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ALLEMAGNE

DEVELOPMENT AND TASKS
OF THE PHYSIKALISCH-TECHNISCHE BUNDESANSTALT
(PTB)

by H.G. GILLAR and M. KOCHSIEK

Metrology and verification in Germany

In all states of the world, a highly developed metrology system is one of the most important
prerequisites for the protection of health, the environmental protection, the protection of labour
and the protection of the individual's legal status in all spheres of life; it is also a precondition for
the efficient functioning of trade and industry, science and technology.

Diverse organizational forms and structures of the metrology system have developed
worldwide. In a general sense, metrology can be divided into three fields which can be de-
scribed by specific organizational structures and tasks. The fields concerned are the following:

scientific,
legal,
industrial metrology.

Work in these three fields is closely interrelated, the fields are even mutually dependent.

Scientific metrology comprises all research work concerned with

« the International System of Units

- the units of measurement and their standards (realization, reproduction, conservation and
dissemination)

« the measurements (methods, performance, determination of the accuracy of measurement)

+ the measuring instruments (properties, sensors, etc.)

« the operators (education and training, abilities, etc.).

At an international level, there are state institutes for science and technology in all indus-
trial countries - like the PTB in Germany - whose main field of work is that of scientific metrol-
ogy. University institutes, research institutes and industry also contribute to the work done in this
field.

In Germany, the basic principles of legal metrology have been stipulated by the Units Act
and the Verification Act, including the relevant implementing ordinances and additional regu-
lations. The physical and technical basis of the units to be applied in official and commercial
transactions is today's International System of Units (Sl) developed from the metric system.
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The Verification Act is the legal basis for

« the prescription of mandatory verification

the pattern approval and verification of measuring instruments and other tests to be carried
out on them

the accreditation of test centers for certain measuring instruments and the appointment of the
managerial staff

the metrological supervision
regulations for prepackages and capacity serving measures.
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Fig. 1 — Status and cooperation of the institutions concerned with legal metrology in Germany.
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Fig. 2 — Werner von Siemens, one of the founders of the PTR and Hermann von Helmholtz, its first president.
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Fig. 3 — The Observatory, the PTB's oldest laboratory building in Berlin (constructed in 1890).

Uniform legislation throughout the Federal Republic for the fields of metrology and verifi-
cation is ensured by the "Bundestag” (Lower House of the German Parliament) and the Federal
Council, the upper House of Parliament. Implementing ordinances are issued by the Federal
Government, in special cases by the Federal Minister of Economics.

Responsibilities for the fields of metrology and verification are shared by the Federal
Government and the individual federal states. The leading principle is that the State is acting
directly (by state controls, tests etc.) in the field of metrology only in those areas of public life
where it must guarantee the correctness of measurements and which are of public interest. As a
result of laws and regulations in metrology the PTB has become the highest technical authority
for metrology in Germany, in addition to its being the national institute of science and tech-
nology.

Verifications of measuring instruments are carried out in verification offices the responsi-
bility for which lies with the federal states. Instruments for measuring water, gas, heat and elec-
tricity may also be certified by state-approved test centers installed in a public utility or at the
manufacturer. (Fig. 1).

industrial metrology is governed by the needs of industry, and details are clarified in coop-
eration with the user and/or consumer. In Germany, like in almost all industrial countries, in-
dustry's great needs for calibrations are satisfied by a calibration service, the DKD (Deutscher
Kalibrierdienst).
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Historical review

The Physikalisch-Technische Bundesanstalt (PTB) is the successor to the Physikalisch-
Technische Reichsanstalt (PTR) founded in Berlin in the year 1887. It is the world's oldest
national institute of science and technology. Its most important initiator and one of its founders
was the industrialist Werner von Siemens. Under the direction of its first president, Hermann
von Helmholtz, the PTB took up work in October 1887 (Fig. 2).

For the first time, a national institute (Fig. 3) was established in which scientists could
perform research work without the obligation to teach and independent of commissions on
behalf of industry. It was recognized that correct measuring is of fundamental importance to
technology, trade and industry, and that a neutral national institute must be entrusted with the
development of and research work in the field of precision metrology. After its example, the
National Physical Laboratory was founded in England in 1900, and in the year 1901 the National
Bureau of Standards was established in the USA.

The PTR carried out basic physical research, particularly in the field of metrology, and
tested measuring instruments for their accuracy and construction. With the realization of the
electrical units and the supervision of measuring instruments for electrical quantities, legal tasks
were assigned to it for the first time in 1898. In 1923, the "Reichsanstalt fir MaB und Gewicht"
(Weights and Measures Office) was incorporated with the PTR. Thus the PTR was responsible
for all legal units and became the supervisory authority of the verification and test offices.

Besides the performance of legal tasks, large-scale basic research was carried out leading
to numerous important discoveries. The names of famous scientists and Nobel prize winners,
e.g. Friedrich Kohirausch, Emil Warburg, Walter Nernst, Friedrich Paschen, Johannes Stark,
Wilhelm Wien, Hans Geiger, Walter Bothe or Walther MeiBner stand for highlights of scientific
work.

Fig. 4 — Headquarters of the Physikalisch-Technische Bundesanstalt in Braunschweig.
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In 1945, when the German Reich collapsed, most of the laboratories had already been
moved to different sites in the Germany of those days, those in Berlin had been destroyed. The
laboratories which had been moved to West Germany were concentrated in Braunschweig and,
in 1950, under the name Physikalisch-Technische Bundesanstalt, became the metrological
state institute of the Federal Republic of Germany (Fig. 4). The institute which had been set up
in the rebuilt buildings of the old PTR in West Berlin was affiliated to the Physikalisch-
Technische Bundesanstalt in Braunschweig as the Berlin Institute in 1953.

From the laboratories of the PTR which had been moved to Thuringia, the "Deutsches Amt
fir MaBe und Gewichte" (DAMG, German Weights and Measures Office) came into being in
1946 on the territory of the Soviet-occupied zone. Basis for this was an order of the Soviet mili-
tary administration. The DAMG which also has its origin in the PTR existed until 1964. After
several amalgamations and restructurings, the "Amt for Standardisierung, MeBwesen und
Warenprifung" (ASMW, Agency for Standardization, Metrology and Commodities Testing)
came into being in the former GDR in 1973.

The headquarters of the ASMW were in Berlin-Friedrichshagen. In addition to the tasks of
standardization and commodities testing, the ASMW was entrusted with all official tasks as far
as metrology in the GDR was concerned, to ensure the uniformity of measures and the correct-
ness of measurements. As a result of the unification of the two German states in 1990, the
ASMW ceased to exist and the PTB assumed responsibility also for the territory of the five new
federal states. With the taking-over of a large percentage of the ASMW staff and establishment
of a new office in Berlin-Friedrichshagen, the metrology section of the ASMW was incorporated
into the PTB, resulting in an enlarged PTB with a functional organizational structure and an
appropriate distribution of functions as a prerequisite of efficient work.

The PTB's tasks and main fields of work

As the national institute of science and technology and the highest technical authority for
metrology and certain sectors of safety engineering, the PTB must create the foundations of
scientific, technical and legal metrology and exercise control functions in the fields of metrology
and safety engineering.

The PTB realizes the legal units in metrology ; it is engaged in research and development
work, in particular in the field of metrology, carries out tests on measuring instruments and
installations and cooperates in technical committees and legislative bodies which are concerned
with questions of metrology, standardization, testing, quality assurance and safety engineering.

The knowledge of metrology and the PTB's experience in this field are of benefit to the
natural sciences, as a highly developed metrology system is a precondition for successful ex-
perimental research work. Knowledge and the fruits of experience are also passed on to indus-
try, for which metrology of the highest precision is the prerequisite for mastering modern tech-
nologies.

In accordance with laws and regulations, a great number of tasks have been assigned to
the PTB (Fig. 5).

The realization of the units as the foundation of the whole metrological system is the PTB's
basic task. This task requires a measuring technique of the highest precision and extensive
research work to allow the units to be realized with the highest possible accuracy, always
making use of the most up-to-date results of research in physics.
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Fig. 5 — The legal tasks of the PTB
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Fig. 6 — The CS1 and CS2 atomic clocks, Germany's national time standard.

The PTB must not only realize and disseminate the unit of time, the second, but also - in
accordance with the Time Act - the legal time for the Federal Republic of Germany, i.e. the
lapse of time. The PTB time scale is determined on the basis of atomic clocks (Fig. 6) and emit-
ted in continuous operation all over Europe via the long-wave transmitter DCF 77.

According to the Verification Act the PTB is obliged to carry out type tests and approve the
patterns of measuring instruments for verification. In addition, it must test the standard in-
struments and auxiliary testing devices of the verification authorities and state-approved test
centres. It cooperates in national and international organizations and committees dealing with
questions of metrology, verification and standardization. This work also covers cooperation in
the drawing-up of drafts of laws and regulations. The PTB's "Plenary Assembly for verification
affairs” and the "Legal metrology" committee comprising representatives of the federal states
draw up recommendations for adapting and further developing the regulations in the field of
legal metrology.

Tasks in the field of medical metrology and radiation and environmental protection have
increasingly gained in importance. These fields are of great importance because physical pro-
cesses such as radioactive radiation or noise influence man's environment to an ever increasing
extent and because physical equipment is increasingly used for procedures of both medical
diagnosis and therapy. If the approval of measuring instruments has been prescribed for these
fields, pattern evaluations are made and the relevant regulations elaborated in cooperation with
other authorities and industry.
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Macroscopic physical quantities can, via fundamental constants, be referred to quantum
measures which, according to today's knowledge of physics, are independent of place and time,
contrary to the macroscopic quantities themselves. The aim therefore is to realize the units in
metrology by fundamental constants and to arrive at realizations of the units which are inde-
pendent of external conditions. In addition, the fundamental constants allow an insight into the
structure of physical phenomena and make connections between their different ranges possible.

The determination of the values of the fundamental constants with the highest possible
accuracy is therefore of the greatest importance for the whole field of physics and in particular
for metrology. The PTB carries out intensive experimental and theoretical work in this field and
has made the first important contributions to it with the aim of determining

— Avogadro's constant,

the gravitation constant,

the gyromagnetic coefficient of the proton,

— the magnetic flux quantum and

the quotient of Planck’s constant and neutron mass.

Various materials are used as material measures and reference materials in science, in-
dustry and trade. This requires as exact a knowledge of the physical properties as possible. The
PTB designs precision devices for measuring the physical parameters and carries out inves-
tigations into the determination of electric, magnetic, thermal and opfical properties of solid
matter, the determination of the variables of state, e.g. the density, the viscosity and the surface
tension of liquids, the humidity of gases as well as into the neutron scattering on solid matter.

An exact knowledge of the atomic and nuclear material properties is of particutar import-
ance in nuclear medicine, nuclear engineering and environmental protection. Characteristic data
of radionuclides and transport quantities, such as range, backscattering coefficient and slowing-
down length of ionizing rays (photons, electrons, neutrons) are determined at the PTB. In the
case of neutrons, the effective cross sections are also measured. Knowledge of these data is
the basis of radiation dosimetry.

In many fields of industrial metrology the PTB makes measurement technology of the
highest precision accessible to industry and thus makes a significant contribution to the preser-
vation of its competitive capacity. In the sphere of the industrial measuring technique for length
and area, for example, the Bundesanstalt carries out precision measurements of the dimen-
sions, shape and position of machine elements, gauges and other bodies. A highly developed
precision metrology is a prerequisite for precision manufacture, which in turn is the basis of the
manufacture of interchangeable parts without which an economically efficient production would
no longer be possible today. However, new technologies which have been developed in the
fields of electricity, optics and acoustics also require new measuring methods and instruments.
The magnetic signal storage techniques used to a great extent in commerce and administration
for which reliability and interchangeability are important prerequisities, are an example of this.
Here, the PTB makes an important contribution to the development of relevant measuring
methods.

Safety engineering serves the protection of employees (safety provisions for workers) and
of the population (protection of such persons who are not involved) against explosions of flam-
mable gases, vapours, mists and dusts and it also serves the protection of persons in the hand-
ling of civil firearms and ammunition. The Bundesanstalt determines the threshold values of the
physical parameters, non-compliance with which constitutes a hazard, and it carries out safety
tests of facilities, instruments and safety equipment used for the handling of dangerous sub-
stances. The pattern evaluations and the approvals of the instruments, facilities and equipment
are made within the scope of statutory rules and regulations or of provisions of trade cooperat-
ive associations. The tests guarantee a minimum safety standard by specifying certain construc-
tional features and operating conditions of the devices which may constitute a hazard.
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In addition, the PTB advises the authorities, trade cooperative associations and industry in
the matter of safety engineering. This is done by means of expert opinions and discussions and
by cooperation in technical committees which are entrusted with the establishment of safety
regulations.

To enable the Bundesanstalt to carry out the relevant tests and to advise on questions of
safety engineering, to make it possible to further the development of safety provisions for
workers and the protection of the civil population, it is necessary that the Bundesanstalt en-
gages in a program of intensive scientific work in the field of explosion protection. The forma-
tion, propagation and explosion of large clouds of explosive gas/air mixtures and their properties
at higher pressures and temperatures, safety devices on tanks for flammable liquids, explosion
protection of electrical equipment, are all investigated.

Industry is alsc strongly interested in having those instruments tested and calibrated which
are not subject to the regulations of legal metrology, and in obtaining a certificate for these tests.
This certificate has the significance of a quality mark and demonstrates that the device has
been linked up with national standards of the highest precision and that it has specific metro-
logical properties. These certificates are in demand to an ever increasing extent whithin the
framework of quality assurance measures during manufacture and as a result of new provisions
for product liability, and they are of great importance to industry in preserving its competitive
capacity.

This task has been taken on by the "Deutscher Kalibrierdienst" (DKD, German Calibration
Service) founded and operated by the state - represented by the Ministry of Economics and the
PTB - and industry. The basic elements of the DKD are officially accredited calibrating labora-
tories and the state institute which disseminates the national standards is the PTB. Industrial
laboratories and other institutes (universities, TUV/Technical Control Board, technical authorities
of the federal states) which, due to their trained personnel and equipment, are able to perform
measurements with the required accuracy and whose standards have been linked up with the
national standards of the PTB, are accredited as calibrating laboratories. Accreditation is
granted by the PTB after the metrological efficiency of the laboratories in question and the for-
mal prerequisites have been examined. The calibration laboratories then carry out the desired
calibrations on the instruments submitted to them and issue a certificate containing the resuits.
Neutrality is guaranteed, as the PTB supervises the laboratories and as the laboratories
themselves are interested in preserving the credibility of the certificates granted on the market.
Cooperation with other calibration services in Europe ensures the recognition of the certificates
across borders. At present, there are about 90 accredited calibration centers for electrical and
mechanical measurands, as well as for pressure, temperature and ionizing radiation. The PTB's
metrological knowledge and the benefit of its experience are also passed on to industry via
these calibrating laboratories.

Organization

The PTB comes under the auspices of the Federal Minister of Economics and has about
2 000 employees, approximately a quarter of whom are university educated. The Bundesanstalt
consists of 10 divisions which are subdivided into groups and laboratories or sections (Fig. 7).
Divisions 1 to 4 and 6 to 7 are technical divisions engaged in the main fields of physics. Work of
Division 5 is orientated towards the needs of industry; it deals with questions of precision
engineering. Division 8 comprises the groups furnishing technical and scientific services to the
Bundesanstalt. The headquarters of the PTB with the presidential board and these divisions are
in Braunschweig (Fig. 8). Divisions 9 and 10 handle special tasks in the fields of temperature,
synchrotron radiation, medical physics and information technology. They comprise more than
400 employees and are situated in Berlin (Charlottenburg and Friedrichshagen) (Fig. 9).
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Fig. 8 — Layout of buildings in Braunschweig.
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International cooperation

Units in metrology best serve their purpose as measures in science, technology and com-
merce if they are internationally recognized and coordinated and if they are regularly and har-
moniously adapted to scientific progress in their realization and range of application. As cooper-
ation is indispensable in these basic tasks, the PTB collaborates in numerous international
committees, above all in the Metre Convention and its International Committee of Weights and
Measures (CIPM) and in the International Organization of Legal Metrology (OIML).

Scientists and technicians of the PTB are members of commissions and working groups of
numerous European and national technical committees and in legislative bodies which deal with
guestions of metrology, safety engineering, standardization and quality control. In all these
institutions, the knowledge of metrology and safety engineering and the benefit of the PTB's
experience in these fields, are translated into regulations and laws. Within the framework of the
harmonization of technical specifications and regulations for the realization of the single
European market by the end of 1992, this work is now of particular importance and urgency.
The PTB closely cooperates with the metrological state institutes of other countries. Comparison
measurements of the national standards of the state institutes are carried out at regular inter-
vals.

Just as the technical and scientific progress of the industrial nations in the last hundred
years would not have been possible without the metrological state institutes, so is the establish-
ment of central metrological institutes of appropriate capacity the basis of an organized legal
and industrial metrology system as a prerequisite for trade and industry for the developing
countries. The PTB passes on the benefit of its experience to the developing countries within
the scope of technical cooperation and helps in the establishment and development of metro-
logical organizations with regard to personnel and equipment, especially of central national
institutes, usually on behalf of the Federal Minister for Economic Cooperation. If necessary, this
is done with the aid of German institutes engaged in the field of verification, standardization,
testing and quality assurance. At present, about 30 projects are being implemented, covering
the procurement and calibration of measuring instruments, advice and training, and the sec-
ondment of experts.

Summary and outlook

The Physikalisch-Technische Reichsanstalt, the predecessor of the Physikalisch-
Technische Bundesanstalt, was founded one hundred years ago, in conjunction with the indus-
trial development in Germany. In the beginning, the research work and tests carried out by the
Reichsanstalt served above all the development of science, technology and trade and com-
merce. It is just this task which the Physikalisch-Technische Bundesanstait still fulfills today.
With the development of physics and technology, to an increasing extent tasks have been as-
signed to the Reichsanstalt - and later to the Bundesanstalt - which are aimed at protecting man
against the impacts of technology on his living space. Today, when natural sciences and tech-
nology largely determine human life, the work accomplished by the Physikalisch-Technische
Bundesanstalt is of equally great importance for all spheres of society, as scientific findings,
technical capabilities and man's personal safety are no longer imaginable without a highly de-
veloped measuring technique.
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Literature

The BIML takes the opportunity to mention two recent books related to the content of the preceding article:

— An extensive publication on the application of legal metrology in Germany including the role of PTB is
since a few months available in an English edition :
W. Schulz - Legal Metrology in the Federal Republic of Germany
reference : PTB - TWD - 36e
Braunschweig, January 1992

— The history of the start of PTB when it was called Physikalisch-Technische Reichsanstalt (PTR) and up
to 1918 has been subject to a doctorate thesis by an American. This very documented work on the
scientific and industrial background, the development of the buildings and the role of the Presidents of
PTR during this period, not to forget the calibration services supplied to the industry of that time, has
now been published in German language :

David Cahan: Meister der Messung

Die Physikalisch-Technische Reichanstalt im Deutschen
Kaiserreich, 374 pages, 31 fig., 1992

published by VCH Verlagsgesellschaft mbH

D — 6940 Weinheim, Germany

The author mentions in the foreword that an English edition will be available in a near future.
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R.P. CHINE

DEVELOPMENT OF THE CAPACITANCE TYPE
ELECTRONIC CRANE SCALE*

by XU PINGJUN
China Zhengshou Electronic Scale Factory

SUMMARY — The capacitance type electronic crane scale is characterized by the
introduction of the capacitance type load cell and coding circuits, and the success in application
of a microprocessor system.

Resolutions can be chosen conveniently to be 0.1, 0.2, 0.5, and 1, 2, 5 kg. The accuracy
requirements of OIML class lll scale can be met. Radio transmission makes operation of the
scale convenient and flexible to satisfy entirely operation requirements under various conditions.

1. General description

The capacitance ORS type electronic crane scale was developed by China Zhengshou
Electronic Crane Scale Factory and granted China national patent. The pattern of the scale has
been approved by the metrology service of China, and its weighing accuracy can meet the
requirements of OIML class Il

2. Structure and Composition

The ORS type electronic crane scale is composed of two parts: the scale body and the
weighing indicator. Its system framechart is shown in Figure 1.

The scale body structure, showed in Figure 2, comprises hanging parts (such as hanging
ring and hook), outer cover, capacitance type load cell, temperature sensor, coder, radio trans-
mitter, power supply, etc.

The capacitance type load cell consists of a proving ring, a variable gap capacitance
sensor, a LC oscillating circuit with stable features. The proving ring has the shape of an oblate
with the plates of the capacitance sensor fixed in the internal cavity with the oscillating circuit
board on one side. The effects of wire parametric variation upon the performance of the load
cell was eliminated since the wire which connects he capacitance sensor with the oscillating
circuit is very short. The load cell is incorporated in a sealed metal hood that is filled with dry
nitrogen gas in order to maintain its long-term stability.

The load cell is mounted in the outer cylindrical cover through higher and lower joining
parts. There are shear diaphragms fixed in the lower part of the outer cover to deliver side force
and torque onto the outer cover. The sealed outer cover not only provides mechanical pro-

(*) Abridged version of a paper presented at the OIML seminar Weighing in Braunschweig, 15-18 May 1990.
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Fig. 1 — Principle framechart.

tection, but also exempts the load cell from direct effects by adverse surroundings. The higher
joining part is joined with a hanging ring by means of a hinge that has a needle bearing. The
lower part is joined with the hanging hook using a universal joint with a needle bearing. The
effects of interference force moment, torque and side force upon the load cell is abated to a
negligible extent by such a structure.

The weighing indicator consists of a radio receiver, a microprocessor, a display device, a
printer, a key-board, a calibration switch, etc. A RS-232c¢ interface also can be provided if
required. In essence, it is a small and exquisite microcomputer for special use with perfect func-
tions and various supplementary devices.

3. Operation Principle

A certain deformation KP (K is the coefficient determined by the structure of the proving
ring and the elastic modulus of material) will be generated when the load (i.e. weight) P of the
object is applied. A corresponding air gap length 6, + KP will be formed between the two plates
of the capacitor (5, is the initial air gap length of the capacitance sensor). Then the capacity of
the sensor will be:

gLA

8, + KP

g, is the vacuum permittivity, e, = 8.85 X 10~ "2 F/m
¢ is the relative permittivity and € = 1.00068 when the medium is dry nitrogen
A is the effective area of the plates of the capacitance sensor.
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1 - hanging ring, 2 - axle, 3 - joining part, 4 - proving ring, 5 - capacitance sensor, 6 - outer cover, 7 - bearing
diaphgragm, 8 - joining part, 9 - universal joint, 10 - hanging hook.
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The frequency generated in an LC oscillating circuit which is comprised by the capacitor C
and inductor L will be

1 1

f= =

\/ £LA
2n,/L(C'+ C) 2n,4L(C'+———)
8, + KP

where C'is the distributed capacity of the sensor.

The influence of electric field distortion around the capacitance sensor has been omitted
here.

As P = 0, f will obviously be a single-valued monotone function of P. The frequency signal
and the scale body temperature signal from the temperature sensor are converted into binary
and serial digital signals by a coder, then transferred into the microprocessor in the weighing
indicator via the radio transmitter and receiver or the signal cable. The linearization for the
weight signals, the compensation for the temperature according to the temperature signals, the
offset and digital filtering for the creep of load cell and other mathematic treatment are done by
the microprocessor. The output for actual and accurate weight vaiue of the object will be pro-
cessed by the weighing indicator on to the display, printer or RS-232¢ interface. The operation
program flowchart of weighing indicator is shown in Figure 3.

4. Error Analysis of the Load Cell

The main error source of the ORS capacitance type electronic crane scale is concentrated
in the load cell itself. Such errors are typically due to creep, hysteresis and non-repeatability.

The main external factor which can affect the characteristics of the capacitance type load
cell of the ORS electronic crane scale is the environment temperature. The variations of the
elastic modulus of the proving ring and of the distributive capacitance as well as the inductance
caused by the temperature will be corrected by the microprocessor according to the tempera-
ture signal. Therefore, the long-term stability of ORS capacitance type electronic crane scale
depends on the stability of all parameters in the oscillating circuit of the load cell.

To maintain the long-term stability of the load cell it is very important to manufacture stable
inductors by all means of technology.

5. Summary of the features of the ORS crane scale

(1) Wide output range, high resolution and excellent repeatability of the capacitance type load
cell. The scale has a resolution better than 1 part in 100 000. Iis repeatability is better than
0.01 %. Software can be used to compensate the system errors that might be described by
the mathematics.

(2) The LC signal conversion circuit allows frequency modulation and the signals of the load
cell can be transmitted in frequency and digital form. The transmitted data are not influenced
by the decay and the wave-form distortion of the signals.
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(3) The ability of antijamming and the accuracy are improved as no linear operational amplifier
or analog-digital converter are employed in the system.

(4) The system is easy to operate. The ORS type electronic crane scale can be connected to
different types of weighing indicators to meet the users' requirements.
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Fig. 3 — The flowchart of the meter's operational sequence.
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The desk-top weighing indicator, AC powered, is applicable at fixed locations such as
office or crane control-room, and a bright display using fluorescent digital tubes is normally
adopted. Generally a liquid crystal display is used in the portable weighing indicator which is
supplied by a cadium-nickel battery and can be operated continually for 15 hours after being
charged. Both indicators are capable of recording 990 times weighing results for 10 kinds of
goods, and the weighing results can be printed out at time by the micro-needle printer of 16
rows that is supplied in the indicator. The indicator has a negative-weighing function to display
the weight of the object taken off from the hanging hook directly. It is very convenient to control
the casting weight while casting. The resolution interval d or the verification interval e of the
scale can be chosen by the weighing indicator automatically. The interval d can also be set to
0.1, 0.2, 0.5, 1, 2 and 5 kg by use of the keyboard conveniently in order to offer enough high
resolution while weighing minor objects and retain measuring accuracy.

The weighing indicator with a RS-232¢ interface can communicate with a computer system
to transfer weighing results into computer-aided control systems or to make it possible that the
computer controls the electronic crane scale. The large-size display interface on the weighing
indicator can be connected with a giant LED display with words being 200 mm high, which is
applicable to large workshops. The pocket-size weighing indicator, weighing only 1 kg, has the
dimensions of 200 X 80 X 40 mm, an 8-digit LCD display with accumulation possibility and is
suitable for out-door operation.

The radio communication frequency of the ORS type electronic crane scale conforms to

the stipulations formulated by National Radio Supervision Committee of China. The emission
power is less than 0.5 W and allows a transmission distance of more than 300 metres.
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R.P. CHINE

A SURVEY OF THE PROGRESS
IN IN-MOTION RAIL-WEIGHBRIDGES

by WANG JINGLIN

National Railway Weighbridges Metrology Centre
China Academy of Railway Sciences, Beijing 100081, P.R. China

SUMMARY - This paper makes a survey of the progress in weighing accuracy, wagon
identification, weighing velocity and new structures of the in-motion weighing rail-weighbridges
in China. To better understand the progress so far, the paper will begin by introducing the
method used to verify a weighing machine of this kind.

1. Review

In 1976, the first in-motion weighing rail-weighbridge(IWRW) was successfull)'/ put into use
in China. In the beginning of the 1980's, the country began to develop micro-computer con-
trolled IWRWs. In the mid-1980's Chinese-made IWRWs can accurately weigh wagons in
motion as well as, or even better than some developed countries. Since then China has become
increasingly more involved in the spread of applications for IWRWs.

With the use of the large-scale integrated circuits, the IWRWs have entered a new era of
micro-computer controlled IWRWs which are much better than the previous electronic ones. For
example, the failure rate of weighing systems is decreasing, at the same time the stability and
reliability are increasing. Under the same condition of the railroad bed and platform, the accu-
racy of the IWRWSs can be improved by 0.1 % to 0.2 %.

To better understand this paper, we will begin by briefly introducing the method of veri-
fication of the IWRWSs.

2. The Method of Verification of the IWRW

The National Railway Weighbridges Metrology Centre is responsible for the initial veri-
fication and in-service inspection of the IWRWs for the whole country in accordance with China
national measurement and verification regulation (JJG 234-90): in-motion weighing rail-weigh-
bridge.

Each IWRW shall be designated one of the following accuracy classes: class 0.2, and
class 0.5. In the regulation JJG 234-90, the accuracy class and corresponding scale interval
used in testing is shown in Table 1. The maximum permissible errors for in-motion testing is
shown in Table 2.
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TABLE 1 — ACCURACY AND TESTING SCALE INTERVAL

Accuracy Class Testing Scale Interval e
0.2 50 kg
0.5 100 kg

TABLE 2 — MAXIMUM PERMISSIBLE ERRORS FOR IN-MOTION TESTING

Accuracy Class
Mass Weighed
0.2 0.5
m=20 +05e
0<m=500e +2 e
500e<m=<2000e +3e +4e

The normally used standard test wagons are the T6F model test wagons described in the
Appendix which have an accuracy superior to 1 X 10~ * and the T6D model test wagon set
(Fig. 1) in which there are 5 test wagons each with an accuracy superior to 2 X 10=4.

For in-motion weighing testing, the five T6D wagons which are 84 t, 76 t, 68 t, 50 t and 20 t
of nominal weight should be grouped according to the following two series:

1) Locomotive —84t-50t-76t—-68t-201t, and
2) Locomotive —68t—761—-50t—-84t—-201.

For each group, the test wagon set will run over the weighbridge and back 10 times with the al-
lowed weighing speed, and every reading shall be in conformity with the specification in Table
2. It will be considered failure to pass the verification if any reading not in conformity with the
Table 2 appears or any mistake occurs during the test performance.

After the in-motion test has finished, we can obtain 20 groups of test readings. For each
group of readings x, i =1, 2, 3, ... 10, we know the standard value x, of the corresponding test
wagon, so we define the equivalent accuracy (9) of the in-motion weighing of the IWRW accord-
ing to the following procedure:

10
mean value of test readings X = > x
i=1

systematic error A= X- x

10
]
the standard deviation c = 1/ T D (x - %)?
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Fig. 1 — Standard test wagons set model T6D

Nominal mass: 201,501,681, 76 tand 84 t

Accuracy superiorto =2 X 10~

Mass stability during a verification cycle better than = 2 X 10~

Rated speed: 100 km/h

This equipment was developed by Cheng Wei, Guo Lili and Guo Ruilin.

Al + 20

Xo

relative error at the weight equivalent & =

Among §}, j = 1, 2, 3, ..., 20, the biggest figure is defined as the weighing accuracy of the
IWRW.

3. Progress in Accuracy

The statistical figures shown in Table 3 are obtained according to the method explained
above. From the table we can notice the in-motion weighing accuracy of Chinese-made IWRWs
tends to be better from one year to ancther. There are 16 imported IWRWs in China. Both im-
ported and Chinese-made IWRWs are tested according to the regulation JUG 234-90. The accu-
racy of the Chinese-made IWRWs have proved to be very good. According to statistics in
November 1991, about 30 % of Chinese-made IWRWs correspond to the accuracy of class 0.2,
while there are 11 IWRWSs which can only reach class 0.5 among the 16 imported ones.
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TABLE 3 — THE NUMBER OF HIGH ACCURACY IWRWs IN IN-MOTION TEST RESULTS

Annuals 1985 | 1986 | 1987 | 1988 | 1989 | 1990 to Nov. 1991
0 < 01% 1 1 3 4
01% <& =02% 1 9 16 22 32 33
Total 0 1 10 17 22 35 37

Absolute errors (kg)

4

400 4 / class 0.5
0.5 &

150 4 class 0.2
100 / / ]

// Area 2

area 1
Wei t
0 T T T T T T i | eight (%)
0 20 25 40 50 60 75 80 100

Fig. 2 — The relationship between accuracy class and accuracy.

In China, the accuracy class is only used to decide whether an IWRW can be used to
weigh expensive materials such as grain, chemical products, etc. Please note, class 0.2 is not a
name synonymous with the accuracy superior to 0.2 %, neither does class 0.5 and the accuracy
inferior to 0.2 % have the same meaning. For example, in Fig. 2 if the maximum tolerance is in
area 1 after the verification performance, the IWRW can certainly reach class 0.2, but the accu-
racy of the IWRW would be worse than 0.2 % according to the Chinese method. In contrast, if
the maximum tolerance is in area 2, the accuracy of the IWRW would be superior to 0.2 %, but
unfortunately the IWRW can only be classified to class 0.5. As explained in the last part of this
paper, even if every reading in a group of test data has an accuracy superior to 0.2 %, the rela-
tive error at the equivalent weight may be inferior to 0.2 %. The weighing accuracy of an IWRW
is defined in a different way in China compared to most western countries. Although the
Chinese method results in a more conservative estimate, both the reliability and confidence are
higher. Because there is a probability forecasting factor in the Chinese method, it is very difficult
for an IWRW to be defined to an accuracy superior to 0.2 %. Without this background knowl-
edge, many traders fell into a difficult position after an IWRW trade contract was signed with
China.
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4. Progress in Wagon Identification

As we know, track switches operate up and down very frequently when the train being
weighed is running over the weighbridge, so they are easily damaged. Once there is something
wrong with the track switches, logical errors will occur when the IWRW ftries to identify the
wagons, so the weighing would be failure.

All Chinese-made IWRWs have no so-called track switches or wheel sensors now. They
automatically identify the wagons with analog signals of axles' weight. The hardware of the
IWRWs used for wagon identification is avoided. There is almost no maintenance work on the
track logic of the Chinese-made IWRWs. Its reliability is also very good.

Although there are so many types of locomotives and wagons in China, the Chinese
method of wagon identification can distinguish each wagon in-motion with a reliability of up to
100 %.

The method is based on the different distances between the adjacent axles of rolling
stocks. When a weighing train is passing the weighbridge, the output signals of the load cells
are in proportion to the weight of the wagon axles, and the output waveforms of the load cells
are periodically changed. So the computer can calculate every distance between adjacent axles
(DBAA) simultaneously. The software can also detect the direction, the sequence number, type
and roll back of the axle passage, these data ensure weighings are made at the correct time.
Non-essential data (i.e. axles comprising locomotives and guards' wagons) can be automatically
eliminated from the weighing cycle.

The DBAAs are the criterion used for wagon identification in the Chinese méthod, so the
precision of the distances measured is the key to reliable wagon identification. Here, the main
problem is that the velocity of the train being weighed may be unstable to a great extent, so a
suitable formula for calculating the DBAAs must include the factor of the speed variation. The
measurement offsets should be set to obtain accurate DBAAs.

5. Progress in Weighing Velocity

The maximum weighing speed of Chinese-made IWRWs can reach as high as 12 to
18 km/h, and the minimum weighing speed can go as low as possible. Because the weighing
speed can be varied within a wide enough range, the weighing efficiency has been raised
greatly. The driver finds it easy to operate the train being weighed.

The faster a weighing train runs, the less the period is during which a wagon passes the
weighbridge and the shorter is the sampling time. Because there is no multi-section filter circuit
in Chinese-made IWRWSs, the task of automatic elimination of dynamic suspension elements
from weight processing calculations is finished by the micro-computer. This makes it possible to
do fast and accurate weighing. While wagons are being weighed, the IWRWs can display and
print the readings almost simultaneously.

6. Progress in Structure

Besides the traditional IWRWSs (i.e., deep pit or low profile in-motion weighing systems), a
few kinds of new products have been developed in recent years (as shown in Table 4).
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TABLE 4 — NEW KINDS OF IWRWSs IN CHINA

N° Name of New Kind of IWRW Special Characteristics
Pitless In-motion Weighing — rapid and high accuracy weighing
1 Rail-Weighbridge — short construction time
— low investment
Pitless In-motion Weighing — suitable for the enterprises with difficulty
5 Rail-Weighbridge on Curved Track in locating the IWRW on straight lines
long enough
— radius of curved track = 200 m
3 Dual Purpose Static Rail-Weighbridge — save construction area
for Highway Trucks and Railway Wagons | — save investment
The Rail-Weighbridge for Monitoring — ensure safe transportation
4 the over load and eccentric load — pitless and no platform
of wagons in-motion — easy to maintain
— fast weighing and low cost
The In-motion Weighing — no platform and pitless
Rail-Weighbridge for Artery Rail-line — easy to maintain
5 — fast weighing and low cost
— business as usual while constructing
— no influence to track circuit

7. Concluding Remarks

Besides the benefits realised in hundreds of railway in-motion weighing installations world-
wide, such as improved freight turnround times, reduced operating costs, optimum manpower
utilisation and improved marshalling yard safety, etc., the Chinese-made IWRWs have some
added features especially convenient for the users. For example, fast and accurate weighing,
without any mechanical wagon identification device, reliability, several kinds of new structural
designs for a particular application, etc. Furthermore the Chinese-made IWRWs are tending
towards being more reasonable and simplified in structure, more convenient to users, much
easier and faster in installation and adjustment, much lower in cost, and so on.
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RAIL-WEIGHBRIDGE TESTING WAGON MODEL T6F

Equipment developed by JIN ZUOKANG

National Railway Weighbridges Metrology Center
China Academy of Railway Sciences, Beijing 100081, P.R. China

Appendix

The T6F rail-weighbridge testing wagon is a specialized wagon for the verification of the
static weighbridges with heavy test weights. It can also be used 1o iest in-motion weighbridges
while coupled with the standard wagon set. As a vital equipment with the characteristics of high
accuracy, rational structure and easy operation, it is widely used for the rail-weighbridge testing

in railways, harbours, mines, etc.

The wagon consists of a body, weights conveyor, lifting device, heavy mass standards and
electric installations. It can carry out the full load testing, the eccentric load testing, the support

testing and the multiple weighing points testing.

CHARACTERISTICS

o~ wh -

rail-weighbridge testing.

MAIN TECHNICAL SPECIFICATIONS

1. Gross weight: 82 t
2. Rail gauge: 1435 mm
3. Rated speed: 100 km/h
4. Maximum height of the empty wagon: 4620 mm
5. Maximum width of the wagon: 3014 mm
6. Rated lifting capacity: 25t
7. Maximum boom reach from the wagon: 2.8 m
8. Maximum lifting height: 3.2m
9. Weights conveyor
Maximum carrying capacity: 40 t
Tare weight: 25t
Wheel base: 1000 mm
Rail gauge: 1435 mm
10. Number of the standard weights: 220f2t,20f11,20f0.51.

30

The telescopic lifting boom can work in both directions
The wagon can be towed by the weights conveyor

The range of swing angle of the wagon boom is 0° to 260 °
Anti-skid device is provided for the heavy test weights

The stability of the gross weight permits the wagon to be used as a reference weight for the
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The T6F rail-weighbridge testing wagon.

The boom can be put outside of the wagon to lift the weights conveyor.

A standard weight of 2 t can be lifted by the telescopic lifting boom.
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INDE

ADJUSTMENT OF STANDARD WEIGHTS (Ni-Cr alloy)
BY ELECTRODEPOSITION OF RHODIUM

by M.L. DAS and S.V. GUPTA

Mass Metrology Section, National Physical Laboratory
New Delhi 110 012, India

SUMMARY — A technique was developed to increase the mass of the Ni-Cr alloy stan-
dard weights by electroplating them with rhodium. To get a low stressed bright deposit, the
deposition was carried out by using an aged sulphate electrolyte at low temperature. Degreas-
ing in an ultrasonic cleaner which contained trichloroethylene and hot alkaline electrolytic
cleaning of the surfaces were found essential for good adhesion. The adhesion was tested by a
heat-quench method. The cleaning and electroplating methods are described in detail.

Introduction

Weights made from 80 % Ni 20 % Cr alloy are used as secondary standards of mass at
NPL of India. Due to frequent use, some of them have lost a significant amount of mass. Some-
time back we got four Ni-Cr alloy standard weights (1 kg) from the manufacturer (India Govern-
ment Mint, Bombay), which were found much below their nominal values. These four weights
and some other weights were adjusted by electroplating them with rhodium. Electroplated
rhodium has some unique properties suitable for standards of mass [1, 2]. It is highly corrosion
and wear resistant. Its colour is silver-white and its reflectivity to visible light is excellent.

It is difficult to get adhesive and crackfree deposit of rhodium on nickel [3]. In our case the
problem became more acute as the substrates contained a substantial amount of chromium.
For good adhesion, great care was taken to ensure thorough cleaning of the surfaces of the
weights. Cracking in rhodium deposit occurs due to excess internal stress [4, 5]. To get lower
internal stress in the deposit and higher cathodic efficiency, an aged (about 5 years) rhodium-
sulphate electrolyte was used. During electrodeposition the electrolyte was kept at rather low
temperature which helped in reducing the internal stress further.

Experimental

1. CLEANING OF THE SURFACES OF THE WEIGHTS

The weights were first degreased by ultrasonic solvent cleaner containing trichloroethylene
for five minutes. Then they were cleaned electrolytically by the following alkaline solution:

Sodium hydroxide: 35 g/L
Sodium carbonate: 25 g/L.
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The cleaning was cathodic and for a duration of two minutes. The temperature of the bath
was maintained at 80 °C and a current density of 1 000 A/m? was applied.

A stainless steel bar was used as anode. After alkaline cleaning, the weights were rinsed in
distilled water and then dipped in a solution containing ten percent sulphuric acid by volume.The
weights were then transferred into the rhodium plating solution without any delay.

2. RHODIUM PLATING

A 10 g/L solution of rhodium had been prepared earlier (5 years back) by dissolving anhy-
drous sulphate salt in distilled water. The temperature of the solution was maintained at 25 °C.
A current density of 100 A/m? was applied. A platinum sheet was used as anode. The depo-
sition time was fixed by taking into account the amount of rhodium required to be deposited on
the weights. Two of the rhodium plated standards are shown in Fig. 1.

Fig. 1

3. ADHESION TEST

For the adhesion test, samples were prepared by plating small pieces of Ni-Cr alloy with
rhodium by following the same cleaning and plating procedure as for the standard weights. The
samples were heated to 150 °C for one hour in air and then quenched into cold water (ASTM
B571). The operation was repeated several times. No degradation, such as blisters, cracks or
patches of discoloration was observed.

Conclusion

Chemically stable and very hard rhodium can be electrodeposited on Ni-Cr alloy weights
and the mass of the weights can be increased according to requirement.

Bulletin OIML - N° 127 - Juin 1992 33



References

[1] Howard M. Smith: Changing concept in electroplating of platinum group metals - Part 1.
Metal Finishing, 55-58, March, 1983.

[2] D.O. Water: Electroplated rhodium in co-axial radio frequency circuits.
Pt. Met. Rev. 1, (1), 14-19, 1957.

[38] R.R. Benham: Rhodium plating to specification.
Pt. Met. Rev. 12 (4), 13-18, 1961.

[4] John Hilll:Stress in electroplated rhodium.
Pt. Met. Rev. 8 (2), 55-59, 1964.

[5] F.H. Reid: Some experimental and practical aspects of heavy rhodium plating.
Bull. Inst. Met. Fin. 6 (2), 107-142, 1956.

34 Bulletin OIML - N° 127 - Juin 1992



WECC

INTERNATIONAL INTER-LABORATORY COMPARISONS -
A TOOL FOR GAINING MUTUAL CONFIDENCE IN CALIBRATION
AND TEST RESULSTS

by K. BRINKMANN
PTB, Braunschweig, Germany

1. Introduction

At its meeting in 1990, the International Committee of Legal Metrology approved, after sev-
eral years of discussion, a document on an OIML certificate system for measuring instruments
[1]- The system aims inter alia to facilitate, accelerate and harmonize the work of national or re-
gional bodies that approve patterns of measuring instruments. It is limited to those categories of
measuring instruments for which existing OIML Recommendations specify the metrological and
technical requirements, suitable test methods and the format of the test report thus providing a
sound basis for conformity tests to be carried out. Nevertheless, some doubts were raised dur-
ing the process of development of this system whether there was enough evidence to suppose
that tests performed on the same instrument in laboratories of different OIML member states
would lead to the same test results. It appeared that only little experience on the international
equivalence of tests and test reports is available in the field of legal metrology up to now. It was,
therefore, suggested to consider in the future any means to improve the situation and to initiate
international inter-laboratory comparisons wherever appropriate.*

In the field of laboratory accreditation, however, proficiency testing has for many years
been regarded as an effective means for the demonstration of the technical competence of a
calibration or testing laboratory. Recent normative documents [2] explicity recommend partici-
pation in proficiency tests and within the framewaork of calibration laboratory accreditation pro-
ficiency testing by inter-laboratory comparisons is standing practice.

At an international level, inter-laboratory comparisons are recognized as the most import-
ant element in a programme for building up and maintaining mutual confidence between cali-
bration or testing laboratories in different countries and between national laboratory ac-
creditation bodies.

Especially, the Western European Calibration Cooperation (WECC), that is the collab-
oration of national calibration services in Europe has an ongoing programe of inter-laboratory
comparisons since 1975. At present nearly 800 calibration laboratories are accredited by the
national accreditation bodies of the 17 WECC member countries. Through the programme of
inter-laboratory comparisons, the equivalence of certificates issued by these laboratories has
been permanently demonstrated. A number of bilateral and multilateral agreements on mutual
recognition of calibration certificates have been signed on this basis. The first was concluded in
1981, the last one concluded in 1990 is a multilateral agreement between 9 out of 17 WECC
members.

(*) Note by BIML: Intercomparison tests of nonautomatic weighing instruments in accordance with the first edition
of OIML R 76 were undertaken at an early stage by the EFTA countries. The results were reported in Bulletin de 'OIML.
n° 117, Dec. 1989. Simular intercomparisons were later initiated by other legal metrology services of countries
belonging to EEC.
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TABLE 1 — DEVICES SUBJECT TO WECC INTER-LABORATORY COMPARISONS

Field of ig- .
mga?sgrement r?:t?o% iéaaf Devices
Dimensional M1 1976 end gauges, plug and ring gauge, screw gauge
M2 1976 length bar, polygon, angle gauges, ring gauge
M3 1976 end gauges, plug and ring gauge, screw gauge
M4 1978 end gauges, plug and ring gauge, line scale
M5 1979 end gauges
M6 1979 end gauges, plug and ring gauge, surface texture standards
M7 1983 long end gauges
M8 1983 end gauges
M9 1983 line scale
M10 1985 screw gauges
M11 1987 balls and rollers
Mi2 1989 angel gauge blocks
M13 1989 surface roughness
M14 1990 internal diameter, roundness, cylindricity
Electrical EN 1976 resistors, capacitors, inductors, attenuator
Ei2 1976 resistors, capacitors, inductors, attenuator
EI3 1976 DC transfer standard
El4 1976 resistors, capacitor, attenuator
El5 1976 capacitors, inductors '
El6 1977 resistors, capacitors
El7 1978 directional coupler, power heads
EI8 1979 resistors
El9 1979 resistors, capacitors
ENO 1980 coaxial attenuator
EN2 1983 capacitors
El14 1988 semiconductor voltage standard
El15 1988 AC/DC transfer
El16 1989 resistors
EN7 1990 inductance standards
EH8 1990 RF power
Force F1 1985 load cells
F2 1990 force transducers
Torque T 1991 torque transducers
Pressure Pri 1976 pressure balance
Pr2 1988 pressure balance
Photometry P1 1979 incandescent lamps
Thermometry Thi 1976 platinum thermocouple
Th2 1978 resistance thermometer
Th3 1979 thermocouple
Th4 1982 liquid-in-glass thermometers
Ths 1991 thermocouples
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TABLE 2 — PARTICIPATION IN WECC INTER-LABORATORY COMPARISONS

Start Desig- Report C .

year nation year Participating countries

1976 EN 1977 DK GB NO SE
1976 El2 1977 DE GB IT N‘L

1976 EI3 1977 AT GB NL NO

1976 El4 1877 AT DE FR GB

1976 EI5 1977 AT DE FR GB

1976 M1 1977 DK GB IT NO

1976 M2 1977 DE GB NL NO

1976 M3 1977 DE GB NL SE
1976 Pr1 — AT DE GB

1976 Thi 1977 AT GB IT NO

1977 El6 1979 DK IE IT NL

1978 El7 1979 DE GB NL SE
1978 M4 1979 AT GB IT NL SE
1978 Th2 1979 DK GB IT NO SE
1979 EI8 1981 AT DE IT NO

1979 El9 1981 DE Fi NL SE
1979 M5 1981 DE DK FR GB NL

1979 Mé 1981 DE FR NO SE
1979 P1 1981 DE GB IT NL

1979 Th3 1981 AT DK GB IT NO SE
1980 EN0 1988 DE GB IT NL NO SE
1982 Th4 1986 DE DK Fl NO SE
1983 El12 1987 DE DK FIl. FR GB {E IT NL NO SE
1983 M7 1987 AT DE DK FI FR IT NL SE
1983 M8 1988 AT DE DK FI FR GB IT NL NO SE
1983 M9 — DE DK FR IT NL NO SE
1985 F1 1987 DE DK GB NL SE
1985 M10 1987 DE DK Fl GB IE IT NL NO SE
1987 M11 19H CH DE DK Fi GB NL NO SE
1988 El4 1989 AT BE CH DE DK ES FI FR GB IE IT NL NO PT SE
1988 EN5 — AT BE CH DE DK ES FI FR GB IE IT NL NO PT SE
1988 Pr2 — DE DK Fl GB IT NL NO SE
1989 EL16 — AT BE CH DE DK ES FI FR GB IE NL NO PT SE
1989 M12 — CH DE DK FI FR GB IT NL NO PT SE
1989 M13 — CH DE DK ES FI FR GB IT NL NO PT SE
1990 M14 — CH DE DK Fl GB IT NL NO SE
1990 EN7 — BE CH DE FR GB IE IT NL NO SE
1990 El18 — BE CH DE DK ES FI FR GB NL NO SE
1990 F2 — DE DK FI. FR GB NL NO PT SE
19N T1 — DE DK GB IT PT SE
1991 Th5 — CH DE DK ES FI GB IE IT NL NO SE

Country codes: AT Austria, BE Belgium, CH Switzerland, DE Germany, DK Denmark, ES Spain, Fi Finland, FR France,
GB United Kingdom, IE ireland, IT Italy, NL Netherlands, NO Norway, PT Portugal, SE Sweden.

Reference laboratory marked with bold letters.
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WECC Committee

Executive Committee
Permanent Secretariat

Subcommittee Subcommittee Subcommittee Subcommittee
on on on on
Multilateral Agreement Technical Activities Documentation International Cooperation
Eirmargnt Task Forces
_pe¢ roups - Reference Materials
- Dimensional Metrology - lonizing Radiation and Radioactivity
- Mechanical Measurements - Liquid and Gas Flow Measurements
- Pressure
- Temperature
- DC + AC Electr. Measurements
- HF Electr. Measurements
Fig. 1

The gathered expertise of WECC in the field of inter-laboratory comparisons may serve as
a model for other organizations faced with similar problems. Therefore, the main technical and
organizational aspects of WECC inter-laboratory comparisons will be described. This will cover
the whole procedure, i.e. starting off from an analysis of needs and ending up with the approval
of the final report. Emphasis is laid on some practical experience.

2. Programme and administration of WECC inter-laboratory comparisons

The series of WECC inter-laboratory comparisons started in 1975. Since then, a total num-
ber of 41 comparisons have been initiated, 14 of them running at present. Table 1 gives a sur-
vey of the fields of measurement and quantities covered. The main activities apparently lie in
the classical areas of metrology, i.e. dimensional and electrical measurements but other fields
such as force, torque, pressure, photometry and thermometry are covered as well.

Table 2 shows the chronological sequence and the participation of member services indi-
cated by their country codes. Reference laboratories are marked by bold letters. It may be noted
that the number of participating countries is continuously increasing and that a total number of
15 countries participated in some of the recent comparisons, each of them being represented by
several accredited laboratories. 7 member services shared the burden of organizing all these
comparisons.

A continuous programme of this kind requires a proper administrative structure. To provide

easy understanding of the development of WECC inter-laboratory comparisons, a sketch of the
WECC structure is shown in Fig. 1.
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The highest authority of WECC in all questions including those of technical nature is the
WECC Committee. It establishes subcommittees, technical expert groups and task forces,
receives their reports and, apart from many other things, decides on the performance of inter-
laboratory comparisons. At present, 6 permanent expert groups and 3 temporary task forces
deal with specific measurement fields.

While the conveners of expert groups are appointed by the Committee for a four year
period, their members are nominated by the member services. The membership may vary de-
pending on the subjects to be discussed thus guaranteeing an utmost technical expertise in the
group. It is the special responsibility of these groups to agree on the details of comparisons and
to discuss their results. Task forces have similar responsibilities and follow the same principles
of membership on a temporary basis.

The Subcommittee on Technical Activities forms the link between the Committee and the
expert groups and task forces. It mainly comprises their conveners and was set up to harmonize
the technical work, to make long-term planning of comparisons, to monitor their progress and to
advise the Committee in all technical questions. The responsibilities of all the parties concerned
with technical work are well specified in related documentation [3, 4].

TABLE 3 — DEVELOPMENT OF WECC INTER-LABORATORY COMPARISONS

Stage Responsibility Action

Analysis SC "Technical Activities" Long-term planning

Physical quantity
Equipment

Reference Laboratory
Organ. Accr. Body
Circulation type
Schedule

Expert Group
Proposal Task Force
Accreditation Body

Decision WECC Committee Registration

Measuring instruction
Invitation, Schedule
Transportation
Reference calibration

Preparation Organizing
Accreditation Body

National loop

Participating
o Summary report
Accreditaiton Body Corrective actions
Execution Organizing Supply of ref. values
Accreditation Body progress control
SC "Technical Activities" Management control
Organ. Accr. Body Draft report
Report Part. Accr. Bodies Corrective actions
Expert Gr., Task Force Final report
Approval WECC Committee Registration
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3. The development of WECC inter-laboratory comparisons

The development of WECC inter-laboratory comparisons is explained in Table 3. It con-

tains the main stages of a comparison, the responsibilities of the various parties concerned and
the actions to be taken at each level.

(1) Any comparison originates from an analysis of the needs. This is based on an evaluation of

the measurement capabilities offered by accredited laboratories in the WECC member
countries. A permanent comprehensive analysis is carried out within the Subcommittee on
technical activities. It results in a long-term planning and may lead to the establishment of
further expert groups and task forces from time to time. It is the goal of this analysis 1o in-
clude all main physical quantities in the long-term programme for which some common
interest exists, especially those representing new fields of technology.

(2) The next stage is the proposal stage. A proposal for a certain comparison will usually be

3)

(4)

40

presented by an expert group or task force. It shall contain details on the physical quantity
to be measured, the equipment to be circulated, the reference laboratory, the organizing
accreditation body, the type of circulation, and a preliminary time schedule.

At present the classical round robin type of circulation dominates. But with the increasing
number of participating countries the total circulation time is considerably extended resulting
in more severe requirements on the stability of the circulated equipment and/or more fre-
qguent recalibration by the reference laboratory. Therefore, other types of circulation are con-
sidered, e.g. a startype where a number of equivalent devices are calibrated by the refer-
ence laboratory and circulated in parallel to participating services.

The reference laboratory usually is the national standards laboratory in the country of the
organizing accreditation body which often provides a measurement uncertainty considerably
lower than that of most participating laboratories. Knowing a good estimate of the true value
obviously facilitates the evaluation of resulis.

Final decisions on comparisons are up to the WECC Committee. A registration number as
indicated in the lists shown in Table 1 and Table 2, is applied for identification purposes.

The following stage is the preparatory stage. The organizing accreditation body is respon-

sible for drafting the preliminary and editing the final measuring instructions, for inviting
member services to participate, for preparing of a detailed time schedule on the basis of re-
sponses received, for preventing problems concerning equipment transportation and cus-
toms and for having the equipment calibrated by the reference laboratory.

The measurement instructions should allow the participants to follow the measurement pro-
cedures usually applied and to issue a normal certificate of calibration. The time needed for
calibration should generally not exceed one man day.

WECC member services are requested to participate in a comparison whenever they have
accreditaiton activities in measurement fields covered by the scope of a certain comparison.
In the case of a classical round robin circulation, however, the number of participating lab-
oratories in each couniry has to be limited and the time for transportation has to be mini-
mized by proper sequence of participants.

Obviously, a realistic but tight time schedule is very important from the very beginning. In
the past, there was a tendency of an extension of the total time needed to several years
both due to the increasing number of participants and due to some kind of lacking discipline
of the participants. Inevitably, such exercises then bear the risk in themselves that the re-
sults might be obsolete by any reason when they will finally have been derived.

Bulletin OIML - N° 127 - Juin 1992



Moreover, it is quite important to have some knowledge of the history and the stability of the
circulated equipment and to provide intermediate recalibrations in the reference laboratory,
if necessary, by separating the comparisons into different subsequent loops.

(5) During the execution stage, participating accreditation bodies are responsible for organizing
the national loops within their countries, for collecting the calibration certificates from the
participants and to provide a brief summary report. They are allowed to take immediate cor-
rective actions if some of the results are obviously wrong.

Each participating accreditation body is responsible for its own budget: unless another
formal agreement has been made for a specific inter-laboratory comparison, there are no
financial interactions between accreditation bodies. The costs for the organization as a
whole are, however, to be covered by the organizing accreditation body.

After having received the summary report the organizing accreditation body submits the
preliminary reference values for the equipment thus enabling quick actions if one of the par-
ticipating laboratories obviously has failed to meet its specified measurement uncertainty.

The organizing accreditation body has to maintain a permanent progress control and - in
close cooperation with the convener of the expert group or task force concerned - to take
appropriate actions, if necessary. Forms confirming arrival of the equipment in a certain
country and departure from it are extremely useful.

Even if this is properly performed, an overall management control by the Subcommittee on
technical activities has been found to be necessary. A status report on all running compari-
sons is prepared half-yearly and circulated to all member services showing deviations from
original time schedules and actions taken.

(6) A draft report on the inter-laboratory comparison is prepared by the organizing accreditation
body combining the complete course of the comparison including any deviations from the
originally agreed schedule and all results received including the final reference values.

Having received the draft report it is up to the participating accreditation bodies to take final
carrective actions, if necessary, and to report on them to the organizer for inclusion in the fi-
nal report.

At the end of the reporting stage, the draft report is discussed by the expert group or task
force concerned and the final report is prepared on the basis of comments received.

(7) This final report is circulated to all WECC member services. The Committee approves it and
may draw conclusions, if necessary.

4. Evaluation of calibration results

Fig. 2 shows an extract from a round robin test on a standard 1 uF capacitor. At the lefi-
hand side, a selection of participating laboratories is given, identified by the country code and a
confidential code number. On a scale showing the relative deviation of the measurement results
from the nominal value, the individual result of each laboratory is given together with the stated
uncertainty

In this case, the Physikalisch-Technische Bundesanstalt (PTB), Germany, acted as the ref-
erence laboratory. The total intercomparison had been divided into various loops with intermedi-
ate recalibrations at the PTB. By this means a slight time shift of the capacitance standard could
be detected and taken into account.
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Extract from report on WECC inter-laboratory comparison
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It is emphasized that the claimed best measurement capability of a laboratory is evaluated
during the national accreditation procedure and is finally fixed in the accreditation certificate.
The basis for the calculation and the expression of measurement uncertainties using calibration
is now laid down in a WECC document [5], which is to be uniformly applied by all WECC mem-
ber services from 1 January 1992, especially with respect to a stated interval of confidence of
95 %.

Though a high degree of accuracy is certainly a goal aimed at by each laboratory, it is prin-
cipally free to specify any uncertainty which it is able to achieve during routine work and which
serves the needs of its customers.

The uncertainty stated by a laboratory for a special calibration may exceed the best
measurement capability specified during accreditation, but must never be lower.
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In Fig. 2 a large range of uncertainties of the various laboratories is shown. A measure-
ment result was considered satisfactory in this comparison if the uncertainty bar of the partici-
pating laboratory overlapped the uncertainty bar of the reference laboratory.

With respect to their results, several groups of laboratories might be distinguished, the
most interesting in our context being

— those stating a small uncertainty and reporting a mean value in close agreement with the re-
sult of the reference laboratory (e.g. F1, 15, S2),

— those stating a large uncertainty but reporting a mean value close to the "true value” (e.g. F2,
NL2),

— those stating a small uncertainty but deviating too much from the "true value" (e.g. 14, N5,
NL3, SF2) and

— those stating a large uncertainty without including the correct result in their confidence inter-
val (e.g. I1).

Corrective actions have to be taken in the latter two cases. They may consist of a
thourough evaluation of possible systematic errors and their removal, a withdrawal of the ac-
creditation or merely of an increase of the specified best measurement uncertainty. This latter
consequence may, at first sight, be considered as of minor importance. However, the important
role of measurement uncertainty must not be forgotten. It is not only that some kind of compe-
tition between calibration laboratories and member services will be based on stated uncer-
tainties which might be distorted by lacking equivalence but there is also the risk of wrong and
costly decisions in industrial production processes based on wrong estimates of uncertainties.

4. Conclusions

As operated by WECC, international inter-laboratory comparisons considerably increase
the transparency of performance of different accreditation bodies and provide an excellent basis
for mutual confidence. Within WECC, they are therefore considered an essential element of any
multilateral agreement on the recognition of technical equivalence of the parties concerned.

The ongoing WECC programme of inter-laboratory comparisons is based on a 15 year
experience, well structured in each detail and properly documented [6, 7]. Some of these docu-
ments are under revision at present to incorporate most recent experiences, the principles will,
however, be kept unchanged.

There are no reasons for any discontinuity in future developments of any follow-up pro-
grammes. However, there is a gradual development which has to be carefully considered and
procedural modifications have to be adapted accordingly. A first issue is the number of countries
expressing their wishes to participate in this programme. Recently, WECC has been approach-
ed both by Eastern European countries and by countries far outside Europe asking for partici-
pation. The inclusion of countries from other continents apparently creates special organ-
izational problems. Since international comparisons are considered a good tool for national
surveillance of accredited laboratories, the number of laboratories nominated for participation by
each service also increases permanently. Both tendencies raise problems concerning the total
circulation time needed together with equipment stability and concerning transportation and
financial aspects. New forms of circulation have to be developed and external financial support
has to be sought. Other problems arise from the increasing complexity of measurements and re-
lated equipments.

Bulletin OIML - N° 127 - Juin 1992 43



Though some modifications might be necessary the general concept of WECC inter-lab-
oratory comparisons is not questioned. The well-established experience of WECC in the field of
calibration may easily be transformed to other areas. It is, therefore, offered to other related or-
ganizations as a model and may help to harmonize corresponding procedures between organ-
izations active in the field of calibration, testing and accreditation.
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A "STANDARDIZED" GRAVITY FORMULA

In a paper with the title "The Local Value of g" (Bulletin de I'OIML n°® 94, March 1984) the
author indicated a simplified formula for the approximate computation of the local value of the
acceleration due to gravity. The coefficients stated were those adopted by the International
Union of Geodesy and Geophysics in 1967.

A metrologist draw some time ago my attention to the fact that the constants of this geo-
physical formula were changed again by the introduction of the Geodetic Reference System
1980, a description of which was published much later in a paper by Professor H. Moritz in Bull-
etin Geodesique Vol. 62, n° 3, 1988.

Some recent physical handbooks reproduce in fact a similar formula using the new coef-
ficients of the Geodetic Reference System 1980.

A more careful reading of the various publications and correspondence with Professor
Moritz indicated however that the geodesists remove the influence of the atmosphere above the
earth so that their so-called y-values are not fully identical to the g-values but include the earth's
atmosphere just like it was condensed on the earth's surface.

The difference is very small and amounts at sea level to 0.87 mgal or 8.7 - 10~ 6 m/s?.

By pure coincidence it thus happens that the goedesist's y,-value for the latitude of the
equator in the 1967 system and the corresponding computed value of g, at the equator in the
1980 system are identical at sea level.

The result is that we may for approximate computations of g standardize upon the following
simplified formula which is in conformity with the Geodetic Reference System of 1980

g = 9.780 318 (1 + 0.005 3024 sin? ¢ — 0.000 0058 sin® 2¢)  m/s?.
Our readers will notice that this formula is, except for a very slight modification of the third
coefficient, identical to that published for y in Bulletin de I'OIML n° 94.
The estimations of the altitude correction given in the previous paper are not affected by
the above considerations and remain the same, i.e. about — 2-10-® m/s? per meter altitude

within the (flat) earth to about — 3 - 10~® m/s? per meter altitude in free air.

Finally remember that the absolute value of g can hardly be computed to better than
0.01 % by the simple use of formulas whatever the coefficients are.

Ake Thulin
BIML
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A SHORT HISTORY
OF WESTERN EUROPEAN METROLOGY ORGANISATIONS*

Bilateral collaboration in metrology in Western Europe goes back over many decades, but
it is only in the past twenty years or so that a wider approach has emerged. The Western Eu-
ropean Metrology Club (WEMC) played a major part in this development.

The "Club" came into being following a conference on metrology in Western Europe held at
the NPL in April 1973. It was felt that there was a need for those with national responsibilities for
metrology to come together from time to time. Issues of common interest could be considered
and actions and initiatives agreed.

In 1974 the first meeting of the "Club" took place at the PTB. Some twenty participants,
representing the major national metrology institutes and services in Western Europe, were pres-
ent. The atmosphere was business-like, but friendly and informal, and agreement was reached
on a number of aspects. The Club would meet at intervals of between one and two years and
detailed work in specified areas would be carried out between meetings through a number of
working groups. It was agreed also that every few years a booklet on national metrological ser-
vices and facilities in Western Europe, broadly similar to one provided by the 1973 conference,
should be produced.

One of the working groups established by WEMC in 1974 was in the area of calibration. As
we shall see, this group was eventually to become WECC, an important body in Western Eu-
rope in its own right. Other groups, on nomenclature, information exchange and thermal proper-
ties, were to be more limited in attainment but they played some part in later developments.

The Club met nine times in the period 1974 to 1986. The meetings took place at different
venues and settled inio an agreed format. Developments in metrology in the various states were
described, and discussions took place on working group activities and matters such as specifi-
cation standards, legal metrology and laboratory accreditation. Reports were presented on as-
pects of the work of major international organisations, and the meetings benefitted from the
presence by invitation of the Directors of BIPM and BIML.

The meeting in Paris 1986 proved to be something of a watershed for WEMC, for it was
then that the concept of EUROMET was proposed. This initiative, which followed discussions
involving Germany, France and the UK, initially received a somewhat mixed response. How-
ever, the delegates were to become much more enthusiastic in the following months and, fol-
lowing discussions on the concept at Frankfurt in December 1986 and Teddington in April 1987,
the EUROMET Memorandum of Understanding was signed at Madrid in September 1987.
EUROMET formally came into being on 1 January 1988.

Whereas WEMC had been informal and a means primarily of ensuring contact between
those responsible for metrology in Western Europe, EUROMET was a more formal arrangement
between states for collaboration on measurement standards. Initially all the EC and EFTA
states, excepting Iceland, became members along with the European Commission. The first
meeting of the EUROMET Committee took place at PTB in Braunschweig in January 1988, a
second in August of that year at Helsinki, and a third, in May 1989, in Boras, Sweden. It was
agreed that subsequent meetings should take place at approximately yearly intervals, and later
meetings occured at Lisbon in March 1990 and Berne in April 1991. Iceland joined as a member
for the 1990 Committee meeting.

(*) This article and the following pages containing information on EUROMET, WECC and WELMEC are repro-
duced from the directory "Metrology in Western Europe" printed by PTB (editor P. Drath).
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EUROMET initially made rapid progress, various projects being agreed at an early stage
between member states. At the end of 1991 there were 81 agreed projects underway with 46
other proposals for collaborative work on measurement standards. The structure of national del-
egates, rapporteurs for each of nine areas of metrology, and national contact points for each of
these areas worked well. At the outset close relations were established with the European Com-
mission's BCR programme on Applied Metrology.

With the coming of EUROMET, the need for WEMC as a forum for maintaining contact
clearly diminished. A short meeting of the Club was held in Madrid in September 1987 following
the signing of the EUROMET Memorandum of Understanding, and others followed the early
EUROMET Committee meetings. Boras in 1989 was to be the final meeting-place for WEMC. It
was agreed then that with the successful establishment and clear progress of EUROMET there
was no longer a sufficiently strong case for a separate focus for metrology in Western Europe
and therefore that WEMC should be wound up.

Inevitably there were some concerns at the demise of WEMC. It had been a useful forum
in which to discuss matters wider than the purely scientific and industrial aspects of metrology.
Most particularly, a number of those with responsibilities for legal metrology were concerned.
Soundings suggested that there was probably a case for the establishment of a new body
specifically concerned with legal metrology in Western Europe. A meeting at PTB held in the
autumn of 1989 indicated strong and enthusiastic support for this idea. Thus the concept of
WELMEC, the Western European Legal Metrology Cooperation, was born.

WELMEC was formally established by a Memorandum of Understanding in June 1990 be-
tween bodies responsible for legal metrology in the EC and EFTA states. Its objectives include
the development of mutual confidence between the various services, the harmonisation of legal
metrology activities, and the removal of technical or administrative barriers to trade for measur-
ing instruments. The WELMEC Committee meets at least once a year and a good deal of work
is inderway through its eight Working Groups.

As mentioned earlier, the Western European Calibration Cooperation (WECC), now a for-
mal vehicle for collaboration between the national calibration services of Western Europe, had
its origins at the WEMC mesting at PTB in 1974. The calibration Working Group established
there, after a hesitant beginning, was to go from strength to strength over the years. It became
somewhat separate from WEMC itself in the late 1970's, although its members were either
themselves delegates to WEMC or colleagues of delegates. It continued to report on its activi-
ties at WEMC meetings.

WECC played an important part over the years in stimulating the establishment of a num-
ber of the national calibration services in Western Europe. It has been involved in the develop-
ment of published standards for calibration laboratory accreditation and has played an important
part in the growth of bilateral agreements of mutual recognition between services. Late in 1989
it established a multilateral agreement, now involving nine countries, which became in 1991 the
first Agreement Group of the European Organisation for Testing and Certification (EOTC).
Strangely enocugh, WECC was itself formalised by a Memorandum of Understanding between
Western European states only as recently as June 1989.

EUROMET, WECC and WELMEC now cover the field of metrology and calibration in
Western Europe and undoubtedly will be influential in the future. It is interesting that all three
can be traced back to the informal gatherings of WEMGC and the simple initiating thought that
those responsible for metrology in Western Europe should maintain contact.

Dr Paul DEAN
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EUROMET

Established by the signing of a Memorandum of Understanding by representatives of par-
ticipating States and the EC Commission in Madrid on 23 September 1987 to become operative
from 1 January 1988.

The main purposes of EUROMET are

— 1o coordinate research into the development of new and improved measurement standards in
a shorter time scale and without unnecessary duplication;

— to allow EUROMET Members access to measurements standards of the others;

— to allow Members to cooperate in the provision of measurement standards on a European
basis for the small number of physical quantities where demand for traceable calibration does
not justify facilities being provided in every Member State;

— to support work in the fields of legal metrology and calibration services, observing the
exclusively recommendatory nature of EUROMET.

Members: the ELIROMET Committee is composed of

— 18 Delegates from organisations responsible for maintaining measurement standards in EC
and EFTA countries and one Delegate from the Commission of the European Communities;

— 2 observers from Western European Calibration Cooperation (WECC) and Western Eu-
ropean Legal Metrology Cooperation (WELMEC); .

— invited observers for specified meetings.

EUROMET has no permanent seat. The chairman is elected for a period of two years, his
term of office is renewable once. EUROMET has no budget of ist own. The funds required come
from the member countries’ normal budget.

To make cooperation practicable and ensure transparency of the work being done, the field
of metrology has been divided into the following areas: Mass - Electricity - Length - Time and
Frequency - Thermometry - lonizing radiation and radioactivity - Photometry and radiometry -
Flowraie measurements - Acoustics. The EUROMET Committee elects a rapporteur for each of
these areas, who coordinates cooperation in this area in Europe.

There is a contact person for each special field in each country, who submits project pro-
posals to the respective rapporteur and discusses these proposals with him. There are at pres-
ent 54 agreed EUROMET projects, and another 106 have been proposed.

The addresses of all committee members, rapporteurs and contact persons have been
compiled in the EUROMET DIRECTORY which is newly published every year and can be ob-
tained from the EUROMET Secretary. This directory also contains the Memorandum of Under-
standing.

Chairman: Prof. Dr.-Ing. Dieter Kind, President, Physikalisch-Technische Bundesanstalt,
Bundesallee 100, W-3300 Braunschweig
Phone: + 49 531 592 1000. .

Secretary: Dr. Peter Drath, Physikalisch-Technische Bundesanstalt,
Bundesallee 100, W-3300 Braunschweig
Phone: + 49 531 592 8103 FAX: + 49 531 592 4006.
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WECC

The Western European Calibration Cooperation (WECC) denotes the collaboration of the
national calibration services. The national calibration services comprise, apart from the national
calibration laboratory accreditation body (hereafter called accreditation body), its accredited lab-
oratories and their activities. The cooperation started in 1975 and is based on a Memorandum
of Understanding signed by representatives of the participating calibration services in Copen-
hagen on 9 June 1989.

The purpose of the WECC is to build up and maintain mutual confidence between national
calibration services in order to reach a state of mutual agreement on the equivalence of the op-
eration of the accreditation bodies and of the certificates issued by accredited laboratories. This
supports the removal of technical barriers to trade related to calibration.

A further goal of WECC is to open and maintain channels for a continuous flow of know-
how between the participating accreditation bodies in order to establish a common high level of
measuring capability.

One of the means for WECC to reach these goals is the publication of the criteria ac-
credited laboratories have to meet and criteria for the operation of the accreditation bodies.
These criteria, while being harmonised with the European standards on laboratory accreditation,
in particular with EN 45001, EN 45002 and EN 45003, lay down the detailed requirements for
calibration laboratories, their assessment, accreditation and surveillance. They also contain pro-
cedures to keep Member Bodies informed about each other's activities.

Members: the WECC Committee is composed of

— delegates from the participating calibration services;
— observers from EUROMET, WELAC, WELMEC, EURACHEM and EUROLAB;
— invited observers for specified meetings.

WECC has no permanent seat. The chairman is elected for a period of four years.

WECC has no budget of its own. The funds required come from the calibration services'
own budget, with exception of the secretariat which is paid by the member services.

Apart from the WECC Committee, WECC consists of the following groups:

Executive Committee, to prepare the plenary meetings and to conduct the daily operations;

— four Subcommittees: SC1 on Multilateral Agreements, SC2 on Technical Activities, SC3 on
Documentation and SC4 on International Cooperation;

six expert groups: on low-frequency electrical measurements, high-frequency electrical
measurements, dimensional metrology, pressure, temperature, and mechanical measure-
ments;

three Task Forces: on ionizing radiation & radioactivity, on reference materials, and on liquid
& gas flow measurements.

The addresses of contact persons are compiled in WECC Doc. 3, which is newly published
every year and can be obtained from all calibration services.

Chairman: Ir. R. Kaarls, Director Van Swinden Laboratory, P.O. Box 654, NL-2600 AR Delit.
Secretary: Dr. O. Mathiesen, SWEDAC, Box 878, S-501 15 Boras.
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WELMEC

The Western European Legal Metrology Cooperation (WELMEC) is a cooperation between
the bodies responsible for legal metrology in the Member States of the European Community
and the countries of EFTA. It was established by the signature of a Memorandum of Under-
standing in June 1990.

The objectives of WELMEC include
— the development and maintenance of mutual confidence between legal metrology services in
Europe;
— the equivalence and harmonisation of legal metrology activities;

— the removal of technical or administrative barriers to trade in the field of measuring instru-
ments.

The WELMEC Committee, which meets at least once a year, consists of one delegate from
each of the signaroty bodies as well as observers from the European Commission, the Eu-
ropean Free Trade Association (EFTA) Secretariat, the International Organisation of Legal
Metrology (OIML), the European Organisation for Testing and Certification (EOTC), ELUROMET
and WECC. The Chairman of the Committee is elected for a period of two years.

WELMEC has established eight Working Groups as follows

STRATEGY (Secretariat: UK)

DIRECTIVE IMPLEMENTATION (Secretariat: UK)

DATA BASE (Secretariat: Netherlands)

EN45000 STANDARDS (Secretariat: Sweden)

WELMEC LEGAL METROLOGY REVIEW (Secretariat; UK)
PACKAGES (Secretariat: Germany)

PERIPHERALS AND COMPUTERS (Secretariat: Germany)
MEASURING INSTRUMENTS DIRECTIVE (Secretariat: Netherlands).

0 N O bW N =

Further information about WELMEC and its activities can be obtained from the Chairman
or the Secretary.

Chairman: Dr Seton Bennett, Chief Executive, National Weights and Measures Laboratory
Stanton Avenue, Teddington, Middlesex TW11 0JZ.

Secratary: Mr Peter Edwards, National Weights and Measures Laboratory
Stanton Avenue, Teddington, Middlesex TW11 0JZ.
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INFORMATIONS

MEMBRES DU COMITE — CIML MEMBERS

IRLANDE - Le nouveau représentant de l'ifrlande auprés du CIML est Monsieur Seamus
MORAN, Secrétaire Adjoint du Ministére de I'Industrie et du Commerce.

IRELAND — The new representative of Ireland in the CIML is Mr Seamus MORAN,
Assistant Secretary of the Department of Industry and Commerce.

RUSSIE — Le nouveau représentant de la Russie auprés du CIML est notre ancien Vice-

Président Dr L.K. ISSAEV.

RUSSIA — The new CIML representative of Russia is our previous Vice-President Dr L.K.
ISSAEV.

MEMBRES CORRESPONDANTS — CORRESPONDING MEMBERS

La MONGOLIE a récemment été admise comme membre correspondant de 'OIML.

MONGOLIA has recently been admitted as corresponding member of OIML.
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PUBLICATIONS

Vocabulaire de métrologie légale
Vocabulary of legal metrology

Vocabulaire international des termes fondamentaux et généraux de métrologie

International vocabulary of basic and general terms in metrology

Dictionnaire des essais de dureté (frangais, anglais, allemand, russe)
Hardness testing dictionary (French, English, German, Russian)

RECOMMANDATIONS INTERNATIONALES
INTERNATIONAL RECOMMENDATIONS

R1

R2

R4

R5

R6

R7

Ro9

R10

R12

R 14

R15

R 16

52

Poids cylindriques de 1 g a 10 kg (de la classe de précision moyenne)
Cylindrical weights from 1 g to 10 kg (medium accuracy class)

Poids parallélépipédiques de 5 a 50 kg (de la classe de précision moyenne)
Rectangular bar weights from 5 to 50 kg (medium accuracy class)

Fioles jaugées (a un trait) en verre
Volumetric flasks (one mark) in glass

Compteurs de liquides autres que I'eau a chambres mesureuses
Meters for liquids other than water with measuring chambers

Dispositions générales pour les compteurs de volume de gaz
General provisions for gas volume meters

Thermomeétres médicaux (& mercure, en verre, avec dispositif 2 maximum)
Clinical thermometers (mercury-in-glass, with maximum device)

Vérification et étalonnage des blocs de référence de dureté Brinell
Verification and calibration of Brinell hardness standardized blocks

Vérification et étalonnage des blocs de référence de dureté Vickers
Verification and calibration of Vickers hardness standardized blocks

Vérification et étalonnage des blocs de référence de dureté Rockwell B
Verification and calibration of Rockwell B hardness standardized blocks

Vérification et étalonnage des blocs de référence de dureté Rockwell C
Verification and calibration of Rockwell C hardness standardized blocks

Saccharimétres polarimétriques
Polarimetric saccharimeters

Instruments de mesure de la masse a 'heciolitre des céréales
Instruments for measuring the hectolitre mass of cereals

Manometres des instruments de mesure de la tension artérielle (sphygmomano-

metres)

Edition
1978
en révision

being revised
1991

1973

1973

1970

1981

1989

1978

1970

1970

1970

1970

1978

1970

1970

Manometers for instruments for measuring blood pressure (sphygmomanometers)
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R18

R 20

R 21

R 22

R23

R 24

R25

R 26

R 27

R 29

R 30

R 31

R 32

R 33

R 34

R 35

R 36

R 37

R 38

Pyrométres optiques a filament disparaissant
Visual disappearing filament pyrometers

Poids des classes de précision E, E, F, F, M, de 50 kg &4 1 mg
Weights of accuracy classes E, E, F, F, M, from 50 kg to 1 mg

Taximétres
Taximeters

Tables alcoométriques internationales
International alcoholometric tables

Manomeétres pour pneumatiques de véhicules automobiles
Tyre pressure gauges for motor vehicles

Metre étalon rigide pour agents de vérification
Standard one metre bar for verification officers

Poids étalons pour agents de vérification
Standard weights for verification officers

Seringues médicales
Medical syringes

Compteurs de volume de liquides (autres que ['eau). Dispositifs complémentaires.

Volume meters for liquids (other than water). Ancillary equipment

Mesures de capacité de service
Capacity serving measures

Mesures de longueur a bouts plans (calibres a bouts plans ou cales-étalons)
End standards of length (gauge blocks)

Compteurs de volume de gaz & parois déformables
Diaphragm gas meters

Compteurs de volume de gaz a pistons rotatifs et compteurs de volume de gaz a
turbine

Rotary piston gas meters and turbine gas meters

Valeur conventionnelle du résultat des pesées dans I'air
Conventional value of the result of weighing in air

Classes de précision des instruments de mesurage
Accuracy classes of measuring instruments

Mesures matérialisées de longueur pour usages généraux
Material measures of length for general use

Vérification des pénétrateurs des machines d'essai de dureté
Verification of indenters for hardness testing machines

Vérification des machines d'essai de dureté (systéme Brinell)
Verification of hardness testing machines (Brinell system)

Vérification des machines d'essai de dureté (systéme Vickers)
Verification of hardness testing machines (Vickers system)
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1973

1973

1975

1973

1973

1977

1973

1973

1973

1981

1989

1989

1973

1974

1985

1977

1977

1977

53



R 39

R 40

R 41

R 42

R 43

R 44

R 45

R 46

R 47

R 48

R 49

R 50

R 51

R 52

R 53

R 54

R 55

R 56

R 57

54

Vérification des machines d'essai de dureté (systemes Rockwell B, F, T - C, A, N)
Verification of hardness testing machines (Rockwell systems B, F, T - C, A, N)

Pipettes graduées étalons pour agents de vérification
Standard graduated pipettes for verification officers

Burettes étalons pour agents de vérification
Standard burettes for verification officers

Poingons de métal pour agents de vérification
Metal stamps for verification officers

Fioles étalons graduées en verre pour agents de vérification
Standard graduated glass flasks for verification officers

Alcoomeétres et aréomeétres pour alcool et thermometres utilisés en alcoométrie
Alcoholometers and alcohol hydrometers and thermometers for use in alcoholometry

Tonneaux et futailles
Casks and barrels

Compteurs d'énergie électrique active a branchement direct (de la classe 2)
Active electrical energy meters for direct connection (class 2)

Poids étalons pour le contrdle des instruments de pesage de portée élevée
Standard weights for testing of high capacity weighing machines

Lampes a ruban de tungsténe pour I'étalonnage des pyrometres optiques
Tungsten ribbon lamps for calibration of optical pyrometers

Compteurs d'eau (destinés au mesurage de 'eau froide)
Water meters (intended for the metering of cold water)

Instruments de pesage totalisateurs continus a fonctionnement automatique
Continuous totalising automatic weighing machines

Trieuses pondérales de contrdle et trieuses pondérales de classement
Checkweighing and weight grading machines

Poids hexagonaux. Classe de précision ordinaire de 100 g & 50 kg
Hexagonal weights. Ordinary accuracy class, from 100 g to 50 kg

Caractéristiques métrologiques des éléments récepteurs élastiques utilisés pour le
mesurage de la pression. Méthodes de leur détermination

Metrological characteristics of elastic sensing elements used for measurement of
pressure. Determination methods

Echelle de pH des solutions aqueuses
pH scale for aqueous solutions

Compteurs de vitesse, compteurs mécaniques de distance et chronotachygraphes
des véhicules automobiles - Réglementation métrologique

Speedometers, mechanical odometers and chronotachographs for motor vehicles.
Metrological regulations

Solutions-étalons reproduisant la conductivité des électrolytes
Standard solutions reproducing the conductivity of electrolytes

Ensembles de mesurage de liquides autres que I'eau équipés de compteurs de
volumes. Dispositions générales

Measuring assemblies for liquids other than water fitted with volume meters. General

provisions

1977

1977

1977

1977

1977

1985

1977

1978

1978

1978

1977

1980

1985

1980

1982

1981

1981

1981

1982
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R 58

R 59

R 60

R 61

R 62

R 63

R 64

R 65

R 66

R 67

R 68

R 69

R70

R 71

R72

R73

R74

R75

Sonometres
Sound level meters

Humidimétres pour grains de céréales et graines oléagineuses
Moisture meters for cereal grains and oilseeds

Réglementation métrologique des cellules de pesée
Metrological regulations for load cells

Doseuses pondérales a fonctionnement automatique
Automatic gravimetric filling machines

Caractéristiques de performance des extensomeétres métalliques a résistance
Performance characteristics of metallic resistance strain gauges

Tables de mesure du pétrole
Petroleum measurement tables

Exigences générales pour les machines d'essai des matériaux
General requirements for materials testing machines

Exigences pour les machines d'essai des matériaux en traction et en compression

Requirements for machines for tension and compression testing of materials

Instruments mesureurs de longueurs
Length measuring instruments

Ensembles de mesurage de liquides autres que I'eau équipés de compteurs de
volumes. Controles métrologiques

Measuring assemblies for liquids other than water fitted with volume meters.
Metrological controls

Méthode d'étalonnage des cellules de conductivité
Calibration method for conductivity cells

Viscosimeétres a capillaire, en verre, pour la mesure de la viscosité cinématique
Glass capillary viscometers for the measurement of kinematic viscosity

Détermination des erreurs de base et d'hystérésis des analyseurs de gaz
Determination of intrinsic and hysteresis errors of gas analysers

Réservoirs de stockage fixes. Prescriptions générales
Fixed storage tanks. General requirements

Compteurs d'eau destinés au mesurage de 'eau chaude
Hot water meters

Prescriptions pour les gaz purs CO, CO,, CH,, H,, O,, N, et Ar destinés & la
préparation des mélanges de gaz de référence

Requirements concerning pure gases, CO, CO,, CH,, H,, O,, N, and Ar intended for

the preparation of reference gas mixtures

Instruments de pesage électroniques
Electronic weighing instruments

Compteurs d'énergie thermique
Heat meters
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1984

1984

1991

1985

1985

1985

1985

1985

1985

1985

1985

1985

1985

1985

1985

1985

en révision
being revised

1988
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R76

R 77

R78

R79

R 80

R 81

R 82

R 83

R84

R 85

R 86

R 87

R 88

R 89

R 90

56

Instruments de pesage a fonctionnement non automatique
Nonautomatic weighing instruments

Partie 1 : Exigences métrologiques et techniques - Essais
Part 1 : Metrological and technical requirements - Tests

Partie 2 : Rapport d'essai de modéle

Part 2 : Pattern evaluation report

Ensembles de mesurage de liquides autres que I'eau équipés de compteurs de
volumes. Dispositions particuliéres relatives a certains ensembies

Measuring assemblies for liquids other than water fitted with volume meters.
Provisions specific to particular assemblies

Pipettes Westergren pour la mesure de la vitesse de sédimentation des hématies
Westergren tubes for measurement of erythrocyte sedimentation rate

Etiquetage des préemballages
Information on package labels

Camions et wagons-citernes

Road and rail tankers

Dispositifs et systémes de mesure de liquides cryogéniques (comprend tables de
masse volumique pour argon, hélium, hydrogéne, azote et oxygene liquides)
Measuring devices and measuring systems for cryogenic liquids (including tables
of density for liquid argon, helium, hydrogen, nitrogen and oxygen)
Chromatographes en phase gazeuse pour la mesure des pollutions par pesticides
et autres substances toxiques

Gas chromatographs for measuring pollution from pesticides and other toxic
substances

Chromatographe en phase gazeuse équipé d'un spectrométre de masse et d'un
systéme de traitement de données pour I'analyse des polluants organiques dans
l'eau

Gas chromatograph/mass spectrometer/data system for analysis of organic pollutants
in water

Capteurs a résistance thermométrique de platine, de cuivre ou de nickel (2 usages
techniques et commerciaux)

Resistance-thermometer sensors made of platinum, copper or nickel (for industrial
and commercial use)

Jaugeurs automatiques pour le mesurage des niveaux de liquide dans les réservoirs
de stockage fixes

Automatic level gauges for measuring the level of liquid in fixed storage tanks

Compteurs a tambour pour alcool et leurs dispositifs complémentaires
Drum meters for alcohol and their supplementary devices

Contenu net des préemballages
Net content in packages

Sonometres intégrateurs-moyenneurs

Integrating-averaging sound level meters

Electroencéphalographes - Caractéristiques métrologiques - Méthodes et moyens
de verification

Electroencephalographs - Metrological characteristics - Methods and equipment for
verification

Electrocardiographes - Caractéristiques métrologiques - Méthodes et moyens de
vérification

Electrocardiographs - Metrological characteristics - Methods and equipment for
verification

1992

1989

1989

1989

1989

1989

1989

1990

1989

1989

1989

1989

1989

1990

1990
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Re1 —

R92 —

R93 —

R95 —

Ros —

Rg7 —

R98 —

R99 —

R 100 —

R 101 —

R 102 —

R 103 —

R 104 —

Cinémomeétres radar pour la mesure de la vitesse des véhicules
Radar equipment for the measurement of the speed of vehicles

Humidimeétres pour le bois - Méthodes et moyens de vérification: exigences
générales

Wood-moisture meters - Verification methods and equipment: general provisions

Frontofocométres
Focimeters

Bateaux-citernes - Prescriptions genérales
Ships' tanks - General requirements

Bouteilles récipients-mesures
Measuring container bottles

Barométres
Barometers

Mesures matérialisées de longueur a traits de haute précision
High-precision line measures of length

Instruments de mesure des gaz d'échappement des véhicules
Instruments for measuring vehicle exhaust emissions

Spectrométres a absorption atomique pour la mesure des polluants métalliques
dans l'eau

Atomic absorption spectrometers for measuring metal poliutants in water

Manometres, vacuomeétres et manovacuomeétres indicateurs et enregistreurs
Indicating and recording pressure gauges, vacuum gauges and pressure-vacuum
gauges

Calibreurs acoustiques

Sound calibrators

Appareillage de mesure pour la réponse des individus aux vibrations
Measuring instrumentation for human response to vibration

Audiometres a son pur
Pure-tone audiometers

DOCUMENTS INTERNATIONAUX
INTERNATIONAL DOCUMENTS

D1 —

b2 —

D3 —

D4 —

Loi de métrologie
Law on metrology

Unités de mesure légales
Legal units of measurement

Qualification légale des instruments de mesurage
Legal qualification of measuring instruments

Conditions d'installation et de stockage des compteurs d'eau froide
Installation and storage conditions for cold water meters
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1990

1990

1990

1990

1990

1991

1991

1991

1991

1992

1992

1975
en révision
being revised

1979

1981
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D5

D6

D7

D8

Do

D10

D11

D12

D13

D14

D15

D16

D17

D18

D19

D20

58

Principes pour ['établissement des schémas de hiérarchie des instruments de 1982
mesure

Principles for the establishment of hierarchy schemes for measuring instruments

Documentation pour les étalons et les dispositifs d'étalonnage 1983
Documentation for measurement standards and calibration devices

Evaluation des étalons de débitmétrie et des dispositifs utilisés pour I'essai des 1984
compteurs d'eau

The evaluation of flow standards and facilities used for testing water meters

Principes concernant le choix, la reconnaissance officielle, I'utilisation et la 1984
conservation des étalons

Principles concerning choice, official recognition, use and conservation of
measurement standards

Principes de la surveillance métrologique 1984
Principles of metrological supervision

Conseils pour la détermination des intervalles de réétalonnage des équipements de 1984
mesure utilisés dans les laboratoires d'essais

Guidelines for the determination of recalibration intervals of measuring equipment
used in testing laboratories

Exigences générales pour les instruments de mesure électroniques en révision
General requirements for electronic measuring instruments being revised
Domaines d'utilisation des instruments de mesure assujettis a la vérification ) 1986

Fields of use of measuring instruments subject to verification

Conseils pour les arrangements bi- ou multilatéraux de reconnaissance des résultats 1986
d'essais, approbations de modeéles et vérifications

Guidelines for bi- or multilateral arrangements on the recognition of test results,
pattern approvals and verifications

Formation du personnel en métrologie légale - Qualification - Programmes d'étude 1989
Training of legal metrology personnel - Qualification - Training programmes

Principes du choix des caractéristiques pour i'examen des instruments de mesure 1986
usuels

Principles of selection of characteristics for the examination of measuring instruments

Principes d'assurance du controle meétrologique 1986
Principles of assurance of metrological control

Schéma de hiérarchie des instruments de mesure de Ia viscosité des liquides 1987
Hierarchy scheme for instruments measuring the viscosily of liquids

Principes généraux d'utilisation des matériaux de référence certifiés dans les 1987
mesurages

General principles of the use of certified reference materials in measurements

Essai de modéle et approbation de modéle 1988
Pattern evaluation and pattern approval

Vérifications primitive et ultérieure des instruments et processus de mesure 1988
Initial and subsequent verification of measuring instruments and processes
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D 21

D22

D23

Note

Laboratoires secondaires d'étalonnage en dosimétrie pour I'étalonnage des 1990
dosimeétres utilisés en radiothérapie

Secondary standard dosimetry laboratories for the calibration of dosimeters used
in radiotherapy

Guide sur les instruments portatifs pour I'évaluation des polluants contenus dans 1991
I'air en provenance des sites de décharge de déchets dangereux

Guide to portable instruments for assessing airborne pollutants arising from
hazardous wastes

Principes du contréle métrologique des dispositifs utilisés pour les vérifications *
Principles for the metrological control of devices used for verification

Publication en cours d'impression/Publication being printed.

Ces publications peuvent étre acquises au / These publications may be purchased from
Bureau International de Métrologie Légale, 11, rue Turgot, 75009 PARIS.
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AN
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ORGANISATION INTERNATIONALE

DE METROLOGIE LEGALE
ETATS MEMBRES
ALGERIE INDONESIE
ALLEMAGNE IRLANDE
ARABIE SAOUDITE ISRAEL
AUSTRALIE ITALIE
AUTRICHE JAPON
BELGIQUE KENYA
BRESIL LIBAN
BULGARIE MAROC
CAMEROUN MONACO
CANADA NORVEGE .
REP. POP. DE CHINE PAKISTAN
CHYPRE PAYS-BAS
REP. DE COREE POLOGNE
REP. POP. DEM. DE COREE PORTUGAL
CUBA ROUMANIE
DANEMARK ROYAUME-UNI DE GRANDE-BRETAGNE
EGYPTE ET D'IRLANDE DU NORD
ESPAGNE RUSSIE
ETATS-UNIS D'AMERIQUE SR'\ LANKA
ETHIOPIE SUEDE
FINLANDE SUISSE
FRANGE TANZ,ANIE
GRECE TCHECOSLOVAQUIE
HONGRIE TUNISIE
INDE YOUGOSLAVIE

MEMBRES CORRESPONDANTS

Albanie - Bahrein - Bangladesh - Barbade - Botswana - Burkina Faso - Colombie - Costa Rica - Fidji - Ghana
Hong Kong - Irak - Islande - Jordanie - Koweit - Libye - Luxembourg - Malaisie - Mali - Maurice - Mexique -
Mongolie - Népal - Nouvelle-Zélande - Oman - Quganda - Panama - Pérou - Philippines - Sénégal - Seychelles - Syrie -
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Trinité et Tobago - Turquie - Venezuela - Yemen
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MEMBRES

COMITE INTERNATIONAL de METROLOGIE LEGALE

ALGERIE

Membre & désigner par son Gouvernement
Correspondance a adresser a

Office National de Métrologie Légale

1, rue Kaddour Rahim Hussein Dey
ALGER

ALLEMAGNE

Mr M. KOCHSIEK

Directeur

Physikalisch-Technische Bundesanstalt
Bundesallee 100 - Postfach 3345

3300 BRAUNSCHWEIG

TP 49-531-592 80 10
TX 9-52 822 PTB d
TG Bundesphysik Braunschweig

FAX 49-631-592 40 06

ARABIE SAOUDITE

Mr KHALED Y. AL-KHALAF

Director General

Saudi Arabian Standards Organization
P.0O. Box 3437

11471 RIYADH

TP 966-1-479 33 32
TX 40 16 10 saso sj
TG giasy

FAX 966-1-479 30 63

AUSTRALIE

Mr J. BIRCH

Executive Director

National Standards Commission
P.O. Box 282

NORTH RYDE, N.S.W. 2113
TP 61-2-888 39 22

TX AA 23144

FAX 61-2-888 30 33

AUTRICHE

Mr R. GALLE

Director of the Metrology Service

Gruppe Eichwesen

Bundesamt fiir Eich- und Vermessungswesen
Postfach 20

Arltgasse 35

A-1163 WIEN

TP 43-222-49 11 01 FAX 43-222-49 20 875
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BELGIQUE

Mr H. VOORHOF
Inspecteur Général
Inspection Générale de la Métrologie
24-26, rue J.A. De Mot
B-1040 BRUXELLES
TP 32-2-233 61 11

TX 20 627 COM HAN

FAX 32-2-230 83 00

BRESIL

Mr C.L. FROES RAEDER
Président, INMETRO

Av. Rio Branco 311, 8° Andar-Centro
20060 RIO DE JANEIRO
TP 55-21-262 6231

TX 30672 IMNQ BR

FAX 55-21-220 0477

BULGARIE

Mr V. GAVRAILOV
Vice-Président .
Comité de normalisation, certification et métrologie
21, rue du 6 Septembre
SOFIA 1000

TP 359-2-8591

TX 22 570 DKS BG

FAX 359-2-801402

CAMEROUN

Mr S. NOUMSI

Sous-Directeur des Poids et Mesures

Direction des Prix, Poids et Mesures

Ministére du Développement Industriet et Commercial
BP 501 |

YAQUNDE

TP 237-22 31 16 et 237-2326 17

TX 82-68 a Yaoundé

CANADA

Mr R.G. KNAPP

Director, Legal Metrology Branch
Consumer and Corporate Affairs
301, Laurier Avenue West, 5th floor
OTTAWA, Ontario K1A OC9
TP 1-613-952 0655

TX 053 3694

FAX 1-613-952 1738

REPUBLIQUE POPULAIRE DE CHINE

Mr BA! JINGZHONG

Deputy Director General

State Bureau of Technical Supervision
4, Zhi Chun Lu, Hai Dian
BEIJING 100088

TP 86-1-202 58 35

TX 210209 SBTS CN
TG 1918 Beijing

FAX 86-1-203 10 10
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CHYPRE

Mr G. TSIARTZAZIS

Controller of Weights and Measures
Ministry of Commerce and Industry
NICOSIA

TP 357-2-40 34 41
TX 2283 MIN COMIND
TG Mincommind Nicosia

FAX 357-2-36 61 20

REPUBLIQUE DE COREE

Mr Young-Chang KIM

Director of Metrology Division

Bureau of Standards

Industrial Advancement Administration

2, Chungang-dong

KWACHON-CITY, Kyonggi-Do 427-010

TP 82-2-503 79 28 FAX 82-2-503 79 41
TX 28456 FINCEN K

REPUBLIQUE POP. DEM. DE COREE

Mr DJEUNG Kl TCHEUL

Directeur de I'Institut Central de Qualité

et de Métrologie auprés du Comité National
de la Science et de la Technologie
Arrondissement de Sadong

PYONGYANG

TG standard

CUBA

Membre a désigner par son Gouvernement
Correspondance a adresser a
Mr J. Acosta Alemany

Comite Estatal de Normalizacion
Egido 610 e/Gloria and Apodaca
HABANA Vieja

TP 53-7-62-1503 or 61-2068

TX 512245 CEN CU

FAX 53-7-62 76 57

DANEMARK

Mr Ove E. PETERSEN
Senior Executive Engineer
Division of Metrology
National Agency of Industry and Trade
Tagensvej 135

DK-2200 COPENHAGEN N
TP 45-31-85 10 66

TX 15768 INDTRA DK

FAX 45-31-81 70 68

EGYPTE

Mr M. HILAL

Président

Egyptian Organization for Standardization
and Quality Control

2 Latin America Street, Garden City
CAIRO

TP 20-2-354 97 20

TX 93 296 EOS UN

TG TAWHID

FAX 20-2-355 78 41

ESPAGNE

Membre a désigner par son Gouvernement
Correspondance a adresser a
Centro Espanol de Metrologia
¢/ del alfar 2

28760 TRES CANTOS (Madrid)
TP 34-1-803 33 03

TX 47254 CEME E

FAX 34-1-803 11 78
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ETATS-UNIS D'AMERIQUE

Mr S.E. CHAPPELL

Chief, Standards Management Program

Office of Standards Services

National Institute of Standards and Technology

Admin. 101, A625

GAITHERSBURG, Maryland 20899

TP 1-301-975 40 24 FAX 1-301-963 28 71

TX 197674 NBS UT

ETHIOPIE

Mr Yohannes AFEWORK

Head of Technical Service

Ethiopian Authority for Standardization
P.O. Box 2310

ADDIS ABABA

TP 251-1-1504 00 et 15 04 25

TX 21725 ETHSA ET

TG ETHIOSTAN

FINLANDE

Madame U. LAHTEENMAKI

Director

Centre for Metrology and Accreditation

PL 239 (Lénnrotinkatu 37)

SF 00181 HELSINKI

TP 358-0-61 671 FAX 358-0-6167 467

TX 121394 titx-SF ATTN Mittakes Hki

FRANCE

Mr J. HUGOUNET

Sous-Directeur de la Métrologie

Ministere de I'Industrie et du Commerce extérieur
22, rue Monge
75005 PARIS

TP 33-1-46 34 49 61 FAX 33-1-46 34 49 62

GRECE

Mr A. DESIS

Technical Officer

Directorate of Weights and Measures

Ministry of Commerce

Canning Sq.

10181 ATHENS

TP 30-1-36 14 168 FAX 30-1-364 26 42
TX 21 67 35 DRAG GR et 21 52 82 YPEM GR

HONGRIE

Mr D. BELEDI

Président

Orsz&gos Mérésugyi Hivatal
P.O. Box 19

H-1531 BUDAPEST

TP 36-1-1567 722

TG HUNGMETER Budapest

FAX 36-1-1550 598

INDE

Mr S. HAQUE

Director

Weights & Measures
Ministry of Civil Supplies
Weights and Measures Unit
12-A, Jam Nagar House
NEW DELHI 110 011

TP 91-11-38 53 44

TX 31 61962 COOP IN

TG POORTISAHAKAR
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INDONESIE

Mr G.M. PUTERA

Director of Metrology

Directorate General of Domestic Trade
Departemen Perdagangan

Jalan Pasteur 27

40171 BANDUNG

TP 62-22-50 597 et 50 695

TX 28 176 DITMET BD

IRLANDE

Mr S. MORAN

Assistant Secretary

Department of Industry and Commerce
Frederick Building, Setanta Centre,
South Frederick Street,
DUBLIN 2

TP 353-1-61 44 44
TX 93478

TG TRADCOM Dublin

FAX 353-1-67 95 710

ISRAEL

Mr. A. RONEN

Controlier of Weights, Measures and Standards
Ministry of Industry and Trade

P.0.B. 299

JERUSALEM 91002

TP 972-2-27 241

ITALIE

Mr C. AMODEO

Capo dell'Ufficio Centrale Metrico
Via Antonio Bosio, 15

00161 ROMA

TP 39-6-348 78 34

JAPON

Mr S. HATTORI

Director General

National Research Laboratory of Metrology
1-4, Umezono 1-Chome, Tsukuba
IBARAKI 305

TP 81-298-54 41 49

TX 03652570 AIST

TG KEIRYOKEN TSUCHIURA

FAX 81-298-54 41 35

KENYA

Mr P.A. AYATA

Director of Weights and Measures
Weights and Measures Department
Ministry of Commerce

P.O. Box 41071

NAIROBI

TP 254-2-50 46 64/5

TG ASSIZERS, Nairobi

LIBAN

Membre a désigner par son Gouvernement
Correspondance a adresser a

Service des Poids et Mesures

Ministére de I'Economie et du Commerce
Rue Al-Sourati, imm. Assaf
RAS-BEYROUTH

TP —34 4060
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MAROC

Mr M. BENKIRANE

Chef de la Division de la Métrologie Légale
Direction du Commerce et de I'Industrie

5, rue Errich, Immeuble A, Quartier Tour Hassan
RABAT.

TP 212-7-72 45 65
TX 31816 M

MONACO

Mr A. VEGLIA

Ingénieur au Centre Scientifique de Monaco
16, Boulevard de Suisse

MC 98000 MONTE CARLO

TP 33-93-30 33 71

NORVEGE

Mr K. BIRKELAND

Directeur Général

Service National de Métrologie
Postbox 6832 St. Olavs Plass
0130 OSLO 1

TP 47-2-20 02 26

PAKISTAN

Mr M. ASAD HASAN

Director

Pakistan Standards Institution
39-Garden Road, Saddar
KARACHI-74400

TP 92-21-772 95 27
TG PEYASAI

PAYS-BAS '

Mr J.A.J. BASTEN
Directeur, lJkwezen bv
Nederlands Meetinstituut nv
Postbus 654

2600 AR DELFT

TP 31-78 33 23 00

TX 38 373 IUKWZ NL

POLOGNE

Mr Z. REFEROWSKI

Vice-Président .

Polski Komitet Normalizacji, Miar i Jakosci
ul. Elektoralna 2
00-139 WARSZAWA
TP 48-22-20 54 34
TX 813 642 PKN

TG PEKANIM

PORTUGAL

Mr J.N. CARTAXO REIS
Service de la Métrologie

Instituto Portugués da Qualidade
Rua Prof. Reinaldo dos Santos
Lote 1378

1500 LISBOA

TP 351-1-78 61 58

TX 65744 METROQ P

ROUMANIE

Mr D. STOICHITOIU |

Directeur de la Métrologie d'Etat
Commission Nationale de Normalisation,
Métrologie et Qualité

21, Boulevard Nicolae Balcescu
BUCAREST 1

TP 40-0-13 16 05

TX 011 355 IGS R

FAX 47-2-20 77 72

FAX 92-21-77 295 27

FAX 31-15-61 29 71

FAX 48-22-20 83 78

FAX 351-1-78 19 80

FAX 40-0-14 94 37
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ROYAUME-UNI

Mr S. BENNETT

Chief Executive

National Weights and Measures Laboratory

Stanton Avenue
TEDDINGTON, Middlesex TW 11 OJZ

TP 44-81-94372 72 FAX 44-81-943 72 70
TX 9312131043 (WM G)

RUSSIE

Mr L. K. ISSAEV
Vice-President
Gosstandart of Russia
Leninsky Prospect 9
117049 MOSCOU

TP 7-095-236 40 44
TX 411 378 GOST
TG Moskva-Standart

SRI LANKA

Mr H.L.R.W. MADANAYAKE

Deputy Commissioner of Internal Trade
Measurement Standards and Services Division
Department of Internal Trade

101, Park Road

COLOMBO 5

TP 94-1-83 261
TX 21908 COMECE CF

SUEDE
Mr R. OHLON
Ingénieur en Chef

Statens Provningsanstalt
P.0. BOX 857

5-501 15 BORAS
TP 46-33-16 50 00
TX 36252 TESTING S

SUISSE

Mr O. PILLER

Directeur

Office Fédéral de Métrologie
Lindenweg 50

CH- 3084 WABERN

TP 41-31-963 31 11

TG OFMET

FAX 7-095 236 82 09

FAX 46-33-13 55 02

FAX 41-31-963 32 10

TP = téléphone

FAX = télécopie (téléfax)

TANZANIE

Mr AH.M. TUKAI

Commissioner for Weights and Measures
Weights and Measures Bureau

Ministry of Industries and Trade

P.O. Box 313

DAR ES SALAAM

TP 64046/64797/64808

TX 41 689 INDIS

TCHECOSLOVAQUIE

Mr A. KURUC

Directeur du Service

d'Inspection d'Etat pour la Métrologie
Statni metrologicky inspektorat
Okruzni 92

638 00 BRNO - LESNA

TP 42-5-528 755 FAX 42-5-529 149

TUNISIE

Mr Ali BEN GAID

Président Directeur Général

Institut National de la Normalisation
et de la Propriété Industrielle

Boite Postale 23

1012 TUNIS BELVEDERE

TP 216-1-785 922 FAX 216-1-781 563
TX 13602 INORPI .

YOUGOSLAVIE

Mr Z.M. MARKOVIC

Head of International Cooperation

Federal Bureau of Measures and Precious
Metais

Mike Alasa 14

11000 BEOGRAD

TP 38-11-18 37 36
TX 11 020 YUZMBG

FAX 38-11-620 134

Les numéros sont en général indiqués pour le régime automatique international & l'exception des numéros qui sont

précédés d'un trait.

The call numbers are generally indicated for international automatic dialling except where the local number is

preceded by a dash.

TG = télégramme TX = télex

Pour tout télex ou télégramme, il est nécessaire d'indiquer le nom de la personne et sa qualité.
For all telex or telegrams it is necessary to indicate name of person and occupation.
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PRESIDENCE

Président ........cccccccveenens K. BIRKELAND, Norvege
Vice-Président ................ S.E. CHAPPELL, U.S.A.
Vice-Président ................ M. KOCHSIEK, Allemagne

CONSEIL DE LA PRESIDENCE

K. BIRKELAND, Norvége, Président

S.E. CHAPPELL, U.S.A., V/Président

M. KOCHSIEK, Allemagne, V/Président

J. BIRCH, Australie

R.G. KNAPP, Canada

BAI JINGZHONG, Rép. Pop. de Chine

S. BENNETT, Royaume-Uni

Le Directeur du Bureau International de Métrologie Légale

BUREAU INTERNATIONAL DE METROLOGIE LEGALE

Directeur B. ATHANE
Adjoint au Directeur S.A. THULIN
Adjoint au Directeur A. VICHENKOV
Ingénieur E. WEBER
Administrateur Ph. LECLERCQ
Rédactrice K. FRENCH

MEMBRES D'HONNEUR

V. ERMAKOV, Russie — Vice-Président du Comité

A.J. van MALE, Pays-Bas — Président du Comité

A. PERLSTAIN, Suisse — Membre du Conseil de la Présidence
W. MUEHE, Allemagne — Vice-Président du Comité

H.W. LIERS, Allemagne — Membre du Conseil de la Présidence
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ADRESSES DES SERVICES DES MEMBRES CORRESPONDANTS

ALBANIE

The Director

Drejtoria e Standardeve dhe e Mjeteve
Matése (DSMA)

né Komisionin e Planit t& Shtetit
TIRANA

BAHREIN

The Responsible of Metrology
Standards and Metrology Section
Ministry of Commerce and Agriculture
P.O. Box 5479

MANAMA

BANGLADESH

The Director General

Bangladesh Standards and Testing Institution
116-A Tejgaon Industrial Area

DHAKA 1208

BARBADE

The Director

Barbados National Standards Institution
Culloden Road

St. Michael

BARBADOS W.1.

BOTSWANA

The Permanent Secretary

Division of Weights and Measures

Department of Commerce and Consumer Affairs
Private Bag 48

GABORONE

BURKINA FASO

Direction Générale des Prix
Ministére du Commerce

et de I'Approvisionnement du Peuple
BP 19

OUAGADOUGOU

COLOMBIE

Superintendencia de Industria y Comercio
Centro de Control de Calidad y Metrologia
Cra. 37 No 52-95, 4° piso

BOGOTAD.E.

COSTA RICA

Oficina Nacional de Normas y Unidades
de Medida

Ministerio de Economia y Comercio
Apartado 10 216

SAN JOSE
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FIDJI

The Chief Inspector of Weights and Measures
Ministry of Economic Development, Planning
and Tourism

Government Buildings

P.O. Box 2118

SUVA

GHANA

Ghana Standards Board

Kwame Nkrumah Conference Centre
(Tower Block - 2nd Bay, 3rd Floor)
P.O. Box M-245

ACCRA

HONG KONG

Commissioner of Customs and Excise

(Attn. Trading Standards Investigation Bureau)
Tokwawan Market & Government Offices

165, Ma Tau Wei Road

11/F., Kowloon

HONG KONG

IRAK

Planning Board

Central Organization for Standardization
and Quality Control .
P.0O.B. 13032

Al Jadiria

BAGHDAD

ISLANDE

The Director

Icelandic Bureau of Legal Metrology
Léggildingarstofan

Sidumuli 13

P.O.Box 8114

128 REYKJAVIK

JORDANIE

Directorate of Standards
Ministry of Industry and Trade
P.O. Box 2019

AMMAN

KOWEIT

The Under Secretary

Ministry of Commerce and Industry
Department of Standards and Metrology
Post Box No 2944

KUWAIT

LIBYE

The Director General

National Centre for Standardization
and Metrology (N.C.S.M.)

P.O. Box 5178

TRIPOLI

LUXEMBOURG

Le Préposé du Service de Métrologie
Adminisiration des Contributions
Rue des Scillas

2529 HOWALD
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MALAISIE

The Director of Standards

Standards and Industrial Research Institute of Malaysia
P.O. Box 7035

40911 Shah Alam

SELANGOR DARUL EHSAN

MALI

Le Directeur Général des Affaires Economiques
(Service des Poids et Mesures)

BP 201

BAMAKO

MAURICE

The Permanent Secretary

Ministry of Trade and Shipping
(Division of Weights and Measures)
New Government Centre

PORT LOUIS

MEXIQUE

Direccion General de Normas

Secretaria de Comercio y Fomento Industrial
Sistema Nacional de Calibracion

Ave. Puente de Tecamachalco no. 6 - Planta Baja
Lomas de Tecamachalco, Seccion Fuentes
53950 NAUCALPAN DE JUAREZ

NEPAL

The Chief Inspector

Nepal Bureau of Standards and Metrology
P.B. 985

Sundhara

KATHMANDU

NOUVELLE-ZELANDE

The Manager

Trade Measurement Unit
Ministry of Consumer Affairs
P.O. Box 1473
WELLINGTON

OMAN

The Director General

for Specifications and Measurements
Ministry of Commerce and Industry
P.O. Box 550

MUSCAT

OUGANDA

Commissioner for Weights

and Measures

Weights and Measures Department
Ministry of Commerce

P.O. Box 7192

KAMPALA

PANAMA

Le Directeur

Comision Panamena de Normas Industriales
y Tecnicas

Ministerio de Comercio e Industrias
Apartado 9658

PANAMA 4
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PEROU

The Director General

ITINTEC Instituto de Investigacion Tecnologica
Industrial y de Normas Tecnicas

Av. Guardia Civil No. 400

LIMA 41

PHILIPPINES

Bureau of Product Standards
Department of Trade and Industry
3rd floor DTI Building

361 Sen. Gil J. Puyat Avenue
Makati, Metro Manila
PHILIPPINES 3117

SENEGAL
Le Directeur
Institut Sénégalais de Normalisation

Ministére du Plan et de la Coopération
DAKAR

SEYCHELLES

The Director

Seychelles Bureau of Standards
P.O. Box 648

VICTORIA

SYRIE

The General Director

The Syrian Arab Organization

for Standardization and Metrology
P.O. Box 11836

DAMASCUS

TRINITE ET TOBAGO

The Director

Trinidad and Tobago Bureau of Standards
P.O. Box 467

PORT OF SPAIN

TURQUIE

Le Directeur Général

Service du Contréle de la Qualité et des Mesures
Sanayi ve Ticaret Bakanligi

Olgtler ve Kalite Kontrol Genel

Madarligia

ANKARA

VENEZUELA

Le Directeur

Direccion General de Tecnologia

Servicio Nacional de Metrologia

Ministerio de Fomento

Av. Javier Ustariz, Edif. Parque Residencial
Urb. San Bernardino

CARACAS

YEMEN

The Director General

Yemen Standardization & Metrology
Organisation

P.O. Box 19213

SANA'A
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