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Foreword

Metrology is often considered to be simply a field of science and technology
concentrating on the measurement and accuracy of things we make. However,
much of the historical development of technology suggests this chicken and
egg situation is reversed, in that evolving the ability to measure qualities more
accurately allows us to develop more reliable ways of manufacturing things,
as we now have a means of controlling quality.

The recent rise in nano-technological advances is a beacon to this premise,
which was recognized in an earlier era of technological development, that
might be called the micro-technology phase associated with the industrial
revolution. In particular by prominent people of that era, such as one of the
founders of modern metrology, Joseph Whitworth, who in his Presidential
Address to The Institution of Mechanical Engineers, in London in 1856, said
the following;

“I would next call your attention to the vast importance of attending to the
two great elements of constructive mechanics, namely, the true plane and the
power of measurement”,

and

“I hope the members of this institution will join me in doing what we can with
reference to these two important subjects — correct measurement and its
corollary proper graduation of size. The want for more correct measurement
seems to pervade everything.”

Little has changed in our needs in this respect, and the importance of metrology
to the advancement of science and technology remains, albeit on improved
levels of accuracy.

The author, Swinton de Silva, has worked for the majority of his working
life, a period covering several decades, in this field, and the impressive breadth
of his metrology knowledge is reflected in the very broad ranging contents of
this book. As well as representing an extremely valuable contribution to the
literature in the metrology field, this book also represents an essential guide
to those involved with ISO 9000 Certification.

Dr R S Sayles

Reader in Mechanical Engineering

Imperial College of Science, Technology and Medicine
London, UK






Preface

Test and measuring instruments are used extensively in the modern
manufacturing and processing organizations. The accuracy of the measurements
made by these instruments has a direct impact on the quality of the product
or service provided by the organization. The recent developments in the field
of certified quality and environmental management systems, namely registration
to ISO 9000 and ISO 14000 standards, require that test and measurement
equipment be periodically calibrated using measurement standards traceable
to the international measurement system. In addition there is also the necessity
for test and calibration laboratories to be accredited by a third party certification
body in accordance with the international standard ISO/IEC 17025 (previously
ISO/IEC Guide 25).

Although a number of books are available describing specific measurement
fields such as temperature and pressure, books covering a number of important
measurement fields are few. This book intends to fill this gap. The book is
primarily aimed at persons working in industry whose duties are related to
calibration and maintenance of test and measurement equipment. Students
reading for bachelor’s degrees or diplomas in the fields of electrical, mechanical
and production engineering and related technology-based courses can also
use it as an introduction to metrology.

The book is an introduction to fundamental measurement principles and
practical techniques used in the calibration of test and measuring equipment
belonging to seven measurement fields, namely length, angle, mass, temperature,
pressure, force and electrical metrology. Fundamental concepts of measurement
and calculation of measurement uncertainties are also dealt with.

G M S de Silva
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1

Requirements of 1ISO 9000
standards for test and
measuring equipment

1.1 Introduction

Certification to ISO 9000 standards has become a primary requirement for
both manufacturing and service-oriented organizations. Calibration and control
of test, measurement and inspection equipment is one of the more important
requirements given in the standard. A company that wants to obtain ISO 9000
certification therefore has to look into this vital aspect of their operations.

Test or calibration laboratories wishing to obtain independent third party
certification should be guided by the requirements of ISO/IEC 17025: 1999
(formerly ISO/IEC Guide 25). A brief outline of the requirements of ISO
9001 standards is given in this chapter.

1.2 Evolution of ISO 9000 standards

The origin of the ISO 9000 series of quality management standards can be
traced to the United States (US) military standards. The US military
specifications MIL-I-Q9858 and MIL-1-45208 for quality inspection are the
first standards to have specified requirements for quality assurance systems in
the supplier’s organization. Subsequently these standards were published as
Allied Quality Assurance Publications (AQAP) 1, 4 and 9.

In 1972, the United Kingdom established UK Defence Standards 05/21,
05/24 and 05/29 based on the AQAP documents 1, 4 and 9. The famous
British Standard BS 5750: 1979, parts 1, 2 and 3, were based on the presently
obsolete UK Defence Standards 05/21, 05/24 and 05/29.

In 1985 the International Organization for Standardization through its
Technical Committee on Quality Management and Assurance (ISO/TC 176)
undertook the preparation of a series of international standards for quality
management and BS 5750, which had been used successfully by the British
Standards Institution for quality system certification, became the natural choice
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for basing the new international standard. After much deliberation and arguments
ISO 9001, ISO 9002 and ISO 9003 were published in 1987. These standards
were then adopted by a significant number of national standards bodies,
including the United Kingdom, and were published as their national standards.
The ISO 9000 series was also published as a European Standard series EN
29000 by the European Committee on Standardization (CEN).

In 1994 a revision of the series was undertaken, and an updated and revised
set of standards was published. In the mean time a large number of organizations
obtained certification against ISO 9001 and ISO 9002 standards. The usefulness
of the standards for quality assurance of products and services was beginning
to be accepted worldwide, though there were some organizations that were
not entirely convinced by the necessity of a documented quality system as
required by the standards.

A further revision of the standards was undertaken during 1996 to 2000,
and a revised and improved set of standards known as ISO 9000: 2000 has
been published. In the new standard certification can be obtained only against
the ISO 9001 standard. ISO 9002 and ISO 9003 standards have been withdrawn.
1SO 9004 has been published as a complementary guidance document.

1.3 Requirements of ISO 9001: 2000

The requirements of the ISO 9001: 2000 standard in respect of test, inspection
and measuring equipment are summarized below:

(a) The organization shall identify the measurements to be made and the
measuring and monitoring devices required to assure conformity of product
to specified requirements.

(b) Measuring and monitoring devices shall be used and controlled to ensure
that measurement capability is consistent with the measurement
requirements.

(¢) Measurement and monitoring shall be calibrated and adjusted periodically
or prior to use, against devices traceable to international or national
standards; where no such standards exist the basis used for calibration
shall be recorded.

(d) Where applicable measuring and monitoring devices shall:

(i) be safeguarded from adjustments that would invalidate the calibration;
(ii) be protected from damage and deterioration during handling,
maintenance and storage;
(iii) have the results of their calibration recorded; and
(iv) have the validity of previous results reassessed if they are subsequently
found to be out of calibration, and corrective action taken.

Some guidelines for achieving these requirements are given. The international
standard ISO 10012 — Part 1 is also a useful source of information for quality
assurance of measuring equipment.



