may fall on a piece of
equipment because it produces results different from other
similar equipment but, if it is the only one of its kind and
range available, it may continue to be used with
completely unjustified confidence. Thus the cost of the
damage that can be done may be enormous. |t may
involve recalling units that have already been sold, in order
to modify or adjust them, and it can have a bad effect on
the reputation of the organization.

In order to be certain that a piece of equipment is still
working correctly, it is therefore necessary to check it.
Ideally it should be checked immediately before and after
each occasion of use. The pre-check will prevent a faulty
instrument from being used and thus producing incorrect
results, and the post-check will detect if any changes have
occurred during the period of use, If there are indications
that changes have taken place, it may be necessary to
repeat all the measurements for which it has been used.

However, this is a policy of perfection, which would
usually be too time-consuming and costly to be practicable.
Stable equipment can, in the absence of damage, normally
be relied on for periods measured in months. If a particular
specimen or type of equipment is found to have become
inaccurate after only a few days or weeks, it should be
considered to be unreliable, as a result of faulty design or
construction, and should be replaced by more stable
eguipment.

For equipment in regular use, either installed in connection
with some process or in use in a factory or laboratory,
checking at regular intervals of time provides a good
assurance that measurements taken with its aid will be
satisfactory. The intervals at which calibration is desirable
will vary with the nature of the device, the conditions
under which it is used, and the seriousness of the
consequences if it produces incorrect results.

The magnitude of errors and their rapidity of occurrence in
a piece of equipment change will vary according to its
design and construction: whether it has an inherent
wear-out process, or is subject to wear in use.

Some instruments incorporate components that alter their
properties with changes in temperature, humidity, time
lapse or duration of use. All of these factors may
significantly affect the uncertainty of the measurement.
For the purpose of assessing the calibration interval, it is
the time-dependent phenomena that should be considered.

For example, a hardened steel gaugeRlock can be expegted
to be very stable and to besubject tﬂmume"fs
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show the usual growth phenomenon of cast iron and so be
unstable. A mild steel gauge block would probably wear
significantly in use and become inaccurate.

Irrespective of the apparent stability of a piece of
equipment, there is always the possibility of damage
causing either a step-change or random variability in the
error. For example, some damage is not apparent, such as
over-heating a sealed resistor or overloading a Weston cell,
and the resultant errors may be completely unsuspected.
Such damage may be random in its time of occurrence, but
is likely to be more frequent the lower the grade of labour
and the more arduous the conditions of use.

Regular calibration is therefore necessary in such cases.

1. Scope

This British Standard provides guidance for organizations
seeking to comply with the requirements of BS 5781 :
Part 1. For each of the main elements the requirement of
BS 5781 : Part 1 has been repeated, followed by guidance
on implementation.

Appendix A lists typical questions which may be found
useful when carrying out a review or evaluation of a
measurement and calibration system.

2. References

The titles of the standards publications referred to in this
standard are listed on the inside back cover.

3. Definitions

For the purposes of this British Standard, the definitions
given in BS 4778 and BS 5233 apply.

4, Requirements and guidance
4.1 Calibration system

4.1.1 Reguirement of BS 5781 : Part 1. The supplier shall
establish and maintain an effective system for the control
and calibration of measurement standards and measuring
equipment used in the fulfilment of specified requirements.
The system shall be designed to ensure that all measurement
resources have the capability of making measurement
within limits designated as appropriate to these
requirements. |t shall provide for the prevention of
inaccuracy by prompt detection of deficiences and timely
action for their correction.

NOTE. Complete in-plant measurement or calibration capability is
not essential if these services are obtained from sources that comply
with the requirements of this standard.

Obijective evidence that the system is effective shall readily
be available to the purchaser or his authorized
representative, hereinafter referred to as the ‘Purchaser’s
Representative’.

4.1.2 Guidance. Any measurement work is valueless
unless its results are known to be valid and sufficiently
accurate for the intended purpose. The provision of a
measurement facility necessitates the selection of suitable
equipment with instructions for its use, the availability of
appropriate skills and means of establishing the initial and
continuing validity of the measurement processes.
Experience in industry generally has indicated that ad hoc
arrangements for dealing with the calibration of equipment
often results in unintentional neglect. The likely
consequences are out of date calibrations, lack of
traceability to standards of reference and inadequate
records, leading to loss of confidence in product or service
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compliance with customer requirements.

Validation of measurement work is best achieved by
operating an orderly system in which responsibility for
controlling the calibration of all measuring equipment and
measurement standards used is assigned to designated
personnel. The system should include documents and
records to provide evidence of measurement integrity, of
any limitations of use and of occurences affecting
confidence in the serviceability of the equipment.

Such records are a valuable reference in cases of dispute
e.g. relating to measurement or product rejection,
particularly in relation to product liability and warranty
aspects. These records are also useful in assessing drift,
wear and other variations in equipment performance.
Such data provide a basis for decisions on equipment
maintenance, repair and replacement economics.

4.2 Periodic review of calibration system

4.2.1 Requirement of BS 5781 : Part 1. The system
established in accordance with the requirements of this
standard shall be periodically and systemically reviewed _
by the supplier to ensure its continued effectiveness and ‘
the results shall be recorded.

4.2.2 Guidance. The effective operation of the

established measurement and calibration system is a

responsibility of management. Planned comprehensive

reviews of the system are the best means by which its

continued suitability can be assessed, and from which

management can be confident that their product or

service fully complies with technical requirements.

It is essential that these reviews are systematic and not
merely casual or superficial enquiries. In order to perform a
review adequately, it is essential that procedures be defined,
namely, who will perform the review, its periodicity, how
and where it will be done, how the results will be reported
and how corrective action will be instituted, Some aspects
of the system will require review more frequently than
others. All results from the review should be recorded and
be available for inspection.

NOTE. Appendix A indicates the types of question that may be
useful in the evaluation/review of a calibration system.

4.3 Planning

4.3.1 Requirement of BS 5781 : Part 1. The supplier shall
review the technical requirements specified at the earliest
practicable stage before commencing new work on materiel
or services, and shall establish a programme to ensure that
measurement standards and measuring equipment necessary
for the completion of this work are available and are of the
accuracy, stability and range appropriate for the intended
application. In particular, identification and timely action
shall be taken to report, to the Purchaser’s Representative,
any measurement requirement that exceeds the known
‘state of the art’ or any new measurement capability that
is needed but is not available.

4.3.2 Guidance. A significant factor is planning for the
inspection of a product, or for the provision of a measure-
ment service, is the determination of what measurement
equipment will be required, what its accuracy should be,
and when, where and how the necessary measurement and
calibration will be performed.

The requirement refers to this activity as a programme, but

it is recognized that the activity may be undertaken in

conjunction with the planning of other functions; therefore,

a definitive plan dealing solely with the measfd@@UdINIENts
calibration system may not exist. 7 hi: procedure is .
acceptable, provided it can be demonstrated Sﬁ%ﬁlﬁm Sharing Hub
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