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Editorial

As early as 400 BC, Hippocrates estimated the
temperature of ill patients by sensing with his hand.
More than 2000 years later, in 1872, Wunderlich
in Leipzig, Germany, infroduced the temperature
measurement of the human body in roufine
diagnostics. Since these first measurements,

the areas and the number of medical measuring
instruments have increased dramatically. There are
some special aspects where mefrology in medicine
deviates from classical mefrology:

e itis man who is to be measured and as man is
not a standardized object due fo his inviolability,
he cannot be measured by the usual
standardized methods,

e the measuring systems used are offen very
complex,

o with modern measuring methods, there is a high
degree of variability of measured data;
nevertheless most reliable values are required
for application in diagnostics.

Beginning in the fifties of this century, several
countries developed national standards and
requirements on the safety and performance of
medical measuring instruments. Infernational
standardization was covered by the International
Organization for Standardization (ISO), the
Infernational Electrotechnical Commission (IEC]
and later by OIML. After some acfivities in the field
of public health, OIML formed a Pilot Secretariat

entifled “Measuring instruments used in the field of
ublic health” in 1973 which was later transformed

info TC 18 "Medical measuring instruments”

The main inferest of OIML s fo formulate require-

ments on the performance of instruments and

on fest procedures.

As one consequence of the formation of regional
markets, technical requirements and standards have
fo be harmonized fo allow the free movement of
goods. The European standardization organizations
CEN and CENELEC have launched programs to
develop harmonized standards for medical devices,
e.g. for thermometers and sphygmomanometers.
These are based on OIML Recommendations.

From @ global point of view and bearing in mind
the GATT treaty, there is no doubt that the
international standardization process has fo be
confinued.

The articles of this special edition describe the
experiences and future developments envisaged
by different couniries in the field of mefrology in
medicine as well as the efforts to establish OIML
Recommendations for special medical measuring
instruments. Such topics will also be featured in the

Jan. 1996 issue of the Bullefin.

fe | fhphon (ke

S. Mieke
Secretary of OIML TC 18

M. Kochsiek
CIML Vice President
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MEDICAL MEASURING INSTRUMENTS: METROLOGY AND RADIOTHERAPY

Radiation dosimetry in health care:
Expanding the reach of global networks*

P. NETTE, Head of the Dosimetry Unit of the International Atomic Energy Agency Laboratory in Seibersdorf, Austria
H. SVENSSON, Former Head of the Dosimetry Section, International Atomic Energy Agency Division of Human Health

The IAEA and WHO are jointly taking steps
to improve quality assurance services
for hospitals and radiotherapy centres

Back in 1968, a panel of international experts meeting
in Caracas were given some disconcerting news: While
more than 50 cobalt-60 radiotherapy units were in
routine use throughout Latin America, there were only
five qualified hospital physicists and no laboratory for
performing instrument calibration. In other words,
there was no system in place to ensure the accuracy of
doses that patients under radiotherapeutic care were
receiving.

The news from the Caracas meeting - jointly
convened by the TAEA and World Health Organization
(WHO) - triggered an action plan for improving the
situation, not only in Latin America but in all regions of
the world.

The plan featured three components: (1) establish-
ment of an IAEA/WHO dose intercomparison service
for hospitals in developing countries to help them
monitor and correct treatment doses; (2) establishment
of an IAEA/WHO network of dosimetry laboratories to
help standardize radiation measurements in radio-
therapy centres; and (3) provision of training in
radiation dosimetry, through the IAEA. Today, these
three components are in worldwide service, playing
important roles in supporting efforts to improve patient
care and treatment involving radiotherapy.

In this article, the strides that have been taken, and
problems that still remain, are reviewed in a global
context. Also discussed are steps being taken toward
a formidable goal, namely setting up a worldwide
quality assurance programme covering dosimetry
checks for millions of patients that undergo radio-
therapy each year.

(*)  This article was published in the IAEA BULLETIN, the
quarterly journal of the International Atomic Energy Agency,
Vol. 36, No. 4 1994, pp. 33-36.

Services
and networks
in dosimetry

Malignant tumours - cancer — will affect many of us. In
the industrialized world, generally 20 % and 30 % of the
population gets cancer. The overall percentage right
now is lower for developing countries, mainly because
people there have such short expected lifetimes. That
situation is likely to change as the causes of early death
are reduced.

Cancer treatment includes surgery, chemotherapy,
and radiotherapy, or any combination of the three. In
many countries, radiotherapy plays a role in the man-
agement of 50 % to 60 % of all cancer patients, either as
a curative treatment or as an agent to relieve pain.

For treatments with a curative aim, it is of great
importance to concentrate the radiation to the solid
tumour and surrounding tissue, including what
is called the microscopic spread of cancer cells.
The radiation effect is dependent on the amount of
radiation energy that is transferred to the tumour or the
healthy tissues - i.e. the absorbed dose to the tumour
and tissue. Since water absorbs radiation in a similar
way as tissue, the physical quantity that has been
agreed upon to specify the irradiation is therefore the
absorbed dose to water. This quantity has to be
determined with the highest achievable accuracy, taking
into account the delicate balance of radiation damage
(destruction of healthy tissue) and radiation benefit
(tumour eradication or tumour growth control).
The dose determination for each patient involves highly
specialized work generally carried out by a medical
physicist in close co-operation with a radiation
oncologist. It is based on qualified measurements and
computations.

Through various avenues, a number of services
are available to assist countries in the field of radiation
dosimetry.
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Courtesy of IAEA

The IAEA/WHO postal TLD dose
intercomparison service

For participating hospitals, the TAEA and WHO jointly
offer an intercomparison service using small radiation
dosimeters, technically called thermoluminescence
dosimeters (TLDs). They consist of encapsuled lithium
fluoride powder and are prepared and calibrated at the
IAEAs Dosimetry Laboratory in Seibersdorf, Austria.
Through the service, the TLDs are mailed, together
with a mountable irradiation stand, to WHO offices for
distribution to participating radiotherapy hospitals in
developing countries. There, under defined patient
treatment conditions, they are exposed in the cobalt-60
beam of the treatment unit to what the resident
physicist determines to be the specified dose. The TLD
capsules are then returned to the TAEAs Laboratory for
evaluation of the actual dose. The deviation between

the hospital’s quoted dose and the TAEA evaluated dose
is reported through WHO to the hospital. A deviation of
more than 5 % is considered to be unacceptable and
should result in a recalibration of the hospital’s radi-
ation beam used for patient treatment.

The IAEA/WHO network for secondary
dosimetry laboratories (SSDLs)

One of the recommendations of the Caracas panel was
to establish conformity of radiation measurements in
radiotherapy departments throughout the world. In
industrialized countries, hospitals achieve conformity
through calibration of their dosimeters to national
primary standards. The heavy workload of the world’s
existing 13 Primary Standard Dosimetry Laboratories
(PSDLs) unfortunately does not allow the calibration of
reference dosimeters from thousands of other hospitals
worldwide. Competent national authorities, therefore,
have designated SSDLs to provide certified calibrations.

One requirement in the science of radiation meas-
urements (radiation metrology) is that standardizing
laboratories should compare their standards against
each other at regular intervals. For primary standards,
the organization of such intercomparisons is the
responsibility of the Bureau International des Poids et
Mesures (BIPM) in Paris, France.

A test programme for SSDLs:
Results of an IAEA pilot study

Three SSDLs, those in Argentina, India, and Thailand,

are participating in an TAEA pilot study designed to strengthen
quality assurance services in radiotherapy. The study has
involved quality control tests that the three SSDLs have
successfully passed:

Test 1

The SSDLs were asked to calibrate a set of ionization chamber
dosimeters. Their calibration factors were then compared with
previously established ones from the TAEA. (This test remains
to be completed by Thailand.)

Test 2

The SSDLs evaluated TLDs from hospitals during an inter-
comparison run, using their own calibration curves as well as
one supplied by the IAEA. Results were then compared.

Test 3
The TAEA participated as a “hospital” in a national inter-
comparison run organized by each SSDL.

Test 4

TLDs were sent for irradiation to their respective national
hospitals by the SSDLs and the TAEA, with the IAEAs TLDs
going to 10 % of the hospitals. The SSDLs evaluated their
returned TLDs, while the IAEA evaluated its own, and the

At the TAEA's Dosimetry Laboratory: Evaluation of irradiated TLDs (above),
and the calibration of an ionization chamber.

results were then compared.
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For SSDLs, the same need applies, and an inter-
national SSDL network was set up in 1976 by the IAEA
and WHO. It includes a technical assistance branch,
whereby most of the participating developing countries
can receive financial support and expert guidance and
advice. Today, the network extends to nearly 60 labor-
atories, most of them in developing countries. The
administrative and co-ordinating work is shared by the
IAFA and the WHO, with the TAEA being responsible
for the technical development of member laboratories.

The IAEAs Dosimetry Laboratory in Seibersdorf
functions as the network’s central laboratory. Many
national PSDLs and some international bodies — among
them the BIPM, the International Organization of Legal
Metrology (OIML), and the International Commission
on Radiation Units and Measurements (ICRUM) -
support the work of the SSDL network. Additionally,
a standing SSDL Scientific Committee is available for
advice when needed. Consultants and advisory groups
further can provide assistance in the implementation
of specific projects, such as the drafting of technical
reports, guidelines, and manuals.

The existing global distribution of SSDLs and PSDLs
shows that most countries have established an infra-
structure for standardization of radiation measure-
ments. However, additional efforts are necessary for
expanding the network’s reach, especially for the
African continent.

A note on OIML activity in dosimetry

Following a request by the United Nations Industrial Development
Organization (UNIDO), OIML published in 1990 an International
Document on “Secondary standard dosimetry laboratories for the
calibration of dosimeters used in radiotherapy” (D 21).

The IAEA’s Dosimetry Laboratory

As previously noted, the TAEAs Dosimetry Laboratory at
Seibersdorf, about 30 kilometers from Vienna, Austria,
is the Central Laboratory of the AEA/WHO network of
SSDLs. The laboratory’s work covers the following:

* organization of dose intercomparison
measurements for SSDLs;

o performance of dose intercomparisons for some
100 radiation therapy centres each year;

« provision of calibration certificates for reference
dosimeters from SSDLs and hospitals;

» acceptance of SSDL staff for on-site training;

+ design and development of special methods and
devices for use in hospitals and SSDLs;

» operation of the International Dose Assurance

Service for radiation processing facilities
in IAEA Member States.
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The laboratory, for example, has prepared more than
80 batches of TLDs, sent them out, and evaluated them
through the postal dose intercomparison service. The
service has reached about 1000 hospitals in developing
countries.

Until 1991, all results were from cobalt-60 irradi-
ations. Since then, the service has been expanded
to include X-ray beams from medical accelerators that
increasingly are being installed in developing countries.
This expanded service involved the support of medical
physics departments in 12 renowned radiotherapy
centres in Europe and the United States. These depart-
ments provided reference irradiations to the TAEA for
evaluation. Two TLD intercomparison runs, one with
48 hospitals in Europe and the United States, and the
other with all radiotherapy departments in Australia,
were done (see graphs p. 7). They can be considered as
representative samples of the situation regarding
radiation beam calibration in industrialized countries.

Since 1991, the IAEA laboratory has sent a follow-up
TLD set to those SSDLs and hospitals that have had
poor results; they thus are asked to repeat the
intercomparison measurements. Up to now, all follow-
up measurements with SSDLs have shown improve-
ment, providing results within the established accept-
ance limit. Follow-up measurements with hospitals in
developing countries, however, have not been satis-
factory in many cases, even after a second follow-up.

In all intercomparison runs, the quality of the TAEASs
own performance is monitored. In that monitoring
process, some TLDs are irradiated with a reference dose
in the International Primary Dosimetry Laboratory of
BIPM and/or at National Primary Laboratories and
evaluated by the IAEA. The results indicate that the
accuracy of dose determination with the TAEAs TLD
system is about 1 % — well below the acceptance limits
for SSDLs (3.5 %) and hospitals (5 %).

A quality audit network

Today about 2000 cobalt-60 units and medical accel-
erators are in routine use in developing countries,
based on responses to a survey being done by the IAEA.
In addition, more and more accelerators are being
installed that also produce electron beams for patient
treatment. The TLD service, therefore, needs to expand
accordingly by providing calibration checks for electron
beams. The coverage of all machines, however, is
beyond the capacity of the IAEA Dosimetry Laborat-
ory’s small staff.

As noted earlier, results clearly show that the
calibration of radiation beams in developing countries
has to improve considerably to reach the conformity
prevailing in hospitals of industrialized countries and in

OIML BULLETIN VOLUME XXXVI « NUMBER 4 « OCTOBER 1995

SSDLs. Follow-up measurements of poor results only
solved the problem in some of the hospitals. Con-
sequently, more attention is required, as well as on-site
measurements and discussion with hospital physicists.
This, however, cannot be done with a quality control
service centralized in the TAEA.

In addition, an effective quality control system for
dosimetry involving patient treatment must look at
more than just the calibration of the radiation beam.
It also has to examine all dosimetric steps from dose
prescription to dose delivery to the patient. Only then
can the dose to the tumour in each individual patient be
known with the required high accuracy, and only then
can the different centres share their experiences to find
the best treatment procedure.

A pilot study for a quality control programme is now
being carried out by European centres with the IAEAS
co-operation. Such a programme necessitates the use of
dosimeters in human shaped phantoms that undergo
radiotherapy as if they were patients. To include all
European hospitals, the participation of several ref-
erence centres is required to operate a TLD service and
to follow-up detected discrepancies.

The European scheme has been modified by the
IAEA/WHO for implementation in developing coun-
tries. For several years, three SSDLs - those of Argen-
tina, India, and Thailand - have been operating their
own national TLD radiotherapy service based on the
IAEAs methods. They have, therefore, been asked to
participate in the pilot study using their TLD systems
(See p. 6). At these centres, the TAEA will continuously
monitor the quality of TLD work, as a step toward
achieving conformity worldwide in the determination
of absorbed dose and the accuracy of the absorbed dose
measurements.

In years ahead, radiotherapy is expected to increase
in importance for cancer treatment, especially in the
developing world. An improvement in the accuracy in
dosimetry is needed to introduce modern treatment
techniques. In principle, a quality assurance pro-
gramme should ensure that all patients treated with
a curative aim receive the prescribed dose within
a margin of about 5 %. Setting up a such a programme
by the year 2000 is a formidable task, since it would
have to include dosimetry checks for several million
patients irradiated each year.

While the major work for such a programme must be
decentralized, the IAEA and WHO through the organ-
ization of SSDLs are in the best position to co-ordinate
the global effort. The pilot studies of the European
quality assurance network and of the three SSDLs
in TAEA Member States move into closer view the intro-
duction of similar networks for SSDLs and hospitals
in other regions. This could lead to a global programme
having the potential to significantly improve patient
care for millions inflicted with cancer. [ |
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MEDICAL MEASURING INSTRUMENTS: METROLOGY AND RADIOTHERAPY

Calibration of X-ray kVp-meters:

Measurement procedure and results

W. de VRIES, NMi Van Swinden Laboratorium, Department of Temperature and Radiation, The Netherlands

Introduction

Quality assurance is developing rapidly in the field of
diagnostic radiology as it is in many other fields.
Initially, quality assurance in diagnostic radiology
focused mainly on the quality of the diagnostic image.
Over the last decade, regulations regarding the protec-
tion of the patient have resulted in more attention to
the X-ray unit itself as a subject of quality control
programmes. Parameters of the X-ray unit influencing
the dose to the patient for a radiographic procedure
ought to be checked regularly and should meet certain
limits in order to get maximum diagnostic information
at a minimum dose. The parameters influencing the
dose to the patient include generating potential, tube
current, time and added filtration.

As a result, instruments were developed for the deter-
mination of parameters of the X-ray unit by measure-
ment of characteristics of the X-ray beam. The intro-
duction of these so-called non-invasive measuring
devices has led to the development of calibration facil-
ities and measurement procedures at NMi Van Swinden
Laboratorium. This paper describes the measurement
procedure and preliminary results of the calibration of
non-invasive kVp-meters, instruments used to measure
the generating potential of the X-ray units.

kVp-meters

The generating potential of X-ray units is generally
not a DC-voltage. The waveforms (high voltage as a
function of time) produced by the X-ray generators vary
from single-phase or multiple-phase rectified voltages
to high voltages that can be considered as a DC voltage
with a small ripple (constant potential generators).
Several definitions of the high voltage are possible
(Fig. 1). The most commonly used definition is the
average peak voltage (kVpavg). Other definitions
are the maximum peak voltage (kVp__ ) and the aver-
age high voltage (kV

avg)'

Non-invasive solid state kVp-meters use at least two
radiation detectors (photodiodes) in combination with
absorbing materials (Fig. 2). The absorbers may differ
in composition and thickness. The resulting difference
in the signals from the radiation detectors is used to
determine the generating potential of the X-ray unit.
Commercially available kVp-meters use a micro-
processor based algorithm to derive the high voltage
from the difference in detector signals. Adjustment of
parameters used in the algorithms is therefore re-
stricted to the manufacturer. For this reason,
calibration of kVp-meters is limited to its definition:
determination of the deviation of the instrument
compared to a suitable standard.

high voltage

time
Fig. 1 Different quantities for the characterization of high voltage.

absorber 2

= |

absorber 1

detector 1 detector 2

Fig. 2 Principle of operation of a non-invasive kVp-meter.
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Measurement
procedure

A commonly used method to realize a standard for
kVp-calibrations is based on an electrical method.
A high-voltage (resistance) divider is used to bring the
high-voltage down to a level where it can be measured,
traceable to standards for the volt. The main advantage
of this method is that it is possible to measure the
waveform of the X-ray generator. All previously men-
tioned definitions of the kVp-value can be applied.

At the moment, the high voltage dividers are perfectly
suited to DC-voltages, but too little is known about the
frequency characteristics of the high-voltage dividers
for AC-voltages of up to 20 kHz. Traceability of the kVp-
measurements by means of high voltage dividers is
therefore questionable. NMi is working on the solution
of this traceability problem.

At present, the standard for the kVp-calibrations is
established by means of a spectrometric method. The
method is based on the fact that the value of the
maximum photon energy in the X-ray beam (expressed
in keV) is equal to the value of the high voltage
(expressed in kV). Automatically, the quantity measured
by this method will meet the definition of kVp__ .

The spectrometric method is very straightforward.
A HPGe semiconductor detector is placed in the X-ray
beam and a pulse height spectrum is recorded. To limit
dead time effects (depending on the pulse rate in the
spectrometer), the X-ray beam is limited in size by
means of a tungsten diaphragm and/or the filtration of
the X-ray beam is increased.

The maximum photon energy is determined from the
pulse height spectrum (Fig. 3). Calibration of the
spectrometer by means of suitable gamma-ray lines of
several radionuclides (133Ba, 109Cd) offers traceability
of the measurements to the so-called 198Au-standard
that forms the basis for the energy of gamma-ray lines.
The spectrometric method was used to “calibrate” the

setting of NMi’s X-ray generator. Since the high voltage
is slightly dependent on the tube current, this calib-
ration was performed as a function of tube current over
the high voltage range from 30 kV to 250 kV. With the
spectrometric method it is possible to determine the
value of kVp__with a maximum overall uncertainty of
0,5 kV (2s) over the total range.

The NMi calibration facility for kVp-meters is the
same as that used for calibration of dosimeters (for
radiotherapy, radiodiagnostics and for radiation pro-
tection purposes). The facility consists of a Philips
MCN321 tungsten anode X-ray tube connected to a
Philips MG324 X-ray generator. The generator is
a constant potential X-ray generator with low ripple
(<500 V).

For the calibration of a kVp-meter, the instrument is
placed in the X-ray beam of the NMi calibration facility,
and for a number of high voltages the reading of the
instrument is compared to the high voltage obtained
with the spectrometric method. For the calibrations
X-ray qualities with 2,5 mm aluminium added filtration
are used.

Calibration
results

In 1994, a number of kVp-meters were calibrated by
NMi. The total of 17 kVp-meters calibrated that year
originated from seven different users and five different
manufacturers and concerned eight different types.
Since it is not the objective of this paper to make a
selection between good and bad kVp-meters, the results
are presented in a coded form.

Figures 4 and 5 show the calibration results for
15 kVp-meters for the conventional diagnostic range at
the calibration points of 70 kV and 110 kV respectively.
As can be seen from the figures, some kVp-meters
deviate substantially from the value obtained with the
spectrometric method.

I / Enex
I i I _f § & Lt I | L L 1
0 20 40 60 80 100

Photon energy [keV]

Fig.3 Measured pulse height spectrum at a high voltage setting of 70 kV.
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Conclusions

Preliminary results of the calibration of non-invasive
kVp-meters indicate that the performance of the kVp-
meters does not always meet the specifications of the
manufacturer which specify a maximum deviation of
2 % to 3 %. From the 17 kVp-meters calibrated, only
eight were within specifications over the total range. In
some cases the deviations were so large that the kVp-
meters were reported as defective to the user. The
results indicate the need for routine calibration of non-
invasive kVp-meters. A number of instruments have
been scheduled for re-calibration in 1995. The results
will provide information about the long-term stability
of the instruments. [ |
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MEDICAL MEASURING INSTRUMENTS: TONOMETERS

Non-contact measurement of the intraocular
pressure - verification of the measuring
instruments used for this purpose

M. SPEICHER, Directorate of Legal Metrology, Eichdirektion Rhineland-Pfalz, Germany

Introduction

The glaucoma is one of the most frequent, avoidable
causes of the loss of sight. This disease is the con-
sequence of an increased intraocular pressure. The non-
expert will recognize signs of the existence of this
disease only if a clear contraction of the visual field has
taken place.

In glaucoma diagnosis, the determination of the
intraocular pressure by means of a tonometer is of
great importance for the ophthalmologist. The mean
intraocular pressure should normally amount to
1999.83 pascal (Pa) in both eyes, corresponding to
15 millimetres mercury column (mmHg)*. Pressure
values are pathological from a value of approximately
2933.084 Pa, corresponding to 22 mmHg. The ophthal-
mologist will most probably be able to influence a
glaucoma positively by intensive treatment with
suitable medical preparations, provided the disease has
been diagnosed in good time. Regression is, however,
not possible.

A great variety of tonometers is used in medical
practice and in hospitals. A special type of tonometer is
the air pulse tonometer, or non-contact tonometer
(NCT), which will be dealt with here in more detail.

Legal regulations in Germany

The Verification Act [1] and the Verification Ordinance
[2] make specifications for medical measuring instru-
ments that may be brought into commercial dealings,
used or held in readiness only if they have been verified.

(*) In a recommendation dated 22 May 1981, the World Health
Organization (WHO) pronounced itself in favour of retaining
the unit of millimetres mercury column, in addition to the
unit “pascal”, for the measurement of blood pressure and the
pressure of other body fluids. This recommendation has been
taken over by a Council Directive of the European Com-
munity dated 18 December 1984 (85/1/EEC).

OIML BuLLeETIN VoLUME XXXVI +« NUMBER 4 « OCTOBER 1995

Special medical measuring instruments must also be
approved by the Physikalisch-Technische Bundesanstalt
(PTB). A pattern approval certificate is issued for such
instruments, confirming that they meet the require-
ments of the regulations in force [3], [4]; these instru-
ments are thus approved for verification. It is of utmost
importance for the doctor and for other users of
medical measuring instruments that the accuracy of
measurement is guaranteed and that the instruments
function reliably, because in the majority of cases the
users will have no possibility of checking the instru-
ments themselves. A regular check of the accuracy of
measurement is at present ensured by an official
verification of the measuring instruments in question,
here the NCTs, which is carried out by the verification
authorities of the federal states every two years.

In Rhineland-Palatinate, one of the federal states of
the Federal Republic of Germany, the verification of the
NCTs is carried out at the doctors’ request either in
their practices or in the verification office. This has
made necessary the procurement of a transportable
NCT test facility, including transport case and
accessories. The costs of the test facility, including
accessories, amount to a total of 32 000,— DM.
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Fig. 2 NCT test facility in the transport case.

Fundamentals
of NCT measurement

The NCT deforms the cornea by means of an air pulse.
When an NCT is used for the measurement, the intra-
ocular pressure is not determined by the mechanical
application of a pressure body as is the case with other
tonometer types; rather, the pressure is measured
“pneumatically”, without the cornea being touched.
The time between the triggering of an air pulse which
hits the eye and the flattening of the cornea is
measured. The value of the pressure as a function of
time is displayed. The measuring principle is explained
in detail by the example of the NC tonometer type
NCT II with PTB pattern approval number 15.08/82.04.

The measuring method is based on the following
principle (see Fig. 4, p. 14):

An air pulse generated by a pumping system (PL) hits
the cornea after having passed through a nozzle (D)
arranged in the centre of the lens (0), whose axis
coincides with the optical axis of the lens. The air pulse
hits the eye, which is at a distance of 11 mm from the
nozzle, and deforms the cornea. This deformation
caused by the air pulse continues until the marginal
rays (RS) of a parallel beam (T) falling on the cornea
are reflected to the axial beam and the full light
intensity strikes a radiation detector (D1). At the
moment of deformation (flattening), the circuit of the
pumping system is interrupted. The time between the
initiation of the measurement process and the
flattening of the cornea, which is determined elec-
tronically, is digitally displayed on the side of the NCT
where the observer is sitting. The measurement process
takes 5 to 8 milliseconds.

This NCT is adjusted to the eye with the aid of an
optical system. A red point on a white background is
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Fig. 3 NCT test facility.

imaged on the cornea as a test mark. A pulse can be
triggered only if the system’s axis points exactly to the
vertex of the cornea so that the test mark lies inside a
centering ring mounted in the plane of the eyepiece of
the observer’s microscope [5].

The basic idea and advantage of this measurement
method is that for the non-contact measurement of the
intraocular pressure,

1. an anaesthetization of the eye is not necessary, and
2. an efficient means is available to prevent the trans-
mission of infectious conjunctivitis.

The measurement of the intraocular pressure with the
aid of the NCT is suitable for mass examinations and
can be carried out by auxiliary medical personnel.

The first NCT was developed in the USA by
Grolmann in 1972. Comparison measurements between
an NCT and an applanation tonometer were carried out
by K. Jessen and F. Hoffmann [6]. These comparisons
showed that there is good agreement between the two
different types of tonometers. W. Leyendecker and
E. Krehn [7] proved that the values measured in a
comparison of an applanation tonometer with the
NCT II differed by 1 mmHg at the most.

Five NCT patterns have to date been approved in
Germany by the PTB. Further NCT designs are at
present being submitted to clinical tests.

NCT test facility

A test method and a test facility were required for these
new types of measuring instruments to make the re-
testing and verification of these instruments possible.
The test method and the test facility developed by the
PTB are still used today. Adapters allow the NCT test
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Fig. 4 Drawings illustrating the measuring principle, Figs. I and II [5].

Fig. 5 Mirror and torsion system of the NCT test facility.
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facility to be used for the verification of all NCTs whose
patterns have to date been approved for verification.
For the purpose of verification, the test facility is
clamped on the head rest of the instrument to be tested.

Testing procedure

The NCT test facility consists of a torsion balance, a
control balance and a lens arranged transversely on a
movable slide (path A). A small mirror 2.5 mm in
diameter and a torsion spring are fastened to the
torsion balance.

The NCT and the test facility are adjusted to the
required nominal distance of 11 mm with the aid of
a lens provided with a centering cross. After the test
facility has been alternately centered to the lens and to
the mirror by moving it laterally along path A, the
measuring force is tested on the mirror. In the resting
position, the mirror axis is inclined to the vertical axis
of the eyepiece through an angle of 2 degrees.
To achieve this, a weight is applied via the control
balance. A force acts on the torsion system. By turning
the knurled screw, the required measuring force on the
torsion spring is brought into equilibrium with the
reference weight on the control balance when the
mirror is perpendicular to the optical axis of the lens.
The beams strike the mirror but are not reflected to the
detector.

When an air pulse is triggered onto the mirror, the
torsion system and the mirror are moved until the
reflected beams hit the detector and the air pulse is cut
off. The measured value is digitally displayed on the
observer side. The masses of the weights for the
reference display are stated in the PTB test certificate
issued for the NCT test facility. The reference displays
of “15”, “30” and “45” are checked. In the range
between 15 and 30 digits, a deviation of + 1 digit is
permissible while a deviation of + 2 digits is permissible
in the range around 45 digits.

Parts of the test facility are manufactured by a firm
headquartered in Berlin. The measuring system of the
test facility (torsion system, control balance and lens)
is then supplemented by PTB, adjusted and compared
with the PTB’s standard NCT. This ensures the
link-up of the NCT test facilities with the “national
standard”.

The verification authorities of the individual federal
states thus have a test facility at their disposal, which
must be re-tested in the same manner as that used by
the NCT in the ophthalmologist’s office. The test and
the link-up with the standard NCT are carried out at the
PTB in Berlin every three years.

After completion, the NCT test facilities are tested at
PTB (Berlin) and handed over to the verification
authorities as “working standards”, together with a test
certificate.
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Fig. 6 Schematic drawing of the NCT test facility (by H. Thiemich, B.Eng., PTB).

The NCT test facility
of the verification authority
of Rhineland-Palatinate

The NCT test facility used in this federal state is
employed above all in field service, in medical practices
and for verifications in the verification office. As a
result of the working conditions prevailing in field
service, including the transportation required for this
purpose, misadjustment of the test facility due to im-
pact or shock may occur at any time. For this reason,
the stability of the test facility is confirmed by the
verification authority on the basis of additional check
measurements, i.e. our test facility is checked against
the verification authority’s own NCT prior to each
verification.

Experience gained by other verification authorities
has shown that a functional test of the NCT test facility
should be carried out and a check measurement made
to avoid faulty measurements in practice and, as a
consequence, diagnostic errors on the part of the
ophthalmologists.

After the introduction of a quality management
system according to DIN EN 45 000, regular check
measurements on all tonometric test facilities are to be
carried out in the test laboratory for medical measuring

techniques established at the Verification Board of
Rhineland-Palatinate; the results are to be documented.

Plans have been made to supplement the existing test
facility by a device which will allow the angle of tilt of
the NCT test facility to be measured. It will be possible,
with the aid of this measuring facility (consisting of
meter section and laser), to re-measure the angle be-
tween the mirror and the optical axis. The angle of
2.4 degrees stated in the PTB test certificate, and the
angular change by 0.5 degrees due to the application of
a load of 10 mg can be checked in the test laboratory of
the Verification Board at any time.

ol | >N 4 i - #
Fig. 7 Technical test of an NCT.
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Summary

The NCT test facility described in this article is
intended for the verification of the five NCT patterns
approved thus far in Germany by the PTB. To carry out
verifications in the medical practice of an ophthalmo-
logist, the NCT test facility must be transported with
utmost care. In addition to the re-testing by the PTB,
which must be carried out at three-year intervals, the
verification authority arranges check measurements.
The intervals between such internal checks should be
selected such that correct measurement values can be
obtained with the NCT test facility at any time.

Outlook

The Deutsche Akademie fiir Metrologie (DAM) in Munich
is planning an informative meeting on NCT, which will
be held in the near future. It is intended to exchange
information and know-how in NCT verification so far
gained by all verification authorities and to carry out an
intercomparison of all NCT test facilities used in
Germany. Within the framework of this intercom-
parison, a verification is to be carried out with all NCT
test facilities using a verified NCT measured by the
PTB. The evaluation of the test records is to demon-
strate that the measurement error of the individual
NCT test facilities is small and lies within the range of
the permissible error limits. [
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Abstract

The National Standards Commission has developed a
system which allows the pattern approval and verification
of weighing instruments constructed from modules.
With the advent of electronic weighing instruments it has
become practical to construct a variety of instruments
from a wide range of modules such as load cells and
digital indicators. The Commission’s system enables these
modules to be approved separately and various other
certificates of approval to be issued, thereby allowing the
modules to be combined into an instrument which may

be verified in the field.

1 Introduction

The system has evolved over a number of years since
the advent of load cells and digital indicators being
used as the measurement devices in a weighing instru-
ment. Initially the certificates of approval for electronic
weighing instruments were based on the traditional
method of describing a pattern and variants of the
pattern. This method is still used for small weighing
instruments up to 100 kg used mainly for weighing in
the presence of the purchaser, e.g. in supermarkets or
other shops. In this case the instrument is pattern
evaluated as a complete instrument and not as separate
modules.

However, it soon became obvious that for larger
instruments there would be a wide variety of uses to
which the load cells and digital indicators could be
applied. The Commission was testing load cells as
separate modules even before OIML R 60 was pub-
lished. The load cells and digital indicators were tested
to reduced maximum permissible errors (70 %) as
specified in OIML R 3 (preceding OIML R 76).

(*)  This article was presented at the OIML seminar “Weighing
towards the year 2000” which was held 13-15 Sept. 1995
in Paris. It is the first of a series of seminar papers to be
published in future issues of the Bulletin.

2 The system

The following are a number of points which have
influenced the development by the Commission of the
system described in this paper:

o It is relatively simple to carry out pattern evaluation
testing on a complete instrument when it is of low
capacity. However, in a laboratory environment it
becomes more difficult to test a complete instrument
as its capacity (and size) increase. Therefore, for
larger instruments it becomes desirable to conduct
testing for pattern approval purposes on modules of
the instrument - primarily these are the load cell and
digital indicator.

Equipment manufacturers often specialise in the field
of either load cells or digital indicators. It therefore
follows that such manufacturers wish to obtain ap-
provals for load cells or digital indicators as modules
on their own.

When a weighing instrument is constructed using
particular load cells and a particular digital indicator,
it is necessary to ensure that the instrument as a
whole complies with the requirements applicable to a
complete weighing instrument. This includes en-
suring that the load cells and digital indicator are
used within the parameters for which they were
approved.

Weighing instrument manufacturers are frequently
called upon (particularly in the higher capacity
ranges) to develop weighing instruments which,
whilst different due to the particular needs of in-
dustry, are based on common basic principles. It is
not desirable that this innovation be unduly inhibited
by the need for complete pattern approval for each
design, and the time delays and costs which this
would entail.

» Weighing instrument manufacturers (if they are
independent of particular manufacturers as is fre-
quently the case in Australia) wish to have flexibility
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to utilise different modules in the construction of
instruments according to availability, features and
cost. Requiring complete pattern approval for each
change in module reduces this flexibility.

The system has evolved in various phases over the last
12 years:

» the approval of load cells and digital indicators as
separate modules (the Commission was doing this
even before the publication of OIML R 60);

the development of a system of calculations for
weighbridges, to allow flexibility in design;

the incorporation of provisions covering the con-
version of mechanical instruments to lever/load cell
instruments, and the implementation of a require-
ment for Analysis Reports to be obtained; and

the extension of the above system to lower capacity
instruments, initially those above 1 500 kg maximum
capacity and then those above 100 kg maximum
capacity.

It should be emphasized that it is not compuslory for
instruments to be approved as modules and to be
subject to the scheme described. Instruments may be
approved as a single unit (whether or not separate
testing of modules has been necessary), however in this
case the flexibility provided by the scheme is not
available.

The system (Fig. 1) consists of the following com-
ponents:

¢ legislation to cover approval of modules;

e pattern approval requirements for modules and
weighing instruments;

supplementary certificates of approval for modules;

certificate of approval for the pattern and variants of
a weighing instrument;

general certificate of approval covering the com-
bination of modules into a weighing instrument (this
is only applicable to instruments of over 100 kg
maximum capacity);

analysis reports for each weighing instrument design
to ensure that the criteria of the general certificate
have been met; and

verification of each weighing instrument to ensure
correct operation in the field.

The pattern approval and verification of trade meas-
uring instruments in Australia is a two-tier system with
the Commission (Commonwealth Government) being
responsible for pattern approval and the trade measure-
ment authorities (State/Terrirory Governments) being
responsible for verification. The latter also appoint
licensees to certifiy instruments.

The Commission is therefore responsible for the
system up to the issuing of the various certificates of
approval, with the trade measurement authorities and
certifiers being responsible for the verification or certi-
fication. The analysis report is generally provided by
the Commission (though the trade measurement au-
thority may also do this) once the information provided
by the manufacturer has been checked. An instrument
may not be verified or certified unless an applicable
analysis report has been obtained.

‘ Legislation ‘

[

Y L

Pattern approval Pattern approval
requirements for requirements for
weighing instruments load cells

Y Y

Certificate of
approval for
weighing instrument

Supplementary
certificate of approval
for load cell

Y Y

Pattern approval
requirements for
indicators

General certificate

\ 1

Supplementary
certificate of approval
for indicator

Calculations

Y

Analysis report

Y

Verification

Fig. 1 The Commission’s pattern approval and verification system for weighing instruments constructed from modules.
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2.1 Legislation

The pattern approval of trade measuring instruments is
carried out by the National Standards Commission
under the National Measurement Act 1960 and the
National Measurement (Patterns of Measuring Instru-
ments) Regulations. The Act defines a measuring
instrument as:

¢ a thing by means of which a measurement of a
physical quantity may be made; or
e a component of such a thing.

This allows the Commission to issue a supplementary
certificate of approval for load cells and indicators
which are considered components. OIML R 76 for non-
automatic weighing instruments states that a module,
which is defined as a part of an instrument which
performs a specific function, can be examined separ-
ately and is subject to specified partial error limits.

2.2 Pattern approval requirements

The Commission has adopted, with very few modi-
fications, OIML recommendations for the evaluation of
non-automatic weighing instruments and their
modules, i.e.:

e OIML R 76-1 (1992)
Nonautomatic weighing instruments. Part 1:
Metrological and technical requirements - tests;

¢ OIML R 76-2 (1993)
Non-automatic Weighing Instruments. Part 2:
Pattern evaluation report;

¢ OIML R 60 (1991)
Metrological regulations for load cells; and

¢ Annex to OIML R 60 (1993)
Test report format for the evaluation of load cells.

With the lack of specific requirements, digital indic-
ators are evaluated in accordance with OIML R 76-1
and the results are recorded in OIML R 76-2.

The same methods and requirements are applied
to automatic weighing instruments which can also
weigh statically and for which the errors specified in
OIML R 76-1 are applicable for static loads. However
for automatic weighing instruments for which relative
errors are specified in the OIML recommendation,
a different approach is required. The Commission has
developed calculations applicable for fitting load cells
(tested in accordance with OIML R 60) to belt weighers
in accordance with OIML R 50 (1994) - Continuous
totalising automatic weighing instruments (Belt
Weighers). These calculations are given later in this

paper.
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2.3 Supplementary certificate
of approval for load cells

The Commission pattern approves modules of instru-
ments; these approvals are known as supplementary
certificates of approval.

In the case of load cells the pattern approval is based
on testing (according to the test procedure in
OIML R 60) of four load cells of each type and capacity.
These load cells are tested for the required performance
in accordance with the parameters specified by the
submittor. The Commission believes that the testing of
four load cells provides a more accurate indication of
the performance of the population of load cells than a
sample of one.

The parameters for which the load cells have been
approved are given in the supplementary certificate of
approval. These parameters are:

+ maximum capacity of the load cell, E, _(kg);

+ maximum number of verification intervals, ;. . .;
* minimum value of verification interval, v . (kg);
minimum dead load output return, DR (kg);

Note: The parameter DR is not specifically
mentioned in OIML R 60 - Annex A. However,
it is required for the calculations relating to
multi-interval and multiple range instruments
given in point 4.12.2 of OIML R 76.

The value of Cy,p;p calculated according to
OIML R 60 - Annex A is the parameter
required, but is in units of v. Therefore the
value required can be calculated as
DR = (Cyypyon X Byt

max’" " “max’

output rating (nominal) (the units used are generally
mV/V) - this parameter is also often called load cell
sensitivity, it indicates the load cell output voltage per
volt (of excitation) when the maximum capacity of
the load cell is applied;

input impedance (Q);

supply voltage range (V);

number of leads (plus shield); and
cable length (m).

The supplementary certificate also specifies con-
ditions relating to the fitting of the approved load cell to
a weighing instrument, such as:

o the supplementary certificate number shall be
marked on the weighing instrument;

o the values of the performance criteria for the
weighing instrument incorporating the approved load
cell shall be within the performance limits specified
in the supplementary certificate for the load cell.
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2.4 Supplementary certificate
of approval for indicators

The pattern evaluation of electronic digital indicators is
carried out using standard load cells as a reference
input. Two cells are used to provide a range of input
sensitivities. All influence factors and disturbances
specified in OIML R 76-1 are applied to the indicator
while keeping the standard load cells at reference
conditions. The cells are corrected for any variations in
the conditions.

The apportioning of maximum permissible errors to
the indicators is in accordance with the typical module
fractions shown in OIML R 76-1 (Table 7) and the test
results are recorded on OIML R 76-2.

The indicators are tested to the required speci-
fications requested by the submittor and these are
included in the supplementary certificate of approval
for the indicator, i.e.:

» Maximum number of verification intervals - rep-
resented as 1y,

Minimum sensitivity (mV/verification scale interval
or pV/verification scale interval) - the minimum
input voltage per verification scale interval at which
the indicator can be expected to operate whilst still
complying with the requirements of OIML R 76;

Excitation voltage (V) - the excitation voltage which
will be applied to the load cells; and

o Maximum excitation current (mA) — which reflects
the ability of the indicator to supply a certain number
of load cells of a given input impedance; Alternatively
in some cases the Minimum load impedance (Q)
is given;

The same conditions as described for load cell certi-
ficates are also included in indicator certificates.

2.5 Certificate of approval
for manufacture of non-automatic
weighing instruments

All manufacturers or importers of weighing instru-
ments used for trade purposes in Australia have to
obtain pattern approval of each model together with
any variants of that model.

For weighing instruments up to 100 kg the sample
instrument is tested in a complete form and approved
as such; these instruments are not included in the
modular system. In addition, instruments with single
load cell support of the load receptor and full load
cell overhead track scales are not included in the system
and therefore are only approved and tested as an
instrument.
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For other weighing instruments the procedure is as
follows:

o If the load cells and/or indicator do not already have
a supplementary certificate of approval and the sub-
mittor wishes to take advantage of the flexibility of
the modular system, it will be necessary to obtain
supplementary certificates of approval as follows:

o The load cells are tested and a supplementary
certificate of approval is issued; and /or

o The indicator is tested for all influence factors
and disturbances and a supplementary certi-
ficate of approval is issued.

A sample instrument is tested either at the Com-
mission (up to 3 000 kg) or on-site for larger instru-
ments. This instrument would incorporate the
modules as tested and approved.

o If any variants are required (i.e. for instruments
which are of a substantially different design),
a sample instrument may be tested.

A certificate of approval is issued which describes the
pattern, refers to the supplementary certificate of
approval for the load cell and indicator and includes
the specifications of maximum capacity and max-
imum number of verification scale intervals for
which the approval is valid.

The maximum capacity for which the approval is
valid is specified in one or more of the following
ranges:

o from 100 kg up to 1499 kg;

o from 1500 kg up to 14 999 kg;

o from 15 000 kg up to 149 999 kg; and
* 150 000 kg and above.

2.6 Certificates of approval for conversion
of non-automatic weighing instruments

Instrument owners frequently wish to convert a mech-
anical weighing instrument (e.g. a steelyard or dial
weighbridge) to an electronic instrument by replacing
the mechanical indicator with a load cell and digital
indicator (which we term lever/load cell instruments).
To allow companies other than the original manu-
facturer to convert mechanical weighing instruments to
lever/load cell instruments, the company must apply for
a conversion certificate of approval.

The holders of a conversion certificate of approval
are also permitted to replace the load cell and/or
indicator of an existing lever/load cell instrument with
another type of load cell and/or indicator, or to replace
the indicator of a fully electronic instrument with
another indicator (in both cases with the proviso that



the parameters of such components must be satisfied
by following the procedures of the general certificate
mentioned below). The holder of a conversion certi-
ficate of approval is not permitted to manufacture a
new instrument or to replace the load cells of a fully
electronic instrument with another type of load cell.

To obtain a conversion certificate of approval, a
sample instrument using approved modules must be
submitted for examination so that the instrument can
be checked to ensure that the conversion is done
correctly and complies with the various approvals. The
conversion certificate describes this sample instrument
and the restrictions mentioned above.

2.7 General certificate of approval
for non-automatic weighing instruments

The certificates of approval previously mentioned are
specific to a submittor and to a particular type of
instrument. However, it is possible to construct a large
range of variant instruments to the approved pattern
using a wide variety of approved modules. To avoid
specifying the conditions for this in each certificate of
approval, a general certificate of approval has been
issued. This general certificate is not issued to any
submittor in particular, but can be used by all manufac-
turers and converters who hold specific approvals of
non-automatic weighing instruments. The scope of the
general certificate includes:

o the manufacture of new weighing instruments of
different sizes and capacities to the approved pattern;

o the conversion of weighing instruments by the
substitution of components (i.e. modules);

o the conversion of mechanical weighing instruments
(including mechanical overhead track instruments) to
lever/load cell instruments;

o the compliance of the weighing instrument with
its certificate of approval; and

o checking that the components used for the instru-
ment are installed correctly, and are within their
approved criteria, in accordance with their supple-
mentary certificates of approval.

To ensure that the new or converted instruments
comply with the various approvals of modules and
instruments, the general certificate includes a series of
calculations which have to be carried out as shown
below.

Calculations

The following variables are used:

E, . is the maximum capacity of the load cell;
N is the number of load cells;

technique

r is the lever ratio (for a full load cell type instrument
r=1)

R is the reduction ratio = 1/lever ratio = 1/r
(for a full load cell type instrument R = 1);

Max ;s the maximum capacity of the instrument;

e is the verification scale interval for the instrument.

Dead load

In many cases load cell manufacturers do not specify a
particular minimum dead load value, and as a result a
value for this parameter is generally not given in the
supplementary certificate of approval for a load cell.
Nevertheless, it is considered desirable that a signi-
ficant dead load be applied to a load cell, and as a result
the following requirement is applied.

First determine the receptor dead load, e.g. length x
dead load per unit length.

o For a full load cell instrument, the dead load
supported by each load cell (i.e. receptor dead
load/number of load cells) shall be greater than or
equal to 1 % of the capacity of that load cell.

o For a lever/load cell instrument, the force applied by
the dead load to the load cell(s) of a lever/load cell
instrument shall be not less than 2 % of the capacity
of the load cell(s).

Note: This force includes a contribution due to the
mass of the levers (effective lever mass). While
this value can be calculated, it is often better
to measure the force at the nose end of the
lever system using a force balance. The larger
of the values (measured or calculated) shall be
used in subsequent calculations.

Loaded capacity of the load cell(s)

The maximum capacity of the load cell(s) should not be
exceeded. Components which contribute to the load
which may be applied to any particular load cell are the
dead load of the load receptor, non-uniform distribu-
tion of the load, possible effects of eccentric loading,
and the initial zero-setting range.

As the initial zero-setting range is used to zero-out the
dead load, this factor is not considered further. It is
only possible to consider the non-uniform distribution
and eccentric loading effects for a specified load, and as
the load is often quite variable either an assumed
loading pattern must be used or each situation must be
considered individually.

In general, the Commission uses the following formulas
which are simplified versions of formulas based on
a uniform loading distribution. However for special
instruments where a specific well-defined load is used,
individual calculations for the particular situation may
be used.
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The maximum capacity of the load cell(s) shall be
greater than the load determined as follows:

¢ For six or more load cells*:

E . 2 (Max;g, + deadload) /K

max

Where K = (N - 2)H /J and H and J are as shown in
Fig. 2:

Fig. 2

e For up to five load cells or for hopper weighing
instruments®:

E_ .. 2 (Max, +deadload)/N

max

e For a lever/load cell instrument*:
E . > (Max,e/ 1) + dead load force to the load cell

max

Note: Point 4.12.1 of OIML R 76 gives the equation
s Q-Max-R
max N

where Q = a correction factor designed to take
account of various additional factors.

Therefore the above calculations are equivalent
to the following:

¢ For six or more load cells
0 - J-(Max + dead load)
H-Max-(N=2)

andR =1

e For up to five cells
0 - (Max + dead load) andR = 1
N-Max

e For a lever/load cell instrument
dead load force to the load cell 1
+ and R = —

Q=1
R-Max r

(*)  For instruments where there is more than one load cell at
each load support point, the maximum capacity of the load
cell' is the sum of the capacities of the load cells at the support
point.
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Number of verification scale intervals
for the instruments

Each module must be approved for the appropriate
number of verification scale intervals. This number is
determined by dividing the maximum capacity of the
instrument by the value of the verification scale interval
marked on the instrument.

For a multiple-range or multi-interval instrument, the
maximum capacity and the value of the verification
scale interval of each individual weighing range or
partial weighing range, are used.

The number of verification scale intervals for the
instrument shall be not greater than the smallest of
those specified in the appropriate certificates of
approval for the various components and shall be not
less than the minimum for the relevant class of
instrument, see appropriate table in OIML R 76-1.

For a multiple-range or multi-interval instrument,
special requirements (OIML R 76-1, point 4.12.2) apply
between the minimum dead load output return for the
load cell and the scale interval of the first range.

The minimum dead load output return (DR) for the
load cell as specified in the certificate for the load cell
shall satisfy the following:

o for a multi-interval instrument
and

DR < 0.5 ¢, /| N,

» for a multiple range instrument DR < e /7N,

where e, is the verification scale interval of the first
range.

Note: To be consistent with the approach of point
4.12.3 of OIML R 76, where a factor of |N is
used to account for an assumed distribution of
load cell parameters, the above formulas should
properly contain the factor (N rather than N.
This inconsistency in OIML R 76 should be
corrected. This is in fact the approach taken by
the Commission, however this is achieved by
setting DR in a multi-cell instrument = DR of the
load cell / |N.

Minimum value of verification interval

for the load cell

The minimum value of verification interval (v, ) is a
parameter of the load cell which is related to the
temperature effect on minimum dead load output. The
value is given in the supplementary certificate for the
load cells. This value shall satisfy the following (for a
multi-interval or multiple range instrument e should be
replaced by e,).

| ™

min



Minimum sensitivity
of the digital indicator

The minimum sensitivity of the digital indicator
specifies the value of input voltage (per verification
scale interval) above which the compliance of the
digital indicator with the approval criteria is assured.
The approved minimum sensitivity of the digital
indicator shall satisfy the following:

excitation voltage x load cell output rating x load ratio

Minimum sensitivity <
number of verifcation scale intervals for the instrument
Max;ysr
rx NXE

max

where load ratio =

Note: The units of voltage used for minimum
sensitivity of the indicator and load cell output
rating should be the same, i.e. either mV/e and
mV/V or pV/e and pV/V.

Maximum excitation current

The ability of the indicator to supply current to the
required number of load cells should also be
considered. Either the maximum excitation current or
the minimum load impedance of the indicator may be
specified.

To be satisfactory the maximum excitation current shall
satisfy the following:

N x excitation voltage

maximum excitation current 2 -
load cell impedance

Or, where the minimum load impedance of the
indicator is given:
load cell impedance > N X minimum load impedance

of the indicator

2.8 Compatibility table
for indicators

The Commission has produced a compatibility table for
those indicators for which a Supplementary Certificate
of Approval has been obtained. This is used by manu-
facturers to select alternative indicators. If an indicator
X is shown in this table as being a compatible re-
placement for indicator Y, this replacement can be
carried out without obtaining an Analysis Report as
indicated below.

However, we now believe that it is preferable that a
complete analysis of the compatibility of the indicators
be carried out in each specific case. This is because the
number of significant indicator parameters which need
to be considered, may result in misinterpretation of any
compatibility table which is prepared.
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To provide reasonable confidence that indicator X may
replace indicator Y and still operate within its approved
parameters it is necessary that:

* Mnpmar (X) 2 Myppge (V)5

excitation voltage (X)

® minimum sensitivity (X) < - minimum sensitivity (Y);

excitation voltage (V)
and
o maximum excitation current (X) > maximum
excitation current (Y) or
minimum load impedance (X) < minimum load
impedance (Y).

It is also necessary to consider whether the excitation
voltage (X) is within the parameters allowable for the
load cell.

2.9 Analysis report for non-automatic
weighing instruments

When an instrument constructed from approved
modules is submitted for verification, the manufacturer
has to supply an analysis report which demonstrates
that:

o All modules are covered by supplementary certi-
ficates;

o The instrument is covered by a certificate of approval
or a conversion certificate;

o The approvals are current, i.e. they have not expired
(certificates of approval have a five-year expiry date at
which time they have to be reviewed); and

o The specifications of the modules are complied with
for that installation.

Figure 3 shows a sample calculation sheet in ac-
cordance with the general certificate. The calculations
involved are submitted either to the Commission or to a
trade measurement authority for checking. An analysis
report is then issued if the calculations and other facts
are correct. The instrument cannot be verified without
an analysis report.

3 An application of the system
to automatic weighing instruments

For automatic weighing instruments which can also be
used and tested in a non-automatic mode, the system of
establishing conformance using approvals of modules is
the same as already described. For automatic instru-
ments which cannot be used or tested in a non-
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6B/0 Calculations for a full load cell weighing instrument (single range)

6B/0 Converter Details: XYZ Scales

6B/0 Conversion Certificate: 6B/nnn
Contact Person: J Smith

1 Australia St
Phone No:; 123 4567

SYDNEY NSW 2000
Fax No: 123 4568

Type of situation: Manufacture of full electronic weighbridge Hopper: NO
Instrument Load Cell Indicator
NSC No: 6/10B/aaa NSC No: Sbbb NSC No: Scce Expiry dates are
Expiry Date: 01/10/97 Expiry Date: 01/05/99 Expiry Date: 01/07/97 ACCEPTABLE
Manufacturer: XYZ Scales Manufacturer: Load Cell Manuf. Co Manufacturer: Indicator Manuf. Co
Description: Model 1234 Model: LC9876 Model: Ind3456
Weighbridge
Max = 60000 kg Max = 25000 kg Nmax = 7500
o= 20 kg Nmax = 3500 Sensitivity = 0.66 uVie
Width: 3m vmin = 1.53 kg Excitation Voltage = 10V
Length: 15 m mV/iV = 1 Min Input Imp = 43.48 0
Dead load/unit length: 2010 kg/m Input Impedance = 850 o Max Exc Current = 230 mA
Dead load: 30150 kg Voltage range = 41024 V
Ha= 75 m Cable length = 10,16 m
J= 6.7 m
H/J ratio = 1.12 Number of Cells = 6 Exc Volts Used = 10 V
6B/ Clause 6.1: Dead Load
Dead Load per load cell = 5025 kg = 20.10 % of load cell capacity >= 1% so the result is ACCEPTABLE

6B/0 Clause 6.2: Loaded Capacity of the Load Celis

Note:  Calculations may not be applicable where there is more than one load celi at each load support point, the
maximum capacity of the "load cell" is treated as the sum of the capacities of the load cells at the support points.
Applicable formula is (Max of Inst + Dead Load) / ({No of Cells -2)*H/J) =

6B/ Clause 6.3: Number of Verification Scale Intervals for the instrument
Number of Verification Scale Intervals (e) for the instrument is

6B/0 Clause 6.4: Minimum Value of Verfiication Scale Interval for the Load Cell

Applicable formula is e/sqri{No of Cells) =

6B/ Clause 6.5: Minimum Sensitivity of the Digital Indicator

This = 1.33 pV/ie whichis >

6B/0 Clause 6.6: Load Cell Impedance
Total current required =

20134 kg, itis

< Load Celi Max so the result is ACCEPTABLE

3000

This is <= the nurmber approved (Nmax) for the load cell and hence is ACCEPTABLE
And is <= the number approved (Nmax) for the indicator and hence is ACCEPTABLE
8.16 kg

This is > the vmin value for the load cell and hence is ACCEPTABLE

Applicable formula is Exc_Volts_Used * LC_Sensitivity * Inst_Max / (Inst_No_of_e * No_of Cells * LC_Max)
the sensitivity limit of the indicator and hence is ACCEPTABLE
92.3 mA whichis < the capability of the indicator and hence is ACCEPTABLE
2609 which is < the load cell impedance and hence is ACCEPTABLE

Or No_of_Cells * Min_lmped =

|  RESULT: The calculations are

ACCEPTABLE |

Fig. 3 A sample calculation sheet submitted with a manufacturer’s analysis report for nonautomatic weighing instruments.

automatic mode, a different approach has to be taken.
The following system has been drafted to cover the
application of separately approved load cells to
continuous totalising automatic weighing instruments

(belt weighers).

Belt Weighers

Belt Weigher installations are characterized by the
following specifications in accordance with OIML R 50
- Continuous totalising automatic weighing instruments

(Belt Weighers):

¢ Maximum capacity (of the weighing unit) (Maxp,);
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o Maximum flowrate (Q
e Minimum flowrate (Q,,);

¢+ Weigh length (of the weighing unit) (L); and
* Belt speed (V).

The total maximum load on the load cells supporting
the weighing unit is made up of the maximum capacity
(live load) and the weight of the weighing unit (dead
load).

The approved parameters for load cells (E, M
and v, . ) are based on the required performance tfor
fitting the load cells to non-automatic weighing instru-
ments on the basis that the load cell contributes no
more than 70 % of the total weighing instrument errors.

max) 4



Although the maximum permissible errors for
automatic weighing instruments such as belt weighers
are different to non-automatic weighing instruments,
the performance specifications given in the load cell
recommendation can be applied to belt weigher
installations.

The following calculations are based on knowing the
characteristics of the belt weigher installation and from
these, determining the required performance of each
load cell. If the calculated performance is equal to or
less than the performance of the load cell then the load
cell selected is satisfactory for that installation.

Load cell capacity

Total maximum load on load cells
(Wgy) = Maxg,, + dead load

xL/V

max

Note: Maxg, = Q

The maximum load on each load cell (W, ) is Wy,
divided by the number of load cells (N) and/or the lever
ratio (r) if applicable, i.e.. W, = Wp, /Nr.

If W,.is <E,_ ., the load cells are satisfactory, i.e.:
ifE > (Maxg, + deadload)/Nr.

Maximum permissible errors

The relative maximum permissible error for belt
weighers tested under simulated conditions for in-
fluence factors (OIML R 50 point 2.2.3) are for
class 0.5: + 0.18 %, for class 1: + 0.35% and for
class 2: +0.7 %.

The load cells are also tested under simulated con-
ditions for influence factors and they can be considered
to contribute no more than 70 % of the total belt
weigher errors specified above (OIML R 50 point
2.2.3.1). Therefore, the maximum permissible relative
errors required for the load cells used in belt weighers
are for class 0.5: + 0.126 %, for class 1: = 0.245 % and
for class 2: + 0.49 %.

Therefore, for a Class C load cell to be satisfactory for
use in a class 0.5, 1 or 2 belt weigher, the relative error
of the load cell at the worst case load should not exceed
the above figures.

For load cells the maximum permissible error specified
in terms of the scale interval v in OIML R 60 (class C)
are as follows:

+ 0.35v for 0 to 500v ;
+ 0.7v for 501 to 2 000v ; and
+ 1.05v for 2 001 to 10 000v.

The worse relative error will be at low load, i.e. a low
number of scale intervals for the load cell (< 500v).
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The limiting relative error for each class for the load
cells will occur at the following number of verification
intervals (1n):
class 0.5 n = 0.35 x 100 /0.126 = 277 intervals
class1 n = 0.35 x 100 /0.245 = 143 intervals
class2 n = 0.35 x 100 /0.49 = 71 intervals

Considering that the worst case will represent 20 %
flow rate of the belt weigher, the maximum flow rate
will be equivalent to:

class 0.5 1 385 intervals
class1 715 intervals
class2 355 intervals

Rounding these to the next highest 500 intervals:

class 0.5 1500 intervals
class 1 1000 intervals
class2 500 intervals

Therefore any class C load cell with n, . equal to, or
more than, these values will be satisfactory for use in
the three classes of belt weighers.

Temperature effect on minimum load

The value of the minimum verification interval (v, )
for the load cell is determined by the effects of a
temperature change at minimum load (also a pressure
effect but this is usually less than the temperature
effect). The maximum permissible effect is 0.7 v, . for
5 °C temperature change for class C load cells. This is
equivalent to 1.4 v, . for 10 °C change.

The corresponding requirement for a belt weigher is a
maximum variation (for say class 1) of 0.07 % of the
load totalised at the maximum flow rate for the test and
for 10 °C temperature change.

Therefore, 0.07 % of the live load on the load cells at
maximum flow rate (the live load on the load cells at
Q, .. is Maxg,,) should exceed the temperature effect on
the load cells for 10 °C,ie. 1.4v,. .

The total temperature effect on the weigh-frame for
multiple load cells (N) or for a lever ratio (r) if ap-
plicable, is 1.4 v,_. r |N where (N is used to take into
account the possible variation in the temperature effect
for each load cell. This is similar to OIML R 76-1).

Also, the live load on the weigh-frame at maximum flow
rate equals Maxy, , so:

_0.07 Max,, 0.07 Max
1A . pit—r B oy g AW
W 100 min = 1 4% 100 X r (N

* Umin

Therefore if
. 0.0005 Mazy,

v . < —
min r \;“N
the load cells are satisfactory.

’
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Similarly for class C load cells fitted to class 0.5 and
class 2 belt weighers:

class 0.5:
0.035 Max 0.00025 Max gy,
Y omin = —BM’/‘ = Y in = T
1.4x100xr N r{N
class 2:
0.14 Maxg,, 0.001 Maxgy,

/N LA 7, K ﬁ
1A% 100xr (N e r N

4 Future developments

At present, the Commission carries out most of the
checking of the calculations required for the analysis
report. In a significant number of cases the information
provided does not comply with the specified require-
ments. This may be partly due to inadequate access to
parameters of approved load cells and indicators, and
partly to a lack of understanding of the calculation and
procedures involved. It is also time-consuming for the
Commission to search out all the aspects required for
checking the conformity of the instrument with the
various approvals.

The Commission is therefore developing a compu-
terized system to carry out the above calculations.
Initially the package will be for internal use but the
ultimate intention is to sell the package to industry. The
package would contain all the necessary load cell and
indicator parameters, together with the calculations
and procedures.

The intention would then be that the industry would
be able to carry out the calculations without each case
being checked by the Commission. Unusual cases
would still be required to be referred to the Com-
mission for analysis, and an auditing process would be
required to ensure correct use of the calculation
program.

The Commission will then need to keep the computer
package up-to-date with the following information as
new approvals, interpretations and changes occur:

o load cell parameters and certificate status;

» indicator parameters and certificate status
(including variants);

s conversion certificate scope and status;

o acceptable load cell mounting methods
(described in the load cell certificate); and

o interpretations of the General Certificate 6B/0.
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5 An alternative approach

The National Measurement Act in Australia provides for
the pattern approval of instruments, it does not provide
for the approval or licensing of the capabilities of
particular people or companies. This restriction has
influenced the development of the system.

If the system was to be developed without this
restriction (but still retaining the system of modular
approval of load cells and digital indicators), it may be
preferable to concentrate on the capabilities of the
manufacturers, converters and repairers, and to
attempt to license the type of work which each can
carry out, taking into account their knowledge and
capabilities.

Some companies may have the knowledge, ex-
perience and quality systems to justify a licence to
manufacture, convert and repair a wide range of
capacities and designs of instruments (using approved
modules) with minimal regulation. However, another
company may have more limited knowledge and
experience, resulting in a licence which limits the
activities to conversion of existing instruments, and in
the absence of a suitable quality system closer
regulation of this company may be warranted.

6 Conclusions

The system has been in operation for twelve years and
has allowed the Australian weighing industry to be
reasonably flexible with the construction of weighing
instruments without the need for multiple approvals by
the Commission. This has also benefited the Com-
mission as it reduces the number of approvals required.

Whilst the flexibility of the system is generally
appreciated by industry (with the possible exception of
some companies which had previously operated some-
what outside the pattern approval system), the op-
eration of the system is not without difficulty. Some of
these difficulties include:

e ensuring that the information supplied is correct —
the verifier or certifier rarely checks (or has difficulty
in checking) whether the figures provided for dead
load or lever ratio are accurate;

defining clearly the point at which a change in design
requires a variant to the approval of the instrument
rather than simply the obtaining of an analysis
report;

the treatment of situations in which there is a wish to
use (for conversions or replacements) existing
‘second-hand’ modules which are in the field, but
whose certificate of approval has expired,;



o the treatment of situations (fortunately not common)
in which there is a wish to use refurbished or re-
manufactured modules. There is a tendency toward
this where the supplementary certificate has expired
for load cells, and in some cases the relocation of ‘old’
weighbridge lever-works is carried out.

In addition there is pressure from industry to allow
even more flexibility and to reduce costs (an analysis
report costs A$140). The development of a computer
package to allow a degree of self-assessment is intended
to address this need.

The system has mainly been used for non-automatic
weighing instruments and in the last three to four years
OIML R 76-1 has included similar requirements for
load cells (point 4.12). Handbook 44 of the National
Conference of Weights and Measures in the USA also
includes similar requirements. However there is still a
need for OIML technical committees to include specific
requirements for the following:

o modular evaluation of indicators;
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o fitting of indicators to weighing instruments; and

* similar provisions for fitting load cells and indicators
to automatic weighing instruments.

Welmec has published a Guide for Testing Indicators
— Non-automatic Weighing Instruments (WELMEC 2.1)
for use in the European Community but such inform-
ation is of relevance to all OIML members. Future
developments such as the use of personal computers as
the indicator also need consideration.

OIML R 50 - Continuous totalising automatic
weighing instruments (Belt weighers) - makes brief ref-
erence to the testing of load cells and indicators fitted
to these instruments (point 2.2.3) but more detail as
proposed in this paper is needed.

It would therefore seem timely for the subcom-
mittees of TC 9 responsible for non-automatic and
automatic weighing instruments to consider the above
as new projects so that international harmonisation can
be achieved. [ |
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— RIGH-CURRENT MEASUREMENTS

A multi-function standard instrument
for current transformer calibration

I. ZOLTAN, Technical University of Budapest, Hungary

Abstract

A new current-comparator and digital ratio-meter-based
multi-function standard instrument for current trans-
former calibration has been developed at the Technical
University of Budapest. The instrument measures the in-
phase and quadrature components of the error by means
of a digital ratio-meter. The built-in ratio matching unit
facilitates comparison and direct calibration of current
transformers of different ratios. Two-stage CTs can also be
measured with this instrument. A set of built-in auxiliary
windings ensures complete on-site self-testing. The
instrument can be tested and calibrated by a combination
of the artificial offset and anti-offset method. Using the
error-injection technique, in-phase, quadrature and
complex errors can be generated for the calibration of the
instrument. The basic accuracy of the instrument is
+ 2 ppm with 0.1 ppm resolution.

1 Introduction

Measuring and protective current transformers are
widely used in the power industry for high-current
measurements and isolation. Accuracy tests have to be
carried out in accordance with the appropriate national
standards. The aim of the research and development
work at the Technical University of Budapest was to
find new measurement methods, to increase the
accuracy and speed of measurements, to extend the
functions of the instrument and to ensure self-
calibration.

2 Principle of operation

The new multi-function standard instrument for
current transformer calibration comprises an analogue
signal processor and a digital ratio-meter. The analogue
signal processor in Fig. 1 consists of a current compar-
ator CC [1], a high-precision current transformer

OIML BULLETIN VOLUME XXXVI « NUMBER 4 « OCTOBER 1995

CT [2], and current-to-voltage converters. It produces
the reference and error voltages, which are proportional
to the input current at the N-side and to the error
current at the X-side, respectively. Normally, the
standard current transformer is connected to the N-side
and the device under test to the X-side.

The precision current transformer CT in Fig. 1 has a
group of primary windings, a detection winding Np,
and a compensation winding N, located on the same
high permeability iron core. The CT operates in the
zero-flux-mode, i.e. the primary excitation is balanced
by the compensating excitation. For this purpose, the
detection winding detects the magnetic flux in the core
and controls the amplifier A;, which outputs the
reference current I. This current, flowing through the
compensation winding, produces the desired compens-
ating excitation.

The current comparator CC in Fig. 1 comprises a
group of primary windings at both the N- and X-side, a
detection winding Np,, a compensation winding N,
and a three-decade ratio matching winding N, located
on a magnetic core. The current comparator also
operates in the zero-flux-mode, where the amplifier A,
outputs the error current I, .

Fig. 1 Analogue signal processor.



The current comparator compares the input currents
of the N- and X-sides. The error current measured by
the current comparator is converted to error voltage V,
by means of the current-to-voltage converter, composed
of operational amplifier A, and precision resistor R, . To
obtain relative error, the input current at the N-side is
measured by the high-precision current transformer
and the measured reference current is converted to
reference voltage V_ by the other current-to-voltage
converter, consisting of operational amplifier A  and
precision resistor R .

The digital ratio-meter in Fig. 2 has a special ana-
logue multiplexer MPX for changing the mode
of operation, a programmable-gain amplifier PGA
for range extension and a digital vector voltmeter
DVVM [3] for measuring the complex error of the
current transformer to be calibrated.

The ratio V/V_, proportional to the complex relative
error, is measured by the digital ratio-meter which
computes the in-phase and quadrature components of
the error. Thanks to the discrete Fourier-transform used
in the DVVM, the higher-order harmonics are sup-
pressed to a great extent. The operation of the instru-
ment is controlled by a unit which also controls the
printer and the data-stream through an RS-232C
interface.

3 Comparison of
current transformers

The instrument can be used for comparison of one-
stage and special two-stage current transformers in any
combination. For this purpose the instrument has
isolated twin inputs for 5 A at both the N- and X-side.

3.1 Comparison of one-stage CTs

Comparison of one-stage CTs is shown in Fig. 3. The
input terminals of the instrument are symbolized by
circles, as in Fig. 1. The secondaries of the CTs are
connected to the corresponding terminals of the instru-
ment, according to the rated secondary currents.
The primary current I, generated by current source CS
excites the primary winding of the standard current
transformer SCT and that of the device under test DUT.
The DUT is loaded by burden B.

3.2 Comparison of two-stage CTs

Comparison of a two-stage standard current trans-
former and a one-stage device under test is shown in
Fig. 4. The second stage of the standard CT is
connected to the MC-input having the same rated
current as the N-input. As the first and second stage of
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Fig. 2 Digital ratio-meter.

SCT

Fig. 3 Comparison of current transformers.

CS

SCT

DUT

Fig. 4 Comparison of one-stage and two-stage current
transformers.

the standard CT have no common burden, the highest
accuracy is ensured. In other words, the secondary
current I of the first stage and the output current I of
the second stage can be precisely added by the separated
input windings of the instrument. The double inputs for
5 A at the X-side also enable the device under test to act
as a two-stage CT.
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4 Ratio matching

Current transformers of different ratios can also be
compared according to the connection in Fig. 3 by
applying a ratio matching. For this purpose the aux-
iliary ratio matching winding Ng, with a variable
number of turns, excited by the reference current, can
be used (Fig. 1). The relation between the ratio of the
rated primary currents and the number of turns of the
ratio matching windings is as follows:

I N
e : N e Sy (1)
Loon 1000

where K is the ratio matching factor, I, and I, are
the rated primary currents of the standard and the DUT,
respectively. This ratio can be changed in very fine one-
turn steps between 0.5 and 1.6. In addition, using a
software ratio matching, 1 ppm resolution can be
achieved.

5 Direct calibration
of current transformers

As the X- and N-sides are isolated from one another,
the input terminals can also be used for direct
measurement of the primary current of the DUT, i.e.
direct measurements without any standard CT can be
carried out.

5.1 Normal-mode calibration

Normal-mode calibration is shown in Fig. 5. The sec-
ondary of the CT under test is connected to the cor-
responding input terminals of the X-side via the
burden. The primary current of the CT is measured at
the N-side of the instrument. To achieve, for example,
the rated primary current of 2.5 A, the N- and MC
inputs must be connected in series. In addition, using

Cs

5P
7 °

DUT 2.5:5

@MC N

Fig.5 Normal-mode calibration of current transformer.
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ratio matching, CTs having any kind of rated primary
currents I, in the region of 2.5 A can be measured
according to the following equation:

25

L e )

Obviously, two-stage curent transformers can also be
measured in this normal mode, when the second stage
is connected to the other input of 5 A.

5.2 Inverse-mode calibration

Inverse-mode calibration is shown in Fig. 6. The
secondary of the CT under test is connected to the
corresponding input terminals of the N-side via the
burden. The primary current of the CT is measured at
the X-side of the instrument. To achieve, for example,
the rated primary current of 20 A, the X-input of 20 A is
used. In addition, using ratio matching, CTs having any
kind of rated primary currents in the region of 20 A can
be measured according to the following equation:

NR
Tp =20 (1 e ) 3)

Furthermore, by proper connection of the input
windings at the X-side, the number of turns can be
selected between 1 and 67 in one-turn steps, i.e.
67 different rated input currents can be realized. For
this reason and using the ratio matching unit, the calib-
ration of current transformers having any kind of rated
primary currents between 0.15 A and 32 A can be
carried out without any standard current transformer,
eliminating the error caused by the instrument.

As in the case of normal-mode calibration, two-stage
current transformers and the standard current trans-
former of the measuring system can also be calibrated
in inverse-mode.
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Fig. 6 Inverse-mode calibration of current transformer.



6 Self-calibration

Using the set of built-in auxiliary windings, complete
on-site self-testing of the functional units and of the
complete instrument is possible. This self-test does not
need any auxiliary standard equipment. The most
important self-calibrating features are described below.

6.1 Zero-point test

Two input windings at the N- and X-sides, having the
same rated current, are connected in series and excited
by a current I as shown in Fig. 7. The zero-point of the
complete instrument can be checked on the display of
the instrument with a resolution of 0.1 ppm and
0.1 prad. The displayed value should be 0.000 00 % and
0.000 00 crad, if N, = 0.

6.2 Artificial offset

Two input windings having the same rated current, and
a third auxiliary winding “A”, are connected in series
and excited by a current I (Fig. 8). This connection
provides a well-defined ratio error which can be meas-
ured by the instrument. The sign of the artificial offset
can be changed by changing the terminals of the
auxiliary winding. The displayed ratio error should be

14 NX ! (4)

where N, and N, are the number of turns of the
auxiliary and of the X-winding, respectively. For ex-
ample, supposing that N, = 1, Ny = 4 and N = 0, the
displayed value should be = 25.00 % and 0.00 crad.
Note that the artificial offset is determined by the ratio
of turns.

6.3 Anti-offset

Using the built-in ratio matching unit, the artificial
offset can be fully compensated. In this case the instru-
ment measures the difference between the artificial
offset and anti-offset. The condition of compensation is
as follows:

Ng=N,T (5)

where T = 250 is the ratio of turns of the precision
current transformer. The displayed value should be
0.000 00 % and 0.000 00 crad. Note that the anti-offset
is also determined by the ratio of turns and that the
instrument can operate in the most sensitive range with
the highest resolution. In this mode, the auxiliary

technique
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Fig.7 Zero-point test.
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Fig. 8 Artificial offset.

winding producing artificial offset, the ratio matching
winding producing anti-offset, and the precision cur-
rent transformer, can be tested with full precision.

6.4 Ratio-meter test

Using the special multiplexer, the input of the
programmable-gain amplifier can be grounded or
connected to the reference input of the voltmeter. In
this way both the zero-point and the full-scale value of
the voltmeter can be tested. When N, = 0, the displayed
values should be 0.000 00 % and 0.000 00 crad in
ZER-mode, and - 20.00 % and 0.00 crad in CAL-mode.

Using the ratio matching unit, the linearity of the
ratio-meter can also be tested. Applying the connection
shown in Fig. 7, the displayed ratio error in MEA-mode
of the digital ratio-meter should be

N S (6)
"= 771000 + N,

As presented in (6), the linearity can be tested in steps
of one turn in the full operating range, from - 20.00 %
to + 20.00 %. This test also qualifies the programmable-
gain amplifier.

There are many other combinations of the above
basic methods which will ensure a complete verifica-
tion of the instrument and of the standard current
transformer.
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7 Error-injection

Using external RC-components, in-phase, quadrature
and complex errors can be injected into the instrument
for calibration purposes. The connection of error-
injection is shown in Fig. 9. Note that the error-current
is injected into an auxiliary winding by means of RC
components, which ensures the highest accuracy. The
injected complex error is as follows:

_ : NA
e_Rr(G+]wC)N—X (7
if (RY+RA)(G+]'COC)<<1 (8)

where R, is the resistance of the auxiliary winding.
Using RC-components of known value, the injected
complex error can be calculated. In special cases
however, the resistances R, and R, in (8) can cause an
error in the calculation. Modifying (7), the effect of the
resistances in (8) can be taken into account.

8 Results

A new multi-function standard instrument for current
transformer calibration was developed at the Technical
University of Budapest for the National Office of
Measures, Hungary. The front panel of the instrument
is shown in Fig. 10. The built-in ratio matching unit
enables the instrument to be used for comparison and
direct calibration of current transformers of different
stages and ratios. Self-calibration procedures and the
error-injection technique ensure complete on-site calib-
ration of the instrument. The principal technical para-
meters are as follows:

o Rated input currents: 0.5, 1, 2, 5, 10, 20 A plus 61 other values
o Ratio matching factor: 0.500 000 - 1.600 000

0.02,0.2,2,20 %

+ 2 ppm, + 2 prad

0.1 ppm, 0.1 prad

15...100 Hz (10...1000 Hz, optionally)
2.5 measurements/s

o Measuring ranges:
e Basic accuracy:

¢ Resolution:

e Frequency range:
 Measuring speed:
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Fig. 10 Current transformer tester.

The instrument, together with a new programmable
power-controller replacing conventional burdens and
with a LabWindows-based man-interface, can satisfy
the requirements of national standards laboratories.
Its high speed of measurement makes the instrument a
powerful tool in the production of current trans-
formers. [ |
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Legal metrology for medical
measuring instruments in Japan

evolutions

MEDICAL MEASURING INSTRUMENTS

H. YAMAMOTO, Director, Aichi Tokei Denki Co., Ltd., Japan

All medical appliances are controlled
by the “Drugs, Cosmetics and
Medical Instruments Act” for which
the Ministry of Health and Welfare

is responsible. Among them, medical
measuring instruments, mainly
used by household consumers and
requiring proper measurement

for health care, are covered by the
“Measurement Law” which controls
legal measuring instruments

in Japan.

Medical measuring instruments
subject to metrological control by
the Measurement Law are:

(1) Glass clinical thermometers,

(2) Resistance clinical
thermometers, and

(3) Aneroid electric
sphygmomanometers
(blood pressure gauges).

According to the Measurement
Law, these measuring instruments
must display either a verification
mark by local metrology services or
a declaration mark by the manu-
facturer to show instrument con-
formity to national requirements.

Since the suitability of such
instruments with regard to medical
applications is specified in the
Drugs, Cosmetics and Medical
Instruments Act, only their metro-
logical performance is checked by
pattern approval tests and initial
verification according to the Meas-
urement Law.

The Drugs, Cosmetics and
Medical Instruments Act controls

all medical appliances, including
clinical thermometers and sphyg-
momanometers, to ensure their
effectiveness and safety for the
benefit of the people who use them.
The Act controls not only the
manufacture of medical appli-
ances, but also sales, advertising,
information on effectiveness and
safety, and the maintenance, in-
spection, and repair of medical
instruments, thereby improving the
health and welfare of citizens.
In addition to the Act, there is
another control system, “‘Good
Manufacturing Practice (GMP)”,
for domestic manufacturers of
medical appliances.

Following is a list of the main
items included in the technical re-
quirements for instruments subject
to metrological control in Japan. ™

GLASS CLINICAL
THERMOMETERS
Structural requirements
o markings
o material (glass, temperature-
detecting liquid)
e scale mark
» mechanism

Performance requirements
« maximum permissible errors

RESISTANCE CLINICAL
THERMOMETERS

Structural requirements
o markings

e sfructure

outside temperature range
power supply voltage drop
ambient temperature
response characteristics
high temperature operation
storage temperature

¢ storage humidity

o thermal impact

¢ leakage-proof

¢ mechanical impact

o withstanding voltage

¢ cleaning and sterilization
» power consumption, etc.

Performance requirements
 maximum permissible errors

ANEROID ELECTRIC
SPHYGMOMANOMETERS

Structural requirements

o markings

» analog indicating mechanism
and/or digital indicating
mechanism

* battery voltage alarm

° measuring range

o leakage

o creep

e hysteresis

o reproducibility

¢ durability

o temperature characteristics

e power supply voltage variation

* electrostatic discharge

¢ impulse noise

¢ short-time power reduction

Performance requirements
* maximum permissible errors
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MEDICAL MEASURING INSTRUMENTS

Metrological control of clinical thermometers in Brazil

S. H. M. RABELQO, Physicist, Manager of Laboratory, Legal Metrology Division,
Instituto Nacional de Metrologia, Normalizacio e Qualidade Industrial (INMETRO), Brazil

Introduction

INMETRO, Instituto Nacional de
Metrologia, Normalizagdo e Quali-
dade Industrial (National Institute
of Metrology, Standardization and
Industrial Quality), is a federal
institution under the MICT, Minis-
tério da Induistria, do Comércio e do
Turismo (Ministry of Industry,
Trade and Tourism) which was
inaugurated 11 December 1974 as
the executive branch of SIN-
METRO, Sistema Nacional de
Metrologia (National System of
Metrology).

The tasks of INMETRO include
the coordination of different pro-
grams related to the technical
regulation of medical measuring
instruments, and conformity certi-
fication for biomedical equipment
used for life support, safety and
environmental control and pro-
tection. INMETRO aims at im-
proving the modus vivendi of the
working force and the general
population by assuring the quality
of instruments and equipment.
Such programs are developed
together with the Health, Justice
and Labor Ministries.

Considering that some hospital
and medical products are meas-
uring instruments, the Brazilian
Government has decided, via IN-
METRO, to implement the control
of products covered by OIML
International Documents and
Recommendations.

Brazil became a member of OIML
in 1983 and began its activities in
the field of health by issuing in
1989 a technical regulation based
on OIML Recommendation R 7 on
clinical thermometers. This Re-
commendation was adapted to suit
the needs of Brazil after studying
the corresponding regulations
applied in France, Germany, Japan
and the U.S.A.

Historical
background

The effective metrological control
of clinical thermometers started in
1990 with the first pattern approval
based on INMETRO’s Ordinance
nr. 239/89 establishing methods
and procedures for pattern ap-
proval and initial verification of
these instruments. Initial verifica-
tion was carried out for the first
time in September 1993, at the Juiz
de Fora Branch of the Institute of
Weights and Measures of the Minas
Gerais State.

Pattern approval of such instru-
ments, both domestically manu-
factured and imported, has been
performed at INMETRO labor-
atories in Rio de Janeiro using
German standard liquid-in-glass
thermometers (0.01 °C) certified by
Physikalisch- Technische Bundes-
anstalt (PTB) and compared with
our national Pt/Rh standards every
five years at the RBC laboratories -
Rede Brasileira de Calibracdo
(Brazilian Calibration Net) at
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INMETRO; in turn, these national
standards undergo intercompar-
isons every five years in labor-
atories of Germany, UK, Italy,
France and the U.S.A.

Since 1990, four laboratories
have been equipped to perform
the initial verification of clinical
thermometers in different regions
of Brazil, where technicians trained
by the Legal Metrology Directorate
of INMETRO for this purpose carry
out such tasks. The approximately
200 000 clinical thermometers
made in Brazil each month
undergo initial verification ac-
cording to a sampling plan (see
Tables 1 and 2), and initial verifica-
tion of imported clinical thermo-
meters is expected for the near
future. First, the problem of
multiple land borders with other
Latin American countries must be
solved.

Brazil has already updated
its specific regulation on clinical
thermometers after having dis-
cussed the matter with other
MERCOSUL Members (Argentina,
Paraguay and Uruguay). The only
issue that remains to be solved in
this discussion concerns the system
of applying the verification stamp
on the instrument; due to the high
production of Brazilian manufac-
turers, INMETRO adopted the
procedure for marking during pro-
duction (serigraphic process in the
enclosed scale or in the instru-
ment). The mark can be the
INMETRO logo, a lot number or
both.



Table 1 Sampling plan according to
IS0 2859-1/1989.

evolutions

Table 2 Sampling plan according to ISO 2859-1/1989.

Lot or Sample size Sample size
Batch size code letters code letter Aol B B B B e E S Lo L Q
Sample size 2 3 6 8 13(20| 32| 60| 80| 125/ 200| 315|500 |800| 1250
2to 8 A AQL | Ac 0 0 0 0 0 0 0 0 | | | 2 3 5 8
9to 15 B 0,40 | Re | | | | I | | | 2 2 2 3 4 6 9
16 to0 25 C AQL| Ac | OO | O O |1 | I |1 2|3 |5 |8 [I12]18 I8 I8
26 w30 B 25 |Re | 1| L |0 |1 [22]2[3[4/|6 |9 [13]19[19]19
51 to 90 E
91 to 150 F AQL — Acceptable Quality level
151 to 280 G Ac — Acceptance Number
281 to0 500 H Re — Rejection Number
501 to 1200 J
1201 to 3200 K
3201 to 10000 L
9001 vz 35000 y Initial verification Solid-stem clinical thermometers
Tigg(‘) It° Iiggggo ': are made in the southeastern
500001 ::; P Q Initial verification is carried out by | "°8% O,f Bra_zﬂ and §0 % (,)f their
technicians in INMETRO laborat. | Production is ,SOld within Fhe
ories or in factories (through a country, Rejection of Brazilian
networ_k of verifi_c_ation offic.es) ert;urr;e;tsﬂiugr;g 11994, 6 Wai
Pattern approval according to Brazilian regulation Y 3 40, W S; ) gn}ll lcin
(INMETRO Ordinance 234/1994), | Percentage compared with that
For pattern approval of clinical | The sampling process is used due indicated in the OIML Bulletin
thermometers, ten prototypes | to the large number of clinical No. 125 (Dec. 1991, p. 9). .Fr_orn
should be present for testing and | thermometers manufactured in the Sept. to Nov. 1993, 4 835 c_hmcal
all of them should compy with the | country. It should be noted that thermometers were tested in one
relevant requirements. manufacturers’ standards are inter- factory as.samples from a to.tall of
Metrological reliability of Brazil- | compared every three years against 508 588; in 1994, 8 855 clinical
ian clinical thermometers is deter- | INMETRO' standards. TRECHIOTS(ETS, s 'tested from
mined by results obtained from According to ISO 2859-1/1989, a total of 1 212 048 units.
laboratory measurements. Instru- | INMETRO has adopted the
ments are submitted to a temper- | “Simple and Severe Sampling Plan” | Conclusions
ature test where the points 37 °C | with 0.40 AQL (acceptable quality el oF b et
and 41 °C are checked and the | level) for temperature tests and po faF sod  elistesl
maximum permissible error is | 2.5 AQL for other tests (Tables 1 Fﬁo:r;aom tors erforrli ect Hkl)lcil
within the range of - 0.15 °C and | and 2). Both pattern approval and fulel esr?aebfirshe d ang t}}lle saenele
+ 0.1 °C, the same as that recom- | 1initial verification are required for 5 }l]ies to di itallclinical —
mended by OIML; for thermo- national and foreign manufac- nfelr)ters atid] & Fisnasable Wisrtios
meters used for birth control, the | turers, both of which are subject to meters. Studies :re S T—
peime BE 'fmd 315 QC. ane | the same ules bl the installation of new laboratories,
checked. Visual inspection, dimen- When a lot is rejected after N
sional tests, response time test and | initial verification, it should be ol thegac Ao GF it meit -
replacement of mercury column | destroyed inside the factory and q quip '
are also performed. the resulting materials should | gpeferences
Pattern approval is granted after | always be handled so as not to
the editing of specific INMETRO | cause any harm to the environ- | [1] Bulletin OIML, No. 125, Dec. 1991.
ordinances which correspond to | ment. The aim of this procedure is | [2] Verification Ordinance, German
the pattern approval certificate | to avoid that these instruments Regulations, Federal Law, IN-
issued in some European countries. | reach the internal market or be METRO 234/1994.
Up to now, INMETRO has granted | exported to countries where there | [3] Report of the verification author-
seven pattern approvals and has | is no relevant metrological control ities of Juiz de Fora/Minas
also carried out six compliance | (metrological controls are not Gerais/Brazil - 1993/1995
tests to approved models. required for exportation). [4] 1SO 2859-1/1989.
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MEDICAL MEASURING INSTRUMENTS

Metrological control of absorption photometers
and spectrophotometers in Poland

J. PIETRZYKOWSKI, Optical Radiation Laboratory, Gl6wny Urzad Miar-GUM (Central Office of Measures), Poland

According to the Polish “Law on
measures” and ordinances issued
by the Glowny Urzad Miar (GUM),
the Central Office of Measures,
absorption photometers and
spectrophotometers in Poland are
subject to verification or compulsory
calibration if they are used in
production and testing of
pharmaceuticals, or in the fields

of health, safety and environment.
Instruments used in these fields are
also subject to pattern approval.

In Poland, absorption photometers
and ordinary spectrophotometers
are traditionally called “chemical
spectrocolorimeters”. These instru-
ments are commonly used in
clinical and biochemical laborat-
ories to determine the concen-
tration of analytes in specimens of
blood, serum, plasma etc. by
measuring the spectral transmit-
tance or spectral transmittance
density (spectral absorbance).
There are many different types of
chemical spectrocolorimeters used
in health services, with varying
manufactural qualities, methods of
measurement, and metrological
characteristics. At present, more
than 30 different types of spectro-
colorimeters, both domestically
manufactured and imported, are
used in Poland. This situation
causes difficulties for the harmon-
ization of technical specifications
and metrological performances for

spectrocolorimeters as well as for
their calibration.

The Optical Radiation Laboratory
of GUM and all Regional Verifica-
tion Offices perform the verif-
ication and calibration of spec-
trocolorimeters. Sets of reference
neutral density filters for which the
true values of spectral transmit-
tance and spectral absorbance are
known, are used as absorption-
reference materials. These stand-
ards, which are traceable to
national standards, are made of
Scottish glass and placed in special
holders.

Calibration of the wavelength
scale of spectrocolorimeters is per-
formed with didymium or hol-
mium filters which have known
wavelengths of maximum and
minimum spectral transmittance
for different spectral bandwidths.

Polish metrological regulations
stating the requirements and per-

missible errors for spectrocolori-
meters are amended based on the
OIML Committee Draft for the
International Recommendation
entitled “Absorption photometers
for medical use; metrological de-
scription  of technical speci-
fications” and other metrological
documents and standards. [ ]

Medical measuring instruments
subject to metrological control
in Poland

= Westergren tubes for
measurement of erythrocyte
sedimentation rate

= Sphygmomanometers

« Clinical thermometers

= Absorption photometers

= Spectrophotometers

= Medical dosimeters

=« Density hydrometers of urine

= Non-automatic weighing
instruments

= Audiometers

MEDICAL MEASURING INSTRUMENTS: INTERNATIONAL REPORT

1IEC

International Electrotechnical Commission
Commission Electrotechnique Internationale

TC 62: Electrical equipment in medical practice

Scope

To prepare international standards concerning the manufacture, installation and
application of electrical equipment used in medical practice and concerning surgery,
dentistry and other specialities of the healing arts. This scope includes systems,
equipment and accessories within the scope of other technical committees and is
confined to aspects in which special requirements for medical use arise, particularly as
regards safety. TC 62 and its subcommittees are not directly engaged in the field of
medical measuring instruments, but work mainly in the field of safety standards for

medical equipment.

Secretary

Dr W. Puschert, Rontgenstrasse 24, Postfach 63 05 60, D-2000 Hamburg 63, Germany
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MEDICAL MEASURING INSTRUMENTS

Measuring information technologies
and instruments for health care

evolutions

ETRGMED 95

Report on METROMED 95, International Scientific and Practical Conference, 19-22 June 1995, St. Petersburg

The International Scientific and
Practical Conference “Metromed-95"
was held in St.Petersburg, Russia
19-22 June, 1995. This Conference
was devoted to the problems of
measuring information technologies
and instruments for health care, and
was organized by the State
Committee of the Russia Federation
for Higher Education and the State
St. Petersburg Technical University,
together with the Academy of
Metrology and the International
Scientific and Technical Society

of Instruments Engineers and
Metrologists.

The International Programme
Committee included 15 leading
scientists and metrologists from
different countries and was headed
by Prof. E. Carson, IMEKO/TC 13
Member and Director of the Centre
for Measurement and Information
in medicine (City University,
London, United Kingdom); and
Prof. Ju.V. Tarbeyev, Member of the
CIPM, Director of the D. I. Men-
deleyev Institute for Metrology and
President of the Metrological Acad-
emy of Russia in St. Petersburg.
The conference aimed at con-
solidating efforts by metrologists,
instrument manufacturers and
medical specialists for the develop-
ment and production of up-to-date
measuring instruments and tech-
nologies capable of providing an
effective realization of the most

and Prof. Yu. S. Vasiliev.

advanced medical methods for
prophylaxis, diagnosis, treatment
and post-treatment rehabilitation.

The chairman of the Russian
Organizing Committee, Prof. Ju.S.
Vassiliev, opened the Conference.
Participants were welcomed by
S.A. Tsyplyaev, RF President's
Plenipotentiary in St. Petersburg;
V.M. Mutko, Vice-Mayor of
St. Petersburg; V. V. Lozhko, Chief
expert of the Department for
Science and Higher Education of
St. Petersburg; and Prof. G.M.
Cherkessov, Head of the Russian
Co-ordination Council of Medical
Aid Quality.

In addition to reports made
during the general session of the
conference, lectures were given on
several key topics for metrology in
medicine.

Plenary session of METROMED 95. Prof. Yu. V. Tarbeyev, S

-
. A, Tsynlayev (giving a lecture),

Some subjects addressed at METROMED 95

* Metrological assurance in medicine

o Traceability systems

e Gerontechnology

e Human visual system

¢ The human organism and its interaction
with the environment

e The objective signs of health state

o Measurements in urgent laparoscopy

* Medical and engineering education in Russia

e Bioelectric and biomagnefic measurements

e Magnefic and resonance tomography

e Fluorimefry

o Simulation of body circulatory

¢ lconics and optometry

¢ Measuring and information technologies in clinical
laboratory diagnosis

° Metrological assurance for acoustic stimulation
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Poster session — Mrs E. Yu. Shapkova
and Mr A. A, Red’ko (Section leader).

Poster sessions constituted more
than 80 communications of recent
data on medical equipment, meth-
odologies, mathematical methods,
computer technologies and applied
medicine. In conjunction with the
conference, a substantial exhibition

‘ of medical instruments took place.
Among the exhibits, there were
instruments for an immune-
ferment analysis and an audio-
meter complex designed for
investigation of the potentials
being evoked as well as some
compact means for analogue
signals for input and output of
personal computers.

The general result of the con-
ference was considered at a joint
meeting of the Committee for
Social Problems of the St. Peters-
burg Mayor’s Office, Members of
the Russian Organizing Committee
of the conference, Co-chairman of
the International Programme Com-
mittee Prof. Yu. Tarbeyev and
Representative of the Committee
for Science and Higher Education
of the St.Petersburg Mayor’s Office
Mr. V.V. Lozhko. Participants of
the meeting arrived at a conclusion
for the elaboration of an organiza-
tional and scientific programme for
realizing joint developments in the
area of medical instrumentation
and information, and improving
metrological qualifications of spe-
cialists working in medicine and
health protection. [

MEDICAL MEASURING INSTRUMENTS: INTERNATIONAL REPORT

International Organization for Standardization
Organisation Internationale de Normalisation

Technical Committees with activities in the field of health care

TC76 Transfusion, infusion and injection equipment for medical use

TC 84 Medical devices for injections

TC 106 Dentistry

TC 121 Anaesthetic and respiratory equipment

TC 150 Implants for surgery

TC 157 Mechanical contraceptives

TC 168 Prosthetics and orthotics

TC 170 Surgical instruments

TC 172 Optics and optical instruments

TC 173 Technical systems and aids for disabled or handicapped persons

TC 194 Biological evaluation of medical devices

TC 198 Sterilization of health care products

TC 210 General aspects for health care products

TC:212 Clinical laboratory testing and in vitro diagnostic test systems
IS0 Central Secretariat

1, rue de Varembé, CH-1211 Geneva 20, Switzerland
Tel.: (41) 2274901 11  Fax: (41) 22 733 34 30

MEDICAL MEASURING INSTRUMENTS: REGIONAL REPORT

=

At present, CEN standardization activity in the field of medical measuring instruments
is restricted to a very limited number of projects within CEN/TC 170 “Ophthalmic
optics”, CEN/TC 205 “Non-active medical devices” and CEN/TC 215 “Respiratory and
anaesthetic equipment”.

Activities within CEN/TC 170 are closely related to those of ISO/TC 172/SC 7
“Ophthalmic, endoscopic, metrological instruments and test methods” and some
projects have been mandated by the European Commission and the European Free
Trade Association (EC/EFTA) to support relevant essential requirements of the
Medical Device Directive (93/42/EEC).

Within CEN/TC 205, EC/EFTA have mandated several projects concerning medical
measuring instruments in support of the Medical Device Directive, including “Non-
invasive sphygmomanometers” and clinical thermometers.

The draft OIML recommendations concerning “Clinical electrical thermometers with
maximum device” and “Clinical electrical thermometers for continuous measurement”
have been circulated to CEN/TC 205/WG 12 with other relevant national standards
concerning clinical thermometers for consideration in the drafting of future European
Standards.

The Medical Device Directive makes reference, under its essential requirements and
annexes, to “risk” and “acceptable risk” and to the needs for a risk analysis. In this
context EC/EFTA have mandated the preparation by CEN of a European Standard
detailing a procedure for the risk analysis of medical devices. This project reached the
stage of CEN enquiry in October 1994.

Comité Européen pour la Normalisation
European Committee for Standardization

Activities in the field of medical measuring instruments

CEN Central Secretariat
Rue de Stassart 36, B-1050 Brussels, Belgium
Tel.: (32) 2519 6811 Fax: (32) 2519 6819
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MEDICAL MEASURING INSTRUMENTS

International Federation of Clinical Chemistry:

evolutions

INTERNATIONAL

FEDERATION OF
CLINICAL CHEMISTRY

Committee on Analytical Systems

In 1974, the International
Federation of Clinical Chemistry
(IFCC) created the Expert Panel on
Instrumentation to address aspects
concerning instrumentation in the
field of clinical chemistry.

Initially, this panel focused on
standardization of specific
instruments used in clinical
laboratories. In order to better
address and respond to the technical
and operational problems resulting
from the evolution of a system
approach to clinical analyzers, the
name and the scope of the panel was
changed in 1986 to “Committee on
Analytical Systems” (CAS).

PUBLICATIONS

GOALS

n To assist the profession in the
integration and utilisation of
analytical systems into the practice
of laboratory medicine,

To develop logistics in the use of
analytical systems and its
integration in the information
network of a clinical laboratory,

To develop an information data
base on new technology and to
review critically its usefulness for
the practice of laboratory
medicine,

To develop guidelines for the
preanalytical and analytical
processes in clinical laboratories,

To develop an international forum
to discuss and resolve the scientific
and practical problems
encountered with the use of
analytical systems in the clinical
laboratories.

Guidelines (1984) for listing specifications of spectrometers

in clinical chemistry.

Haeckel R., Collombel C., Geary T.D., Mitchell F., Nadeau R.G., Okuda K.

J. Clin. Chem. Clin. Biochem. 18, 445-49 (1980); Clin. Chim. Acta 103, 249F-58F
(1980); Clin. Chem. 27, 187-91 (1981).

Guidelines (1984) for listing specifications of clinical chemistry analyzers.
Okuda K.

1. Clin. Chem. Clin. Biochem. 18, 947-951 (1980); Clin. Biochem. 13, 244-48 (1980);
Clin. Chim. Acta 119, 351F-62F (1982).

Guidelines (1985) for classification, calculation and validation

of conversion rates in clinical chemistry.

Bechtler G., Haeckel R., Horder M., Kuffer H., Porth H.J.

J. Clin. Chem. Clin. Biochem. 23, 492-503 (1985); Clin. Chem. 31, 109-119 (1985);
Acta Bioquim. Clin. Latinoamer. 19, 413-25 (1985).

Methodological aspects of quantitative mass spectrometry

used for accuracy control in clinical chemistry.

Lawson A.M., Gaskell S.J., Hjelm M.

J. Clin. Chem. Clin. Biochem. 23, 411-33 (1985).

Guidelines (1986) for classification, calculation and validation

of conversion rates in clinical chemistry.

Bechtler G., Haeckel R., Horder M., Kuffer H., Porth H.J.

J. Clin. Chem. Clin. Biochem. 25, 315-25 (1987); J. Auto. Chem. 9, 105-12 (1987).
The effect of instrumentation and environmental factors on

the thermal regulation of the temperature of incubation.

Burtis C.A.

J. Auto. Chem. 9, 82-86 (1987); Biochimica Clinica 11, 910-15 (1987); J. Clin. Chem.
Clin. Biochem. 25, 829-34 (1988); Biochim. Clin. 10, 961-66 (1988); Acta Bioquim.
Clin. Latinoamer. 27, 305-08 (1993).

The term random access is inappropriate as a discriptor

for clinical analysis systems.

Haeckel R., Geary T.D., Burtis C.A.

Clin. Chem. 34, 1520 (1988).

Guidelines (1988) for the use of centrifuges.

Uldall A., Trier Damgaard P., Magnussen E., Drachmann D., Rigg J.C.

J. Auto. Chem. 11, 28-31 (1989).

Guidelines (1990) for the selection of safe laboratory centrifuges

and for their safe use.

Uldall A., Trier Damgaard P., Drachmann O., Jorgensen F,, Kennedy D., Lauritzen M.,
Magnussen E., Rigg J.C., Voss P.

J. Auto. Chem. 13, 221-29 (1991); Clin. Chim. Acta 202, S23-40 (1991).

The expanding role of robotics in the clinical laboratory.

Ozawa K., Schnipelsky P., Pardue H.L., Place J., Truchaud A.

Ann. Biol. Clin. 49, 528-535 (1991); J. Automatic Chemistry 14, 9-15 (1992); JIFCC 4,
174-181 (1992); Acta Bioquim. Clin. Latinoamer. 27, 533-45 (1993).
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evolutions

MEDICAL MEASURING INSTRUMENTS

International Organization of Legal Metrology:
Technical Committee 18 - Medical measuring instruments

OIML

OIML TC 18

MEDICAL MEASURING INSTRUMENTS
INSTRUMENTS DE MESURE MEDICAUX

SECRETARIAT: GERMANY

Physikalisch-Technische Bundesanstalt (PTB)
Postfach 3345, D-38023 Braunschweig

Tel.: 49-531-592 30 00
Fax: 49-531-592 30 02

OIML TC 18/SC 1
BLOOD PRESSURE INSTRUMENTS

INSTRUMENTS POUR PRESSION SANGUINE

SECRETARIAT: AUSTRIA

Bundesamt fiir Eich- und Vermessungswesen (BEV)

Postfach 20, Arltgasse 35, A-1163 Wien

Tel.: 43-1-49 11 Ol
Fax: 43-1-49 20 875

OIML TC 18/SC 2

MEDICAL THERMOMETERS
THERMOMETRES MEDICAUX
SECRETARIAT: GERMANY

Physikalisch-Technische Bundesanstalt (PTB)
Postfach 3345, D-38023 Braunschweig

Tel.: 49-531-592 30 00
Fax: 49-531-592 30 02

Participating Members

Austria

Brazil
Bulgaria
Cuba
Germany
Hungary
Japan

Rep. of Korea
Russian Federation
Saudi Arabia
U.S. A

Austria
Bulgaria

Czech Republic
Germany
Hungary
Slovakia

U.S. A
Yugoslavia

Austria

Bulgaria

Czech Republic
Germany

Russian Federation
Slovakia

Spain

Sweden

U.S. A
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Observer Members

Australia
Czech Republic
Egypt

Finland

France
Indonesia
Netherlands
Norway

P. Rep. of China
Poland
Romania
Slovakia

Spain
Switzerland
Yugoslavia

Australia
Indonesia

Japan

Netherlands

P. Rep. of China
Poland

Russian Federation
Sri Lanka

Australia
Hungary
Indonesia

Japan
Netherlands

P. Rep. of China
Poland

Sri Lanka
Switzerland
Yugoslavia

International Liaisons

World Health
Organization (WHO)

International
Electrotechnical
Commission (IEC)

World Health
Organization (WHO)

International
Electrotechnical
Commission (IEC)

International
Organization for
Standardization (ISO)



OIML TC 18/SC 3

MEDICAL DOSIMETRY
DOSIMETRIE MEDICALE

SECRETARIAT: UNITED KINGDOM

National Weights and Measures Laboratory

Stanton Avenue
Teddington, Middlesex TW || OJZ

Tel.: 44-181-943 72 72
Fax: 44-181-943 72 70

OIML TC 18/SC 4

BIO-ELECTRICAL INSTRUMENTS
INSTRUMENTS BIO-ELECTRIQUES

SECRETARIAT: RUSSIAN FEDERATION

Gosstandart of Russia
Leninsky Prospect 9
117049 Moscow

Tel.: 7-095-236 40 44
Fax: 7-095 237 60 32

OIML TC 18/SC 5

MEASURING INSTRUMENTS

FOR MEDICAL LABORATORIES
INSTRUMENTS DE MESURE

POUR LABORATOIRES MEDICAUX

SECRETARIAT: GERMANY

Physikalisch-Technische Bundesanstalt (PTB)

Postfach 3345, D-38023 Braunschweig

Tel.: 49-531-592 30 00
Fax: 49-531-592 30 02

Participating Members

Austria

Bulgaria

Czech Republic
Germany
Hungary
Netherlands
Russian Federation
Switzerland
United Kingdom
U.S. A
Yugoslavia

Bulgaria

Germany

Russian Federation
U.S. A

Austria

Germany

Poland

Russian Federation
Slovakia

U.S. A

Observer Members

Australia

P. Rep. of China
Poland

Slovakia

Spain

Sri Lanka

Australia
Czech Republic
Japan
Netherlands

P. Rep. of China
Slovakia

Spain

Sri Lanka
Switzerland
Yugoslavia

Australia
Belgium
Bulgaria

Czech Republic
Hungary

Japan
Netherlands

P. Rep. of China
Spain

Sri Lanka
Switzerland
Yugoslavia

evolutions

International Liaisons

International Atomic
Energy Agency
(IAEA)

International
Electrotechnical
Commission (IEC)

World Health
Organization (WHO)

International
Electrotechnical
Commission (IEC)

International
Electrotechnical
Commission (IEC)

International
Federation of Clinical
Chemistry (IFCC)

International
Organization of
Standardization (ISO)

World Health
Organization (WHO)

Note: OIML has pursued activities concerning clinical thermometers and sphygmomanometers since its beginning
in the mid-1950’, and in 1973, pilot secretariat SP 26, Measuring instruments used in the field of public health,
was established. Following a restructuring of OIMLs technical activities, SP 26 was later transformed into TC 18.
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Metrological cooperation

OIML collaborates with PTB
and DAM in Germany for a
metrology workshop

Cooperation in metrological
activities continues between
OIML and various regional
and national organizations.
Most recently: the workshop
“Volume determination of fixed
storage tanks”, held in Munich,
3-14 July 1995.

Previous workshops

The Deutsche Akademie fiir Me-
trologie (DAM) collaborates with
the Physikalisch-Technische Bundes-
anstalt (PTB) and the International
Organization of Legal Metrology
(OIML) in technical cooperation
projects. In 1991, 1992 and 1993,
workshops on “Verification of
Weighing Equipment” were held
for verification inspectors. Theor-
etical and practical work dealt with
nonautomatic weighing instru-
ments (self-indicating and non-self-
indicating weighing instruments
class IIT and class II), as well as
road vehicle scales, belt weighers
and mass comparison of heavy test
weights. In 1991 and 1992, two
workshops were held on “Medical
Instruments” and concerned meas-
uring principles, technical stand-
ards and test procedures for
clinical thermometers and blood
pressure measuring instruments.

Participants of the workshop “Volume determination of fixed storage tanks” which was
held in Munich, 3-14 July 1995 and sponsored by PTB, DAM and OIML.

1995 workshop

As part of the technical cooperation
program, a workshop entitled
“Volume determination of fixed
storage tanks” was held in Munich,
3-14 July 1995 and was jointly
organized by PTB, DAM and OIML.
The main objective of this work-
shop was to familiarize inspectors
of national legal metrology and
calibration services with the meas-
uring principles, the technical
standards and test procedures for
fixed storage tanks.

Lectures on measuring prin-
ciples, measuring methods, types of
measuring instruments, interna-
tional and national standards, in
combination with practical work at
the verification office and at a tank

OIML BULLETIN VOLUME XXXVI « NUMBER 4 « OCTOBER 1995

Workshop participants performing
manual gauging of tanks.



farm, provided an excellent oppor-
tunity to become acquainted with
the metrological aspects of the
volume determination of fixed
storage tanks.

The teaching staff was composed
of specialists from PTB, OIML and
DAM who were read’y to discuss
problems that the participants en-
counter in their countries. Manu-
facturers of level measuring instru-
ments were also present to give
presentations of their products.

Participants were selected from
those countries with legal require-
ments for storage tanks or those
having begun or going to begin
work in this field. The number of
participants was limited to 20 in
order to ensure an effective per-
formance, particularly with regard
to the practical part of the work-
shop. Countries represented in-
cluded Albania, Belarus, Bulgaria,
Burkina Faso, Cameroon, Chile,
Czech Republic, Ecuador, Indo-
nesia, Kenya, Morocco, Mexico,
Mongolia, Nepal, Nigeria, Papua
New Guinea, Tanzania, Vietnam
and Zambia.

In addition to the lectures and
practical exercises, a welcome
dinner, a Bavarian barbecue even-
ing, an excursion to the castle of
Neuschwanstein and a city tour in
Munich were organized by DAM.

WORKSHOP PROGRAM IN BRIEF

1 Theoretical Instructions

Horizontal cylindrical tanks

o Introduction to wet calibration of
containers: construction, standards,
erTor curves

o Data “smoothing” of measured values:
conventional method, capacity tables,
least square fit, spline method

Vertical cylindrical tanks

¢ Overview, definitions

* Sump determination of a vertical
cylindrical tank

e Determination of circumference
and plumbing

o Computation of a capacity table

e Calculation of expansion at increasing
liquid levels

Level measuring instruments

o Instrument with radar dipping device

e Determination of tank diameter by an
optical method

Introduction into the tasks of OIML and
the relevant OIML Recommendations

2 Practical Instructions

At the verification office Munich

¢ Determination of an error curve
of a standard water meter

o Measurement of a horizontal cylinder
by a calibrated standard water meter
and a dip-tape with counterweight

At the tank farm in Ingolstadt

¢ Adjustment of dip-plate

e Plumbing of a tank

o Inspection and weight determination
of a floating-roof tank

3 Technical Visits
o Munich verification office
e Tank farm in Ingolstadt

OIML BULLETIN
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Metrology training

DEUTSCHE AKADEMIE
FUR METROLOGIE (DAM)

The Deutsche Akademie fiir Metrologie
welcomes applicants for its annual pro-
gram of courses aimed at higher
training in metrology-related subjects.
The majority of courses are given in
German and therefore, basic know-
ledge of this language is necessary.
Following is a sample program of
courses based on the 1995 curriculum.

DAM SAMPLE ACADEMIC PROGRAM

Courses for higher intermediate
verification service

¢ Seminar “Handling with citizens”
 Workshop with a manufacturer
of weighing instruments

Courses for verification
administrations

 Workshop “Exhaust fumes

measuring instruments”

Technical seminar (in English)

Training for quality

assurance assessors

Training for quality assurance

assessors in medical laboratories

Advanced training for quality

assurance auditors

Seminar “Programmable taximeters”

Training of verification officers in

executive positions

« Seminar “Uncertainty

in measurement”

Seminar “Medical products act”

 Management for verification
officers in executive positions

Training and advanced training
for scholarship holders

o International workshop “Volume
determination of fixed storage tanks”
« International workshop “Prepackages”

Courses for executive staff
in accredited test centres

* Course for accredited test centres for
measuring instruments for electricity,
gas, cold/warm water and heat

Contact information:

Deutsche Akademie fiir Metrologie (DAM)
beim Bayerischen Landesamt fiir Maf und
Gewicht, Miinchen

Tel.:  (49) 89 17901-0

Fax: (49) 89 17901 386

(German Academy of Metrology,

Verification School at the Bavarian State
Office for Weights and Measures, Munich)
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OIML CERTIFICATES registered from June to August 1995
CERTIFICATS OIML

enregistrés de juin & aolt 1995

HOW TO USE THE UST OF OIML CERTIFICATES
COMMENT UTILISER LA LISTE DES CERTIFICATS OIML

This list is classified by issuing
authority; updated information on
these authorities may be obtained

from BIML.

Issued by/Délivré par:
Physikalisch-Technische
Bundesanstalt (PTB), Germany

For each Member State, certificates
are numbered in the order of their issue
(renumbered annually).

Pour chaque Etat Membre, les certificats

Cette liste est classée par autorité
sont numeérotés par ordre de délivrance

de délivrance; les informations

o R76/1992 - DE - 93.01
01

a jour relatives a ces autorités Sartorius AG (cette numérotation est annuelle).
sont disponibles aupreés du BIML. Weender LandstrafBel 94-108
Germdny . 0
Année de délivrance

OIML Recommendation applicable BA BA200
within the System / Year of publication BABB[200, ...
Recommandation OIML applicable dans The code (ISO) of the Member State in
le cadre du Systéme / Année d'édition which the certificate was issued.

Le code (ISO) indicatif de I'Etat Membre
ayant délivré le certificat.

INSTRUMENT CATEGORY

Manufacturer / Fabricant
Certified pattern(s) / Modéle(s) certifié(s)

Load cells R 60 (1991), Annex A (1993)

CATEGORIE D’INSTRUMENT Cellules de pesée R 60 (1991), Annexe A (1993)

Issued by/Délivré par:
Office Fédéral de Métrologie,
Switzerland

* R60/1991-CH-95.01

Vibro-Meter SA
Moncor 4, 1700 Fribourg, Switzerland

Load Cell Type LB 256/121 (Class D)

Corrigendum — On page 45 of the previous issue
of the OIML Bulletin (Vol. XXXVI, July 1995), a mis-
print appeared in the address of the first cerfificate
listed (R 60/1991-CH94.01): Switzerland should
replace Germany as the country of manufacture.

Issued by/Délivré par:

National Weights and Measures
Laboratory (NWML), United Kingdom

* R60/1991-GB-95.08

Sensortronics Inc.
677 Arrow Grand Circle
Covina, CA 91722, USA

Load Cell Model No Rice Lake RLETB
(Class CJ
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* R60/1991-GB-95.09

Sensortronics Inc.

677 Arrow Grand Circle

Covina, CA 91722, USA

Load Cell Model No Rice Lake RLETS
(Class C)

* R60/1991-GB-95.10

Sensortronics Inc.

677 Arrow Grand Circle

Covina, CA 91722, USA

Load Cell Model No Rice Lake RLHSS
(Class C)



* R60/1991-GB-95.11

Sensortronics Inc.
677 Arrow Grand Circle
Covina, CA 91722, USA

Load Cell Model No Sensortronics 65040C
(Class C)

Issued by/Délivré par:

Netherlands Measurement Institute

(NMi), Ukwezen B.V., The Netherlands
* R60/1991-NL-95.06

Tedea Huntleigh International
60 Medinat Hayehudim
Herzliya 46120, lsraél

1260 (Classes C and D)

o R60/1991-NL-95.07

Teraoka Seiko Co., Ltd.
12-13 Kugahara, 5-Chome
Otha-ku, Tokyo 146, Japan

M (Classes C and D)

INSTRUMENT CATEGORY

o R60/1991-NL-95.08

Epel Industrial S.A.

Cira. Sta. Cruz de Calafell, 35 km. 9,400
08830 Sant Boi de Llobregat, Barcelona
Spain

MC-1 (Classes C and D)

* R60/1991-NL-95.09

Tedea Huntleigh Europe Lid.
37 Porimanmoor Road
Cardiff, CF2 2HB, Unifed Kingdom

220/230 (Classes C and D)

o R60/1991-NL-95.10

Epel Industrial S.A.

Cira. Sta. Cruz de Calafell, 35 km. 9,400
08830 Sant Boi de Llobregat, Barcelona
Spain

MC-3 (Classes C and D)

o R60/1991-NL-95.11

HBM Inc.
19 Bartleft Street
Marlboro, MA 01752, USA

SP4 (Classes C and D)

o R60/1991-NL-95.12

Vibro-Meter SA
Moncor 4, 1700 Fribourg, Switzerland

LB 256/131 (Class D)

e R60/1991-NL-95.13

Revere Transducers Europe BV
Ramshoorn 7
4824 AG Breda, The Netherlands

SSB (Classes C and D)

Nonautomatic weighing instruments R 76-1 (1992), R 76-2 (1993)

CATEGORIE D'INSTRUMENT  Insiruments de pesage a fonctionnement non automatique R 76-1 (1992), R 76-2 (1993)

Issued by/Délivré par:

Secretariat for OIML Affairs
State Bureau of Technical Supervision,
P. Rep. of China

* R76/1992-CN-94.01

Taihang Instruments Factory, China
General Aircraft Industricl
Sanyingpan Bingzhounanlu Taiyuan,
Shanxi, China

Electronic price computing scale fypes
ACS-3-1J, ACS-6-1J, ACS-15A-J (Class Il

* R76/1992-CN-95.01
Shanghai SIC Scales Co. Ltd.

135 Laohumin Road
Shanghai, China

Electronic price computing scale fypes
ACS-6A-JJ, ACS-15A-11 [Class ll)

* R76/1992-CN-95.02
Shanghai SIIC Scales Co. Ltd.

135 Laohumin Road
Shanghai, China

Electronic price computing scale (multi-
intervals) types ACS-6C-JJ, ACS-15C-JJ
(Class Il

Issued by/Délivré par:

Physikalisch-Technische
Bundesanstalt (PTB), Germany

e R76/1992-DE-93.01 Rev. 1*

Sartorius AG
Weender Landstrafle 94-108
D-37075 Géttingen, Germany

BA BA 200, BA BB 200, MD BA 200,
MD BB 200, MB BB 200 (Class i)

* R76/1992-DE-93.03 Rev. 1*

Sartorius AG
Weender Landstrafle 94-108
D-37075 Gattingen, Germany

BB BA 200, BB BB 200 (Class ]

o R76/1992-DE-93.04 Rev. 1*

Sartorius AG
Weender Landstrafe 94-108
D-37075 Gettingen, Germany

BA BB 212 (Class i)

o R76/1992-DE-93.05 Rev. 1*

PAG Oerlikon AG
Wallisellenstrafe 333
CH 8050 Zurich, Switzerland

Series 300 and 310 (Class Il)

o R76/1992-DE-94.03 Rev. 1*

Sartorius AG
Weender Landstrafe 94-108
D-37075 Géttingen, Germany

KB BA 100, KC BA 100, MC BA 100,
MC BB 100, MD BA 100 (Class I)

* R76/1992-DE-93.03 Rev. 1*

Sartorius AG
Weender Landstrafe 94-108
D-37075 Gettingen, Germany

MA BA 200, MA BB 200 (Class Il)

Issued by/Délivré par:

Ministére de I'Industrie, des Postes et
Télécommunications et du Commerce
extérieur - Sous-direction de la
Métrologie, France

* R76/1992-FR-95.02

MASTER-K

38, avenue des Fréres Montgolfier
B.P. 186

69686 Chassieu Cedex, France

Pont-bascule MASTER-K type PB (Classes i
and [lll)
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* R76/1992-FR-95.03

MASTER-K

38, avenue des Fréres Montgolfier
B.P. 186

69686 Chassieu Cedex, France

Bascule MASTER-K type BA
(Classes Il and 1l

Issued by/Délivré par:

Netherlands Measurement Institute
(NMi), Ukwezen B.V., The Netherlands

o R76/1992-NL-94.04 Rev. 1*

Teraoka Weigh-Sgstem PTE Ltd.
3A Tvas Avenue
Singapore 2263

DS-650 (Class Ill)

* R76/1992-NL-95.09 Rev. 1*

Teraoka Seiko Co., Lid.
12-13 Kugahara, 5-Chome
Otha-ku, Tokyo 146, Japan

DS-73x (Class ]

* R76/1992-NL-95.11 Rev. 1*

Teraoka Seiko Co., Lid.
12-13 Kugahara, 5-Chome
Otha-ku, Tokyo 146, Japan

DS-680 (Class Ill)
* R76/1992-NL-95.12

Tanita Corporation

(Brand names: Tanita, Rhewa)
14-2, 1-Chome

Maeno-cho, ltabashi-ku
Tokyo 174, Japan

BSC-060A (Class Il
* R76/1992-NL-95.13

Tanita Corporation

(Brand names: Tanita, Rhewal
14-2, 1-Chome

Maeno-cho, ltabashi-ku
Tokyo 174, Japan

TLC-060A (Class 11}

* R76/1992-NL-95.18

Mettler-Toledo A.G.
Im Langacher
8606 Greifensee, Switzerland

PR (Class 1), PR and PG (Class Il)

o R76/1992-NL-95.19

Mettler-Toledo Inc.
1150 Dearborn Drive
Worthington, OH 43085-6712, USA

8525 (Classes Ill and i)

* R76/1992-NL-95.20

Mettler-Toledo Inc.
1150 Dearborn Drive
Worthington, OH 43085-6712, USA

Jaguar (Classes Il and 11l

* R76/1992-NL-95.21

Ohaus Corporation
29, Hanover Road, Florham Park
New Jersey, USA

D-series (Class Ill)

* R76/1992-NL-95.22

Ishida Co., Ltd.

959-1 Shimomagari

Ritto-cho, Kurita-Gun, Shiga 520-30,
Japan

AC-3000 series (Class Ill)

[*) Certificates followed by an asterisk replace all those previously issued with the same regisiration information.

OIML CERTIFICATION
NOW APPLIES TO
SOUND CALIBRATORS

With the publication of Annexes B,
Test methods for pattern evaluation,
and C, Test report format, to OIML
Recommendation R 102, sound
calibrators can now receive OIML
certificates. A certificate guarantees
that a sound calibrator pattern was
examined in conformity with the
provisions of Annex B and that as
a result of this examination, all re-
quirements in R 102 are satisfied
by the given pattern. The certificate
is accompanied by a test report
established along the lines of the
format provided in Annex C.

It should be noted that the require-
ments of R 102 were taken from
IEC 942-1988, an IEC International

Standard; however, among the
provisions of this Standard, only
those of interest for legal metrology
controls appear in R 102. Con-
sequently, an OIML certificate of
conformity to R 102 does not guar-
antee conformity to all provisions
found in TEC 942-1988. =

LA CERTIFICATION
OIML S’APPLIQUE
AUX CALIBREURS
ACOUSTIQUES

Avec la publication des annexes
B “Méthodes d’essai de modele” et
C “Format du rapport d'essai” a la
Recommandation OIML R 102, les
calibreurs acoustiques peuvent
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maintenant recevoir des certificats
OIML. Un certificat garantit qu'un
modele de calibreur acoustique a
été examiné conformément aux dis-
positions de I'annexe B, et qu'il ré-
sulte de cet examen que toutes les
exigences de la R 102 sont satis-
faites par le modéle en question.
Le certificat est complété par un
rapport d'essai établi selon le mo-
deéle donné en annexe C.

Il convient de rappeler que les exi-
gences de la R 102 ont été reprises
de la Norme Internationale CEI
942-1988; cependant, parmi les dis-
positions de cette Norme, seules
celles d'intérét pour les contrdles
de métrologie légale apparaissent
dans la R 102; en conséquence, un
certificat OIML de conformité a la
R 102 ne saurait garantir la confor-
mité a toute les dispositions de
CEI 942-1988. M
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NEW PUBLICATIONS / NOUVELLES PUBLICATIONS

ORGANISATION INTERNATIONALE
DE METROLOGIE LEGALE

R 14 Polarimetric saccharimeters

Saccharimétres polarimétriques

7

e
QOIML)  INTERNATIONAL RECOMMENDATION

Z

R102 Annex: Test procedures and test report format
Annexe: Procédures dessai et format du rapport d’essai

lari hari graduated in
with the ICUMSA Infernafional Sugar Scale

Available in French and English (see OIML Bulletin supplement for price-list).

To order a publication, please contact OIML headquarters:

Bureau International de Métrologie Légale
11, rve Turgot, 75009 Paris, France Fax: 33 1428217 27

OIMLR 14

9th WELMEC
Committee Meeting

11-12 September 1995

OIML WELCOMES ITS NEW MEMBERS

CIML Member
Mr R. Luiz de Lima Guamcrﬁes, Brazil A WELMEC committee meeting was
Mr B. Vaucher, Switzerland held in Paris, 11-12 September 1995

As agreed at the previous meeting
of the Committee, the following
Corresponding Member countries were invited to participate
. as Observers: Bulgaria, Hungary,
Mozamblque Poland, Romania, Slovakia and the
Czech Republic.
A complete report on this meeting
will be given in the January 1996
issue of the OIML Bulletin, with
Committee drafts received by BIML particular attention to the following:

June-August 1995 ¢ WG2 - Directive implementation
» WG3 - EMeTAS
o WG4 - EN 45000

Stage
3 W ° = I -
of Title TC/SC Secretariat WG5 \&EE%EC egal Metrology

development

o WG6 - Prepackages
o WGT7 - Peripherals and PCs
2CD P.rocec.lure for the kinetic TC17/SC5 Russia « WGS - Measuring Instruments
viscosity measurements by Directive
means of standard viscometers

o WG9 - Type approval agreement

1CD Octave-band and fractional TC13  Germany « Reports from observer organ-
octave-band filters izations: EC, EFTA, OIML,

EUROMET, EAL, EOTC
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OIML CERTIFICATE SYSTEM

Results of 1995 inquiries

Decisions of the 29th meeting

of the CIML recommended that
BIML periodically conduct
inquiries among all parties
concerned with the OIML Certi-
ficate System with a view to ob-
taining their opinions on its opera-
tion and usefulness. The Bureau
distributed questionnaires to
manufacturers of measuring
instruments, issuing autorities of
OIML certificates, and to members
of the technical advisory group on
certification (TAG,,,). The re-
sponses received from these three
questionnaires were reviewed by
the Bureau. Following are some
preliminary results of this review.

» Manufacturers of
measuring instruments

This questionnaire was distributed

to 32 manufacturers granted with
OIML certificates. The Bureau received
13 responses:

3 - China
Shanghai STIC Scale, Shanghai Yamato
Scale, Shenzhen M.G. Electronics Co.

1 - France
Precia

2 - Germany
Sartorius, Soehnle-Waagen

2 - Japan
Teraoka Seiko Co., Ishida Co.

1 - Netherlands
Revere Transducers Europe BV

2 - Spain
Epel Industrial S.A., Campesa S.A.

1 - Switzerland
Vibro-Meter S.A.

1-USA
Mettler-Toledo, Inc.

Although the low number of replies
does not yet provide a representative
picture, some typical features for the
initial operation and further develop-
ment of the OIML certification may be
noted:

o It seems that information on the
OIML Certificate System, its aims
reached many manufacturers.

Applications for OIML certificates
were associated in most cases, with
national/regional (EC) type ap-
provals.

o The majority of manufacturers
confirmed the use (or intention to
use) of OIML certificates to facilitate
national/regional approval and
commercialization of their products;
they considered OIML certificates as
giving an added value to their
products and used them in publicity
materials.

Many manufacturers intended to
apply for additional certificates.

Suggestions for developing
the OIML Certificate System

OIML certification of nonautomatic
weighing instruments should replace
national certificates similar to
EC certification.

International acceptance of certi-
ficates for legal metrology instru-
ments in all OIML Members States.

Extension of the System to modules
of measuring instruments.

Extension of the System to auto-
matic weighing instruments.

With regard to opinion concerning
conduct of tests, costs, use of tests
previously performed by issuing au-
thorities, etc., the replies were less
unanimous. These subjects will be re-
addressed through future inquiries.
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» Issuing authorities

The Bureau received 11 responses from
issuing authorities of the following
Member States:

Belgium, China, Denmark,

France, Germany, Netherlands,
Norway, Romania, Switzerland, UK.,
USA.

The present status of implementation
by issuing authorities of the OIML
Certificate System may be outlined as
follows:

o Among the 16 Member States that
have registered issuing authorities
for various categories of patterns of
measuring instruments, there are so
far seven Members (China, Denmark,
France, Germany, Netherlands,
Switzerland, and U.K.) that have
issued OIML certificates.

All OIML certificates issued up to
present were granted for only two
categories of measuring instruments:
“nonautomatic weighing instru-
ments” (R 76) - 78 certificates; and
“load cells” (R 60) — 43 certificates.
The other seven categories per-
taining to R 97, R 98, R 110, R 112,
R 113, R 114, and R 115 have not yet
been granted certificates and the
reasons for this situation must be
considered by national experts of
issuing authorities and by TAG

cert*

Responses from five issuing author-
ities confirmed that applications for
OIML certificates were associated
with national or regional (EC) pat-
tern evaluations. Results of previous
tests were received and taken into
consideration by four issuing author-
ities, either to full extent, or by
omitting some tests already per-
formed by accredited manufacturers.
Five responses revealed that there
were cases where the submitted
pattern did not meet all the require-
ments of the relevant OIML IR, and
a modified pattern was submitted
and re-tested.
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OIML CERTIFICATE SYSTEM

Comments

Some comments were made by six
issuing authorities on policies con-
cerning conduct of tests, their cost, and
issuing certificates and test reports:

The cost of the test is identical to that
applied in national or European (EC)
procedures. The policy is to issue
OIML certificates and test reports at
minimum cost. To reduce the cost, PTB
(Germany) favours the issuing of OIML
certificates for groups of technically
similar instruments instead of indi-
vidual instruments. In the case of
applications for EC-type approvals, the
Netherlands would be able to offer
certificates for R 76 and R 60 free of
charge.

Proposals

Following are some proposals for im-
proving the role of issuing authorities:

1. Acceleration of mutual recognition
by intercomparisons, exchanges of
test reports.

2. Expansion of the System to include
individual instruments.

3. Continuation of inquiries on the
OIML Certificate System.

4. Distribution of information on the
System, including prices of certi-
fication work.

5. Clarification of the procedures for
issuing OIML certificates for fam-
ilies of measuring instruments.

» TAG,,,, work topics

At present, the Bureau has received
14 responses from Members of TAG_,
and some other OIML Member States:
Australia, Belarus, Bulgaria, China,
Denmark, Germany, Hungary, Indo-
nesia, Norway, Poland, Slovakia, UK.,
U.S.A,, and Yugoslavia.

The results of this questionnaire
confirm that the majority of its items
constitute very broad and complex
subjects. Tt therefore appears that at
the beginning of TAG_,,, activities in
1995-1996, priority should be given to
those subjects which are of the most
interest to the majority of OIML
Members. In order to accelerate the
work, it is suggested to appoint a Rap-
porteur for each subject. The subjects
and their rapporteurs are proposed by
the Bureau as follows:

¢ Application of a certificate to
a family of patterns

The definition of a family of patterns
and the limitation of tests to certain
patterns should be addressed.

Proposed Rapporteur: Australia, in
collaboration with all other parties
concerned.

o Certification of modules
of measuring instruments

Guidelines issued by WELMEC should
be taken into account, and experts
from some technical committees and
subcommittees could be invited to
participate in the work (e.g. TC 9,
TC9/SC 1).

Proposed Rapporteur: UK., Germany.

o Application of ISO/IEC
accreditation procedures
to issuing authorities and
test laboratories

A report on possible application of
existing procedures to OIML certi-
fication should be prepared.

Proposed Rapporteur: Slovakia, in col-
laboration with OIML TC 4 and other
relevant bodies.

o Application of ISO 9000
certification procedures
for manufacturers of
measuring instruments

The work, as proposed by U.S.A., may
be based, at this stage, on the Draft
OIML Document “Initial verification of

measuring instruments utilizing the
manufacturer’s quality system” to be
completed and distributed.

Proposed  Rapporteur: U.S.A., in
collaboration with OIML TC 3.

o Establishment of rules for recog-
nition agreements of certificates
and test results

Criteria should be developed and in-
cluded in the revision of OIML Docu-
ment 13 “Guidelines for bi- or multi-
lateral arrangements on the recog-
nition of: test results - pattern ap-
provals - verifications”.

Proposed Rapporteur: U.S.A., in col-
laboration with TC 3 and other bodies
concerned.

¢ Periodic reviews of opinions
concerning OIML certification

Inquiries, reports, information con-
cerning activities of issuing authorities,
test laboratories, manufacturers and
other related issues should be reviewed
periodically. This item could also
comprise such activities as an inquiry
on jurisdictional protection of the
System, seminars on OIML certi-
fication and proposals for the Develop-
ment Council.

As Secretariat of TAG_,,,
proceed with such activities.

BIML will

 Review of the paper “The OIML
Certificate System for measuring
instruments”

In light of experience acquired after
two years of implementation, the
abovementioned paper should be re-
viewed by BIML.

B The results of the inquiries will
be discussed and implemented
by TAG,,, and other OIML
technical bodies concerned with
a view to futher developing the
OIML Certificate System.
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Metrology for the Americas

OAS nations seek to improve
quality, standards and trade
through collaboration

The United States National Institute
of Standards and Technology (NIST)
has announced that all 34 nations
of the Organization of American
States (OAS) have officially agreed to
participate in the Interamerican
Metrology System (abbreviated SIM
for the Spanish translation, Sistema
Interamericano de Metrologia), a
reestablished organization seeking
to harmonize measurement
standards among its members.

The rebirth of the SIM marks the
first successful interamerican effort
toward realizing two major goals
set forth at the “Summit of the
Americas” held in December 1994:
increasing cooperation in science
and technology within the Amer-
icas, and promoting prosperity and
free trade by eliminating technical
trade barriers.

NIST, in cooperation with the
OAS, U.S. Department of State,
U.S. Agency for International De-
velopment, U.S. Trade and Devel-
opment Agency, National Science
Foundation and the metrology
laboratories of the North American
Free Trade Agreement (NAFTA)
partners, revived the SIM through
a series of workshops, seminars
and summits over the past six
years. The SIM seeks to develop a
strong interamerican infrastructure
using metrology and quality to
enhance trade and commerce.
Members focus on improving their
national measurement and stand-
ards activities, and harmonizing
these activities in the framework of
SIM.

The SIM carries out its mission
by the following:

o fostering the development of
standards and standard reference
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materials acceptable throughout
the Americas;

o establishing a series of regional
workshops dealing with issues
such as quality, industrial mod-
ernization and development;

e training advanced staff of
member nations in specialized
metrology technology; and

e working to establish an inter-
american metrology system
through international agree-
ments (such as the collaborative
program between the United
States and Chile to improve tech-
niques for analyzing environ-
mental samples and advanced
materials).

The SIM is divided into five
regional metrology organizations
(see table below). NORAMET
(North American nations); CAMET
(Central American nations); ANDI-
MET (Northern South American

nations); SURAMET (Southern
South American nations); and
CARIMET (Caribbean Island na-
tions). Each region selects repres-
entatives to the SIM General Coun-
cil, as well as to SIM committees
on technical metrology and profes-
sional development. A council
president is elected for a two-year
term; the current president is
Jaime Gonzales Basurto of Mexico.

NIST will lead a series of
intercomparisons to evaluate mea-
surement capabilities of SIM
members. [ ]

Contact information:

Stephen B. Carpenter

Office of International

and Academic Affairs,

A505 Administration Building, NIST
Gaithersburg, MD 20899-0001
U.S.A.

Tel: (301) 975-4119

Fax: (301) 975-3530

ORGANIZATIONAL STRUCTURE FOR THE
SISTEMA INTERAMERICANO DE METROLOGIA (SIM)

SIM President
SIM Council
o NORAMET (Canada)
o CAMET (Panama) " .
o ANDIMET [Ecuador] l Executive Secretariat OAS
o SURAMET (Brazil)
o CARIMET (Jamaica)
e Past President (Brazil)
Professional Development Technical Metrology
Committee Committee
| | | |
NORAMET CAMET ANDIMET SURAMET CAREMET
Canada* Belize Bolivia Argentina Antigua & Barbuda
United States Costa Rica Columbia Brazil* Barbados
Mexico El Salvador Ecuador Chile Dominica
Guatemala Peru Paraguay Dominican Republic
Honduras Venezuela Uruguay Grenada
Nicaragua Guyana
Panama* Haiti
Jamaica*
St. Kitts & Nevis
St. Lucia
St. Vincent &
Granadines
Suriname

* Regional coordinator
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DIRECTORY
of international standardizing
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REPERTOIRE
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Seventh edition (1995): Directory of
international standardizing bodies

Published by ISO and IEC, this direct-
ory provides information on the mem-
bership, aims and activities of 45 inter-
national organizations dealing with
aspects of standardization. It may be
obtained from the ISO and IEC general
secretariats. =

WEIGHING
TOWARDS
THE YEAR

=000

13—15 September 1995 Maison de la Mécanique, Paris

OIML Seminar
“ Ill
II ha
~g lIl
TN

The OIML seminar “Weighing to-
wards the year 2000” was held
13-15 September 1995 in Paris. This
international seminar focused on key
topics for the present and future of
weighing instruments and featured
exposés by various representatives of
government and industry. An article
highlighting the three-day seminar will
be published in the January 1996 issue
of the OIML Bulletin.

In order to enable our readers to
benefit from the new ideas developed
during the lectures, a series of seminar
papers will be published in upcoming
issues of the Bulletin. The first article
of this series appears in the rubric
technique (pp. 17-27) of this issue. ™

update

United States of America

National Voluntary Laboratory
Accreditation Program (NVLAP)

The National Voluntary Laboratory
Accreditation Program (NVLAP) issued
its first Certificates and Scopes of Ac-
creditation under its new Calibration
Accreditation Program (CALLAB).
As of spring 1995, the first six
laboratories were accredited under
CALLAB, which is expected to lead to
an extensive network of NVLAP
accredited calibration laboratories
throughout the U.S.A., therefore
strengthening the U.S. calibration and
testing infrastructure and reducing
barriers to international trade.

NVLAP was established in 1976 by the
United States Department of Com-
merce, National Institute of Standards
and Technology and operates as a
government-based, third party for
accrediting calibration and testing
laboratories. ]

Bibliography

Standards library for measurement
and control, 12th edition (1995)

THE INTERNATIONAL SOCIETY FOR
MEASUREMENT & CONTROL

67 Alexander Drive, PO Box 12277,
Research Triangle Park, North
Carolina 27709 U.S.A.

495 USD (members)

550 USD (list price)

ISO Standards Handbook:
Statistical methods for quality
control, Fourth edition (1995)

INTERNATIONAL ORGANIZATION OF
STANDARDIZATION, Central Secretariat,
1, rue de Varembé, CH-1211 Geneva
20, Switzerland. Volume 1 (ISBN 92-
67-10211-7), 492 pages. Volume 2
(ISBN 92-67-10212-5), 384 pages.

The role of metrology in quality
management and quality
improvement (1995)

Published by Commonwealth-India
Metrology Centre (CIMET), NPL
Cell. EpITORS: B.S. MATHUR, A.C.
GuPTA, V.N. OrHa, National Physical
Laboratory, Dr K.S. Krishnan Marg,
New Delhi-110012.

DIRECTORY OF LEGAL METROLOGY IN THE ASIA-PACIFIC

Published by the Asia-Pacific Legal Metrology Forum, the Directory of legal
metrology in the Asia-Pacific comprises information provided by legal metrology
authorities in the Asia-Pacific Economic Co-operation (APEC) economies on
legislation, insitutional and operational aspects of legal metrology in this region.
This Directory should be useful for improving the understanding on the nature

of legal metrology in each economy, therefore contributing to regional
harmonization of legal metrology requirements.

The Directory contains information provided by Member Countries up to

March 1995 with regard to:
metrology laws
legal units of measurement

type (pattern) approval

legal metrology practitioners
e packaging
* sanctions

Directory price: $A 50

structures on metrological control authorities
equipment subject to legal metrology

verification (conformity assessment), inspection and reverification
accreditation and certification systems

To order the Directory of legal metrology in the Asia-Pacific,

contact the Secretariat:

Asia-Pacific Legal Metrology Forum, PO Box 282 North Ryde,

New South Wales 2113, Australia

Tel: (02) 888 3922 Fax: (02) 838 3033
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23-24  OIML Symposium on metrological activifies BEIING
in developing countries
25 Development Council meeting BEIING
25-27  30th CIML meeting BEUING
Tobefed  TC8/SC7 BRUSSELS
Gas metering
Beginning 1996
Tobefed TC17/SC 3 TO BE FIXED
pHmetry

(ENELEC ~ Emsie—)

Conference
CANNES - MANDELIEU, FRANCE 7-8 DECEMBER 1995

EUROPEAN STANDARDS:
Obstacle or Opportunity for the Information Society?

A conference hosted by the three European Standards Organizations, CEN, CENELEC
and ETSI for presenting the results achieved during the year and progress made
towards technical standards to meet the needs of a market entering the age of the
Information Society.

Target audience: Those who specify standardization policies as well as users of
standards who make strategic decisions related to the development of tele-
communications equipment and products applying information and communication
technologies.

Languages: English, French and German (simultaneous translation)

Registration fee: 2600 FF

Sessions: |-The achievements of European standardization; 2—-Reconciling information
technology/standardization and Telecom standardization; 3-Building critical mass;
4-Global competitiveness and regional standardization

Royal Hotel Casino - Mandelieu La Napoule, France

Tel: (33)92977000 Fax: (33) 934951 50

European Telecommunications Standards Institute (ETSI)

F-06921, Sophia Antipolis Cedex France
Tel: (33) 92944200 Fax (33) 936547 |6

Conference location:

Conference Secretariat:
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% Quality Week
& 6-12 November 1995

o g

Organised on behalf of the European
Commission by the European Quality Plafform
(The European Organization for Quality -
EOQ), and the European Foundation for
Quality Management - EFQM)

The European Commission is con-
vinced that the pracfice of quality
management is the key fo further
developing and enhancing Europe’s
global competitiveness. To this end,
week 45 (starting November 6) has
been designated in 1995 1o celebrate
quality in Europe and to emphasize
the European Quality Promotion Policy
([EQPP). The week will be held under
the banner ”QualiI{ in Europe - the
way towards excellence”, and the
main mission is fo help people make
sense of the EQPP, as well as projects
concerning quality, both now and in
the future.

During European Quality Week,

a campaign of public awareness will
be held with a view to promoting and
demonsirating the advantages and the
importance of quality for the com-
petifiveness of the European economy,
for the economic operafors, public
services and cusiomers.

The Commission plans to support the
PEQ (European Quality Platform| for
carrying out infegrafed activiies and
initiatives (for example: conferences,
videoconferences, press releases,
informational booklets, posters, efc.,
throughout the territory of the European
Union, through national and European
organizations dealing with quality.
These actions will be concentrated
over the second week of November,
in order fo include the "world quality
day” which has been set for the
second Thursday in November.

Confact information:
European Quality VWeek

PO Box 5032
CH-3001 Berne, Switzerland

Tel.: (41) 31 320 68 20
Fax: (41) 31 320 68 28



ORGANISATION INTERNATIONALE DE METROLOGIE LEGALE

SECRETARIAT

BUREAU INTERNATIONAL DE METROLOGIE LEGALE

11, RUE TURGOT, 75009 PARIS, FRANCE

TEL: 33 14878 1282 0r 33142852711

FAX: 33142821727

CONTACT INFORMATION

Member States - Members of the International Committee of Legal Metrology
Corresponding members - National metrology services

PUBLICATIONS

classified by subject and number

International Recommendations

International Documents
Other publications

MEMBER STATES

ALGERIA

Le Directeur

Office National de Métrologie Légale
1, rue Kaddour Rahim

BP 415, 16040 Hussein Dey

Alger '

Tel.: 213-2-77 77 37

Telex 65 599

AUSTRALIA

MrJ. Birch

Executive Director

National Standards Commission
P.0. Box 282

North Ryde, N.S.W. 2113

Tel.: 61-2-888 39 22

Fax: 61-2-888 30 33

Telex OTCD AA 100200

(Mail Box 6007:NSC001)

AUSTRIA

MrR. Galle

Director of the Metrology Service

Gruppe Eichwesen

Bundesamt fir Eich- und Vermessungswesen
Postfach 20

Arltgasse 35

A-1163 Wien

Tel.: 43-1-49 11 01

Fax: 43-1-49 20 875

BELARUS

Mr N. A. Kusakin

Chief of the Metrology Department
Standardization, Metrology and
Certification Committee (Belstandart)
93 Starovilensky Trakt

Minsk, 220053

Tel.: 7-0172-37 52 13

Fax: 7-0172-37 25 88

BELGIUM

Mr H. Voorhof

Inspecteur Général

Service de la Métrologie

Ministere des Affaires Economiques
Administration de la Qualité et de la Sécurité
NG 111, Bd E. Jacqmain 154

B-1210 Bruxelles

Tel.: 32-2-206 46 63

Fax: 32-2-206 57 45

BRAZIL

Mr R. Luiz de Lima Guimardes
Director of Legal Metrology
Instituto Nacional de Metrologia,
Normalizagdo e Qualidade Industrial
(INMETRO)

Avenida N. S. das Gracas, No. 50
Xerém, Duque de Caxias

25250-020 Rio de Janeiro RJ

Tel.: 55-21-679-1407

Fax: 55-21-679-1761
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BULGARIA

Mr Krassimir Zhelev

Chef de la Division

Organes nationaux et territoriaux

Comité de Normalisation et de Métrologie
21, rue du 6 Septembre

Sofia 1000

Tel.: 359-2-8591

Fax: 359-2-801402

Telex 22 570 DKS BG

CAMEROON

Mr Nssilak a Nssok

Sous-Directeur des Poids et Mesures
Direction des Prix et de la Protection
du Consommateur

Ministere de 'Economie et des Finances
BP 14 473

Yaoundé

Tel.: 237-22 31 16

Fax: 237-22 35 69

Telex 82-68 2 Yaoundé

CANADA

Mr A. E. Johnston

Director General

Legal Metrology Branch

Industry Canada

Standards Building, Tunney’s Pasture
Ottawa, Ontario K1A OC9

Tel.: 1-613-952 06 55

Fax: 1-613-952 54 05

Telex 053 3694



CHINA

Mr Li Chuanging

Director General

State Bureau of Technical Supervision
4, 7hi Chun Lu, Hai Dian

Beijing 100088

Tel.: 86-10-202 58 35

Fax: 86-10-203 10 10

Telex 210209 SBTS CN

Telegram 1918 Beijing

CUBA

Eng. L. Revuelta Formoso

c/o Mr J. Acosta Alemany
Director, International Relations
National Bureau of Standards
Calle E No. 261 entre 11y 13
Vedado, La Habana 10400
Ciudad de Ja Habana

Tel.: 53-7-30 08 25

Fax: 53-7-33 80 48

Telex 512245

CYPRUS

Mr G. Tsiartzazis

Controller of Weights and Measures
Ministry of Commerce and Industry
Nicosia

Tel.: 357-2-40 34 41

Fax: 357-2-36 61 20

Telex 2283 MIN COMIND

Telegram Mincommind Nicosia

CZECH REPUBLIC

Mr Pavel Klenovsky
Director

Czech Metrological Institute
Okruzni 31

63800 Brno

Tel.: 42-5-32 87 55

Fax: 42-5-52 91 49

DENMARK

Mr P. C. Johansen

Assistant Head

Secretariat for Metrology

Danish Agency for Development of Trade and
Industry

Tagensvej 135

DK-2200 Copenhagen N

Tel.: 45-35-86-86-86

Fax: 45-35-86-86-87

Telex 15768 INDTRA DK

EGYPT

Mr A.B. El Sebai

President

Egyptian Organization for Standardization
and Quality Control

2 Latin America Street, Garden City

Cairo

Tel.: 20-2-354 97 20

Fax: 20-2-:355 78 41

Telex 93 296 EOS UN

Telegram TAWHID

ETHIOPIA

Mr Tafesse Muluneh

Head of Meirology Department
Ethiopian Authority for Standardization
P.0. Box 2310

Addis Ababa

Tel.: 251-1-15 04 00 and 15 04 25

Telex 21725 ETHSA ET

Telegram ETHIOSTAN

FINLAND

Mr M. Rantala

Assistant Director on Legal Metrology
Technical Inspection Centre

Technical Department/Weights and Measures
P.0. Box 204, Lonnrotinkatu 37

SF-00181 Helsinki

Tel.: 358-0-61 67 489

Fax: 358-0-61 67 466

FRANCE

Mr J.F. Magana

Sous-Directeur de la Métrologie

Ministere de I'Industrie, des Postes et

Télécommunications

et du Commerce extérieur

22, rue Monge

75005 Paris

Tel.: 33-1-43 1
|

14
Fax: 33-1-43 13

95140
95136
GERMANY

Mr M. Kochsiek

Member of the Presidential Board
Physikalisch-Technische Bundesanstalt
Postfach 3345

D-38023 Braunschweig

Tel.: 49-531-592 30 00

Fax: 49-531-592 30 02

Telex 9-52 822 PTB d

Telegram Bundesphysik Braunschweig

GREECE

Mr A. Dessis

Technical Officer
Directorate of Weights and Measures
Ministry of Commerce
Canning Sq.

10181 Athens

Tel.: 30-1-381 41 68

Fax: 30-1-384 26 42
Telex 21 67 35 DRAG GR
and 21 52 82 YPEM GR

HUNGARY

Mr P. Pakay

President

Orszagos Méréstigyi Hivatal

P.0. Box 919

H-1535 Budapest

Tel.: 36-1-1567 722

Fax: 36-1-1550 598

Telegram HUNGMETER Budapest

INDIA

Mr P. A. Krishnamoorthy

Director, Weights & Measures

Ministry of Civil Supplies, Consumer Affairs
and Public Distribution

Weights and Measures Unit

12-A, Jam Nagar House

New Delhi 110 011

Tel.: 91-11-38 94 89

Fax: 21-11-38 83 02

INDONESIA

Mr G. M. Putera

Director of Metrology

Directorate General of Domestic Trade
Departemen Perdagangan

Jalan Pasteur 27

40171 Bandung

Tel.; 62-22-44 35 97 and 43 06 09

Fax; 62-22-420 70 35

Telex 28 176 BD

OIML BULLETIN

IRELAND

Mr S. Murray

Principal Officer

Department of Enterprise and Employment
Frederick Building, Setanta Centre

South Frederick Street,

Dublin 2

Tel.: 353-1-661 44 44

Fax: 353-1-671 74 57

Telex 93478

ISRAEL

Mr A. Ronen

Controller of Weights, Measures
and Standards

Ministry of Industry and Trade
P.0. Box 299

Jerusalem 91002

Tel.: 972-2-7501 11

Fax: 972-2-24 51 10

ITALY

Mr G. Visconti

Direttore Generale del Commercio Interno
e dei Consumi Industriali

c¢/o Ufficio Centrale Metrico

Via Antonio Bosio, 15

[-00161 Roma

Tel.: 39-6-841 68 25

Fax: 39-6-841 41 94

JAPAN

Mr Y. Kurita

Director General

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

Ibaraki 305

Tel.: 81-298-54 41 49

Fax: 81-298-54 41 35

Telex 03652570 AIST

Telegram KEIRYOKEN TSUCHIURA

KAZAKHSTAN

The President of Gosstandart of Kazakhstan
83, prospect L. Altinsarina

Almati 480035

Tel.: 8-327-21 08 08

Fax; 8-327-28 68 22

KENYA

The acting Director of Weights and Measures
Weights and Measures Department

Ministry of Commerce and Industry

P.0. Box 41071

Nairobi

Tel.: 254-2-50 46 64/5

Telegram ASSIZERS, Nairobi

DEM. P. REP. OF KOREA

Mr Ho Chang Guk
Vice-President

Committee for Standardization
of the D.P.R. of Korea

Zung Gu Yok Sungli-street
Pyongyang

Telex 5972 TECH KP
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REP. OF KOREA

Mr Shin Jong-Hyun

Director of Metrology Division

Bureau of Metrology and Technical Assistance
Industrial Advancement Administration

2, Chungang-dong

Kwachon-City, Kyonggi-Do 427-010

Tel.: 82-2-503 79 35

Fax: 82-2-502 41 07

Telex 28456 FINCEN K

MONACO

Mr A. Veglia

Ingénieur au Centre Scientifique de Monaco
16, Boulevard de Suisse

MC 98000 Monte Carlo

Tel.: 33-93-30 33 71

MOROCCO

Mr Abdellah Nejjar

Directeur de la Normalisation et

de la Promotion de la Qualité

Ministere du Commerce et de I'Industrie,
Quartier administratif

Rabat-Challah

Tel.: 212-7-76 37 33

Fax: 212-7-76 62 96

NETHERLANDS

Mr G.J. Faber

Director General
Nederlands Meetinstituut nv
Hugo de Grootplein 1

3314 EG Dordrecht

Tel.: 31-78-633 23 32

Fax: 31-78-633 2309

Telex 38 373 IJKWZ NL

NORWAY

Mr H. Kildal

General Director

National Measurement Service
Postbox 6832 St. Olavs Plass
0130 Oslo 1

Tel.: 47-22-20 02 26

Fax: 47-22-2077 72

PAKISTAN

Mr M. Asad Hasan

Director

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

Tel.: 92-21-772 95 27

Fax: 92-21-772 81 24
Telegram PEYASAI

POLAND

Mr Krzysztof Mordziriski
President

Central Office of Measures
ul. Elektoralna 2

P.0. Box P-10

PL 00-950 Warszawa

Tel.: 48-2-620 07 47

Fax: 48-2-620 83 78

PORTUGAL

Mr J. N. Cartaxo Reis

Director Servigo de Metrologia Legal
Instituto Portugués da Qualidade
Rua C a Avenida dos Trés Vales

2825 Monte da Caparica

Tel.: 351-1-294 81 96

Fax: 351-1-294 81 88

ROMANIA

Mr P. G. Iordachescu

Directeur Général

Bureau Roumain de Métrologie Légale
21, Boulevard Nicolae Balcescu

70112 Bucarest

Tel.: 40-1-613 16 54

Fax: 40-1-312 05 01

RUSSIAN FEDERATION

Mr L. K. Issaev
Vice-President
Gosstandart of Russia
Leninsky Prospect 9
117049 Moscow

Tel.: 7-095-236 40 44

Fax: 7-095 237 60 32

Telex 411 378 GOST
Telegram Moskva-Standart

SAUDI ARABIA

Mr Khaled Y. Al-Khalaf

Director General

Saudi Arabian Standards Organization
P.0O. Box 3437

11471 Riyadh

Tel.: 966-1-452 00 00

Fax: 966-1-452 00 86

Telex 40 16 10 saso sj

SLOVAKIA

Mr Lubomir Sutek

President

Urad pre Normalizaciu
Metrolégiu a Skigobnictvo SR
Stefanovidova 3

814 39 Bratislava

Tel.: 42-7-491 085

Fax: 42-7-491 050

SLOVENIA

Mr Vasja Hrovat

Deputy Director of SMIS

Ministrstvo za znanost in tehnologijo
Urad za standardizacijo in meroslovje
Kotnikova 6

61000 Ljubljana

Tel.: 386-61-13 12 322

Fax: 386-61-314 882

SPAIN

The Director

Centro Espariol de Metrologia
¢/ del alfar 2

28760 Tres Cantos (Madrid)
Tel.: 34-1-807 47 00

Fax: 34-1-807 48 07

Telex 47254 CEME E
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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

Tel.: 94-1-83 261

Telex 21908 COMECE CF

SWEDEN

Mrs A. Ebbesson

Technical Officer

Section for General Technology
SWEDAC

Box 878

S-501 15 Boras

Tel.: 46-33-17 7700

Fax: 46-33-10 1392

SWITZERLAND

Mr B. Vaucher

Chef de division

Office Fédéral de Métrologie
Lindenweg 50

CH- 3084 Wabern

Tel.: 41-31-963 32 05

Fax: 41-31-963 32 10
Telegram OFMET

TANZANIA

Mr A, H. M. Tukai

Commissioner for Weights and Measures
Weights and Measures Bureau

Ministry of Industries and Trade

P.0. Box 313

Dar es Salaam

Tel.: 864046/864808

Telex 41 689 INDIS

THE FORMER YUGOSLAVE REPUBLIC
OF MACEDONIA

Mr Grkov Zoran

Assistant of the Minister

Department of Measures and Precious Metals
Ministry of Economy

Samoilova 10

91000 Skopje

Tel.: 389-91-22 47 74

Fax: 389-91-23 1902

TUNISIA

Mr Ali Ben Gaid

Président Directeur Général

Institut National de Ja Normalisation
et de la Propriété Indusirielle

Boite postale 23

1012 Tunis Belvedere

Tel.: 216-1-785 922

Fax: 216-1-781 563

Telex 13 602 INORPI



UNITED KINGDOM

Mr S. Bennett

Chief Executive

National Weights and Measures Laboratory
Stanton Avenue

Teddington, Middlesex TW: 11 OJZ

Tel.: 44-181-943 7272

Fax: 44-181-943 72 70

Telex 9312131043 (WM G)

UNITED STATES OF AMERICA

Mr S. E. Chappell

Chief, Standards Management Program
Office of Standards Services

National Institute of Standards

and Technology '
Building 417, Room 121 ‘
Gaithersburg, Maryland 20899 -

Tel.: 1-301-975 40 24

Fax: 1-301-963 28 71

Telex 197674 NBS UT

YUGOSLAVIA

Mr Z. M. Markovic

Deputy Director

Federal Bureau of Measures
and Precious Metals

Mike Alasa 14

11000 Beograd :

Tel.: 381-11-328 27 36

Fax: 381-11-18 16 68

Telex 11 020 YUZMBG

ZAMBIA

Mr L. N. Kakumba

Superintendent Assizer

Assize Department

Weights and Measures Office
Ministry ¢f Comiherce and Industry
P.O. Box 30 989

Lusaka

Tel.: 260-1-21 60 62

Telegram Assize, LUSAKA

Telex 45630 COMIND ZA

HONORARY MEMBERS

Mr K. Birkeland
Norway
Immediate Past Président of CIML

Mr V. Ermakov
Russian Fedération
former CIML Vice-President

Mr A. Perlstain
Switzerland
former member of the Presidential Council

Mr W. Miihe
Gerrhany
former CIML Vice-President

Mr H. W. Liers
Germany
former member of the Presidential Council

CORRESPONDING

MEMBERS

ALBANIA

The Director

Nationa] Directorate

Drejtoria Kombétare e Metrologjisé
dhe e Kalibrimit (DKMK) o
Rruga “Sami Frashéri”, Nr.33
Tirana

BAHRAIN -

The Responsible of Metrology
Standards and Metiology Sectioh
Ministry of Commerce and Agriculture
P.0. Box 5479

Manarma

BANGLADESH

The Director General
Bangladesh Standards

and Testing Institution

116-A Tejgaon Industrial Area
Dhaka 1208

BARBADOS

The Director

Barbados National Standards Institution
Culloden Road

St. Michael

Barbados W.1.

BENIN

Direction de la Qualité

et des Instruments de Mesure

Ministére du Commerce et du Tourisme
Cotonou

BOTSWANA

The Permanent Secretary
Division of Weights and Measures
Department of Comrnerce

and Consumer Affairs

Privaté Bag 48

Gaborone

BURKINA FASO

Direction Générale des Prix
Ministere du Commerce

et de 'Approvisionnement du Peuple
BP 19

Quagadoudou

COLOMBIA

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

Bogota D.E.

COSTA RICA

Oficina Nacional de Normas v Unidades
de Medida

Ministerio de Economia y Comercio
Apartado 10 216

San Jose

CROATIA

Director General

State Office for Standardization
and Metrology

Avenija Vukovar 78

41000 Zagreb

OIML BULLETIN

ECUADOR

The General Director

Instituto Ecuatoriano de Normalizacion
Baquerizo Moreno No. 454 y Almagro
Casilla 17-01-3999

Quito

FUI

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

Governiment Buildings

P.0O. Box 2118

Suva

GHANA

The Director

Ghana Standards Board
P.0O. Box M. 245

Accra

HONG KONG

Commissioner of Customs and Excise
Customs and Excise Department
Trade Department Tower

16/F

700 Nathan Road

Kowloon

ICELAND

The Diréctor

Icelandic Bureau of Legal Metrology
Loggildingarstofan

Sidumula 13

108 Revkjavik
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JORDAN

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

Amman

KUWAIT

The Under Secretary

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

Kuwait

LITHUANIA

The Director

Lietuvos Standartizacijos Tarnyba
A. Jaksto g.1/25

2600 Vilnius

LUXEMBURG

Le Préposé du Service de-Métrologie
Administration des Contributions
Zone commerciale et artisanale
Cellule A2

rue J.F. Kennedy

L-7327 Steinsel

MALAWI

The Principal Assizer
Assize Department
P.0. Box 156
Lilongwe

MALAYSIA

The Director of Standards
Standards and Industrial Research
Institute of Malaysia

P.0. Box 7035

40911 Shah Alam

Selangor Darul Ehsan

MAURITIUS

The Permanent Secretary

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

Port Louis

MEXICO

Direccion General de Normas

Secretaria de Comercio v Fomento Industrial
Sistema Nacional de Calibracion

Ave. Puente de Tecamachalco no. 6

Planta Baja

Lomas de Tecamachalco, Seccion Fuentes
53950 Naucalpan de Juarez

MONGOLIA

The Director General

Mongolian National Institute

for Standardization and Metrology
Peace Str.

Ulaanbaatar 51

MOZAMBIQUE

Mrs G. Rebello da Silva

Director

Instituto Nacional de Normalizagao e
Qualidade

Av. 25 de Setembro n° 1179, 2° andar
Maputo

NEPAL

The Chief Inspector

Nepal Bureau of Standards and Metrology
P.B. 985

Sundhara

Kathmandu

NEW ZEALAND

The Manager

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

Wellington

OMAN

The General Director

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

Muscat

PANAMA

The Director

Comision Panamena de Normas Industriales
y Tecnicas

Ministerio de Comercio e Industrias
Apartado 9658

Panama 4

PERU

The Director General

INDECOPIL

Instituto Nacional de Defensa de la
Competencia y de la Proteccion de la
Propiedad Intelectual

Prolong. Guardia Civil No.400

Esq. con Av. Canada, San Borja
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

SEYCHELLES

The Director

Sevchelles Bureau of Standards
P.O. Box 648

Victoria

SINGAPORE

Weights and Measures Office
Ministry of Trade and Industry
Bright Hill Drive

Singapore 2057
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SYRIA

The General Director

The Syrian Arab Organization

for Standardization and Metrology
P.0. Box 11836

Damascus

THAILAND

The Director General

Department of Commercial Registration
Ministry of Commerce

Maharaj Road

Bangkok 10200

TRINIDAD AND TOBAGO

The Director

Trinidad and Tobago Bureau of Standards
Century Drive, Trincity Industrial Estate,
P.O. Box 467

Macoya, Tunapuna, Trinidad, W.1

TURKEY

The General Director

Sanayi ve Ticaret Bakanligi
Olgtiler ve Standardlar Genel
Midiirligi

06100 Tandogan

Ankara

UGANDA

Commissioner for Weights

and Measures

Weights and Measures Department
Ministry of Commerce

P.0. Box 7192

Kampala

URUGUAY

Director Nacional

Direccion Nacional de Metrologia Legal
Ministerio de Industria, Energia v Mineria
Buenos Aires 495

Montevideo

VENEZUELA

The Director

Direccion General de Tecnologia

Servicio Nacional de Metrologia
Ministerio de Fomento

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

Caracas

S. R. VIETNAM

General Department for Standardization,
Metrology and Quality Control

70 Tran Hung Dao St.

Hanoi

YEMEN

The Director General
Yemen Standardization & Metrology

‘Organization

P.0. Box 19213
Sana'a



PUBLICATIONS

Below are lists of OIML publications classified by subject and number. The following abbreviations are used: Inter-
national Recommendation (R), International Document (D), vocabulary (V), miscellaneous publication (P). Publications
are available in French and English in the form of separate leaflets, unless otherwise indicated. Prices are given in
French-francs and do not include postage.

To order publications,‘ please contact the OIML Secretariat by letter or fax:

BUREAU INTERNATIONAL DE METROLOGIE LEGALE
11, RUE TURGOT, 75009 PARIS, FRANCE

TEL: 33°1 48 78 12 82 or 33 142 85 27 11
FAX: 33 1 42 8217 27

On trouvera ci-dessous une liste des publications OIML classées par sujets et par numéros. Les abréviations suivantes sont
utilisées: Recommandation Internationale (R), Document International (D), vocabulaire (V) et autre publication (P). Ces
publications sont disponibles en frangais et en anglais sous forme de fascicules séparés sauf indication contraire. Les prix

sont donnés en francs-frangais et ne comprennent pas les frais d'expédition.

Ces publications peuvent étre commandées par lettre ou fax au BIML (voir adresse plus haut).

General
Généralités

R 34 (1979-1974) 60 FRF

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

R 42 (1981~1977) 50 FRF

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

D1 (1975) 50 FRF

Law on metrology
Lot de métrologie

D 2 (in revision - en cours de révision)

Legal units of measurerhent
Unités de mesure légales

D 3 (1979) 60 FRF

Legal qualification of measuring instruments
Qualification légale des instruments de mesurage

D5 (1982) 60 FRF
Principles for the establishment of hierarchy schemes for
measuring instruments

Principes pour létablissement des schémas de hiérarchie des
instruments de mesure

D9 (1984) : 60 FRF
Principles of metrological supervision
Principes de la surveillance métrologique

D 12 (1986) 50 FRE

Fields of use of measuring instruments subject to verification
Domaines dutilisation des instruments de mesure assujettis a la
vérification

D 13 (1986) 50 FRF

Guidelines for bi- or multilateral arrangements on the
recognition of: test results - pattern approvals - verifications
Conseils pour les arrangements bi- ou multilatéraus de
reconnaissance des: résultats d'essais - approbations de modeles -
vérifications

D 14 (1989) 60 FRF

Training of legal metrology personnel - Qualification - Training
programmes

Formation du personnel en métrologie légale - Qualification -
Programmes d'étude

D 15 (1986)  R0FRF

Principles of selection of characteristics for the examination of
measuring instruments

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

D 16 (1986) . 80 FRF

Principles of assurance of metrological control
Principes d assurance du contrle métrologique

D 19 (1988) 80 FRF

Pattern evaluation and pattern approval
Essai de modele et approbation de modele
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D 20 (1988) 80 FRF
Initial and subsequent verification of measuring instruments and
processes

Vérifications primitive et ultérieure des instruments et processus de
mesure

V1 (1978) 100 FRF
Vocabulary of legal metrology (bilingual French-English)

Vocabulaire de métrologie légale (bilingue francais-anglais)

V2 (1993) 200 FRF
International vocabulary of basic and general terms in metrology
(bilingual French-English)

Vocabulaire international des termes fondamentaux et généraux de
métrologie {bilingue frangais- anglais)

P1 (1991) 60 FRF
OIML Certificate Systeni for Measuring Instruments
Systeme de Certificats OIML pour les Instruments de Mesure

P2 (1987) 100 FRF
Metrology training - Synthesis and bibliography (bilingual
French-English)

Formation en métrologie - Synthése et bibliographie (bilingue
frangais-anglais)

P 3 (being printed - en cours de publication)

Metrology in Member States and Corresponding Member
Countries

Meétrologie dans les Etats Membres et Pays Membres
Correspondants de 'OIML

P9 (1992) 100 FRF
Guidelines for the establishment of simplified metrology
regulations

P17 (1995) 300 FRF

Guide to the expression of uncertainty in measurement

Measurement standards
and verification equipment
Ftalons et équipement

de vérification

D6 (1983) 60 FRF
Documentation for measurement standards and calibration
devices

Documentation pour les étalons et les dispositifs d'étalonnage

D 8 (1984) 60 FRF
Principles concerning choice, official recognition, use and
conservation of measurement standards

Principes concernant le choix, la reconmaissance officielle,
Lutilisation et la conservation des étalons

D 10 (1984) 50 FRF
Guidelines for the determination of recalibration intervals of
measuring equipment used in testing laboratories

Conseils pour la détermination des intervalles de réétalonnage des
équipements de mesure utilisés dans les laboratoires d'essais
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D 18 (1987) 50 FRF

General principles of the use of certified reference materials in
measurements

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

D 23 (1993) ‘ 80 FRF
Principles of metrological control of equipment used for
verification

Principes du controle métrologique des équipements utilisés pour la
vérification

P4 (1986-1981) 100 FRF
Verification equipment for National Metrology Services
Equipement d'un Service national de métrologie

P 6 (1987) 100 FRF

Suppliers of verification equipment (bilingual French-English)
Fournisseurs d'équipement de vérification (bilingue francais-
anglais)

P 7 (1989)

Planning of metrology and testing laboratories
Planification de laboratoires de métrologie et d'essais

P 15 (1989)
Guide to calibration

100 FRF

100 FRF

Mass and density _
Masses et masses volumiques

R 15 (1974-1970) 80 FRF

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

R 22 (1975) 150 FRF
International alcoholometric tables (trilingual French-English-
Spanish version)

Tables alcoométriques internationales (version trilingue frangats-
anglais-espagnol)

R 33 (1979-1973) 50 FRF

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

R 44 (1985) 50 FRF
Alcoholometers and alcohol hydrometers and thermometers for
use in alcoholometry .

Alcoomeétres et aréométres pour alcool et thermométres utilisés en
alcoométrie

R 47 (1979-1978) 60 FRF
Standard weights for testing of high capacity weighing machines
Poids étalons pour le contrdle des instruments de pesage de portée
élevée

R 50 (1994) ) 100 FRF
Continuous totalizing automatic weighing instruments
Instruments de pesage totalisateurs continus a fonctionnement
aulomatique

R 51 (1985) 80 FRF
Checkweighing and weight grading machines
Trieuses pondérales de contrdle et trieuses pondérales de classement



R 52 (1980) 50 FRF
Hexagonal weights, érdinary accuracy class from 100 g to 50 kg
Poids hexagonaux de classe de précision ordinaire, de 100 g 50 kg

R 60 (1991) 80 FRF
Metrological regulation forload cells
Réglementation métrologique des cellules de pesée

Annex (1993) 30 FRF
Test report format for the evaluation of load cells
Format du rapport d'essai des cellules de pesée

R 61. (1985) 80 FRF
Automatic gravimetric filling mhachines
Doseuses pondérales a fonctionnement automatique

R 74 (1993) 80 FRF
Electronic weighing instruments
Insiruments de pesage électroniques

R 76-1 (1992) 300 FRF
Nonautomatic weighing instruments Part 1: Metrological and
technical requirements - Tests

Instruments de pesage & fongtionnement non qutomatique Partie I:
Exigences métrologiques et techniques - Essais -

Amendment No. 1 (1994) free / gratuit

R 76-2 (1993) 200 FRF
Nonautomatic weighing instruments Part 2: Pattern evaluation
report

Instruments de pesage o fonctionnement non automatique Partie 2:

Rapport d'essai de modéle

Amendment No. 1 (1995) free / gratuit

R 106 (1993) 100 FRF
Automatic rail-weighbridges

© Ponts-bascuiles ferroviaires @ fonctionnement automatique
R 107 (1993) 100 FRF

Discontinuous totalizing automatic weighing instruments
(totalizing hopper weighers)

Instruments de pesage totalisateurs discontinus a fonctionnement
automatique (peseuses totalisatrices & tréniie)

Annex (being printed - en cours de publication )
Test procedures and test report format
Procédures d'essai et format du rapport dessai

R 111 (1994) 80 FRF
Weights of classes E,, E,, F|, F,, My, My, M,
Poids des classes E,, E,, Fy, Fy, My, My, M

P5 (1992) 100 FRF
Mobile equipment for the verification of road weigh-bridges
(bilingual French-English)

Equipement mobile pour la vérification des ponts-bascules routiers
(bilingue frangais-anglais)
P8 (1987) 100 FRF

Density measurement
Mesure de la masse volumique

Length and speed
Longueurs et vitesses

R 21 (1975+1973) 60 FRF
Taximeters
Taximeties
R 24 (1975-1973) 50 FRF

Standard éne metre bar for verification officers
Metre étalon rigide pour Agents de vérification

R 30 (1981) 60 FRF
End standards of length (gauge blocks)
Mesures de longueur & bouts plans (cales étalons)

R 35 (1985) 80 FRF
Material mieasures of length for general use
Mesures matérialisées de longueur pour usages généraux

R 55 (1981) 50 FRF
Speedometers, mechanical odometers and chronotachographs for
motor vehicles. Metrological regulations

Compteurs de vitesse, complenrs mécaniques de distance et
chronotachygraphes des véhicules automobiles. Réglementation’
métrologique

R 66 (1983) 60 FRF

Length measuring instruments
Instruments mesureurs de longueurs

R 91 (1990) 60 FRF
Radar equipment for the measurement of the speed of vehicles
Cinémométres radar pour la mesure de la vitesse des véhicules

R 98 (1991) 60 FRF
High-precision line measures of length
Mesures matérialisées de longueur & traits de haute précision

Liquid measurement
Mesurage des liquides

R4 (1972:1970) 50 FRF
Volumetric flasks (one mark) in glass
Fioles jaugées a un trait en verre

R 29 (1979-1973) - 50 FRF
Capacity serving measures
Mesures de capacité de service

R 40 (1981-1977) 60 FRF
Standard graduated pipettes for verification officers
Pipeties graduées étalons pour Agents de vérification

R 41 (1981-1977) , 60 FRF
Standard burettes for verification officers
Burettes étalons pour Agents de vérification

R 43 (1981-1977) 60 FRF
Standard graduated glass {lasks for verification officers
Fioles étalons graduées en verre pour Agents de vérification

R 45 (1980-/977) 50 FRF
Casks and barrels
Tonneaux et futailles
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R 49 (in revision - en cours de révision)
Water meters intended for the metering of cold water
Compterrs d'eau destinés au mesurage de l'eaut froide

R 63 (1994) 50 FRF

Petroleum measurement tables
Tables de mesure du pétrole

R 71 (1985) ' 80 FRF
Fixed storage tanks. General requirements

Réservoirs de stockage fixes. Prescriptions générales
R 72 (1985) 60 FRF

Hot water meters
Comptenrs d'eaut destinés au mesurage de l'eau chaude

R 80 (1939) 100 FRF
Road and rail tankers

Camions et wagons-citernes

R 81 (1989) 80 FRF

Measuring devices and measuring systems for cryogenic liquids
(including tables of density for liquid argon, helium, hydrogen,
nitrogen and oxygen)

Disposttifs et systemes de mesure de liquides cryogéniques
(comprend tables de masse volumique pour argon, hélium,
Tvdrogéne, azote et oxvgene liquides)

R 85 (1989) 80 FRF

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

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

R 86 (1989) ( 50 FRF

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

R 95 (1990) 60 FRF

Ships’ tanks - General requirements
Bateaux-citernes - Prescriptions générales

R 96 (1990) 50 FRF

Measuring container bottles
Bouteilles récipients-mesures

R 105 (1993) 100 FRF
Direct mass flow measuring systems for quantities of liquids
Ensembles de mesurage massiques directs de quantités de liquides
Annex (being printed - en cours de publication)

Test report format
Format du rapport dessai

R 117 (being printed - en cours de publication)

Measuring assemblics for liquids other than water
Ensembles de mesurage de liquides autres que l'eau

R 118 (being printed - en cours de publication)

Testing procedures for pattern examination of fuel dispensers for
motor vehicles

Procédures d'évaluation des modéles de distributeurs de carburant
pour véhicules a moteur
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R 119 (being printed - en cours de publication)

Pipe provers for testing of measuring systems for liquids other
than water

Tubes étalons pour lessai des ensembles de mesurage de liquides
autres que l'eau

R 120 (being printed - en cours de publication)

Characteristics of standard capacity measures and test methods
for measuring systems for liquids other than water
Caractéristiques desmesures de capacité étalons et méthodes d'essai
des ensembles de mesurage de liquides autres que l'eau

D4 (1981) 50 FRF

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

D 7 (1984) 80 FRF
The evaluation of flow standards and facilities used for testing
water meters

Evaluation des étalons de débitmétrie et des dispositifs utilisés pour
lessai des compteurs d'eau

D 25 (being printed - en cours de publication)

Vortex melers used in measuring svstems for fluids
Compieurs & vortex utilisés dans les ensembles de mesurage de

fluides

D 26 (being printed - en cours de publication)

Glass delivery measures - Automatic pipettes
Mesures en verre ¢ délivrer ~ Pipettes automatiques

Gas measurement
Mesurage des gaz(*)

R 6 (1989) 80 FRF

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

R 31 (1995) 80 FRF
Diaphragm gas meters
Compteurs de gaz a parois déformables

R 32 (1989) 60 FRF

Rotary piston gas meters and turbine gas meters
Compreurs de volume de gaz a pistons rotatifs et compterurs de
volume de gaz a turbine

Pressure
Pressions(**)

R 23 (1975-1973) 60 FRF
Tyre pressurc gauges for molor vehicles
Manometres pour pneumatiques de véhicules automobiles

(*) See also “Liquid measurement” D 25 - Voir aussi “Mesurage des liquides”
D 25.

(**) See also “Medical instruments” - Voir aussi “Instriments médicany”.



R 53 (1982) 60 FRF

Metrological characteristics of elastic sensing elements used for
measurement of pressure. Determination methods
Caractéristiques métrologiques des éléments récepteurs élastiques
utilisés pour le mesurage de la pression. Méthodes de leur
détermination

R 97 (1990) 60 FRF

Barometers
Barométres

R 101 (1991) 80 FRF
Indicating and recording pressure gauges, vacuum gauges and
pressure vacuum gauges with elastic sensing elements (ordinary
instruments)

Manomeétres, vacuiométres et manovacuomeétres indicateurs et
enregistreurs a élément récepteur élastique (instruments usuels)

R 109 (1993) 60 FRF

Pressure gauges and vacuum gauges with elastic sensing
elements (standard instruments)

Manomeétres et vacuometres q élément récepteur

élastique (instruments étalons)

R 110 (1994) 80 FRF

Pressure balances
Marnométres a piston

Temperature
Températures(*)

R 18 (1989) 60 FRF

Visual disappearing filament pyrometers
Pyrométres optiques a filament disparaissant

R 48 (1980-/978) 50 FRF
Tungsten ribbon lamps for calibration of optical pyrometers
Lampes & ruban de tungstene pour l'étalonnage des pyromeétres
optiques

R 75 (1983) 60 FRF

Heat meters
Compteurs d'énergie thermique

R 84 (1989) 60 FRF

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

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

D 24 (being printed - en cours de publication)

Total radiation pyrometers
Pyromeétres a radiation totale

P16 (1991) 100 FRF

Guide to practical temperature measurements

(*) See also “Medical instruments” - Voir aussi “Instruments médicaux”.
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Electricity
Electricité

R 46 (1980-1978) A 80 FRF
Active electrical energy meters for direct connection of class 2
Compteurs d'énergie électrique active @ branchement direct de la
classe 2

D 11 (1994) 80 FRF

General requirements for electronic measuring instruments
Exigences générales pour les instruments de mesure électroniques

Acoustics and vibration
Accoustique et vibrations(*)

R 58 (1984) 50 FRF
Sound level meters

Sonométres

R 88 (1989) 50 FRF

Integrating-averaging sound level meters
Sonometres intégrateurs-moyenneurs

R 102 (1992) 50 FRF

Sound calibrators
Calibreurs acoustiques ‘
Annex (1995) ' 80 FRF

Test procedures and test report format
Procédures d'essai et format du rapport d'essai

R 103 (1992) ' 60 FRF

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

R 104 (1993) 60 FRF

Pure-tone audiometers
Audiomeétres & sons purs

Environment
Environnement

R 82 (1989) 80 FRF

Gas chromatographs for measuring pollution from pesticides and
other toxic substances

Chromatographes en phase gazeuse pour la mesure des pollutions
par pesticides et autres substances toxiques

R 83 (1990) 80 FRF

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

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

R 99 (1991) 100 FRF

Instruments for measuring vehicle exhaust emissions
Instruments de mesure des gaz d'échappement des véhicules
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R 100 (1991) 80 FRF

Atomic absorption spectrometers for measuring metal pollutants
in water '

Spectrométres d'absorption atomique pour la mesure des polluants
métalliques dans leau

R 112 (1994) 80 FRF

High performance liquid chromatographs for measurement of
pesticides and other toxic substances

Chromatographes en phase liquide de haute performance pour la
mesure des pesticides et autres substances toxiques

R 113 (1994) 80 FRF

Portable gas chromatographs for ficld measurements of
hazardous chemical pollutants

Chromatographes en phase gazeuse portatifs pour la mesure sur sile
des polluants chimiques dangereux

R 116 (1995) ) 80 FRF

Inductively coupled plasma atomic emission spectrometers for
measurement of metal pollutants in water

Spectrométres a émission atomique de plasma couplé
inductivement pour le mesurage des polluants métalliques dans
leau

D 22 (1991) 80 FRF

Guide to portable instruments for assessing airborne pollutants

arising from hazardous wastes

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

Physico-chemical measurements
Mesures physico-chimiques

R 14 (1995) 60 FRF

Polarimetric saccharimeters
Saccharimétres polarimétriques

R 54 (in revision - en cours de révision)

pH scale for aqueous solutions
Echelle de pH des solutions aqueuses

R 56 (1981) 50 FRF

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

R 59 (1984) 80 FRF

Moisture meters for cereal grains and oilseeds
Humidimetres pour grains de céréales ct graines oléagineuses

R 68 (1985) 50 FRF

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

R 69 (1985) 50 FRF
Glass capillary viscometers for the measurement of kinematic
viscosity. Verification method

Viscosimeétres a capillaire, en verre, pour la mesure de la viscosité
cinématique. Méthode de vérification

OTML wuciertiy Voruvme XXXVIE s Nuvser 4 « OCTOBER 1993

R 70 (1985) 50 FRF
Determination of intrinsic and hysteresis errors of gas analysers
Détermination des erreurs de base et d'hystérésis des analyseurs de

gaz

R 73 (1985) 50 FRF

Requirements concerning pure gases CO, CO,, CH,, H,, 0,, N,
and Ar intended for the preparation of reference gas mixtures
Prescriptions pour les gaz purs CO, CO,, CH,, H,, O, N, et Ar
destinés a la préparation des mélanges de gaz de référence

R 92 (1989) 60 FRF

Wood-moisture meters - Verification methods and equipment:
general provisions
Humidimetres pour le bois - Méthodes et moyens de vérification:
exigences générales

R 108 (1993) 60 FRF
Refractometers for the measurement of the sugar content of fruit
juices

Réfractométres pour la mesure de la teneur en sucre des jus de
fruits

R 121 (being printed - en cours de publication)

The scale of relative humidity of air certified against satured salt
solutions

Echelle d'humidité relative de air certifiée par rapport i des
solutions saturées de sels

D 17 (1987) 50 FRF
Hierarchy scheme for instruments measuring the viscosity of
liquids

Schéma de hiérarchie des instruments de mesure de la viscosité des
liquides

Medical instruments
Instruments médicaux

R 7 (1979-1978) 60 FRF

Clinical thermometers, mercury-in-glass with maximum device
Thermomeétres médicatix i mercure, en verre, avec dispositif d
maxinum

R 16 (1973-1970) 50 FRF

Manometers for instruments for measuring blood pressure
(sphvgmomanometers)

Manométres des instruments de mesure de la tension artérielle
(sphvgmomanométres)

R 26 (1978-1973) 50 FRF
Medical syringes
Seringiies médicales

R 78 (1989) 50 FRF

Westergren tubes for measurement of ervthrocyte sedimentation
rate

Pipettes Westergren pour la mesure de la vitesse de sédimentation
des hématies '

R 89 (1990) 80 FRF

Electroencephalographs - Metrological characteristics - Methods
and equipment {or verification

Electroencéphalographes - Caractéristiques métrologiques -
Méthodes et movens de vérification
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R 90 (1990) 80 FRF

Electrocardiographs - Metrological characteristics - Methods and
equipment for verification

Electrocardiographes - Caractéristiques métrologiques - Méthodes et”

movens de vérification

R 93 (1990) 60 FRF
Focimeters

Frontofocomeétres

R 114 (1995) 80 FRF

Clinical electrical thermometers for continuous measurement
Thermometres électriques médicaux pour mesurage en continu

80 FRF

R 115 (1995)

Clinical electrical thermometers with maximum device
Thermometres électriques médicaux avec dispositif @ maximum

R 122 (being printed - en cours de publication)
Equipement for speech audiometry
Appareils pour laudiométrie vocale

D 21 (1990) 80 FRF

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

Laboratoires secondaires d'étalonnage en dosimétrie pour
[étalonnage des dosimétres utilisés en radiothérapie

Testing of materials
Essais des matériaux

R9 (1972-1970) 60 FRF

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

R 10 (1974-1970) 60 FRF

Verification and calibration of Vickers hardness standardized
blocks

Vérification et étalonnage des blocs de référence de dureté
Vickers

R 11 (1974-1970) 60 FRF
Verification and calibration of Rockwell B hardness standardized

blocks
Vérification et éialonnage des blocs de référence de dureté
Rockwell B

R 12 (1974-1970) 60 FRF

Verification and calibration of Rockwell C hardness standardized
blocks

Vérification et étalonnage des blocs de référence de dureté

Rockwell C

R 36 (1980-1977) 60 FRF

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

R 37 (1981-1977) 60 FRF

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

R 38 (1981-1977) 60 FRF

Verification of hardness testing machines (Vickers system)
Vérification des machines dessai de dureté (systéme Vickers)

R 39 (1981-1977) 60 FRF

Verification of hardness testing machines (Rockwell systems
BFET-CAN) :

Vérification des machines d'essai de dureté (systémes Rockwell
BF,T-CAN)

R 62 (1985) 80 FRF

Performance characteristics of metallic resistance strain gauges
Caractéristiques de performance des extensométres métalligues a
résistance

R 64 (1985) 50 FRF

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

R 65 (1985) 60 FRF

Requirements for machines for tension and compression testing
of materials

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

V3 (1991) 80 FRF
Hardness testing dictionary (quadrilingual French-English-
German-Russian)

Dictionnaire des essais de dureté (quadrilingue francais-anglais-
allemand-russe)

P 10 (1981) 50 FRF

The metrology of hardness scales - Bibliography

P11 (1983) 100 FRF

Factors influencing hardness measurement

P12 (1984)

100 FRF
Hardness test blocks and indenters :

P13 (1989) 100 FRF

Hardness standard equipment

P 14 (1991) 100 FRF

The unification of hardness measurement

Prepackaging
Préemballages

R 79 (1989) 50 FRF

Information on package labels
Etiquetage des préemballages

R 87 (1989) 50 FRF

Net content in packages
Contenu net des préemballages
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INTERNATIONAL RECOMMENDATIONS
RECOMMANDATICNS INTERNATIONALES

R4 (1970-1972) 50 FRF
Volumetric flasks {one mark) in g|ass
Fioles jaugées ¢ un frait en verre

R6 (1989) 80 FRF
General provisions for gas volume mefers
Dispositions générales pour les compteurs de volume de gaz

R7 (1979-1978} 60 FRF
Clirical thermometers, mercury-in-glass with maximum device
Thermométres médicaux & mercure, en verre, avec dispositif & maximum

R9 {1972-1970) 60 FRF
Verification and calibration of Brinell hardness standardized blocks
Vérification et étalonnage des blocs de référence de dureté Brinell

R10 (1974-1970) 40 FRF
Verification and calibration of Vickers hardness standardized blocks
Vérification et éfalonnage des blocs de référence de dureté Vickers

R11 (1974-1970) 60 FRF
Verification and calibration of Rockwell B hardness standardized blocks
Vérification et étalonnage des blocs de référence de dureté Rockwell B

R12 (1974-1970) 60 FRF
Verification and calibration of Rockwell C hardness standardized blocks
Vérification ef éfalonnage des blocs de référence de dureté Rockwell C

R14 {1995) 60 FRF
Polarimetric saccharimeters
Saccharimétres polarimétriques

R15 (1974-1970) 80 FRF
Instruments for measuring the hectolitre mass of cereals
Instruments de mesure de la masse & I'hectolitre des céréales

R16 (1973-1970) 50 FRF
Manometers for instruments for measuring blood pressure (s;)hygmomanomerers)
Manométres des instruments de mesure cfa la tension artérielle (sphygmomanoméires)

R18 (1989) 60 FRF
Visual disappearing filament pyrometers
Pyrométres opiques ¢ filament disparaissant

R21 (1975-1973) 60 FRF
Taximeters
Taximétres
R22 (1975-1973) 150 FRF

Infernational alcoholomefric tables [triingual French-English-Spanish)
Tables alcoométriques internationales (trifingue frangais-anglais-espagnol)

R23 (1975-1973) 60 FRF
Tyre pressure gauges for motor vehicles
Manoméires pour pneumatiques de véhicules automobiles

R24 (1975-1973) 50 FRF
Standard one metre bar for verification officers
Meétre étalon rigide pour agents de vérification

R 26 (1978-1973) 50 FRF
Medical syringes
Seringues médiicales

R29 (1979-1973) 50 FRF
Capacity serving measures
Mesures de capacité de service

R30 (1981) 60 FRF
End standards of length (gauge blocks)
Mesures de longueur @ bouts plans (cales étalons)

R31 {1995} 80 FRF
Diaphragm gas mefers
Compteurs ﬁe gaz & parois déformables

R 32 {1989) 60 FRF
Rotary piston gas meters and turbine gas mefers

Compteurs de volume de gaz & pistons rotatifs et compteurs de volume de gaz d
turbine

R 33 (1979-1973) 50 FRF
Conventional value of the result of weighing in air
Valeur conventionnelle du résultat des pesées dans I'air
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R 34 (1979-1974) 60 FRF
Accuracy classes of measuring instruments
Classes de précision des instruments de mesurage

R35 {1985) 80 FRF
Material measures of length for general use
Mesures matérialisées de longueur pour usages généraux

R 36 (1980-1977) - 60 FRF
Verification of indenters for hardness testing machines
Vérification des pénéfrateurs des machines d'essai de durefé

R 37 (1981-1977) 60 FRF
Verification of hardness testing machines (Brinell system)
Vérification des machines d'essai de dureté (systéme Brinell}

R 38 (1981-1977) ) 60 FRF
Verification of hardness testing machines (Vickers system)
Vérification des machines d'essai de dureté (systéme Vickers)

R 39 (1981-1977) 60 FRF
Verification of hardness testing machines {Rockwell systems B,F,T-C, AN}
Vérification des machines d'essai de dureté (systémes Rockwell B,F,T-CAN]

R40 (1981-1977) 60 FRF
Standard graduated pipettes for verification officers
Pipettes graduées étalons pour agents de vérification

R41 (1981-1977) 60 FRF
Standard burettes for verification officers
Burettes étolons pour agents de vérification

R42 (1981-1977) 50 FRF
Metal stamps for verification officers
Poingons de métal pour agents de vérification

R43 (1981-1977) 60 FRF
Standard graduated glass flasks for verification officers
Fioles talons graduées en verre pour agents de vérification

R 44 (1985) 50 FRF
Alcoholometers and alcohol hydrometers and thermometers for use in alcoholometry
Alcoométres et aréoméires pour alcool et thermométres utilisés en alcooméirie

R 45 (1980-1977) 50 FRF
Casks and barrels
Tonneaux et futailles

R 46 (1980-1978) 80 FRF
Active electrical energy mefers for direct connection of class 2
Compteurs d'énergie électrique active & branchement direct de la classe 2

R 47 (1979-1978) 60 FRF
Standard weights for testing of high capacity weighing machines
Poids étalons pour le controle des instruments de pesage de portée élevée

R 48 [1980-1978) 50 FRF
Tungsfen ribbon lamps for calibration of optical pyrometers
Lampes ¢ ruban de tungsténe pour I'étalonnage des pyrométres optiques

R 49 {in revision - en cours de révision}
Water mefers intended for the metering of cold water
Compteurs d'eau destinés au mesurage de f'eau froide

R50 (1994] 100 FRF
Confinuous totalizing automatic weighing instruments (belt weighers)

Instruments de pesage totalisateurs continus & fonctionnement automatique (peseuses
sur bande)

R51 (1985) 80 FRF
Checkweighing and weight grading machines
Trieuses pondérales de contrdle et frieuses pondérales de classement

R 52 {1980) 50 FRF
Hexagonal weights, ordinary accuracy class from 100 g to 50 kg
Poids hexagonaux de classe de précision ordinaire, de 100 g & 50 kg

R 53 {1982) 60 FRF
Metrological characteristics of elasfic sensing elements used for measurement of
pressure. Determination methods

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

R 54 {in revision - en cours de révision)
pH scale for aqueous solufions
Echelle de pH des solutions aqueuses
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R 55 (1981) 50 FRF
Speedometers, mechanical odomefers and chronotachographs for motor vehicles.
Metrological regulations

Compfeurs de vitesse, compteurs mécaniques de distance et chronotachygraphes des
véhicules automobiles. Réglementation métrologique

R56 {1981) 50 FRF
Standard solutions reproducing the conductivity of electrolytes
Solutions-étalons reproduisant la condluctivité des lectrolytes

R 58 (1984) . 50 FRF
Sound level meters

Sonométres

R 59 (1984) 80 FRF

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

R 60 (1991) 80 FRF
Metrological regulation for load cells
Réglementation métrologique des cellules de pesée

Annex (1993) 80 FRF
Test report format for the evaluation of load cells
Format du rapport dessai des cellules de pesée

R61 (1985) 80 FRF
Automatic gravimetric filling machines
Doseuses pondérales & fonctionnement automatique

R 62 (1985) 80 FRF
Performance characteristics of mefallic resistance strain gauges
Caractéristiques de performance des extensométres métalliques & résistance

R 63 (1994) 50 FRF
Petroleum measurement tables
Tables de mesure du pétrole

R 64 (1985) 50 FRF
General requirements for materials testing machines
Exigences générales pour les machines d’essai des matériaux

R 65 (1985) 60 FRF
Requirements for machines for tension and compression testing of materials
Exigences pour les machines d'essoi des matériaux en fraction ef en compression

R 66 (1985) 60 FRF
Length measuring instruments
Instruments mesureurs de longueurs

R 68 (1985) 50 FRF
Calibration method for conductivity cells
Méthode détalonnage des ceflules de conductivité

R 69 (1985) 50 FRF
Glass capillary viscometers for the measurement of kinematic viscosity. Verification
method

Viscosimetres & capillaire, en verre, pour la mesure de la viscosité cinématique.
Meéthode de vérification

R70 (1985) 50 FRF
Determination of intrinsic and hysteresis errors of gas analysers
Détermination des erreurs de base et d'hystérésis des analyseurs de gaz

R71 (1985} 80 FRF
Fixed storage tanks. General requirements
Reservoirs de stockage fixes. Prescriptions générales

R72 (1985 80 FRF
Hot water mefers
Compteurs d'eau destinés au mesurage de 'eau chaude

R73 {1985) 50 FRF
Requirements concerning pure gases CO, CO,, CH,, H,, O,, N, and Ar intended for
the preparation of reference gas mixtures

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

R74 (1993) 80 FRF
Electronic weighing instruments
Instruments de pesage électroniques

R75 (1988) 60 FRF
Heat mefers
Compfeurs d'énergie thermique

14

R76-1 (1992} 300 FRF
Nonautomatic weighing instruments. Part 1: Mefrological and technical requirements -
Tesis

Instruments de pesaie a fonctionnement non automatique. Partie 1: Exigences
mérologiques et techniques - Essais

Amendment No. 1 (1994)
R76-2 (1993) 200 FRF

Nonautomatic weighing instruments. Part 2: Pattern evaluation report
Instruments de pesage d fonctionnement non automatique. Partie 2: Rapport d'essai
de modele

Amendment No. 1 {1995)
R78 {1989) » 50 FRF

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

free / gratuit

free / gratuit

R79 (1989) 50 FRF
Information on package labels
Etiquetage des préem%a”ages
R 80 (1989) 100 FRF

Road and rail fankers
Camions et wagons-cifernes

R81 {1989) 80 FRF
Measuring devices and measuring systems for cryogenic liquids {including tobles of
density for liquid argon, helium, hyJ:ogen, nitrogen and oxygen)

Dispositifs et systémes de mesure de liquides cryogéniques {comprend tables de masse
volumique pour argon, hélium, hydrogéne, azote et oxygéne liquides)

R 82 {1989} 80 FRF
Gas chromatographs for measuring pollution from pesticides and other toxic
substances

Chromatographes en phase gazeuse pour la mesure des pollutions par pesticides et
autres substances foxiques

R 83 {1990) 80 FRF
Gas chromctogroph/ mass spectrometer/data system for ano|ysis of organic po”utants
in water

Chromatographe en phase gazeuse équipé d'un spectrométre de masse et d'un
systéme de traitement de données pour Ianalyse des polluants organiques dans Iequ

R 84 (1989) 60 FRF
Resistance-thermometer sensors made of platinum, copper or nickel {for industrial and
commercial use)

Capteurs g résistance fhermoméfrique de p/cﬁne, de cuivre ou de nickel {a usages
techniques ef commerciaux)

R 85 (1989} 80 FRF
Automatic level gauges for measuring the level of liquid in fixed storage tanks
Jaugeurs automatiques pour le mesurage des niveaux de liquide dans les réservoirs
de stockage fixes

R 86 {1989) : 50 FRF
Drum meters for alcohol and their supp|ementory devices
Compteurs & fambour pour alcool et leurs dispositifs complémentaires

R 87 (1989) 50 FRF
Net content in packages
Contenu net des préemballages

R 88 (1989) 50 FRF
Infegrating-averaging sound level meters
Sonométres intégrateurs-moyenneurs

R 89 (1990) 80 FRF
Electroencephalographs - Metrological characteristics - Methods and equipment for
verification

Electroencéphalographes - Caractéristiques méirologiques - Méthodles et moyens de
vérification ‘

R 90 (1990} 80 FRF
Electrocardiographs - Metrological characteristics - Methods and equipment for
verification

Electrocardiographes - Caractéristiques métrologiques - Méthodes ef moyens de
vérification

R 91 (1990) 60 FRF
Radar equipment for the measurement of the speed of vehicles

Cinémométres radar pour o mesure de lo vitesse des véhicules

R92 (1989) 60 FRF
Wood-moisture mefers - Verification methods and equipment: general provisions
Humidlimétres pour le bois - Méthodes ef moyens de vérification: exigences générales
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R 93 {1990 60 FRF
Focimeters

Frontofocométres

R 95 {1990) 60 FRF

Ships” tanks - Generdl requirements
Boteaux-citernes - Prescriptions générales

R 96 {1990) 50 FRF
Measuring container bottles
Bouteilles récipients-mesures

R 97 {1990) 60 FRF
Barometers
Barométres
R 98 {1991) 60 FRF

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

R99 {1991) 100 FRF
Instruments for measuring vehicle exhaust emissions
Instruments de mesure des gaz d'échappement des véhicules

R100 ({1991) 80 FRF
Atomic absorption spectrometers for measuring metal pollutants in water
Spectrométres d'absorption atomique pour la mesure des polluants métalliques dans
l'eau

R 101 {1991) 80 FRF
Indicating and recording pressure gauges, vacuum gauges and pressure vacuum
gauges with elastic sensing elements {ordinary instruments)

Manométres, vacuometres et manovacuométres indicateurs et enregisireurs ¢ élément
récepteur élastique (instruments usuels)

R 102 {1992} 50 FRF
Sound calibrators
Calibreurs acoustiques

Annex {1995) 80 FRF
Test procedures and test report format
Procédures d'essai et format du rapport d'essai

R103 (1992) 60 FRF
Measuring instrumentation for human response to vibration
Appareillage de mesure pour la réponse des individus aux vibrations

R 104 {1993) 60 FRF
Pure-tone audiometers
Audiométres & sons purs

R 105 ({1993) 100 FRF
Direct mass flow measuring systems for quanifies of liquids
Ensembles de mesurage massiques directs de quantités de liquides

Annex (being printed - en cours de publication}
Test report format
Format du rapport dessai

R106 (1993) 100 FRF
Automatic rail-weighbridges
Ponts-bascules ferroviaires & fonctionnement automatique

R107 {1993) 100 FRF
Disconfinuous totalizing automatic weighing instruments (totalizing hopper weighers)
Instruments de pesage fotalisateurs discontinus & fonctionnement automatique
[peseuses totalisatrices @ trémie)

Annex (being printed - en cours de publication)
Test procedures and test report format
Procéclures dessai et format du rapport d'essai

R 108 {1993) 60 FRF

Refractometers for the measurement of the sugar content of Fruitguices
Réfractometres pour la mesure de la teneur en sucre des jus de fruits

R 109 (1993) 60 FRF
Pressure gauges and vacuum gauges with elastic sensing elements (standard
instruments)

Manométres et vacuometres & élément récepteur élastique (instruments étalons)

R110 (1994) 80 FRF
Pressure balances
Manomeétres a piston
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R 111 {1994) 80 FRF
Weights of classes E;, Ey, F, Fp, My, My, M,
Poids des classes E, E, F), Fy) My, My, M,

R 112 (1994) 80 FRF
High performance liquid chromatographs for measurement of pesticides and other
toxic substances

Chromatographes en phase liquide de haute performance pour lo mesure des
pesticides et auires sugsfances toxiques

R113 (1994) 80 FRF
Portable gas chromatographs for field measurements of hazardous chemical
po”utonts

Chromatographes en phase gazeuse portatifs pour la mesure sur site des polluants
chimiques dangereux

R 114 {1995} 80 FRF
Clinical electrical thermometers for confinuous measurement
Thermometres électriques médicaux pour mesurage en continu

R115 (1995) 80 FRF
Clinical electrical thermometers with maximum device
Thermoméires électriques médicaux avec dispositif & maximum

R116 {1995) 80 FRF
Inductively coupled plasma atomic emission spectrometers for measurement of metal
pollutants in water

Spectrométres & émission atomique de plasma couplé inductivement pour le mesurage
c/;s polluants métalliques dans l'eau

R 117 (being printed - en cours de publication)
Measuring assemblies for |ijuids other than water
Ensembles de mesurage de liquides autres que I'eau

R 118 (being printed - en cours de publication)

Testing procedures for pattern examination of fuel dispensers for motor vehicles
Procédures d'évaluation des modles de distributeurs de carburant pour véhicules &
moteur

R119 (bein? printed - en cours de publication]
Pipe provers lor testing of measuring systems for liquids other than water
Tubes étalons pour I'essai des ensembles de mesurage de liquides autres que f'eau

R 120 (being printed - en cours de publication)

Characteristics of standard capacity measures and test methods for measuring systems
for liquids other than water

Caractéristiques des mesures de capacité éfalons et méthodes d'essai des ensembles
de mesurage de liquides autres que l'eau

R121 [being rrinted - en cours de publication)
The scale of relative humidity of air certified against saturated salt solutions
Echelle d'humidité relative de I'air certifiée par rapport & des solutions saturées de sels

R 122 {being printed - en cours de publication)
Equipment for speech audiometry
Appareils pour F'audioméirie vocale

INTERNATIONAL DOCUMENTS
DOCUMENTS INTERNATIONAUX

D1 (1975) 50 FRF
Law on metrology
Loi de métrologie

D 2 {in revision - en cours de révision)
Lega! units of measurement
Unités de mesure légales

D3 (1979} 60 FRF
Legal qudtificction of measuring instruments
Qualification légale des instruments de mesurage

D4 (1981) 50 FRF
Installation and storage condifions for cold water meters
Conditions d'installation et de stockage des compteurs d'eau froide

D5 (1982) 60 FRF
Principles for the establishment of hierarchy schemes for measuring instruments
Principes pour I'établissement des schémas de hiérarchie des instruments de mesure

Dé (1983) 60 FRF
Documentation for measurement standards and calibration devices
Documentation pour les étalons et les dispositifs d'étalonnage
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D7 (1984) 80 FRF
The evaluation of flow standards and facilities used for testing water meters

Evaluation des élalons de débitmétrie et des dispositifs utilisés pour essai des
compteurs d'eau

D8 (1984) 60 FRF
Principles concerning choice, official recognition, use and conservation of
measurement standards :

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

D9 {1984) 60 FRF
Principles of metrological supervision
Principes de la surveiflance métrologique

D10 (1984) 50 FRF
Guidelines for the determination of recalibration intervals of measuring equipment
used in festing laboratories

Conseils pour la défermination des infervalles de réétalonnage des équipements de
mesure utilisés dans les laboratoires d'essais

D11 (1994) 80 FRF
General requirements for electronic measuring instruments
Exigences générales pour les instruments de mesure électroniques

D 12 (198¢6) 50 FRF
Fields of use of measuring instruments subject to verification
Domaines d'utilisation des instruments de mesure assujettis & la vérification

D13 (198¢) S0FRF

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

Conseils pour les arrangements bi- ou multilatéraux de reconnaissance des: résultats
d'essais - approbations de modles - vérifications

D 14 {1989) 60 FRF
Training of legaf metrology personnel - Qualification - Training programmes
Formation du personnel en métrologie légale - Qualification - Programmes d'étude

D15 (1986} 80 FRF
Principles of selection of characteristics for the examination of measuring instruments
Principes du choix des caractéristiques pour I'examen des instruments de mesure
usvels

D 16 {1986} 80 FRF
Principles of assurance of metrological control
Principes d'assurance du contréle métrologique

D17 (1987) ’ 50 FRF
Hierarchy scheme for instruments measuring the viscosity of liquids
Schéma de hiérarchie des instruments de mesure de la viscosité des liquides

D18 (1987) 50 FRF
General principles of the use of certified reference materials in measurements
Principes généraux d'ufilisation des matériaux de référence certifiés dans les
mesurages

D19 (1988) 80 FRF
. Pattern evaluation and pattern approval
Essai de modgle et approbation de modéle

D20 ({1988 80 FRF
Initial and subsequent verification of measuring instruments and processes
Vérifications primitive et ultérieure des instruments ef processus de mesure

D21 (1990) , 80 FRF
Secondary standard dosimetry laboratories for the calibration of dosimeters used in
radiotherapy

Laboratoires secondaires d'étalonnage en dosimétrie pour V'étalonnage des
dosimétres utilisés en radiothérapie

D 22 (1991) 80 FRF
Guide to portable instruments for assessing airborne pollutants arising from
hazardous wastes

Guide sur les insruments portatifs pour F'évaluation des polluants contenus dans Fair
en provenance des sites J; décharge de déchets dangereux

D 23 {1993} » 80 FRF
Principles of metrological control of equipment used for verification
Principes du contréle métrologique des équipements ulilisés pour la vérification

D 24 (being printed - en cours de publication)
Total radiation pyrometers
Pyrométres g radiation fotale
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D 25 (being printed - en cours de publication)
Vortex meters used in metisuring systems for fluids
Compteurs & vortex utilisés dans les ensembles de mesurage de fluides

D 26 {being printed - en cours de publication)
Glass delivery measures - Automatic pipetres
Mesures en verre ¢ délivrer - Pipettes automatiques

VOCABULARIES
VOCABULAIRES

V1{1978) 100 FRF
Vocabulary of legal mefrology (bilingual French-English)
Vocabulaire de métrologie légale (bilingue francais-anglais)

V2 (1993} 200.FRF
International vocabutary of basic and genéral terms in metrology (bilingual French-
English)

Vocabulaire infernational des termes fondamentaux et généraux de méirologie
(bilingue francais-anglais)

V3 {1991} 80 FRF
Hardness festing dictionary (quadrilingual French-English-German-Russian)
Dictionnaire des essais de dureté (quadrilingue frangais-anglais-oflemand-russe)

OTHER PUBLICATIONS
AUTRES PUBLICATIONS

P1 (1991) 60 FRF
OIML Certificate System for Measuring Instruments
Systeme de Certificats OIML pour les Instruments de Mesure

P2 (1987) 100 FRF
Metrology training - Synthesis and bibliography (bilingual French-Engfish)
Formation en métrologie - Synthése et bibliographie (bilingue francais-anglois)

P 3 (being printed - en cours de publication)
Mefrology in OIML Member States and Corresponding Member Countries
Meéirologie dans les Etats Membres et Pays Membres Correspondants de F'OIML

P4 (1986-1981) 100 FRF
Verification equipment for National Metrology Services
Equipement d'un Service national de métrologie

P5 (1992} 100 FRF
Mobile equipment for the verification of road weighbridges (bilingual French- English)
Equi[;emenf mobile pour la vérification des ponts- ascu/Zs routiers (bilingue frangais-
anglais)

Pé (1987) 100 FRF
Suppliers of verification equipment (bilingual French-English]

Fournisseurs d'équipement de vérification (bilingue frangais-anglais)

P7 (1989) 100 FRF
Planning of metrology and testing laboratories
Planification de laboratoires de métrologie et d'essais

P8 {1987) 100 FRF
Density measurement
Mesure de lo masse volumique

P9 (1992) 100 FRF
Guidelines for the establishment of simplified metrology regulatioris

P10 (1981) 50 FRF
The merology of hardness scales - Bibliography

P11 (1983) 100 FRF
Factors influencing hardness measurement

P12 (1984) 100 FRF
Hardness fest blocks and indenters

P13 (1989) 100 FRF
Hardness standard equipment v

P14 (1991) 100 FRF
The unification of hardness measurement

P15 (1989) 100 FRF
Guide fo calibration

P16 (1991} 100 FRF
Guide to practical temperature measurements

P17 {1995) 300 FRF

Guide fo the expression of uncertainty in measurement
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BULLETTIN

CaLL For PAPERS

The Editors of the OIML Bulletin welcome the submission of technical papers and articles thai aditress new
advances in metrology, particularly in the fields of trade, heaith, environment, and salety in which the
credibility of measurements remains a challenging priority.

Metrology is adapting to the changes that are rapidly occuring worldwide and the OIML Bulletin sirives 1o
reflect this adaptation. National, regional, and international activities concerning evaluation procediues,
accreditation and certification, measuring techniques and instrumentation, and implementation of GiML
Recommendations as well as other international publications relative to metrology are of interest 1o the
expanding audience of the OIML Bulletin.

In addition to a manuscript and visual materials (photos, illustrations, slides, etc.). a disk copy of the
submission should be included whenever possible. Authors are also encouraged 1o send a passpori-size photo
for publication. Selected papers will be remunerated at the rate of 150 FRF per printed page, provided shas it
have not been previously published. The Editors of the OIML Bulletin reserve the right (o edit contiibuiioas for
style and space restrictions.

e

Papers should be sent to the Bureaut International de Métrologie Légale, Attn. Editors of the OIML Bulletin,
11, rue Turgot, 75009 Paris France.



