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New applications for legal metrology?

£GAL metrology originated fram the necessity to ensure

fair trade and consumer protection. Consumer
protection in legal metrology extended to applications
other than trade, with the development of measuring
tecniques in fields such as medicine and safety. Here the
notion of “unfair measurement” was replaced by that of
“incorrect result”, for eample, with doctors (in the field of
medicine) or policemen (in the field of road-safety) often
wnable to ensure the correct cperation of the instruments
they use, and on which the results of their activities
(medical diagnosis or pemalties) are largely based.

Moreresently, ewvironmental measurements constituted a
new and additional field of responsibility for legal
metrology, althouh it should ke noted that, fram its start
in 1955, OIMLS tectnical work program included activities
concerning air pollution.

Is the general scope for the golication of legal metrology
now definitively defined and limited to the four
abovementioned topics (to which measurements for of ficial
operations - such as land surveys - should be added)?

For many years now, there has been a field in vhich legal
metrology services in certain countries are active, and
which presents certain similarities with the verificatio of
measuring instruments: it is the cmtrol of gembling and
slot machines, and of roulettes and other similar devices in
casinos. Whether purely mechanical or electronic, such

Editorial

devices may be “tricked” by skilled persans, just as in the
case of measuring instruments, so as to increase the
statistical gain of the owner to the detriment of the
consumer, the player in this case. Because of their expertie
in tedmical controls, legl metrology services have been
dole to fully satisfy the requisites fram their respective
administrations. At present, however, it is diaus thet a
corresponding OIML activity would be approgriate.

Another field where a necessity of ensuring consumer
protection is developing - and which is more connected
with legal metrology — is the counting and invoicing of
telephonic pulses. BIML has recently conducted an inquiry
among certain OIML Members in order to obtain
informetion on this subject. As an interesting output, we
have received a paper, featured in this issue, from the
Australian National Standards Commission (NSC)
concerning the pattern approval and verification of
electronic custamer meters for teleghone call charging.

For the time being, no discussion has been conducted
within OIML to know whether it is appropriate for our
Orgenization to start working on this topic, the econamic
importance of which - from the point of view of consumer
protection - is evident. This will largely depend upon
reactions we might receive following the publication of the
NSC paper, as well as upon the actions of other
international bodies that may have regpmsibilities in this
field. If agpropriate, OIML will be willing to cooperate
closely with telecommunication and standardization
bodies, and contribute to the search for an adequate
solution to the problem. E

R pret

B. Athané, Director
Bureau International
de Métrologie Légale
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TELECOMMUNICATIONS SYSTEMS

Pattern approval and verification of electronic
customer meters for telephone call charging

I. M. HOERLEIN, National Standards Commission, Australia

Abstract

This paper describes the methods used by the National
Standards Commission to pattern approve and verify
electronic customer meters which replace existing
electromechanical meters in some Australian telephone
exchanges. The meters were installed to provide itemised
accounts of all calls made on customer’s telephones. The
process involved laboratory testing of the meters, site
testing of meters installed in an exchange and auditing of
the conversion and verification processes carried out by
the telephone company.

Introduction

The Australian Telecommunications Authority held an
inquiry into standards for telephone call charging and
billing in 1992 and one of the many recommendations
stated that the proposed electronic customer meter
(ECM) to be used as replacements for electromech-
anical meters by the telephone company should be
independently pattern approved by the National Stand-
ards Commission. Another recommendation stated that
the time of day, time intervals, etc. used in the call
charging process should be checked using equipment
calibrated and traceable to a national time standard.

As neither the International Organization of Legal
Metrology (OIML) nor the Commission had any
standards for evaluating the performance of telephone
meters, it was necessary to establish test procedures
prior to carrying out the tests. This was done in con-
junction with the telephone company which had also
designed the ECM. The procedures follow those used
for other legal measuring instruments and specified in
various OIML Recommendations.

The only international standards found during the
inquiry were those produced by the International
Telegraph and Telephone Consultative ‘Committee
(CCITT) and included “CCITT Recommendation E433,

Billing Integrity”. This Recommendation contains ob-
jectives for charging accuracy and identifies network
parameters affecting charging. It defines charging
correctness as “the probability that the network cor-
rectly charges the communication by type, destination,
time, location and duration”. The recommendation
established an objective that the probability of call
charging error should be less than, or equal to, one
in 10 000 calls.

The tests were generally carried out to this error
although better performance of the meter was expected
as it is only one of the sources of failure in the system.
The objectives of the test plan were as follows:

o to demonstrate that the ECM will reliably register
meter pulses associated with individual cus-
tomer’s telephone services in normal operation;

e to demonstrate that the ECM will perform
reliably under environmental conditions in-
cluding elevated temperatures, electromagnetic
interference and electrostatic discharge;

o to show that the physical characteristics of meter
pulses measured at the test site are in accordance
with the specified detection range of the ECM;

¢ to demonstrate an effective process for installa-
tion and conversion to electronic customer
metering;

¢ to demonstrate procedures and documentation
for ensuring traceable measurement of meter
pulse, voltage and time levels; and

¢ to demonstrate procedures and documentation
for ensuring correct meter pulse period for the
time of day, day of week and distance of call
(where applicable).

The Commission’s test program therefore stopped at
the output of the ECM. The transmission of this
information and its use in billing the customers was not
included in the test plan. The Australian telecom-
munication authority audits this process.

OIML BULLETIN VOLUME XXXVII « NUMBER 3 « JuLY 1996
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Electronic Customer Meter,
Metering System (ECM MS)

An electronic customer meter, metering system (ECM
MS) suitable for an ARF-type telephone exchange
(Fig. 1) may include up to 10 ECM metering units. Each
ECM unit contains up to 10 electronic circuit boards,
each with 50 customer meter inputs (Fig. 2). A fully
equipped ECM MS may therefore have up to 5 000
meter inputs.

5000 line ECM ARF system

; Interconnect :
To other ECM sites ‘ dnit ;
1N : :
Public switched :,_ Operati a4 1 == 1 :
/ telephone network ! perations ani Metering unit | {
Z/ i1 | maintenance [ [— | 1 of ?0 ﬁ??‘lgeter
‘I processor = I 1 ! P
Datagate : I 1 ]
: | | Meteri g unit :
i ngunit | 500 meter
I ": : I 20f 10 i inputs
| : '
T : ;
P 1 ; :
Remote o T~ = 7 Metering unit | ¢
billing ' ey 4 . 50D meter
system : ; 3 inputs
I ' ;
I : ___________________________
1
Local | I Additional ECM ARF
terminal system (if required)
Fig. 1 The ECM ARF system.

Ten 50 meter input cards

Alarm card

Two processor cards Two power supply cards

7

)

1
I
I f>— Power
I
I

Ten 50 meter input cables f>—————— Alarm outputs
Control lines
NN
Operations and Interconnect
maintenance 9 unit
processor

Fig. 2 The ECM ARF metering unit.
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Meter pulses detected on each customer meter are
subjected to a validation process before they increment
duplicated software registers provided for each ex-
change customer line circuit. The contents of the
software registers may be downloaded through an
operations and maintenance processor to a local
terminal or remote billing system via a Datagate
modem. The main functions of the ECM MS are:

¢ to identify and validate meter signals for each
customer;

e to record meter registrations in software meters;

* to output individual customer meter readings for
processing service orders and verifying charging
on meter tests;

e to output bulk charging information via the
public switched telephone network to a data
processing centre;

¢ to identify, record and output statistical meter
readings as required;

¢ to allow operational and maintenance processor
functions; and

¢ to record maintenance and operating data.

The metering system is verified using the operation
and maintenance processor fitted to each ECM MS, a
meter pulse generator and a personal computer work-
station (local terminal).

Each customer has duplicate software meters
arranged so that any hardware or software failure does
not corrupt both meters. There is also a dual backup
storage system and a periodic alignment check and
automatic correction. A fault detection system is
included to detect invalid meter pulses. The invalid
pulses are not added to the customer meters but are
stored and counted and provide alarms for the
maintenance staff.

Pulse Specifications

The specification for the meter pulse (Fig. 3) are:

e Pulse width (range accepted by meter) is
60_% ms to 540*3°ms. The exchange is set to
produce pulse widths from 100 to 350 ms with the
normal being 150 + 30 ms.

¢ Pulse amplitude (range accepted by meter) is - 18
to - 52 V d.c. The exchange is set to produce from
- 25 to — 43 V d.c. with the normal being - 40 V
d.c.

Pulse Period

For local calls, only one pulse is received and a fixed
charge applies. For long-distance calls, the charge is
based on the number of pulses counted (Fig. 3).
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Fig.3 Meter pulse specification.

The pulse period varies depending on the time of day,
day of week and distance. The minimum pulse period
acceptable is 330 ms.

The ECM MS is equipped with three fault counters
which record invalid pulses outside the above speci-
fications, namely:

e meter pulse too long (pulse width > 540 ms);

 meter pulses too close (pulse period < 330 ms);
and

e permanent meter pulse (pulse width > 7 s).

Laboratory tests

Laboratory tests were carried out on a sample ECM MS
in three groups covering meter pulse registration tests,
including elevated temperatures; meter pulse specifica-
tion tests; and electromagnetic compatibility tests.

Meter pulse registration tests

The purpose of the meter pulse registration tests was to
determine if the ECM MS would register all valid pulses
under normal operating conditions. Simulated meter
pulses were generated and counted by a meter pulse
generator.

The response of the ECM MS was monitored by an
ECM workstation. A meter pulse timer was used to
double check the meter pulses produced by the meter
pulse generator. All of the outputs of the meter pulse
generator, meter pulse timer and workstation could be
printed. Figure 4 shows the test equipment. The
following tests were carried out at 20 °C:

e 1 000 000 pulses were applied to each of the 500
customer meters in the ECM MS, namely 2 000 to
each meter;

technique

¢ a single pulse was applied sequentially to each of
the 500 meters with only one meter being active
at any time;

o a series of three pulses at the burst metering rate
was applied to each of the first 100 meters; and

e a series of pulses at the maximum metering rate
of one pulse every second was applied to one
meter.

The inputs and outputs for each test were
compared. It should be noted that each meter was
zeroed before the test and all fault counters and alarms
were reset. The aim of the tests was to show that all
meter pulses were counted and no faults or alarms were
registered.

An additional test was carried out by generating
invalid pulses into the ECM MS and checking that the
meters did not register any pulses but that they were
recorded as meter faults. The invalid pulses included:

¢ pulse width too long;
¢ pulse period too short; and
e pulse period continuous.

The first test was repeated with the ECM MS in a
chamber controlled at 50 °C. Telephone exchanges are
usually air-conditioned. However, in the event of a
failure in the air-conditioning (particularly for an
unmanned exchange) the temperature could rise to
50 °C. No cold temperature tests were considered
necessary.

) Operational and i
ECM workstation maintenance
processor
ECM MS
Meters
Printer

Test pulse input

|| Reference pulse
timer

Pulse generator

Fig. 4 Test setup for meter pulse registration tests.
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Meter pulse specification tests

The purpose of the meter pulse specification tests was
to determine the limits of the meter pulse specification
which could be accepted by the ECM MS.

The ECM MS was set up with the ECM workstation
to record and print the results. Pulse inputs of varying
specifications were applied by a variable voltage source
with reference voltmeter and a pulse generator with
reference pulse timer (Fig. 5). The details of the pulse
specifications are shown in Fig. 3. The following tests
were carried out:

e input pulse voltage levels - a series of valid pulse
widths (single pulses of varying measured voltage
levels above and below the designed limits) were
applied to check the limits;

e input pulse width levels - a series of nominal
voltage (single pulses of varying measured pulse
widths greater and smaller than the designed
limits) were applied to check the limits; and

e input pulse period levels - a series of pairs of
nominal voltage pulses (valid pulse widths) were
applied with measured varying pulse periods to
check the designed limits.

Electromagnetic compatibility tests

Tests were carried out for immunity to conducted
radiofrequency disturbances, radiated radiofrequency
electromagnetic fields, electrostatic discharge and
electrical fast transients.

The ECM MS was mounted in a typical metal rack
as found in a telephone exchange. The various power
leads, communication RS232 cable and the wires
carrying the meter pulses for each meter were bundled
together as they would be in an exchange. The radio-

ECM Operational and

workstation maintenance
processor

ECM MS

Meters

Printer

Test pulse input

Reference pulse
B timer

Reference
voltmeter

Variable voltage I A
source Pulse generator

Fig. 5 Test setup for meter pulse specification tests.
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frequency tests were carried out inside an anechoic
chamber with the pulse generation and reference
equipment being mounted outside the chamber.

This equipment comprised a meter pulse generator,
the operations and maintenance processor, a personal
computer acting as the ECM MS workstation to record
the performance of the ECM MS and another computer
controlling and recording the meter pulses applied to
the ECM MS during the tests.

The tests were carried out in accordance with
TEC 801 standards, namely:

o IEC 801-2 (1991) Electromagnetic Compatibility
for Industrial-process Measurement and Control
Equipment, Part 2: Electrostatic Discharge
Requirements;

e TEC 801-3 (1991) Electromagnetic Compatibility
for Industrial-process Measurement and Control
Equipment, Part 3: Radiated Electromagnetic
Field Requirement (latest draft 65A/77B
(Secretariat) 135/100, July 1991);

e TEC 801-4 (1988) Electromagnetic Compatibility
for Industrial-process Measurement and Control
Equipment, Part 4: Electrical Fast Transients/
Burst Requirements; and

o TEC 801-6 (draft 5, first edition) Electromagnetic
Compatibility for Electrical and Electronic
Equipment, Part 6: Immunity to Conducted
Disturbances, Induced by Radio Frequency Fields
above 9 kHz.

The severity levels applied were:

o conducted radiofrequency disturbances for
severity level 2 is 3 V RMS, 80 % modulated with
1 kHz sine wave in the frequency range 150 kHz
to 80 MHz;

o radiated radiofrequency disturbances for severity
level 2 is 3 V/m RMS, 80 % modulated with 1 kHz
sine wave in the frequency range 80 to
1 000 MHz;

o electrostatic discharge for severity level 2 is 4 kV;
and

o electrical fast transients for severity level 2 is 1 kV
on power supply lead and 0.5 kV on meter pulse
wires and RS232 cable.

It was not considered necessary to carry out short
time voltage reduction tests as the ECM MS is powered
by batteries. The conducted radiofrequency disturb-
ances for the power leads, meter pulse wires and RS232
cable and the electrical fast transients for the meter
pulse wires and RS232 cable were applied to the cables
by means of a capacitive clamp.



The radiated radiofrequency disturbances were
applied by a biconical antenna for the range 80 to
200 MHz and a log-periodic antenna for the range 200
to 1 000 MHz.

During each of the tests mentioned here, the ECM
MS was supplied with between 50 000 to 250 000 meter
pulses with a total number exceeding 1 000 000 pulses.

Site tests

Following the successful completion of the laboratory
tests, an ECM MS was installed in an exchange for trial
purposes. The telephone company uses a call charge
analysis system which monitors calls on a random
number of telephone lines over a period of time.
A report issued for the ECM MS installation at the trial
site showed 47 213 pulses were monitored on 68
telephone lines. Two invalid pulses showed on the
report but the fault counters identified the faults. The
results were within the limit of one in 10 000 calls.

The Commission witnessed a series of tests on the
installation designed to achieve the following:

o to show that the physical characteristics of meter
pulses measured at the test site are in accordance
with the specified detection range of the ECM
MS;

e to demonstrate an effective process for installa-
tion and conversion to electronic customer
metering;

e to demonstrate procedures and documentation
for ensuring traceable measurement of meter
pulse, voltage and time levels; and

* to demonstrate procedures and documentation
for ensuring correct “meter pulse period for the
time of day, day of week and distance of call”.

These points were audited by carrying out a number of
tests in accordance with installation and verification
procedures published by the telephone company and
referenced in the certificate of approval issued by the
Commission. The procedures fall into three steps:

(1) Exchange Preconditioning

Exchange preconditioning involved testing the pulses
generated in the exchange to see that they were within
the limits suitable for the ECM MS.

(2) ECM MS Validation

A meter pulse generator was used to apply valid pulses
to all of the customer meters in various ways. Invalid
pulses were also applied to check the fault counters and
alarms.

technique

(3) Maintenance

Powerdown tests were carried out to check for power
failures as well as deliberately switching off the power
for maintenance.

Test equipment

The test setup is shown in Fig. 6. A cathode ray
oscilloscope was used to measure the pulse width and
amplitude. A STD meter tester was used to check the
pulse period. The tests were carried out using 10 of the
50 SR relay sets in the exchange. The 50 relay sets are
shared between the 500 exchange customers. The relay
sets connect the customer lines to their meter in the
ECM MS when a call is registered. A personal computer
was connected to the operation and maintenance
processor to check the invalid pulse counters and
alarms. This was also used to check the customer
meters before and after powerdown tests.

Test results

The following results illustrate the expected perform-
ance of the ECM MS.

Pulse width and amplitude

The criteria for meter pulses generated in an exchange
is:
¢ pulse width from 100 to 350 ms
(normal 150 + 30 ms);
o pulse amplitude from -25 to - 43 V d.c.
(normal -40Vd.c.).

Public switched

Meters Relay sets =1 telephone network

ECM MS

Cathode ray
oscilloscope

Operational and
maintenance
processor

STD meter
tester

ECM workstation

Automatic
exchange tester

Fig. 6  Test setup for site testing.
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Both long-distance and local call pulses were measured
(Table 1). All test results were within the expected
ranges. The differences are due to the different electro-
mechanical equipment responsible for the pulse
generation for each relay set. The low voltage levels
were due to an electromechanical meter being
connected as well as the ECM MS. The system was
designed for a changeover period where both the
mechanical and electronic meters would be registering
pulses. Without the mechanical meter the pulse
amplitude was - 42 V d.c.

Pulse period

For long-distance calls, multi-pulses are counted with
varying pulse periods between each pulse depending on
the distance, time of day and day of the week. Calls
were made to five destinations on different charge rates
(Table 2). Note that the first pulse period is different
from successive periods. The maximum allowable
variation was + 1 s. All pulse periods agreed with the
published rates within the allowable variation.

Table 1  Pulse width and amplitude for local and long-distance calls.

SR relay number Long distance call Local call
Pulse Pulse Pulse Pulse
width amplitude width amplitude
(ms) V) (ms) (V)

3 155, 155, 156 30.88 134 36.6
7 143, 142, 142 30.88 128 36.6
22 165, 167, 167 30.00 223 35.0
36 157,157, 156 31.00 129 35.6
39 137, 141,132 31.60 142 35.6
41 141, 134, 135 31.68 138 35.6
48 135,138, 139 31.60 153 35.6
52 147, 142, 144 31.60 210 35.6
62 149, 148, 150 31.60 139 35.6
70 155, 157, 157 31.60 146 35.6

10

OIML BULLETIN VoOLUME XXXVII « NUMBER 3 « JuULY 1996

Invalid pulse test

Using the test meter pulse generator (automatic
exchange tester) and the personal computer work-
station to access the customer meter counters and fault
counters (Fig. 6), the following invalid pulses were
applied:

* meter pulse too long - three pulse periods of
304 ms; and

e continuous pulse - three pulses of width 8 s.

The invalid pulses were not recorded on the
customer meter but were recorded on the fault
counters. An alarm is set to operate after three faults
are recorded on the fault counter in 5 min.

Powerdown test

The powerdown test was done to check the operation of
the ECM MS in the event of a power failure, either
intentional or unintentional. The ECM MS has battery
backup to hold the meter count on each customer’s
non-resettable counter. No meter pulses can be counted
during a power failure. Printouts were compared of 100
meters before and after the powerdown. No counts
were lost on any of the meters.

Time and distance tests

The pulse period depends on the time of day, the day of
the week and the distance between exchanges. The
telephone company maintains one of the standard
reference clocks in Australia for its time service. This is
used to carry out regular checks on the exchange
clocks. A report showing the time checks for the
exchange clocks was examined. All checks were within
+10s.

The distance is measured from a central map
reference in each designated area covered by each
exchange. If the pulse periods are altered for tariff
changes, a detailed procedure is used for notifying each
exchange so that the changes can be made and checks
carried out to ensure that they are correct.

Reference test equipment

All reference test equipment used in the various test
setups had current calibration certificates provided by a
NATA laboratory. NATA is the Australian authority



Table 2 Pulse width and amplitude for local and long-distance

calls.
Call First Second, third etc.
rate pulse period pulse period
Expected | Actual Expected | Actual
(seconds) | (seconds) | (seconds) | (seconds)
M 40.0-50.6 4493 45.0 44,99
4464 45.00
46.13 45.00
45.00
44,99
45.00
Q 43,5-48.9 4733 435 43,50
43,49
T 30.0-33.8 32.63 30.0 30.0
30.0
F 65.5-73.7 66.23 65.5 65.49
65.50
A 114.0-128.2] 117.43 114.0 113.98
113.99

technique

responsible for accrediting test laboratories. As well as
ensuring that the procedures used for calibration are
correct, it is also a prerequisite that all calibrations are
traceable to Australian national physical standards.

Conclusions

Modern telecommunication systems are extremely
complex. However, in this pattern evaluation, by con-
centrating on the measurement aspects of the ECM, it
was quite straightforward to evaluate the performance
in a similar way to other trade measuring instruments.
This could not have been done, however, without the
expertise of the specialist staff of the telephone
company. The continued operation of the metering
system also could not be assured without the expertise
of specialist staff. The pattern evaluation program
therefore also included evaluation of the procedures
and facilities of the telephone company to ensure
correct installation and maintenance of the measuring
equipment. |
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DEVELOPING CONSISTENT RECOMMENDATIONS

Do we really need six Recommendations

for weighing instruments?
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CHR. U. VOLKMANN, Physikalisch-Technische Bundesanstalt, Germany

1 Introduction

The International Working Group TC9/SC2 of OIML
has just completed the important work of finalizing no
less than five Recommendations for different categories
of automatic weighing instruments:

R50 Continuous totalizing automatic weighing
instruments (belt weighers); second edition
1994 (formerly: 1980);

R51  Automatic catchweighing instruments - Part 1:
Metrological and technical requirements -
Tests (Edition 1996);

R61  Automatic gravimetric filling instruments -
Part 1: Metrological and technical require-
ments - Tests (being printed);

R 106 Automatic rail-weighbridges (1993);

R 107 Discontinuous totalizing automatic weighing
instruments (totalizing hopper weighers)
(1993).

All five Recommendations - or drafts - have been
extended to include test procedures, and test report
formats to render them applicable within the OIML
Certificate System. All documents have already been
accepted by the CIML (with the exception of the Annex
to OIML R 50, which has been submitted to vote
by CIML Members and expected to be approved by
the next OIML Conference) and they will undoubtedly
be formally sanctioned by the Tenth International
Conference of Legal Metrology in Vancouver in
November 1996.

Together with R 76 - Nonautomatic weighing
instruments (1992) Part 1: Metrological and technical
requirements — Tests, a set of six Recommendations for
weighing instruments is now available, each suitable
for use in the OIML Certificate System.

OIML BULLETIN VOLUME XXXVII « NUMBER 3 « JuLY 1996

There were several factors which led the OIML
community to speed up the elaboration of these Recom-
mendations:

o the urgent need to have requirements for
weighing instruments with electronic technology,
in addition to those existing for traditional
mechanical construction;

 the request from industry to have sets of
requirements which they could expect to be
applied uniformly throughout the world, or at
least in large regions, e.g. in the European Union;

e the need to reduce the time lag between the
introduction of new technologies and the adapta-
tion of technical regulations;

* OIMLSs objective to widen the scope of the OIML
Certificate System, which is intended to con-
tribute to a reduction of time and money spent on
pattern approval procedures.

The completion of this work is a good occasion to
examine the set of Recommendations as a whole.
Altogether, they comprise a total ot 764 printed or
typewritten pages divided into 184 pages of require-
ments, 212 pages of test procedures, and 368 pages of
test report formats. Large portions of the sections:
Terminology, Requirements for electronic instruments,
and Test procedures are identical, many identities are
found in the Technical requirements and in the Test
protocols as well. The duplications are the consequence
of a general OIML strategy: to deal with any one kind of
measuring instrument in only one Recommendation.
A striking example is the combination of the former
R 3, with metrological requirements, and R 28 with
technical requirements for nonautomatic weighing
instruments, into one new R 76.

The weighing instruments covered by the six
Recommendations determine mass using the action of
gravity; they can be used for commercial purposes, and



for this reason some or all of them are subject to legal
control in many countries. Such a statement justifies
that the Recommendations have been established;
it does not necessarily mean that all kinds of weighing
instruments used for commercial purposes anywhere in
the world, are covered by the existing Recommenda-
tions. There is, however, a fair chance that they are
indeed covered, since the Recommendations have been
drafted in a general manner, aiming at certain essential
functions of the instruments, rather than at a particular
technology or special design. It can therefore be
assumed that for the time being, the world of legally
controlled weighing instruments is sufficiently covered
by the present set of six Recommendations.

2 Comparison of characteristics

Some essential characteristics of the different kinds of
weighing instruments, together with basic requirements
contained in the relevant Recommendations, are
presented in Table 1 (see p. 14).

2.1 Weighing process

Lines 1 to 3 of Table 1 identify the weighing procedure
performed by the instrument in its normal operation,
in view of the following factors:

o Any treatment or handling of the load by the
instrument (line 1):

The three types under R 51, R 76 and R 106
function with discrete loads, while the remaining
three types separate a small portion from bulk for
the purpose of weighing.

o The character of the measuring process (line 2):

The weighing process is identified as “static” or
“WIM” (weighing in motion). The term “static” is
used where the instrument first determines the
weighing result - by physically static equilibrium
or the corresponding result of any signal
processing routine — and thereafter releases any
subsequent action such as printing and trans-
porting. The term “WIM” denotes all other
processes where the load is actually transported
over the load receptor while its mass is being
determined, and where any subsequent action is
performed after a predetermined time interval,
but not upon a release signal from the measuring
system, as in “static” weighing.

technique

o The character of the weighing result (line 3):

This is identified as the mass of either a totalized
load, an individual load or a partial load, and in
the case of R 61, as a load of approximately
constant mass. The output of the result of the
normal weighing procedure is, on most of the
instruments, the indication of a mass value m, or
several values m,, m being either an individual or
a totalized load.

There are two special cases: For class X instru-
ments under R 51, the checkweighers for the
control of prepackages, the primary output is a
signal to sort out packages whose mass m is
smaller than a set limit m*; they may also in-
dicate the mean m and the standard deviation s
of the checked number of packages. On gravi-
metric filling machines there is no output at all;
the weighing procedure controls the filling
operation so that the mass m of any load (the
“fi11”) is no further off the set or nominal value
m,, than the maximum permissible error (mpe).

It is important to realize that these weighing pro-
cedures have only been considered with respect to the
actions performed (or not performed) by the instru-
ment, and not by an operator. The intervention of an
operator is, however, the main criterion for the
distinction of a “nonautomatic weighing instrument”
(NAWI) from an “automatic weighing instrument”
(AWI) in all six Recommendations, as stated in the
respective terminology.

2.2 Maximum permissible errors in service

Line 4 of Table 1 discriminates three different types of
maximum permissible errors (mpe): the mpe’s may be
defined as the following:

¢ a percentage of the load m or m,

o a function f of the verification scale interval e
(different indices indicating different functions),

e a function (other than a percentage) of the load m
(different indices indicating different functions).

For the totalizing instruments under R 50, R 106
and R 107, the “natural” mpe’s are those based on a per-
centage of the load. It is then a logical approach that
the mpe for the weight of an individual wagon
(R 106) is also percentage-based, because the mpe for a
sum of several loads should be equal to the sum of the
mpe’s for the individual loads.
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While the mpe’s for these three types of AWI's are
basically independent of the scale interval of the
indication, the well-known error limits for NAWI's
(R 76) are linked to the verification scale interval e,
with m acting as a mere parameter. For a given mass m,
the value of the relative mpe which is mpe/m, may be
anything from less than 107 to 5 x 10 depending on
the accuracy class of the instrument. In class III, the
most common class for use in trade, the range is still
from 1.5 x 10*t0 2.5 x 102

This is not the occasion to discuss the justification
for this particular system of mpe’s for discrete loads. It
must be recognized that the system was introduced by
OIML more than 20 years ago, that it has since been
taken over by national legislation in many countries,
and that it could not be replaced by another system
without severe problems and a considerable transition
period.

The mpe system of R 76 has (with two modifica-
tions) been transferred to automatic weighing instru-
ments for individual loads which are not check-
weighers, i.e. “catchweighing instruments” under
class Y of R 51. The modifications are:

o g limitation to classes III and ITII of R 76; and

e an addition of 1 e to all mpe’s as per R 76, to
account for the rounding error which cannot be
determined on automatic instruments, and for the
dynamic effects of weighing in motion, i.e. if f,(e)
is the mpe function of R 76, the function for class
Y of R 51 is always f,(e) = 1e + f,(e).

The obviously close relation to the R 76 mpe can be
justified by the fact that there are many commonalities,
both in design and use for trade, between NAWI's and
the AWI’s under class Y of R 51. People dealing with
type examination are aware of the problems associated
with classifying a given instrument with little duties
being left to the operator, as automatic or non-
automatic. The existence of the border-line cases gives
rise to the question: Why must there be a difference in
the mpe’s - functions f,(e) and f,(e) - at all?

Yet another type of mpe applies to checkweighers
(R 51, class X) and to gravimetric filling machines
(R 61). The indication of an individual weighing result
is not required; the mpe is, nevertheless, related to the
load the mass of which has been determined.
For checkweighers, the mpe limits the standard
deviation s_ over a number of weighing results for the
same mass. The function f,(m) is a sequence of
percentages of m, the percentage rate itself being
reduced with increasing load. The mpe values f,(m) are
in fact small fractions of the tolerable deficiencies T for
the net content in packages which have been specified
in R 87. The same T table (R 87) is also the basis for the
mpe applicable to R 61 instruments. The important
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difference from R 51 is that in R 61, f,(m) applies to the
difference of any individual fill m from the average.

Some of these values are represented in Fig. 1.
Putting aside the possibility of modifying the mpe's by
selecting a class factor different from X = 1, the
functions are f,(m) = T and f,(m) = T/15. Where an
instrument under either R 51 class X or R 61 has a
device for entering a pre-set value for m* or my, the
difference between the actual mean m of a number of
loads, and the pre-set value m* or my must also be
within special mpe’s: these are equal to f;(e) for R 51
class X, and equal to f;(m) = 0.25 x f,(m) = 0.25 T
for R 61 instruments (Fig. 1). A brief summary of this
intercomparison goes as follows:

o for totalizing weighing instruments (R 50, R 106,
R 107), the mpe’s are defined as a percentage of
the load;

o for weighing instruments for discrete loads (R 51,
R 61, R 76, R 106), the mpe’s are either related to
the verification scale interval of the indication, or
they are a percentage of the indicated mass;
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Fig.1 Maximum permissible errors in service (mpe) for weighing instruments
related to prepackages.
s Tolerable deficiency T for prepackages (R 87)
= mpe for individual fills (R 61)
— Uncertainty of checking procedure = T/5 (R 87)
----- mpe for average of fills = T/4 (R 61)
— — mpe for standard deviation on checkweighers = T/15 (R 51X)
==(==mpe for catchweighers (R 51Y)
s Mpe for nonautomatic weighing instruments (R 76)

= mpe for average on checkweighers (R 51Y)
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¢ where many loads of nominally constant mass are
concerned, the mpe’s apply either to the standard
deviation (R 51-X) or to the individual load
(R 61). In addition, a separate mpe applies to the
average, if applicable, in both cases.

Some inconsistencies that arise in view of R 87 must
be noted as well. Both R 51 (X) and R 61 instruments
deal with packages of constant nominal net content.
The tolerable deficiencies fixed in R 87 are zero for the
average, and a mass related tolerance T for any indi-
vidual package. Among the rules given in R 87 for
checking packages (regrouped into batches - or lots -
whose size is defined in the Recommendation), the
following directly influence the metrological require-
ments for the machines that fill and/or check the
packages:

o the determination of net contents shall be made
within the limits of uncertainty of + 0.2 x T
(probability level of unstated uncertainty);

e a small percentage of non-conforming packages
(content less than my - T) is acceptable in view
of statistical considerations related to sample
testing);

e a small deficiency of the mean content is
acceptable for the same reason as stated above.

In the two last points, the actual standard deviation
s of the net contents plays a dominant role, but it does
not appear as a reference for the mpe’s in R 61 - this
may cause problems when selecting an instrument for a
certain filling job.

For R 51(X) instruments, the mpe’s have been given
for the standard deviation based on m, and for the
average based on e. This makes it difficult to decide on
the suitability of a given instrument under the “0.2 T"-
rule of R 87.

2.3 Maximum permissible errors for testing

Lines 5 and 6 of Table 1 present special mpe’s that are
valid at type examination and in situ verification. In
many cases, testing for influence factors at type
examination may not be possible on the complete
instrument in dynamic operation. It is then permitted
to perform tests in static, nonautomatic weighing mode
and/or on a suitable simulating setup representing the
instrument, with mpe’s that are either those for
dynamic operation (R 50, R 61), significantly reduced
(R51,R 106, R 107), or those for NAWT's (R 76).
Instruments under R 61, R 106 and R 107 may be
designed such that for verification tests, they can be
used to determine the conventional true value of the
measured (indicated) load, by a static weighing pro-
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cedure. The mpe is then 1/5 of the mpe to be controlled;
on R 106 instruments, however, it may be 1/5 of the
mpe for static influence tests if this gives a smaller
value than 1/5 of the mpe for dynamic weighing.

It is obvious that for type testing and verification,
the R 76 mpe regime is effective for some kinds of
instruments that must satisfy fundamentally different
mpe’s in automatic operation; there seems, however, to
be no systematic approach. Putting aside R 50 as the
only type with a continuous loading and measuring
process, we find the R 76 mpe’s replacing percentage-
based mpe’s in R 106 and R 107, and replacing the
mass-related mpe’s for class X in R 51, but not the
mass-related mpe’s in R 61.

So far, the mpe’s have only been considered under
the systematic aspect of their relation to the measured
mass and/or to the measuring device of the weighing
instrument. Looking further into the actual values of
the mpe’s would go beyond the scope of this paper, as
all six Recommendations offer the manufacturer the
choice of several accuracy levels:

e R50: from 0.5% to 2 %
e R51X R6I: unlimited
e R51Y: equivalent to classes IIT or ITII (R 76)
* R76: four classes and ranges of errors
e R 106, R 107: from 0.2 % to 2 %

It is, however, considered worthwhile to briefly
consider the needs or expectations of those who use
“verified instruments”, which in this case are restricted
to use for trade.

2.4 External requirements concerning accuracy

For direct sales to the public, no accuracy requirements
based on the traded mass have been fixed in OIML
Recommendations other than those in R 87 for
prepackages. A WELMEC survey covering 12 EU
Member States shows that national regulations for
weighing instruments for direct sales to the public
address the following:

¢ the instrument class, mostly requiring “at least
class III”,

e the prevention of using the instrument below
minimum capacity (20 e in class IIT), and

o the obligation to tare off any container or
wrapping material, i.e. to sell net weight only.

This means that the largest possible relative error
for a load equal to Min, on a class III instrument which
perfectly satisfies R 76, is 4 % of the mass! This results
from adding the zero tolerance 0.25 e, the possible
rounding error 0.5 e, and a conservative estimate of



0.06 e for the portion of the mpe in service. The
frightening value of 4 % for the theoretically possible
extreme has only a small probability of occuring, and
decreases rapidly with increasing load, e.g. to 1 % for
m = 125 e and to 0.35 % for m = 500 e. No regulation
anywhere is known to the effect that a minimum
uncertainty or a mpe related to the mass itself would be
required.

For commercial transactions other than direct sales
to the public or the elaboration of prepackages, the
situation is fairly the same: governments normally
prescribe the use of “verified weighing instruments” but
not a lower limit of inaccuracy - neither as an absolute,
nor as a relative value. A few countries require the use
of “at least class III” instruments, with the difficulty of
transposing this requirement related to NAWT’s into the
specification for the different AWT's.

Requirements directed at the accuracy of the instru-
ment to be used for a given application are specified by
the user, and negotiated with the manufacturer of the
instrument — and with his competitors! The general
impression is that traders have a tendency to ask for a
determination of masses to an error of about 1 in 1 000
where large quantities are at stake. They seem to be
ready to accept higher errors, up to 1 % for varying
reasons such as: using an instrument for small loads as
compared to its maximum capacity, preference for
faster operation, buying a cheaper instrument and
difficulties in handling the product to be weighed.

3 Technology of the instruments

Modern weighing instruments are electromechanical
instruments, i.e. they have a high-tech load cell that
converts a force resulting from mass and gravity into an
electrical quantity and a sophisticated electronic data
processing system. The latter determines the weighing
result, controls mechanical functions of the instrument
if necessary, and exchanges data with other electronic
devices. In principle, this measuring device is the same
for all types of weighing instruments. It is made
suitable for a given application by special variants in
signal processing, and by combining it with the
appropriate mechanical construction of the instrument.

As a consequence of this situation, there is an
increasing number of “hybrid”, “combined”, “multi-
purpose” instruments being designed and produced.
Such instruments are capable of performing functions
and meeting different requirements for more than one
type of instrument; in legal metrology terms, they are
capable of satisfying more than one Recommendation.
Well-known examples are the combination of a NAWI
with some kind of AWI. These combinations are
explicitly mentioned in R 106 and R 107 (see line 7 in
Table 1) and also occur in other cases.
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A typical combination of two automatic weighing
instruments is that of R 61 and R 51 class X instru-
ments for a machine that produces prepackages in
addition to performing the checking function. More
possible combinations are indicated in line 8 of Table 1.

4 Conclusion

An attempt shall now be made to answer the title
question: Do we need six Recommendations for weighing
instruments? There are considerable commonalities
between the different types of weighing instruments:

¢ in the measuring device: advanced electromech-
anical systems with electronic data processing;

¢ in the function: all but the beltweighers determine
the mass of discrete loads;

¢ in the capability to combine different operations
in one instrument;

¢ in important portions of the requirements in the
OIML Recommendations.

Significant differences exist in the operations
performed on the loads in addition to and beyond the
actual measurement, leading to different instrument
designs, individual OIML Recommendations and to
different mpe systems. Related to this are the
distinctions between automatic and nonautomatic
instruments, and between “static” and “dynamic” or “in
motion” weighing. The criteria we have for these
distinctions, however, are based on a given technology,
and thus are always in danger of becoming obsolete.

To have a specific Recommendation for each of the
different types of weighing instruments has acknow-
ledgeable benefits. Nevertheless, a plea is made for
concentrating these requirements in a smaller number
of Recommendations. Such an effort could be made
when technical progress and experience with the
present Recommendations make revisions necessary.

A starting point has been set by R 51, which
comprises two different kinds of instruments to which
different mpe’s apply. Another encouraging example has
been presented by the former SP 5-SR 1, which has
combined five former Recommendations into one new
R 117 Measuring systems for liquids other than water.

The proposal to concentrate on fewer Recom-
mendations implies neither modifications to existing
mpe systems, nor a reduction in the scope of regulated
weighing instruments. It could, however, facilitate an
adequate response of legal metrology to changes in
technology, and help to avoid problems in everyday
legal metrology activities arising from formal
distinctions which may not correspond to the actual
state of the art. [
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Introduction

The load cell is the “heart” of a weighing machine; most
often, it transforms the force of a weight as a quantity
of mass into an electric measurable quantity. The load
cell determines the accuracy of a nonautomatic

- weighing instrument (NAWI), as confirmed by the ap-

portioning of errors in Table 7 of OIML R 76-1. This
Recommendation (edition 1992, with Amendment 1,
1994) is the fundamental basic regulation nearly for all
metrological weighing purposes of a NAWI. The regu-
lation for the module load cell, OIML R 60 (edition
1991) has been developed in parallel to the predecessors
of R 76 (OIML R 3 and R 28). The test report format for
the evaluation of load cells, OIML R 60-Annex A was
edited in 1993. Nevertheless, all technical regulations
must at least be improved to allow and to regulate
technical progress.

A) Metrological regulations
for load cells - OIML R 60

OIML R 60 for load cells (LC) is divided in chapters
(I to VI) which are grouped as follows:

Terminology

This part of the Recommendation describes essential
terms and their definitions (numbered from T.1 to
T.19); some of this terminology is illustrated in Fig. 1.

I General deals with

1. Scope
2. Principles of the Recommendation
3. Units of measurement

OIML BULLETIN VoLuME XXXVII « NUMBER 3 « JULY 1996

II

It

Classification of LCs gives more details on the
following:

4. Principle of LC classification

4.2. Accuracy classes: (A, B, C or D)

4.3. Maximum number of LC intervals: (n
not defined in terminology, in R 76: n; )

max’

4.4. Minimum LC verification interval, (v_. )

4.5. Supplementary classifications

4.6. Complete classification: e.g.: C6 T -5/35
Accuracy class; n,, ; direction of loading; temper-
ature limits and if necessary, designation NH,
which means that no humidity tests have been
performed

4.6.6. Additional information: name, SN, E
E .o Bip Vi Classification symbols

4.7. Presentation of information on the load cell
or in an accompanying document

min’

in’

Maximum permissible errors

5. The maximum permissible load cell errors
(mpe) are defined as an envelope, and are
established to 0.7 times the error limits of a
nonautomatic weighing instrument.

6. Rules concerning the determination of
erTors:

o validity for all measuring ranges with
n < Do ¥ 2 Vo)

o reference line for this envelope passing
through E_. and 75 % of measuring range
(E_ -E

max min)
o times of loading and reading.
7. Permissible variation of results

* Creep, changing of LC output is limited to
0.7 times mpe during 30 min. and



additionally limited to 0.15 times mpe for
changing in the last 10 min. of the 30 min.
creep test.

e Minimum (dead) load output return:
changes after 30 min. loading in between
are limited to 0.5v

o Humidity (stability by treatment with
humidity test acc.15.5 ): change of no load
output < 4 % of maximum output; change
of output caused by E___before and after
treatment < 1v.

8. Measurement standards, combined un-

certainty < 1/3 mpe

IV Metrological qualities

9. Repeatability error, the maximal difference
between results of identical loadings is fixed
to mpe.

10. Influence quantities
10.1 Temperature

e limits unless otherwise specified: for
classes A & B: (+10 °C to +30 °C)*, classes
C & D: -10 °C to +40 °C after setting
output to zero at no load (more correct at
MDLO) the LC shall perform within the
limits of mpe

o special limits

o temperature effects on minimum load
output, maximal 0.7 times v_. for a
change of 2 °C for class A and 5 °C for
classes B, C and D.

10.2 Barometric pressure, the change of the LC

output shall not vary more then v_, at a

barometric pressure change of 1kPa.

10.3 Humidity: LCs which are not tested against
humidity shall be marked with NH.

V  Metrological controls

11. Liability to legal metrology controls

VI  Test procedures for pattern evaluation

12. Scope
13. Purpose

* Note 1: To avoid any confusion with R 76, always indicate tempera-
ture range for load cells classes A and B.

technique

Maximum capacity
ofload cell, E__,

No Minimum dead load
load of load cell, E_,

‘ Maximum measuring range

Safe load
limit

Measuring range

I~ aR

Minimum load
(of measuring range), D,

Maximum load

Fig. 1 Tllustration of certain definitions from OIML R 60.

14. Test conditions. These points describe step
by step conditions to observe for dealing with
conditions of the equipment (force-gener-
ating system and output measuring instru-
ment), environmental conditions, stabilities,
loading, etc.

15. Test procedures. These points describe step
by step checks and handlings, load exer-
cising, loading and temperature sequence,

etc. The loading sequence is shown in Figs. 2
and 3 (see p. 20).

B) Test report format for the evaluation
of LCs, OIML R 60-Annex A

The practical test measurements concernD_. and D_ -
as shown in Fig. 1, whereby they shall be close to E__
and E__ . Therefore the calculation in the Annex is
donewithD_, andD_ .

Calculation procedures

¢ Load cell errors (E; = Error Load test)
¢ Repeatability error (Eg=Error Repeatability)

o Temp. effects on min. dead load output (MDLO)
(Cy; = Change MDLO)

e Creep and min. dead load output return (MDLOR)
(C. = Change Creep, Cyp; o = Change MDLOR)

¢ Barometric pressure effects
(Cp = Change Barometric Pressure)

o Humidity effects (C
C

tmin = Change Humidity effects min;

Hmax = Change Humidity effects max)

o General notes

OIML BULLETIN VoLUME XXXVII » NUMBER 3 « JuLY 1996
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load ) points
-~ ) points 15.3.4-15.3.6
point 15.1.2 15.1.4a4151.10 15.2.4-15.25
1 2 3
(SN N N5 Ry B ) N | time
+—P —~—p— 4 b4—> p
temperature 5 mn 1 hour 30 mn
stabilized
Fig.2 Recommended test sequence for each test temperature when all tests are carried out in the same machine.
load points
e, ) 15.3.4 -15.3.6
point 15.1.2 15.2.4 -152.5
el mom time
4 b 4 b4 b | 2
temperature 1 hour 30 mn
stabilized

Fig.3 Recommended test sequence for each test temperature for the minimum dead load output return and creep tests when carried out

in a machine different than that used for the load tests.

Information concerning the pattern
(provided by the manufacturer)

o Names, classification and some technical data
* Load cells submitted: Table: name, SNand E_
o Various designs within model range: Table: E

Emin and 1’lmax -

‘max’ Vmin’

o Miscellaneous and secondary equipment, if necessary
(load adapters, ...)

** Note 2: This last table can give rise to confusion when using the
test reports. How to use, or at least how to calculate load
cells for a smaller maximum number of verification
intervals and greater minimum verification intervals is not
determined in the regulation. How to handle load cells with
different maximum capacities that are not submitted is not
fixed either.

Note 2.1: The model name used is no guarantee for a similar
construction.
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General information concerning test conditions

Tables: use one set for every submitted tested pattern

Summary of the test (check list of passing require-
ments A.2 to A.8)

A.1 Load cell test data : test, (use at least 4 sheets, for
each temp. 1 sheet)

A.2 Load cell errors (E,): calculation, (data of tables
A.1, one sheet)

A.3 Repeatability error (Ey): calculation, (data of tables
A.1, four sheets)

A.4 Temperature effects on MDLO (C,,): calculation,
(data of tables A.1, one sheet)

A.5 Creep and MDLOR test (C, Cyppop): test and
calculation



A.6 Barometric pressure effects (Cp): test and
calculation

A.7 Humidity effects (C
calculation

& test and

Hmin’ Hmax):

A.8 Marking requirements: formal check list

C) Further applications
of OIML R 76 for LCs

The following devices and weighing instruments have
appeared as a result of technical developments:

e load cells for single point application in small
platforms;

e load cells with complete electronic conversion
from the analog force input to a rated digital

signal output;
o multi-interval weighing instruments;
¢ multiple range weighing instruments.

In addition to the tests specified in R 60, the testing of
the load pick-up element or load cell leads for checking
the appropriateness of this load cell considered as a
module which is intended to constitute a part of a
NAWL

1. Single point LCs for direct load application in a
small platform without any lever or extra leading
element will be tested with eccentric loading and
possibly durability according to R 76 points 3.6.2
and 3.9.4.3 (A.4.6 and A.4.7 respectively). The
maximum dimensions of the platform are written
into the report and in this case it makes sense to
express v,_. in units of weights (e.g. 1,2, 5 or 10 ).

2. Load cells with rated digital signal output will be
tested for variations in power supply, and disturb-
ances according R 76 points 3.9.3 and 5.3.4, A.4.5
(B.2.3) and B.3 respectively. If this load cell shall not
be humidity tested according to R 60 point 15.5,
at least the damp heat and span stability tests shall
be carried out according to R 76 points 5.3.2 and
5.3.3/5.4.4 (B.2.2 and B.4 respectively). The fraction
p; can be chosen to 0.8, the maximum value for
a module. [Note that the combination of (1) and (2)
allows p, = 1]

3. For multiple range weighing instruments, the load
cell has to meet two further conditions:

¢ The minimum load cell verification interval v_._

must be appropriate for the smallest verification
scale interval e,. v.. $YN-e - RN

min

technique

o For higher ratios Max / e, > 2.5 - n; the creep
behavior has to be limited by comparison with a
normal single range application of a load cell. It is
more convenient to use MDLOR, according to
point 4.12.2 of R 76. DR < e -RIN

4. Multi-interval weighing instruments can be tared at
any load and start with the small e, for the net
weight indication, so that the creep condition
according to R 76 point 4.12.2 is stronger.

DR < 0.5-¢, - RN

* Note 3: According to R 60, MDLOR is in unit of mass
and gained by testing with about E, . By
using the load cell in the weighing instrument
the maximum load for the LC will be D(Max),
caused by Max of the weighing instrument.
It will be more correct to use relative
calculation as: DR = MDLOR - D(Max)/E, . .

A more convenient calculation and classifica-
tion for purposes of (3) and (4) is proposed
hereafter in section (F).

D) Differences in evaluating
according to R 60 or R 76

Creep and MDLOR tests are required by R 60 points
15.2.6 and 15.3.7 at all temperatures; the temperature
can influence these results for strain gauge load cells
essentially. A temperature different from normal room
temperature can be a stable environmental condition,
so this requirement is not a combination of two
disturbances.

The criteria in point 3.9.4 of R 76 for variations with
time differ only slightly and further ask for a four-hour
test when the half-hour conditions fail; the conditions
for returning to zero are identical; but these tests are
required only for normal room temperature!

In our 15 years of experience testing load cells that
are not hermetically sealed with humidity penetration,
we found some plastic covered strain gauge con-
ceptions that typically failed more than one verification
interval in the first days, returning to below half a
verification interval after ten days. That type would
probably fail tests according to point 5.3.3 of R 76.

E) Reports for LCs or wide range
application in NAWIs

On the one hand, manufacturers of load cells produce

series of a model with differentn___,v_. andE__ ;on
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the other hand, weighing machine manufacturers like
to use these products for different NAWIs. In any event,
manufacturers have to follow metrological regulations
to guarantee the accuracy of the weighing.

Testing and certifying institutions like PTB do not
use a statistical approach to a group of load cells;
rahter, only one pattern of a classification is tested and
such classification must be clearly defined. PTB
certificates normally include a group of different
classifications containing, for example, a picture of the
LC; the newer ones are fitted with additional drawings
showing appropriate mechanical application. Local
verification officers want to be able to identify the LC
module. Manufacturers of LCs, as well as PTB, do not
appreciate submissions of different classifications of a
product line.

Criteria for choosing number
of tested patterns

1. For different classifications within one capacity, we
test the pattern with the highest accuracy, and

request that the manufacturer submit his test results
with the pattern in order to carry out an inter-
comparison test.

These results should not differ more than 0.15 v
with respect to the error curve characters - linearity,
hysteresis, temperature influence on span - when
test points in loading and unloading sequences are
spaced at approximately equal time intervals than
those of the manufacturer; otherwise, the creep
behavior must be considered. The absolute span
(e.g. in mV/V), which depends on gravity accelera-
tion, electrical instrumentation, absolute accuracy
of the loading equipment, the load application to
the pattern and some small other unknown effects,
is not evaluated. Minimum verification interval,
creep behavior and minimum dead load output

return results should be equal to the given value
within 5 % to 10 %.

Greater differences are examined with the manu-
facturer. With these results, we are able to certify
the manufacturer’s ability to produce and test these
LCs. For smaller n_ . and greater v_. , we check the
data on supplied data sheets. It is the opinion of
PTB that the manufacturer must classify and
guarantee his products at the end of the production
line within the error limits.

For different capacities, we test the more critical
products of a product line (normally the smallest
and highest ones) to look for a resemblance to the
model for construction; LCs with a strain gauge
application changed from a bending type to a shear
type do not have an equal construction, regardless
of whether outer dimensions were observed or not!

Given the above conditions, the interpolations and
extrapolations given in Table 1 may be acceptable
depending on the maximum number of verification
intervals. The written capacities in boldface shall be
tested at least; it should be noted that the lower
accuracy series need not be tested, when the higher
accuracy series is proved. The manufacturer should
deliver additional test results with at least half of
these ratios.

For very small v i 0 relation to E .« and n_ . tests
with different pre-loads appear to be necessary. The
shape of the error curve can be a good indicator for
deciding on additional testing, but extra tests are
indicated at least forv_, /(E_ /n_ ) < 0.1,
According to R 60 point 15.5, LC treatment with
humidity at all constructions that are not sealed
hermetically, three patterns of the smallest capacity
must be tested, all of which must pass. Regarding
this wide range purpose of PTB - LC Certificates,
PTB has not yet issued an OIML certificate.

Table 1 Acceptable interpolations and extrapolations depending on the maximum number of verification intervals.

n interpolation ratio
m tested to tested E,_,,

extrapolation ratio
tested to untested E__
or vice versa

1000 1:22 1:2.58 10
2000 1:15 1:2.5 10
3000 1:10 1:2.5 10
4000 17 1:2.0 10
5000 1:5 1:1.5 10
6000 1:4 - 10
10000 1:2.5 — 10
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Ehax (EXamples)
unit (once at one time kg or t)

30 50 70 100 200 300 500 700 1000
30 50 70 100 200 300 500 700 1000
30 50 70 100 200 300 500 700 1000
30 50 70 100 200 300 500 700 1000
30 50 70 100 200 300 500 700 1000
30 50 70 100 200 300 500 700 1000
30 50 70 100 200 300 500 700 1000



PTB Load Cell Certificates

PTB certificates for load cells use the Recommendation
OIML R 60 for the test procedures of the submitted
LCs. Today, a report consists of the actual certificate,
a one-sheet document containing all essential informa-
tion such as:

o the type (in this case, load cell) and the name of
the module,

o the certifying institute, the applicant and the
manufacturer,

o the basic regulations (OIML R 60, and for
additional tests, the EN 45501 which is based on
OIML R 76),

¢ the type of the load cell and

o all metrological data of the certified load cell
family in a table containing: accuracy classes;
capacities E__; maximum number of verification
intervals n__; minimum verification interval

(expressedinv . =E_ /Y ; minimum dead load

output return (expressed in DR = 12 E ./ Z);

minimum dead load E_; and safe load limit

E, . It certifies the property of the load cell to be

used in weighing instruments which shall be

verified.

The annex is declared as part of the document; it
contains a short description of the function, a picture,
the coding of the manufaturer name, the technical
documentation, technical data, tests and patterns
applied, the data sheet of the manufacturer, the
dimensions and examples for appropriate mechanical
application.

The tests results furnished by the manufacturer can
become the basis of a report when the manufacturer’s
test field is accredited and registrated according to ISO
9000 Standards series on Quality management and/or
when PTB staff have taken part in testing the pattern.

F) Proposal for a more moderate handling
of metrological data for LCs

According to R 60, the minimum verification interval

v, is an absolute value of weight. Test reports issued

technique

by NMi and PTB for load cell families normally express
this value in the formv_, =E_ /Y, whereby Y is a
helpful calculation value normally greater than n_, .
For different E_,_ of a family, Y is often constant; at the
end it may become also a classification value , which is
of interest to be written on the label similar like n__ .
We call this value Y based on a former manner of
writing of the dutch colleagues and it should not be

confused by marketing with n .

Classifying symbols and calculations are shown below.
In addition, for platform load cells, we still keep and
express v_.in absolute values.

The minimum dead load output return (MDLOR in
R 60 and DR in R 76) is, like v_. , expressed in absolute
values according to R 60. DR in R 76, point 4.12.2, is
not identical to the MDLOR (see Note 3). For further
calculation and classifying symbols we introduced
MDLOR = 1/2- E__/Z, keeping in mind the limit of
MDLOR =1/2 - v.

Proposal for additional LC classification for multiple
range weighing instruments: MR y , whereby
y=[B_ /¥ /1000 = Y/1000.

max ' "min )

Requirements for a multiple range weighing instrument:

o normal: n_, > n, = Max;/e;,1being the number of
the actual range;

e additional: ¢, 2 \N x E_ /Y, and
Max/e, < 2.5 x Z.

In a multiple range weighing instrument Y must be greater than

in a comparable single-range weighing instrument.

Proposal for additional LC classification for multi-
interval weighing instruments: MI z , whereby
z=(12 x E__/MDLOR)/1000 = Z /1000

max

Requirements for a multi-interval weighing instrument

> n,=Max/eande, 2 \Nx E_ /Y
Max/e < Z

e normal n_,

e additional

The complete classification (e.g. C3 MI 7.5) means that
every range can have 3 000 intervals and that Max / e
is allowed to be 7 500. ]
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TESTING LOAD CELLS

New facilities for testing load cells in the
measuring range from 10 kg up to 50 t

J. A. ROBLES, J. A. FERNANDEZ, Centro Espafiol de Metrologia, Spain
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THE YEAR

7 ) 000

13—15 September 1995 Maison de la Mécanique, Paris
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Abstract

The new facilities of the Centro
Espafiol de Metrologia (CEM) for
testing load cells consist of a set of
three deadweight force machines of
1 kN, 20 kN and 500 kN of nominal
loads, that enable the generation of a
force range from 10 N up to 500 kN,
both in tension and compression.
This paper describes their technical
and metrological characteristics and
some details concerning their set-up.

Introduction

The Centro Espafiol de Metrologia
(CEM) is a governmental and auto-
nomous institution responsible for
the metrology infrastructure in
Spain. The main tasks of the CEM
include the following:

e obtaining, maintaining, devel-
oping and disseminating na-
tional measurement standards,

 national legislative development
in the field of metrology,

o performance of State Admini-
strative functions in metro-
logical control,

e carrying out of research and
development projects in metro-
logical fields,

* training specialists in the field
of metrology.

In 1993, the Centro Esparfiol de
Metrologia (CEM), decided to set up
a new force laboratory. The
decision was made with regard to
the following factors:

o the need for force standard
facilities capable of providing
services to the national industry
and making available a calib-
ration center in the south of
Europe to support the African
continent as well as Latin
America,

o the existence of large weighing
instrument manufacturers in
Spain,

o the significant load cell pro-
duction in Spain,

 the national regulation of load
cells which requires the manu-
facturer to submit and pass the
pattern approval,

¢ worldwide implementation of
the OIML Certificate System on
load cells,

e the philosophy concerning
“modules” in the 90/384/EEC
Directive and the mutual agree-
ment between notified bodies to
accept test certifications,

e the significant national demand
for the calibration of force
transducers.

From 1993 to 1994, the imple-
mentation of the force laboratory
equipment was carried out with the
acquisition and setting up of three
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deadweight force standard ma-
chines of 1 kN, 20 kN and 500 kN
of nominal values that allow one to
generate a force range from 10 N
up to 500 kN, both in tension and
compression with a desirable ac-
curacy of about 2 x 10 (Fig. 1).

The main criteria taken into
account for designing the dead-
weight force standard machines
have been the following:

* the supporting structures and
the loading frames should have
the highest stiffness and at
the same time, their geometry
must enable one to obtain a
symmetric deformation main-
taining the axial axis of the
machines in their reference
positions under load,

e the introduction of the load to
the transducer or load cell
under test has to be gradual,
sequential and without shocks
and in discrete steps without in-
termediate unloading; it must
also have available restriction
motion devices to reduce the
swinging of the weight stacks,

e the load changes and stabil-
ization times established by
OIML R 60 should be taken into
account,

e the mechanisms and devices
that allow loading and un-
loading to be carried out in-
stantaneously should be avail-
able in order to carry out the
creep and preload tests,



Fig. 1 Overview of the Force Standard Machines.

o servosystem drivers should be
used in order to be able to work
with different speeds in the
main movements of the ma-
chines and to obtain a high
accuracy in the stop points,

o the control of the machines
should be carried out through a
PLC which, when in automatic
mode, will act under the control
of a PC acting as man-machine
interface,

o the climatic equipment installed
in the upper frames of the
machines for testing the load
cells at different temperatures
(-10 °C to 40 °C), should be
available.

evolutions

Machine set-up

Figure 2 shows the force machines
which are located in a laboratory
room with 323.31 square meters of
floor space and a height of 12.34 m.
The gravity value measured is
9.79950659 m/s’.

It is known that the environ-
mental vibration is a noticeable
cause for disturbance in mass and
force measurements. In the case of
deadweight machines, where the
force is generated by known
masses being acted upon by the
local gravity value, the gravitational
force may be disturbed by vibra-
tions of the machine foundations.

In order to reduce and dampen
the environmental vibration as
much as possible, the machines are
set up on an isolated concrete
foundation of 12.00 m x 7.50 m
with an inertial mass of about
400t. As shown in Fig. 3, the
isolation consists of:

o a water isolation, with porous
bricks and a fibre-glass coating;

e an environmental vibration
isolation with a sand bed on the
ground for vertical vibrations,

24660

*3100

e 1070

5530

2330

m

2 MN

Fig. 2

Layout of the laboratory room with the set-up of the three force machines.
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FIBRE-GLASS COATING
{5 GRAVEL BED
I POLYETYLENE SHEET

I HIGH DENSITY POLYETYLENE PLATES 6 cm

S sOIL LEVELLED AND COMPACTED 100% PROCTOR N

Fig. 3 Description of the deadweight machines.

and high density polyethylene
plates on the wall for horizontal
vibrations.

A metallic platform resting
on the isolated foundation provides
easy access to the working areas
of the 20 kN and 500 kN machines.
The room laboratory is equipped
with an air conditioning system
that maintains the temperature at
20°C = 1°C,

Description of the
deadweight machines

Generalities

The force standard machines are
made of a supporting structure
(lower supporting structure and
upper supporting structure), a load
generation system (stack of load
elements) and a load transmission
system (loading frame), as shown
in Fig. 4.

The deadweight force standard
machines have coaxial design of
a single weight stack comprising,
in each case, the necessary number
of weights to generate forces up
to the nominal value of the ma-
chines in various ranges and in
10 % step plus a 110 overload step
in each one, both in tension and
compression.

All masses rest on a lift table
when they are not acting on the
loading frame. This table allows for
the stack of weights to be driven up
and down in order to introduce the
load on the loading frame and into
the load cell or force transducer
under test.

The movements of the adjust-
able crossbeams and lift table are
generated by means of recirculat-
ing ball spindles driven by gear-
boxes and DC servo-motors of
Siemens via a transmission axis
with elastic coupling. The move-
ments are accurately controlled by
means of inductive sensor devices
and pulse counters. There are sets
of limit switches that provide safety
to the movements of the lift tables
and crossbeams.

In order to fulfill the time
requirements of OIML R 60, there
are two programmed operating
speeds for the movement of the lift
table: one high speed to cover
about 90 % of the distance between
the individual load elements, and a
lower speed for when the indi-
vidual load elements are engaged.

In the case of a 500 kN dead-
weight force machine, there is also
a special crossbeam (OIML cross-
beam) as shown in Fig. 5; it allows
a package of weights (maximum
50 kN) to be prepared before their
introduction into the loading frame
to save time.
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There is a crossbar fixed to the
upper plate support (creep cross-
beam) that makes it possible to
carry out a fast loading or un-
loading of the load cell by driving
the adjustable loading crossbeam.
By lowering the adjustable loading
crossbeam, the first load element
sits upon the creep crossbeam;
then by driving down the lift table
the load elements are applied in
sequence over this creep cross-
beam. When driving up the loading
crossbeam, all loads supported by
the creep crossbeam are introduced
directly to the loading frame and to
the load cell (Fig. 6).

Fig. 4 General scheme of the deadweight
force machines.

A - Counter weight and balancing lever.
B - Loading frame C- Upper supporting struc-
ture. D - Adjustable crossbeam E - Weight
stack. F - Lift table. G - Lower supporting
structure H - Creep crossbeam. I - Tension
frame.



LIFT TABLE
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Fig5. OIML crossbeam principle.

A = Load elements supported by the loading
frame; B - Load elements prepared for the next
load step; C - Load elements resting on the lift
table

The weight of the loading frame
is compensated by a tare compens-
ating device which consists of
a counterweight and a balancing
lever. The position of the lever
is known in every moment by
means of a no-contact displace-
ment sensor and an electronic
indicator. The same sensor is used
to correct automatically the de-
formation of the load cell or force
transducer and the loading frame
when placed under load. The
adjustment is made by driving up
and down the adjustable loading
crossbeam.

Specific characteristics

500 kN deadweight machine:

¢ Force ranges : 500 kN, 250 kN,
200 kN, 100 kN, 50 kN

e Reproducibility: 2 x 10
(to be checked)

¢ Uncertainty of the force:
2 x 107 (to be checked)
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Fig. 6 Creep crossbeam.

A - Creep crossheam; B - Disk crossbar designed to engaged the first load element

and the loading frame; C - Stack of weights

o Stack of weights: 36 weight disks

made of steel ST-52-3 with chem-

ically nickel-plated coating of 25
m and surface roughness of
Ra < Spmand Rz < 10.5 pm.

o The stack of load elements is
composed of: 17 x 5 kN;
7 x 10kN; 2 x 15kN;
2 x 20kN; 3 x 25kN;
5 x 50 kN

¢ Testing space — Maximum
vertical space allowable:
Compression: 50/300 mm
Tension: 500/750 mm
Horizontal span between
columns: 670 mm

e Number of columns of the
loading frame work: 4 (com-
pression)/ 2 (tension)

o Lift table speed (maximum):
10 mm/s

o OIML crossbeam travel speed
(max): 40 mm/s at no load,
5 mm/s at load

e Crossbeam travel
speed(maximum): 10 mm/s

e Approx. overall height of

the machine: 11.065 m

e Basearea, WxD:3.30 x 3.30m

¢ Approx. weight of the machine:
95215 ke

20 kN deadweight machine:

¢ Force ranges : 20 kN, 10 kN,
5kN, 2 kN

e Reproducibility: 2 x 107
(to be checked)

¢ Uncertainty of the force:
2 x 107 ( to be checked)

o Stack of weights: 32 weight
disks made of stainless steel AISI
304 with a surface roughness
of Rz < 10 pm. The stack of load
elements is composed of:

4 x 0.1kN; 9 x 0.2 kN;
1 x 0.3kN;7 x 0.50 kN;
6 x 1kN;5 x 2kN

o Testing space - Maximum
vertical space allowable:
Compression : 0/250 mm
Tension : 400/650 mm
Horizontal span between
columns: 270 mm
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¢ Number of columns of the
loading frame work: 2

o Lift table speed (maximum):
7.14 mm/s

¢ Crossbeam travel
speed(maximum): 7.4 mm/s

¢ Approx. overall height of the
machine: 5.806 m

e Basearea, W x D:
140 x 140 m

* Approx. weight of the machine:
5345 ke

1 kN deadweight machine:

e Force ranges : 1 kN, 500 N,
200N, 100 N

e Reproducibility: 2 x 107
(to be checked)

e Uncertainty of the force:
2 x 107 (to be checked)

o Stack of weights: 31 weight
disks made of stainless steel
ATST 304 with a surface rough-
ness of Rz < 10 pm. The stack
of load elements is composed of:
14 x 10N;4 x 20N;1 x 30N;
7 x 50N;5 x 100N

¢ Testing space : Maximum vertical
space allowable:
Compression: 0/140 mm;
Tension : 295/435 mm
Horizontal span between
columns: 130 mm

o Number of columns of the
loading frame work: 2

o Lift table speed (maximum):
10.4 mm/s

¢ Crossbeam travel speed
(maximum): 6.94 mm/s

o Approx. overall height of the
machine: 3.515 m

e Basearea, W x D:0.8 x 0.8 m

o Approx. weight of the machine:
697 ke

Operation description

The force transducer or load cell to
be tested is placed on the adjust-
able loading crossbeam (compres-
sion) or mounted between the
crossbeam of the tension frame
and the crossbeam of the loading
frame (yoke).

The adjustable loading cross-
beam is driven in order to adjust
the height of the load cell and
obtain a quasi-contact with the
loading frame whose own weight
is balanced by the compensating
tare device.

At the beginning, all load ele-
ments rest on the lift table. After
regulating and adjusting the
starting position of the machine,
the lift table is driven down and the
first weight step is applied to the
force transducer by the loading
frame. This procedure is followed
in sequence by all other load
elements selected to reach the
desired value of force. The de-
formations of the force transducer
and the loading frame are cor-
rected in each step of force by
moving the adjustable loading
crossbeam automatically. The un-
loading process is carried out in
a similar way by driving up the lift
table.

Fig.7 Network in the laboratory.
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The force standard machines
have three operating modes: man-
ual, semi-automatic and automatic:

Manual

The manual control is utilized by
the technical service or by the
laboratory technicians in certain
emergency operations. This man-
ual control is located in the control
cabinet.

Semi-automatic

The semi-automatic control is
located in a rack close to the
loading frame; it allows the load
cell to be loaded and unloaded by
manually selecting the weights to
be loaded or unloaded.

Automatic

This mode is the most common for
operation. The system is controlled
by a personal computer connected
with a PLC via RS 422. There is a
flexible programming language
(including an editor program) that
makes it possible to carry out all
required standards or procedures
after compiling the program.

The personal computer works into
a windows network in the laborat-
ory (Fig 7). All values of force and
environmental data (temperature,
humidity, pressure,) taken during

PT-100
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the test are sent to the main
computer in order to elaborate
the test reports and certificates
automatically.

Auxiliary equipment and
measuring instruments

In addition to the deadweight force
machines there are two temper-
ature conditioners connected to
three portable chambers installed
in each of the force machines, as
well as a set of accurate force
measuring instruments.

In order to carry out the tem-
perature tests specified in point
15.1.11 of OIML R 60, two temper-
ature generating systems have been
installed. The temperature gener-
ating system consists of a separate
air conditioning unit connected by
means of two flexible air ducts, to a
portable chamber that is installed
in the force application area.

For a 500 kN deadweight force
machine: temperature conditioning
unit: Type VR 06/500 (Heraeus):

o Temperature range:
-60°Cto+180°C

o Temperature fluctuation
and deviation: 1 °C

e Average heating rate without
test specimen: 5.0 °C/min

¢ Average cooling rate without
test specimen: 2.5 °C/min

For 20 kN and 1 kN deadweight
force machine: temperature condi-
tioning unit: Type VR 06/500 k/S
(Heraeus):

e Temperature range:
-60°Cto+180°C

¢ Temperature fluctuation
and deviation: 1°C

o Average heating rate without
test specimen: 3.5 °C/min

o Average cooling rate without
test specimen: 3.5 °C/min

* humidity range:
10 % to 95 % HR,
temp. range: + 10 °C to + 90 °C

The temperature conditioning
unit is connected to the personal
computer which can control the
functions of the unit. The unit can
also be operated manually.

For measuring the signal of the
load cells and force transducer, the
laboratory has the following force
measuring instruments:

o 1 digital measuring unit
Type DK38 (HBM)

o 3 digital precision instruments
for strain gauge measurements
Type DMP 39 (HBM)

¢ 1 digital measuring amplifier
Type DMC (HBM )

¢ Some accuracy power supplies
and multimeters (6/9 digits)

For measuring the environ-
mental conditions of the testing
area in the machines, the laborat-
ory is equipped with:

¢ 1 thermometer type F250 (AYA)
o 4 Pt-100 sensors

¢ 1 switch box multichannel
type SB250

¢ 1 dew point measuring
instrument type AP3-D-B/C-I
(MBW)

¢ 1 manometer type 6220 (Ruska)

Conclusions

The new CEM facilities for testing
load cells and calibrating the force
transducers that have been de-
scribed in this paper will allow
Spanish manufacturers of load
cells and weighing instruments
to have a high level certification
center where OIML conformity
certificates,  test  certificates
(WELMEC) and calibration certi-
ficates (EN 10010-3, ... ) may be
obtained. These new facilities will

evolutions

introduce the possibility of sup-
plying traceability and other ser-
vices to Latin American countries,
taking into account the advantage
of using their language. [
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Introduction

Most weights and measures pro-
grams of the U.S. were established
in the early 1900’s. The Federal
government had made no effort
other than to establish the units of
measure. Consequently, there were
state and local government pro-
grams and only a few included type
evaluation. It soon became evident
that it was necessary to provide for
harmonization among the states
in order to eliminate technical
trade barriers.

The National Bureau of Stand-
ards (NBS) conducted the first
National Conference on Weights
and Measures (NCWM) in 1905,
and subsequently issued a Hand-
book for weights and measures
officials containing recommended
metrological and technical require-
ments for many kinds of measuring
instruments. In 1911, the NCWM
adopted its first model Weights and
Measures Law, which was sub-
sequently accepted as law in
several State jurisdictions.

Type evaluation was not in-
cluded in this first model law, but
in 1967 regulations for type evalu-
ation existed in legal metrology
programs in 14 states, two cities,
and one county. The remaining
states simply stated that it was
necessary for commercial (used in
trade) weighing and measuring
instruments to meet metrological
and technical requirements for

instruments. It could be considered
that other states also had a type
evaluation program since before an
instrument could be placed in
service, it was necessary for a
weights and measures official to
conduct a thorough initial verifica-
tion, which was in effect a type
evaluation.

Measuring instrument manu-
facturers considered it an unneces-
sary and costly process to apply for
a type approval in 17 different
jurisdictions. Through the National
Conference on Weights and Meas-
ures, the Scale Manufacturers
Association (SMA) requested the
NBS establish a voluntary proto-
type examination program.

The NBS agreed to conduct
such a program, which consisted of
an evaluation of an instrument by
NBS staff to determine its com-
pliance with NBS Handbook 44. If
found to comply with requirements
in the Handbook 44, a test report
was issued indicating such com-
pliance. If found not to comply, a
letter would be returned to the
submitter outlining the reasons for
noncompliance. This program
served its purpose for a number of
years since most all states used the
NBS test report as the basis for
issuing a type approval certificate.

In the early 1980’s it became
apparent that an official national
or federal program was necessary.
In 1984, a model national type
evaluation regulation was adopted
by the NCWM and the NBS was
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charged with the responsibility of
administering or managing the
national type evaluation program
(NTEP). The first NTEP certificate
was issued in 1985.

As of September 1995, 37 states
had adopted this regulation, and
many of the remaining 13 were in
the process. An NTEP certificate of
conformance (CoC) is accepted or
recognized by all states and there is
no need for a manufacturer to
submit an instrument to any
individual state.

Four certified state laboratories
(California, Maryland, New York
and Ohio) perform the majority of
the type evaluations. National
Institute of Standards and Tech-

U.S. type evaluation history

1994: National Conference on
Weights and Measures adopts
model National Type Evaluation
Program (NTEP) regulation

NTEP laboratories

- NIST

 California

* Ohio

* New York

e Maryland

» USDA/Federal grain inspection

service




nology (NIST - formerly NBS) has
type evaluation facilities for testing
load cells and the United States
Department of Agriculture’s federal
grain inspection service evaluates
grain moisture meters and some
grain bulk-weighing systems. These
laboratories meet the criteria of
ISOEC Guide 25 - General
requirements for the competence of
calibration and testing laboratories.

In 1988 the U.S. and Canada
entered into a free trade agree-
ment. Canada provided the catalyst
for the Canada/U.S. harmonization
program when it requested that the
U.S. participate with Canadian
metrology services to harmonize
the legal metrology requirements of
both countries. After two years of
negotiation between the staff of
Canada’s Legal Metrology Branch
(LMB) and the staff of the NIST
Office of Weights and Measures
(OWM), it became evident that
involvement of representatives of
the state laboratories and
instrument manufacturers was
necessary. The sequence of events
concerning mutual recognition
between Canada and the U.S. is
briefly outlined hereafter.

Canada/U.S.
mutual recognition

Phase I

Agreement to alleviate unnecessary
industry trade barriers

Phase 11
Harmonize instrument
requirements

Phase 111

Decision to “mutually recognize”
not “harmonize”

Phase IV

Canada/U.S. mutual recognition
agreement

Phase I

Two government bodies, the
NIST/OWM and the Canadian LMB
decided that weights and measures
should constitute an important
part of the free trade agreements,
i.e. harmonizing as many of the
countrys’ device requirements as
possible to alleviate unnecessary
industry trade barriers.

Phase II

The NCWM S&T committee pro-
posed several changes to Handbook
44 to harmonize requirements. All
changes were considered to be
noncontroversial in nature, but this
proved to be otherwise as many
thought some of the proposed
changes were not merely cosmetic
and should not be made hastily.

Phase I11

The OWM and the NCWM called a
special meeting in December of
1990 to discuss the situation. U.S.
industry, Canadian industry,
NIST/OWM, Canadian LMB, and
NCWM representatives attended
the meeting. The message from
industry was, “Do not try to make
the requirements and Handbooks
the same; rather, work out the details
toward accepting each others type
evaluation data so we do not have to
submit the same instrument to both
countries for type evaluation”. After
being advised not to use the “H”
word (harmonization), the working
group changed the name of the
effort to “Mutual recognition of
type evaluations”.

Phase IV

After more meetings and the
development of a work plan, the
mandate of the U.S./Canada
mutual recognition working group
was defined. This NCWM policy
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statement was adopted by the
executive committee. It reads:

With respect to weights and meas-
ures instruments, the parties agree
that the most effective means to
remove barriers to free trade is to
achieve mutual recognition of
instrument type evaluation testing.
This will necessarily involve the
comparative analysis of type evalu-
ation codes and test procedures
together with the intent of stream-
lining and minimizing differences in
so far as possible so as to enable
efficient equipment evaluation while
preserving the technical capability
and competence of their mutual
laboratories.

The working group then devised
a plan for following the mandate.
The first five steps were:

1. To define mandate, objectives,
priorities

2. To develop and update
materials

3. To study differences
in requirements

4, To review results

5. To report results and seek
endorsement

Step one was the first meeting
of the working group held in April,
1993. During that meeting, the
group defined its mandate, object-
ives, and priorities. The group
decided which instrument types
would be considered initially and,
reviewed basic test procedures and
equipment needs. It was agreed
that electronic floor scales and
weighing elements up to 1 000 kg
capacity, non-computing electronic
bench scales, and digital indicators
would be evaluated under the
agreement. It was expected that
computing scales, other scales, and
even retail motor fuel dispensers
would soon follow.

Step two of the work plan was
for the working group members to
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begin assigned tasks. The tasks that
were assigned included: updating
NCWM Publication 14, developing
a laboratory instruction manual,
developing an applicant guide and
a U.S./Canada application form.

Step three was a meeting of
technical representatives in Can-
ada. The purpose of the meeting
was to review work that had been
done and to look in-depth at the
different requirements and test
procedures.

Step four was a brief meeting
at the NCWM in Kansas City to
review the drafts and timetable,
and to make further assignments to
the working group members.

Step five was a meeting of the
full working group and interested
industry in Ottawa, Canada. During
that meeting the revised checklist,
checklist answer sheets, work-
sheets, application form and the
applicant’s guide were reviewed.
Possible areas of uniformity and
unresolved technical issues were
also discussed.

The remaining five steps of the
Canada/US mutual recognition
work plan were the following:

6. Training of U.S. technicians
by Canadian technicians

7. Canada (LMB)/U.S. (NIST)
memorandum of understanding

8. Review/endorsement

9. Training Canadian technicians
by U.S. technicians

10. Mutual recognition
of type evaluation work by
both countries

Step six of the work plan was
scheduled for December 1993 at
the California NTEP laboratory in
Sacramento. U.S. NTEP tech-
nicians were trained on Canadian
requirements and test procedures
by LMB representatives.

Step seven was the develop-
ment of a NIST/LMB memor-
andum of understanding. NIST and
LMB management were assigned
that task.

Step eight was a review of the
progress of the mutual recognition
effort by the NCWM executive
committee during the interim
meeting in January 1994. The
executive committee reviewed and
endorsed the objectives of the
working group at that time.

Step nine consisted of NTEP
representatives going to the LMB
type evaluation laboratory to con-
duct a training session for LMB
technicians. The training covered
Handbook 44/NTEP requirements
and test procedures.

Step ten was the implementa-
tion of the mutual recognition of
type evaluations on schedule in
April 1994 only twelve months after
the first meeting of the working
group. As of June 1995, several
weighing instruments and indic-
ators for weighing instruments had
been through the Canada/U.S.
mutual type evaluation process and
had received approval certificates
from both countries.

As with most major projects,
adjustments were made during the
initial implementation of the
program. For example, policy
stated initially that if a manu-
facturer only needed U.S. approval,
he must submit to a U.S. labor-
atory for evaluation, with the same
applying for Canada. At the request
of manufacturers, the two coun-
tries have changed the policy.
A manufacturer can submit an
instrument to either country for
testing applicable to the require-
ments of either country.

Another change in policy is that
a manufacturer can submit an
instrument to a laboratory in either
country and request that testing be
conducted independently, as it
relates to each country’s require-
ments (i.e. first evaluate the
instrument for compliance with
U.S. requirements, then evaluate
the instrument for compliance with
Canadian requirements). The pro-
gram initially established that one
evaluation would be conducted
with a single checklist that con-
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tained both Canada and U.S.
requirements. The policy was es-
tablished to save time and money;
however, after manufacturers ex-
pressed their preference for taking
the chance of increased expense if
they wished, the policy was
modified.

It is important to understand
that each country still reserves the
right to evaluate the checklist,
reports, data, etc. independently
and issue its own certificate of
conformance (U.S.) or notice of
approval (NOA) in Canada.
Following is a brief description of
the process a manufacturer and
device must follow under the
Canada/U.S. mutual recognition of
type evaluation program:

I.  An application is received for
U.S. and Canada type approval.

II. Both OWM and LMB review
the application and accompanying
information and confirm ac-
ceptance.

III. OWM assigns an NTEP
control number and the LMB
assigns a project number.

IV. The application, drawings,
operating instructions, brochures,
etc. are sent to the assigned labor-
atory and the manufacturer is
notified.

V.  The laboratory conducts the
type evaluation. As a result of the
evaluation, the instrument is either
accepted or found to be deficient in
meeting all requirements. The
manufacturer may either correct
deficiencies, withdraw the applica-
tion, or appeal the decision of the
laboratory (extremely rare).

VI. When the laboratory deter-
mines that the instrument has met
all Canada and U.S. requirements,
the completed report form, perfor-
mance data, performance charts,
etc. are sent to NTEP and LMB
administrators. Each country then
reviews the evaluation results and
makes the final determination of
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CANADA / US. TYPE EVALUATION PROCESS
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compliance. It is possible for an
instrument to be accepted by one
country and rejected by the other.

VII. The final step is the prepara-
tion, issuance and distribution of
the NTEP certificate of conform-
ance in the U.S. and the prepara-
tion, issuance and distribution of
the LMB notice of approval in
Canada.

U.S. participation in the
OIML Certificate System

The Canada/U.S. type evaluation
venture has been a success and the
U.S. is now preparing to participate
in the OIML certificate system
through NTEP. NTEP expects to
perform complete OIML R 76 and
R 60 tests in order to issue OIML
certificates. It should be noted that

OIML BULLETIN

REVIEW

the U.S. Handbook 44 does not
require all R 76 and R 60 disturb-
ance tests, which are not new to
international manufacturers in the
U.S., but which are new to the U.S.
type evaluation program.

The Canada/U.S. mutual recog-
nition effort will continue to im-
prove our type evaluation program
in the U.S, and we believe that the
OIML Certificate System will do
the same. |
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METROLOGICAL
INFRASTRUCTURES

Strengthening legal
metrology in
developing countries

METROLOGICAL ACTIVITIES

E. SEILER, Physikalisch-Technische Bundesanstalt

IN DEVELOPING COUNTRIES

23-24 OCTOBER 1995
BEIJING, PEOPLE’S REPUBLIC OF CHINA

1 Legal metrology in the
context of the German
Government’s
development cooperation

German development cooperation
is concentrated on three key areas:
combating poverty and its causes;
promotion education, in particular
basic education and vocational
qualification; and environmental
protection preservation of the
bases of existence.

Prior to being approved, each
project is evaluated to ascertain
whether it makes a contribution to
these areas. As can be seen, the
promotion of legal metrology and
the establishment of verification
and calibration services are not
included in the above key areas.

Despite this, in the past years
the PTB was increasingly entrusted
with the implementation of pro-
jects aimed at promoting metro-
logy. This is not in contradiction to
the official strategy of the German
development policy. It proves, how-
ever, that the PTB has succeeded in
making those responsible aware of
the importance of a well-ordered
metrology system for the economic
and social development of a
country.

These interrelations are evident
particularly in applied metrology.
The problem is to make it clear
to the political decision-making
bodies that a functioning metro-

logical infrastructure is necessary
for trade, business, industry, the
public health sector, environmental
protection and many other areas.

Intensive discussions for a long
period have helped to convince
decision-making bodies in the fed-
eral ministry concerned (Federal
Ministry for Economic Co-
operation and Development) that
metrology projects make a sub-
stantial contribution, although
indirect, to the abovementioned
objectives.

2 Projects

As we understand technical co-
operation to be help towards self-
help, the initiative for a project
must be taken by the country
desiring assistance. We expect that
a project proposal states an ob-
jective and, if possible, describes
concrete measures through which
this objective can be reached.
Figure 1 shows schematically the
development of a project.

The project proposal will
usually be drawn by the institution
responsible for the field of metro-
logy. In a second step, this institu-
tion must convince the national
ministry concerned of the project’s
eligibility for promotion. As the
idea for the project is usually
developed by metrology experts,
they will also have to find the
political arguments in support of
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the project. Further, the national
planning authority must classify
the project as being important and
necessary for economic develop-
ment. After having classified the
project in this way, it will have to
pass the proposal on through of-
ficial channels, i.e. via Germany's
diplomatic agency in the country.

It will therefore be the task of
developing countries seeking sup-
port, to make it clear to their
Governments that the improve-
ment of the metrology and legal
metrology systems will be to the
benefit of wide circles of the popu-
lation and of many sectors of the
country’s economy.

If the project is convincing and
fits in with the German programme
for the promotion of the country
concerned, the PTB is asked to
appraise the project. It selects
experts from both the metrology
sector and the sector of develop-
ment economics who check the
suitability of the project and
whether the prerequisites for its
realization are given.

To begin with, the special
services required in the specific
country must be determined, as
well as which services can be
rendered by the organization re-
sponsible for this sector and which
contributions from the German
and other sides are required for a
successful implementation of the
project. The appraisal usually ends
with an objective-oriented project
plan in which representatives of the



bodies involved in the project and
of the respective country cooperate.

The PTB then submits to the
BMZ (Federgal Government office)
a project appraisal report, which, if
favourable, comprises an offer for
project implementation. The BMZ
evaluates the results of the
appraisal and decides on the
eligibility for promotion. If the
decision is positive, the Federal
Republic concludes an agreement
under international law with the
government of the partner country.
The PTB is then entrusted with the
implementation of the German
project contribution. If this is not
feasible with the PTB’s own staff, it
enlists the services of experts from
other institutes, especially those of
German verification authorities.

During the implementation
phase, PTB and BMZ check
whether the project runs according
to plan or whether modifications
are necessary. After conclusion of
the project, the proper use of the
funds and the achievement of the
objective are checked.

Although the conditions may
differ from one country to the
other, the following kinds of project
contributions can generally be
identified, and are weighted acc-
ording to the country’s specific
needs and distributed among the
sectors of metrology, standard-
ization, testing and quality man-
agement:

* Consulting services
e Basic and advanced training

» Supply of equipment, technical
literature and written standards

e Calibrations and comparison
measurements

o Accreditation of calibration
laboratories

The advice given concerns:

¢ the planning and construction
of laboratories and the installa-
tion of engineering facilities,

o the equipping with instruments,

Partnership country

l Project proposal '
7

rasponsible Ministry

Y

P

German Embassy

objectives-oriented
project planning

appraisers

Project Assessment

Appraisal report & :
Implementation
Offer K

Implementation
Order

German

contributions

Partner's
contribution Agreement under ) O
intemational law
y A
P
Project-executing
Institution
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Fig. 1

Federal Ministry for Economic Cooperation and Development

PTB: Physikalisch-Technische Bundesanstalt

recommendations with regard
to laws, ordinances, technical
rules, written standards,

preparatory work in order that
services can be rendered,

making industry, economy,
political decision-making
bodies and the public sensitive
to the importance and benefits
of a technical infrastructure,

the establishment and
equipping of libraries and
information centres,

programs for basic
and advanced training,

the solution of special
problems.
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Development of a German project for developing countries.

Consulting services are ren-
dered by long-term and short-term
experts in the respective country
and from the Federal Republic by
the project-executing agencies.
Basic and advanced training tail-
ored to future needs of the partner
institutes’ staff members is the key
to project success. It is necessary to
impart knowledge so that partners
can solve problems independently
before prerequisites for further
development can be given.

To reach this aim, a one-year
specialized training program in
partner organizations in the Fed-
eral Republic is usually offered to
staff members who will later
assume important functions in
their countries. Training is also
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offered in the respective country by
long-term and short-term experts.
Additional special courses or
seminars are also organized if
necessary.

A substantial part of the project
funds is used to equip the partner
institutes with the necessary meas-
uring and testing facilities, which
are calibrated at the PTB, if neces-
sary. Technical literature, testing
instructions, standards and other
technical rules are made available
from project funds as well. They
are translated into a language
frequently used or into the lan-
guage of the country, if necessary.

The contributions of the
German side are set against the
commitments entered into by the
recipient country. It is usually
responsible for the construction
and maintenance of the required
buildings and laboratories and for
the recruitment of staff; it must
create the legal bases and the
necessary framework conditions;
and it must bear the operating and
follow-up costs.

In view of the follow-up costs,
which may be considerable, the
project design must be such that
the financial burden can be borne
by the partner country. Appraisers
and consultants therefore bear
special responsibility during pro-
ject planning and implementation;
they must carefully check which
measures are necessary for the
country’s needs and which can be
financed continually for optimum
use of limited funds.

Implementation takes place in
several phases, each two to four
years long. Even after the official
promotion has come to an end, the
PTB does not break off contact to
the partner institutes. By means of
audits and comparison measure-
ments, the PTB promotes the
recognition of the younger partner
institutes on the international level.
Joint research and development
tasks form an essential part of the
cooperation once the project has
been concluded.

3 Results

Table 1 shows the countries that
have been assisted by bilateral
supporting measures. The intensity
and the extent of the assistance can
vary, ranging from the supply of
used measuring instruments and
instruction in how to use them, to
projects with terms of 10 years and
more, with a German financial
contribution of several million DM.
Within the scope of such large-
scale projects, legal metrology is
promoted together with other areas
such as industrial metrology and
standardization.

The overall expenditure in DM
for the technical cooperation
projects that were implemented
in the last few years are shown in
Fig. 2. As can be seen, not all funds
have been spent for legal metrology
because the projects also covered
other components. It can be
assumed, however, that at least half
of all funds - i.e. more than
50 million DM - have directly or in-
directly benefited legal metrology.

Apart from bilateral projects
implemented in more than 20
countries, a number of workshops
were held on various legal metro-
logy subjects. A preferred place for
workshops is Munich, the seat of
the Deutsche Akademie fiir

Table 1 Countries supported by PTB’s
technical cooperation projects
in the field of legal metrology.

Argentine Korea (Rep.)
Brazil Mexico
Bulgaria Mongolia
China Panama
Columbia Peru
Costa Rica Portugal
Ecuador Saudi Arabia
Egypt Slovenia
Guatemala Thailand
India Turkey
Indonesia Uruguay
Jamaica Venezuela
Metrologie (DAM = German

Academy for Metrology) which also
provides the theoretical training of
German verification officers.

Table 2 gives an overview of the
subjects of the workshops held in
Munich, and the number of parti-
cipants. The workshops were
mainly held in English but there
were also some held in Latin
America in German, with trans-
lation into Spanish. Furthermore,
the Bayrisches Landesamt fiir Maf§
und Gewicht (Bavarian Authority
for Weights and Measures) and the

Mio. DM

T ‘ T - T
1985 1966 1987 1988 1989

1990 1991 1992 1993 1994

Fig.2  Expenditures for PTB’s technical cooperation projects.
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Table 2 Workshops conducted in Miinchen, Germany at the German Academy of

Metrology.
Subject Date Participants Countries
Medical Measuring Instruments  15-26 April 1991 20 14
17-28 Aug. 1992 19 18
Verification of Weighing 19-28 June 1991 22 19
Instruments 22 June-23 July 1992 19 19
2-13 August 1993 20 20
Volume Determination 3-14 July 1995 20 20
of Fixed Storage Tanks
Gesetzliches Mefwesen 21-25 Nov. 1994 21 China
in der FertigungsmeRtechnik
Das gesetzliche MeRwesen 2-10 Nov. 1995 20 Middle
and Eastern
Europe
Munich Verification Office provide | 4 Qutlook

advantageous conditions for be-
coming acquainted with practical
verification. Table 3 shows the
number of trainees from different
countries that have been trained in
Munich.* We define and publish
participation criteria and make the
admission of an applicant depend-
ent on compliance with these
criteria because we seek to ensure
that the participants put the know-
ledge and skills they acquire within
the scope of the workshops to good
use in their home countries.

As witnessed from the reactions
of the participants who sub-
sequently request testing instruc-
tions or assistance in the selection
of measuring and testing instru-
ments, the work is often intensified
after the workshops.

* I should like to thank all German
colleagues from the field of verification
for actively supporting our programs
and imparting their knowledge and
experience to colleagues from other
countries. They do so on their own
initiative without any financial
assistance from PTB projects. I also
wish to mention that a German expert
gave advice to the Caribbean states in
August and September 1995 in how to
organize, coordinate and extend legal
metrology in that region.

The following conclusions can be
drawn with regard to technical
cooperation projects:

1. The projects have led to the
substantial strengthening of
legal metrology systems of the
countries promoted by such
projects.

2. The project measures have
essentially concentrated on the
legal metrology area of “con-
sumer protection”.

3. The measures have contributed
to the expansion of OIML and
support for its activities.

Future activities can serve to
pursue the following objectives: to
extend cooperation to other coun-
tries; to extend cooperation to
other areas of legal metrology; or a
combination of these two.

What other areas of legal
metrology come into question? In
its strategy paper, the OIML gives
four areas: trade, safety, environ-
ment and health. In the author’s
opinion, the area of environment
must be given highest priority
because we are well on the way to

OIML BULLETIN
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Table 3 Training imparted by the German
Academy of Metrology, Miinchen
in the field of legal metrology.

Country No. of trainees

Turkey 10
India

Korea

—_
o

Malaysia
Bangladesh
Madagascar
Burkina Faso
Portugal
China
Thailand
Jamaica
Tunisia
Guatemala
Argentine
Mexico
Columbia

[N U S O S Y U N YR NG TR NG Y O I N

Tanzania

destroying our own bases of life.
Effects such as the pollution of air
due to traffic or the degradation of
the quality of our drinking water
due to the waste and residues of
industry and agriculture can
already be felt.

Much more dramatic effects are
to be expected from extensive
climatic changes which, for the
first time in the history of the
Earth, are caused by human
beings. But what contribution can
legal metrology make to environ-
mental protection? There are
several answers to this question.
The OIML strategy paper gives the
following description of the tasks:

Legal metrology is applied in fields
where conflicting interests may exist
with regard to measurement results
or where incorrect measurement
results may adversely affect indi-
viduals or the society.
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This means that legal metrology
will be challenged if conflicting
interests exist. This is typical of
environmental problems because
the actions of individuals or of
small groups may have negative
consequences for persons not
involved. For example, traveling by
car produces exhaust which will
debase the quality of the air for
many other persons.

In order to limit the harmful
effects from what cannot be
avoided by the state of the art,
many countries have enacted regu-
lations on the maximum permiss-
ible concentrations of various
exhaust components such as CO,
CO, or nitrogen oxides. OIML has
already published a number of
International Recommendations
for environmental protection (Rs
82, 83,99, 100, 112, 113, 116 and D
22). Although it is necessary to
extend cooperation to these areas,
many countries neither know the
legal commitment to comply with
limiting values nor have regu-
lations prescribing that limiting
values be measured and offences
punished. A solution to this prob-
lem is necessary to make efforts to

change the situation. This objective
requires the assignment of experts
from the field of legal metrology in
particular. The creation and devel-
opment of the legal bases must not
take second place to the technical
aspects of the enforcement of the
laws and ordinances.

Members of OIML are not only
entitled, but committed - though
only in a moral sense - to enforce
International Recommendations in
their countries. When the govern-
ments of the OIML member coun-
tries signed the convention, they
committed themselves to do so,
and they should time and again be
reminded of this commitment.

The work of the OIML for
environmental protection would be
of no account if it was allowed for
in national laws only in a few
countries. In this respect much is
to be done by the Member States.

Neither should the OIML as an
organization let up; it should re-
double its efforts to prepare further
recommendations for environ-
mental protection. Environmental
protection is a global task and can
be effectively fulfilled only through
international efforts. For this
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purpose, international conferences
have adopted international con-
ventions. Modest partial success,
such as the reduced use of the
fluorocarbons which destroy the
ozone layer, has been achieved. But
there is no doubt that further
measures must follow.

The OIML can and must pre-
pare further Recommendations,
and it is the task of its Members to
translate these Recommendations
into national law. In the future,
legal metrology and OIML must
take over tasks which ensure, for
example, compliance with inter-
national agreements on environ-
mental protection and standards
on environmental management.

As has been mentioned at the
beginning, the preservation of the
natural bases of life is a focus of
the German development co-
operation. Whether projects will be
carried out by PTB in the field of
legal metrology (including meas-
ures for environmental protection)
will depend on the initiative taken
by developing countries, who are
encouraged to be active and take
advantage of the technology and
knowledge PTB has to offer. [
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Legal metrology -
training requirements

IN DEVELOPING COUNTRIES

23-24 OCTOBER 1995
BEIJING, PEOPLE’S REPUBLIC OF CHINA

C. B. ROSENBERG, National Weights and Measures Laboratory, United Kingdom

1 Background

Legal Metrology may be briefly
defined as “the process of making
measurements under conditions
dictated by statute”. For these
statutory conditions to be realised
there has to be some underlying
metrological infrastructure of dem-
onstrable integrity, and personnel
capable of making the measure-
ments and maintaining the infra-
structure.

The people who perform legal
metrology as part of a service at the
point of delivery are usually from a
wide variety of backgrounds and
are performing measurements as
part of their day-to-day jobs. From
the trader who weighs out produce
to the engineer who performs an
exhaust emission analysis they will
be trained accordingly. By and
large these people and their tech-
niques are not of interest except to
the inspector or auditor who
wishes to ascertain whether appro-
priate and legal equipment is being
used and operated correctly.

What interests governments,
the associations of users of metro-
logical equipment and the repres-
entatives of those affected by legal
metrology (e.g. consumer associ-
ations) is the underlying infra-
structure. These organisations
must have confidence that the
measurements are being made in
accordance with the law and this
involves a whole raft of approval

schemes, standards and traceability
which, for the whole system to
function properly, must have high
integrity. This paper considers the
training requirements of the people
engaged in the maintenance of the
legal metrology infrastructure.

Most countries with developed
infrastructures operate some sort
of type approval and verification
process for equipment such as
electricity meters, taxi meters,
weighing machines, fuel dis-
pensers, etc. That is where a meas-
uring instrument is relatively
complex, and perhaps subject to a
wide range of operating conditions
and environments; it is considered
necessary for the designs to be
approved and certificated by inde-
pendent engineers. This highlights
the need for competent engineers
in legal metrology to assess designs
often against very complicated and
wide ranging criteria such as OIML
R 76 for nonautomatic weighing
instruments.

The verification function can
usually be carried out by someone
who is less of a specialist than the
type approval engineer but none
the less who has an appreciation of
testing to specifications and metro-
logy techniques. For surveillance
and enforcement work, the person-
nel must not only be able to
appreciate the technical functions
of equipment but also have the
skills to deal with the users in
situations where compliance with
the law may be in doubt.

Finally, all measurements rest
on traceability to national and
international standards; such trace-
ability must be carried by an
unbroken chain of intercompar-
isons. Each link in the chain must
be of high integrity and involves
the intervention of an operator at
some level of expertise. Clearly, the
requirements for a metrologist
calibrating an E, weight against an
E, weight are very different from
those required by the inspector
who carries out a surveillance
check on a street trader.

2 Training requirements -
identification

For a person to operate effectively
in any or all of the roles discussed
above, he must have adequate com-
petence and a mix of knowledge
and ability to apply operational
skills. The first priority in assessing
training requirements is to identify
the need. With the roles as dis-
cussed above the main areas are:

o Type approval engineer
e Verification officer
o Surveillance inspector

o Metrologist for maintenance
of standards
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For all aspects of metrology
work there is a core of knowledge
and understanding which forms
the foundation on which special-
isms are built. In the UK this core
has traditionally been encapsulated
in a formal training programme
resulting in the award of a Diploma
in Trading Standards. To ensure the
right calibre of people the entry
requirements are set high, with “A”
levels or a degree being typical.

More recently the routes to
qualification have broadened with
the introduction of specialist
university degrees in Consumer
Affairs, followed by endorsements
in such areas as professional
practice. The principle has always
been to produce broad-based prac-
titioners who would be effective
Weights and Measures Inspectors
soon after being hired by a Trading
Standards Department.

The exact need will depend on
the legal metrology regime existing
in the nation requesting training.
For example, it may be that no
structure exists and what is
required is assistance in developing
weights and measures legislation in
concert with training personnel to
form the infrastructure. Alternat-
ively there may already be a well-
developed infrastructure requiring
an upgrading of the personnel to
develop confidence with modern
metrological apparatus.

The second priority in assessing
training requirements is to ensure
that the recipients can benefit from
such training and have the poten-
tial to become competent. This
means selecting people of an
appropriate calibre. Constraints on
manpower resources usually mean
that a compromise has to be
obtained and that all personnel will
not necessarily be trained in the
same way nor to the same level.
However, if skilled people are
selected for key posts an invest-
ment in training can be enhanced
by the people so trained acting in a
supervisory way and passing on
expertise through internal training.

3 Training requirements -
meeting the need

Providers

Selection of a provider of training
involves the following factors:

o Appropriateness of what
is being offered

e Price

o Availability in the
required timescale

*  Geographic location

o Experience and reputation
of provider

For the first point it is a matter
of matching the requirement to the
offer from the providers. For
technical metrology training the
provider may be a rather different
organisation from one providing
the necessary training for writing
effective legislation.

Method

A competent practitioner will
possess the knowledge to be able to
adapt and apply that knowledge in
addition to operational skills. He
must be educated and trained. In
many cases what is to be achieved
must be done in a relatively short
time; it is therefore important for
the teaching/training to be carried
out effectively.

There is also the question of
availability of the staff to be
trained. Seldom is it convenient or
possible to release a large number
of staff on extended training
courses. For a developing country
the options are:

e training in own country or
overseas;

o group or selected individual
training;

¢ a combination whereby users
from different countries club
together to obtain the best
efficiency in training.
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There are advantages and disad-
vantages with each option. In the
first option (in own country)
advantages are:

o generally a reduction in travel
Costs;

¢ participants are more relaxed
and receptive by being in their
home country;

o the trainer can acquire first-
hand knowledge of the situation
and the requirements of the
trainees.

The disadvantages are:

* it may not be easy for parti-
cipants to get away from the
pressures of their routine work;

o trainees do not receive first-
hand knowledge of another
country’s organisation to enable
them to compare and contrast
systems.

The arguments for and against
going overseas are more or less the
opposite of the above.

In the second option, the
argument for training a small
number of the best personnel
rather than attempting to bring all
to a common level simultaneously
seems compelling. The people with
a lower educational level can then
pass on their knowledge and skills
in their own country at a slower
pace and, if required, in their
native tongue.

The third option of bringing
together several countries in a
location close to all and bringing
out the provider represents a
compromise which could keep
costs down while improving
availability.

Funding

For most developing countries the
cost of sending personnel overseas
or of drafting in a trainer or
trainers is the major stumbling



block to progress. There are
organisations which have funds
available for such use: the World
Bank, agencies of the United
Nations and overseas aid agencies
in individual countries. The process
of receiving funding, from initial
application to receipt of grant, is
generally quite long; it is therefore
essential to plan ahead and
anticipate the level of expenditure
in order to make an early bid.

4 Future trends

In countries with long histories of
legal metrology the infrastructure
has always ranked alongside
provision of policing and other
community services. Traditionally
these functions have been carried
out by central or local government
personnel employed  directly.
In recent years there has been
a significant move away from
directly-employed labour towards
contracting out functions to the
private sector, with local or central
governments setting the standards
and meeting the costs.

There is also evidence of a
splitting up of the various roles in
legal metrology work to permit less
qualified people to assume some of
the work, resulting in fragmenta-
tion and decreasing coordination.
Some benefits of a common and
minimum level of competence are
being lost but savings in staff costs
may be obtained.

Another significant move in the
last 10 years has been the intro-
duction of strict “quality” methods
and procedures from industrial
manufacturing and metrology into
legal metrology. The impact of
third party accreditation on the
providers of measuring equipment
and the users has not yet been fully
felt.

It is uncertain where legal
metrology will be in the future; an
educated or inspired guess should
be made, with training designed
with regard to that guess. The view
of the OIML was determined
recently, resulting in the publica-
tion of a document on the long-
term policy of the Organisation.

Quality systems will play an
increasing role in legal metrology
and the trend towards empowering
organisations to operate independ-
ently within an enforced frame-
work will continue. This suggests
that the legal metrology enforce-
ment practitioner of the future may
be 50 % quality auditor and 50 %
metrologist.

The significant increase in the
use of high technology, particularly
software and the integration of
measuring with other functions
such as stock control etc. has made
it much more difficult for anyone
not directly involved with the
development of a piece of equip-
ment to be able to assess it. The
indications are that proof of
integrity will be sought within the
quality control systems of the
organisations concerned.
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5 Conclusions

First and perhaps most importantly
this paper recommends a system-
atic, rational and planned ap-
proach to determine the require-
ments and implementation of a
training programme. The steps are
generally:

¢ to define the task in the context
of the existing or planned legal
metrological regime;

o to select a provider(s) to
ensure best effectiveness
and efficiency;

¢ to plan well ahead to make sure
funding is available in time;

¢ to carry through the
programme; and

e to assess the results and
implement any spin-off.

Secondly, as part of the task
definition, it will be necessary to
anticipate the future. Otherwise,
there is the risk that what has been
learnt will quickly become obsoles-
cent. To minimise the risk the best
approach is to select the skills and
knowledge with the broadest pos-
sible applicability.

Lastly, it should be remembered
that the acquisition of training is
an investment analogous to in-
vesting in a piece of equipment.
Appropriateness, cost, and longev-
ity all play roles in the skills im-
parted to staff; training must there-
fore be recognised as an asset. M
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Metrological cooperation
for a workshop on
controlling prepackages

The German Academy of Metrology
(DAM) collaborates with the
Physikalisch-Technische ~Bundes-
anstalt (PTB) and the Organisation
Internationale de Métrologie Légale
(OIML) in technical cooperation
projects. Following the success of
the workshop “Volume Determina-
tion of Fixed Storage Tanks” that
took place in Munich in 1995, a
workshop entitled “Checking the
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net content in prepackages” was
held in Munich, 2-10 May 1996
and was jointly organized by PTB,
DAM and OIML.

The main objective of this
workshop was to familiarize in-
spectors of national legal metrology
services with regulations, meas-
uring principles and statistical
methods and test procedures re-
garding prepackages (OIML and
EC requirements for net content
and labelling of prepackages).

Lectures on measuring prin-
ciples, measuring and statistical
methods, types of measuring
instruments to be used, inter-

national, EC and German rules, as
well as practical work at the veri-
fication office and on site (with
importers and manufacturers) pro-
vided an excellent opportunity for
participants to become acquainted
with most of the metrological
aspects of prepackage controls.

The teaching staff was com-
posed of specialists from PTB,
OIML and DAM who were ready to
discuss problems the participants
may face in their countries. In
addition, manufacturers of non-
automatic weighing instruments
presented their software for pre-
package controls.

Participants of the workshop “Checking the net content in prepackages”, which was held 2-10 May 1996 in Munich (from left to right):
Dr. Wallerus, DAM - Mr. Vichenkov, BIML - Mr. Rank, DAM - Mr. Noorma, Estonia - Mr. Brus, Slovenia - Mr. Schmalhofer, Hungary -
Dr. Nguyen, Vietnam - Mr. Ramful, Mauritius - Dr. Geller, LMG - Mr. Kamau, Kenya - Mrs. Lisowska, Poland - Mr. Muryanto, Indonesia -
Mr. Dimitrov, Bulgaria - Mrs. Bouaziz, Tunisia - Mr. Popa, Romania - Ms. Habaybeh, Jordania - Mr. Sinyangwe, Zambia - Mr. Sambanthan,
Malaysia - Mr. Jiang, China - Mr. Teklehaimnot, Ethiopia - Mr. Dervishi, Albania - Mr. Tedla, Eritrea - Mr. Er, Turkey - Mr. Breuer, LMG -
Mrs. Kuzmanovska, Macedonia - Dr. Bencic, Croatia - Mr. Gaba, Czech Republic.
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Workshop participants gain practical experience for checking prepackages.

Participants were selected from
countries already having legal re-
quirements for prepackages or
starting work in this field, with the
number being limited to 22 in
order to ensure an effective per-
formance, particularly regarding
the practical part of the workshop.

The participants, who expressed
that the knowledge gained at the
workshop would be very useful for
upgrading the quantity and quality
of prepackage controls in their
countries, represented the follow-
ing countries: Albania, Bulgaria,
China, Croatia, Czech Rep.,
Eritrea, Estonia, Ethiopia, Hun-
gary, Indonesia, Jordania, Kenya,
Macedonia, Malaysia, Mauritius,
Poland, Romania, Slovenia, Tu-
nisia, Turkey, Vietnam and Zambia.

The DAM also organized a
welcome dinner, a Bavarian
evening, and a city tour in Munich.
BIML expresses its thanks to the
organizers, and in particular: Dr
Seiler, Head of the technical
cooperation group in PTB, Dr
Wallerus, Director of DAM, Mr
Breuer, Director of the Bavarian
Central Verification Office, and
Messrs Geller, Hempel, Eggers,
Seidl, Rutte, Luy and Rank, and
Mrs Schréter, for the quality of this
workshop.

Official welcome
Presentation of the workshop concept

Introduction of participants
and lecturers

Tasks and activities of the
OIML Development Council

Legal metrology in Germany
and Europe

Basic statistics: statistical
distributions, mean value, standard
deviation, confidence interval, basis
requirements for statistical tests

Prepackages

Labelling of prepackages

Workshop program

o Motives for the introduction
of regulations regarding
prepackages

o Prepackages as part of
our legal system

o Infrastructure of legal metrology
in Germany

o Enforcement bases (checks, fees;
punishment of offenses)

o Bases, definitions
o Legal bases in Germany and EC
¢ OIML Recommendation

o Net contents, basic price,
information by the manufacturer

o EC marking

o Differences between German
regulations, EC regulations and
OIML Recommendations
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Requirements for net contents: length,
base, number of pieces, mass, volume,
varying nominal quantity

Test methods, sampling schemes:
operating characteristic, single
sampling scheme / double sampling
scheme

Prepackage control by public
authorities, checking of
prepackages in trade
o With the importer
e With the manufacturer
(commodities are taken out of stock,
out of production)

Measuring containers / test
by templates

Determination of density
o By using displacement method for
lacquers, bottle used as pycnometer,
metal pycnometer, glass pycnometer,
densimeter, DMA (flexural mode
method)

o Determination of density of aerosols
Determination of density (practice)

Interval controls by the manufacturer
e Obligation to keep records

o Suitable measuring instruments
Prepackage control with an importer

Prepackage control at 2 breweries
o Taking of commodities
out of production
e Checking of records

Prepackage controls at
the Munich Verification Office
Test of commodities:
¢ bottles filled with wine, beer or
mineral water
¢ solid commodity (e.g. noodles)
o sour canned goods (determination
of drip weight)

Discussion on prepackage controls
Presentation of weighing instruments
and software for prepackage control
with practical lectures

Presentation of weighing instruments
and software for prepackage control
with practical lectures

OIML: introduction into the
tasks of OIML, relevant OIML
recommendations, members,
documents

Evaluation and official farewell
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TC 9

Instruments for
measuring mass
and density

Secretariat: U.S.A.

The Physikalisch-Technische Bun-
desanstalt hosted a meeting of
OIML TC 9 which was held 20-22
May 1996 in Braunschweig.

Chairman: Mr O. Warnlof, U.S.A.

Participation: 30 delegates repres-
enting 13 P-member countries and
CECIP; Ph. Degavre, BIML.

Main points

e Load cells: draft revision of
OIML R 60

A draft revision of OIML R 60
was distributed in Feb. 1996
with 11 countries or organiza-
tions (CECIP) sending their
votes and comments on this
draft during spring 1996. The
main objectives of the meeting
was to discuss these comments,
together with the replies of the
secretariat, and to analyze the
problems that were encoun-
tered in the draft with particu-
lar regard to the following:

— the reference line of the error
envelope;

cells are tested for the type
evaluation of the entire
family; interpolation and
extrapolation rules must be
explained for clarification;

- additional  classifications
characterizing load cells used
in multi-interval and multiple
range nonautomatic weighing
instruments;

- revision of humidity testing
for harmonizing and clari-
fying purposes (in particular
for load cells marked NH that
are used as module in non-
automatic weighing instru-
ments conforming to OIML
R 76 in which a humidity test
is required).

* A clear majority of the repres-

entatives present at the meeting
was obtained for a short draft
Amendment to OIML R 60 con-

cerning urgent changes that are
needed for harmonizing labor-
atory practices in testing load
cells, particularly for applying
the OIML Certificate System.
The text of this draft Amend-
ment is expected to be edited by
a small group of volunteering
countries coordinated by Can-
ada, and then transmitted to the
secretariat. By the end of June
1996, the draft will be circu-
lated for comments and votes
with the objective of submis-
sion to a CIML vote next year.

This meeting was chaired by
Otto Warnlof, who informed the
international working group of
his intention to retire soon. We
therefore take this opportunity
to thank our colleague who
become a friend for everyone
and who participated actively or
chaired so many OIML meet-
ings that a complete article

- the definition of a family of
load cells; only certain load

Otto Warnloff, Technical Advisor for the Office of Standards Services at NIST (USA)
chairs his last OIML meeting (TC 9) before taking his retirement after more than 20 years
of active participation in OIML activities.
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would be needed for giving this
history. During more than
twenty years, he collaborated
within OIML technical struc-
tures and served legal metro-
logy in various fields. Be sure,
Otto, that we will miss you,
with your competence, your
friendship, and your humor. We
wish you a happy retirement.

Contact information:

Mr Otto WARNLOF

Technical Advisor

Office of Standards Services
Building 417, Room 121
National Institute of Standards
and Technology

Gaithersburg, Maryland 20899
United States of America

Tel: 1-301-975 40 26
Fax: 1-301-963 28 71

TC9

Instruments de mesure
des masses et masses
volumiques

Secrétariat: Etats-Unis
d’Amérique

Sur invitation de la Physikalisch-
Technische Bundesanstalt, le comité
technique OIML TC 9 a tenu une
réunion 2 Braunschweig du 20 au
22 mai 1996.

Président: M. O. Warnlof, Etats-
Unis d'Amérique

Participation: 30 délégués repré-
sentant 13 pays membres-P et le
CECIP; Ph. Degavre, BIML.

Points principaux

Cellules de pesée: projet de
révision de OIML R 60

Un projet de révision de OIML
R 60 avait été distribué en
février 1996; onze pays et
organisations (CECIP) avaient
envoyé leurs votes et commen-
taires sur ce projet au prin-
temps 1996. Les principaux
objectifs de cette réunion
étaient la discussion de ces
commentaires et des réponses
du secrétariat, ainsi que I'ana-
lyse des problemes rencontrés a
la lecture de ce projet, en
particulier en ce qui concerne
les points suivants:

- la droite de référence de
I'enveloppe d’erreur;

— la définition d'une famille de
cellules de pesée; seulement
certaines cellules de pesée
sont essayées lors de I'évalua-
tion de modele de la famille
toute entiére; des régles
d’interpolation et d’extrapola-
tion doivent étre expliquées
en vue d'une clarification;

- des classifications supplé-
mentaires caractéristiques
des cellules de pesée utilisées
dans des instruments de pe-
sage a fonctionnement non
automatique a échelons mul-
tiples et a étendues multiples;

— révision des essais d’humidité
dans un but de clarification
et d’harmonisation (en parti-
culier pour les cellules de
pesée marquées NH qui sont
utilisées comme module dans
des instruments de pesage a
fonctionnement non automa-
tique conformes a la Recom-
mandation OIML R 76 dans
laquelle un essai d’humidité
est requis).

Une nette majorité des repré-
sentants présents a la réunion a

update

été obtenue pour un court
projet d’Amendement & OIML
R 76 relatif a des modifications
urgentes nécessaires pour har-
moniser les pratiques des labo-
ratoires pour l'essai des cellules
de pesée, en particulier pour
I'application du Systeme de
Certificats OIML. Un petit
groupe de pays volontaires co-
ordonnés par le Canada va
éditer le texte de ce projet
d’Amendement et le transmettra
ensuite au secrétariat; le projet
sera alors distribué fin juin
1996 pour commentaires et
votes avec pour objectif sa
soumission au CIML l'année
prochaine.

o Cette réunion a été présidée par
Otto Warnlof qui a informé le
groupe de travail international
de son intention de bient6t
prendre sa retraite. Nous pro-
fitons donc de cette opportunité
pour remercier notre collegue
qui était devenu un ami pour
tous et qui a participé a de si
nombreuses réunions OIML, ou
les a présidées, qu'il faudrait un
article complet pour écrire cette
histoire. Pendant plus de vingt
ans, il a collaboré au sein des
structures techniques de 'OIML
et a servi la métrologie 1égale
dans de nombreux domaines.
Sois certain, Otto, que tu nous
manqueras, avec ta compé-
tence, ta gentillesse et ton
humour. Nous te souhaitons
une heureuse retraite.

Contact pour information:

M. Otto WARNLOF

Technical Advisor

Office of Standards Services
Building 417, Room 121
National Institute of Standards
and Technology

Gaithersburg, Maryland 20899
Etats-Unis d'Amérique

Tél: 1-301-975 40 26
Fax: 1-301-963 28 71
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Automatic weighing
instruments

A 2nd CD should be prepared
by the secretariat within three
months. Another meeting is
expected to be organized for
obtaining a general consensus,
at least on the principles of this

Secretariat: United Kingdom

The Physikalisch-Technische Bun-
desanstalt hosted a meeting of
OIML TC 9/SC 2 which was held
22-24 May 1996 in Braunschweig.

Chairman: Mr I. Dunmill, NWML

Participation: 31 delegates repres-
enting 15 P-member countries and
CECIP; Ph. Degavre, BIML.

Main points

e In-motion road vehicle
weighing instruments - first
committee draft

The 1st committee draft taking
into account the decisions taken
during the last meeting in Paris
was circulated in Feb. 1996.
Twelve countries and CECIP
made comments; the secretariat

Recommendation.

Contact information:

Mr I. Dunmill

National Weights and Measures
Laboratory

Stanton Avenue

Teddington, Middlesex TW 11 OJZ
United Kingdom

Tel: 44 81 943 72 74
Fax: 44 819437270

TC 9/5C 2

Instruments de pesage a
fonctionnement
automatique

Secrétariat: Royaume-Uni

circulated them with his replies;
the main points discussed
during the meeting were:

- Scope of Recommendation

- Maximum permissible errors
for weighing-in-motion (total
vehicle weight, axle and/or
axle group weights)

— Definition of references and
requirements for the applica-
tion of maximum permissible
eITors

- Minimum capacity, minimum
axle load or axle group load
depending on the scale inter-
val and the error regime

— Test procedures (particularly
reference vehicles to be used
for in-motion tests)

Sur invitation de la Physikalisch-
Technische Bundesanstalt, le sous-
comité technique OIML TC 9/SC 2
a tenu une réunion a Braunschweig
du 22 au 24 mai 1996.

Président: M. I. Dunmill, NWML

Participation: 31 délégués repré-
sentant 15 pays membres-P et le
CECIP; Ph. Degavre, BIML.

Points principaux

Instruments pour le pesage en
mouvement des  véhicules
routiers — premier projet de
comité

OIML BULLETIN VOLUME XXXVII « NUMBER 3 « JuLY 1996

Le premier projet de comité
tenant compte des décisions
prises lors de la derniére ré-
union a Paris avait été distribué
en février 1996. Douze pays et
le CECIP ont envoyé leurs
commentaires. Le secrétariat
les a distribués avec ses ré-
ponses; les points principaux
discutés pendant la réunion
étaient:

— Objet de la Recommandation

- Erreurs maximales tolérées
pour le pesage en mouvement
(poids total du véhicule,
poids des essieux et/ou des
groupes d'essieux

- Définitions des références et
des exigences pour l'applica-
tion des erreurs maximales
tolérées

- La capacité minimale, la
charge minimale des essieux
ou des groupes d’essieux en
fonction de I'échelon et des
régimes d'erreur

— Procédures d’essai (en parti-
culier les véhicules de réfé-
rence a utiliser lors des essais
en mouvement)

Un deuxiéme projet de comité
sera préparé par le secrétariat
dans les trois mois. Une autre
réunion sera nécessaire afin
d’obtenir un consensus général,
au moins sur les principes de

cette Recommandation.

Contact pour information:

M. I. Dunmill

National Weights and Measures
Laboratory

Stanton Avenue

Teddington, Middlesex TW 11 OJZ
United Kingdom

Tél: 44 81 943 72 74
Fax: 44 81 94372 70



REGISTERED OIML CERTIFICATES
1996.03

This list is classified by issuing
authority; updated information

on these authorities may be > Issuing authority
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- CERTIFICATS OIML ENREGISTRES
- 1996.05

For each Member State,

I Autorité de délivrance B
certificates are numbered in

obtained from BIML.

Certe liste est classée par autorité Germany

Physika]ischl-Technische Bundesanstalt (PTB),

the order of their issue
(renumbered annually).

de délivrance; les informations iR
a jour relatives @ ces autorités R 76/1992 - DE - 93.01

sont disponibles aupres du BIML. I:Sartorius AG

A BA 2 A B
OIML Recommendation ap- E U5, B3 2.

plicable within the System /

Weender Landstrafie 94-108, D-37075 Géttingen, Germany

Pour chaque Etat Membre, les
certificats sont numéroiés par
ordre de délivrance (cette
numérotation est annuelle).

Year of issue

Year of publication

Recommandation OIML ap-
plicable dans le cadre du
Systéme / Année d'édition

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

INSTRUMENT CATEGORY
CATEGORIE D'INSTRUMENT

Load cells
Cellules de pesée

R 60 (1991), Annex A (1993)

Issuing Authority / Autorité de délivrance

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

R60/1991-FR-96.01
Scaime S.A., Le bois de Juvigny, B.P. 501, 74105 Annemasse,
France

Année de délivrance

The code (ISO) of the
Member State in which the
certificate was issued.

Le code (1SO) indicatif de
I'Etat Membre ayant délivré
le certificat.

Cellules de pesée a jauges de contrainte Scaime types AGI C1,5 NH
et AG2,5 C2 NH (Classe C)

»  Issuing Authority / Autorité de délivrance

National Weights and Measures Laboratory (NWML),
United Kingdom

R60/1991-GB-96.01
GEC Avery Ltd., Foundry Lane, Smethwick, Warley, West
Midlands, B66 2LP, Great Britain

Load Cell Model No Avery T110 (Class C)
R60/1991-GB-96.02

Transdutec S.A., C/ Joan Mir6 11, 08930 - Sant Adria de Besés,
Barcelona, Spain

Load Cell Model No Transdutec S.A TPP-1 (Class C)
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Issuing Authority / Autorité de délivrance

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

R60/1991-NL-95.17
Precision Transducers Ltd., 7 Marken Place, Glenfield, Auckland
10, New Zealand

HPC (Classes C and D)

R60/1991-NL-95.18
HBM Inc., 19 Bartlett Street, Marlboro, MA 01752, USA

RSC (Classes C and D)

R60/1991-NL-96.01
Gefran Sensori, Via Statale Sebina 74, 25050 Provaglio D'Iseo
(BS), Italy

OD (Classes C and D)

R60/1991-NL-96.02
ADOS S.r.l., Via Lazlo, 25, 20090 Buccinasco, Milan, Italy

TBX ... (Classes C and D)

INSTRUMENT CATEGORY
CATEGORIE D'INSTRUMENT

Nonautomatic weighing instruments
Instruments de pesage a fonctionnement
non automatique

R 76-1 (1992), R 76-2 (1993)

b Issuing Authority / Autorité de délivrance

Office Fédéral de Métrologie, Switzerland

R76/1992-CH-96.01
Haenni & Co. Ltd., CH-3303 Jegenstorf, Switzerland

Nonautomatic mechanical wheel load weighing instrument type
WL 101 (Class IIII)

Issuing Authority / Autorité de délivrance

Physikalisch-Technische Bundesanstalt (PTB),
Germany

R76/1992-DE-94.02 Rev. 1
Soehnle-Waagen GmbH + Co., Fornsbacher Strafle 27-35,
D-71540 Murrhardt, Germany

Nonautomatic electromechanical weighing instrument types
§20-2740, S20-2760 and S20-2761 (Classes I1I and II1I)

R76/1992-DE-95.01 Rev. 1
Sartorius A.G., Weender LandstraRe 94-108, D-37075 Gottingen,
Germany

DI BC 200 and DI BE 211 (Class 1I)
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Issuing Authority / Autorité de délivrance

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

R76/1992-NL-94.09 Rev. 1
Mettler-Toledo A.G., Im Langacher, 8606 Greifensee, Switzerland

SR and SG (Classes II and I1I)

R76/1992-NL-95.26 Rev. 1
Teraoka Seiko Co., Ltd., 12-13 Kugahara, 5-Chome, Otha-ku,
Tokyo 146, Japan

DPS-3600 (Class III)

R76/1992-NL-95.28 Rev. 1
A&D Instruments Ltd., Abingdon Science Park, Abingdon,
Oxford, OX 14 3YS Great Britain

HF-EC (Class II)

R76/1992-NL-95.29 Rev. 1
Teraoka Seiko Co., Ltd., 12-13 Kugahara, 5-Chome, Otha-ku,
Tokyo 146, Japan

FX-3600 (Class I1I)

R76/1992-NL-95.30 Rev. 1
A&D Instruments Ltd., Abingdon Science Park, Abingdon,
Oxford, OX 14 3YS Great Britain

HR-EC (Class I)

R76/1992-NL-95.31
Teraoka Seiko Co., Ltd., 12-13 Kugahara, 5-Chome, Otha-ku,
Tokyo 146, Japan

DS-580 H (Class I11)

R76/1992-NL-95.32
Mettler-Toledo Inc., 1150 Dearborn Drive, Worthington,
OH 43085-6712, USA

Lynx (Classes 111 and 1111)

R76/1992-NL-95.33 Rev. 1
Teraoka Seiko Co., Ltd., 12-13 Kugahara, 5-Chome, Otha-ku,
Tokyo 146, Japan

SM-25.. (Class III)

R76/1992-NL-95.34
Avery Berkel, Foundry Lane, Smethwick, West Midlands,
B66 2LP Great Britain

1 <6000 or n < 3000 per partial weighing range, maximum of two
partial weighing ranges: 6 kg < Max <30 kg, e > 1 g (Class I11)

R76/1992-NL-96.01
Teraoka Seiko Co., Ltd., 12-13 Kugahara, 5-Chome, Otha-ku,
Tokyo 146, Japan

SM-80 B and SM-80 P (Class III)



R 120

R51-1

R51-2

D24

NEW PUBLICATIONS
NOUVELLES PUBLICATIONS

Standard capacity measures for testing measuring systems

for liquids other than water

Mesures de capacité étalons pour lessai des ensembles de mesurage
de liquides autres que ['eau

Automatic catchweighing instruments.

Part 1: Metrological and technical requirements - Tests

Instruments de pesage trieurs-étiqueteurs a fonctionnement automatique
Partie I: Exigences métrologiquies et techniques — Essais

Automatic catchweighing instruments. Part 2: Test report format
Version francaise non encore disponible

Total radiation pyrometers
Pyrométres a radiation totale

update

ORGANISATION

INTERNATIONALE
DE METROLOGIE LEGALE

@ INTERNATIONAL RECOMMENDATION

Automalc calchweighing imir
Part 1: Metrological and fechni

OIMLR 51-1

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, rue Turgot - 75009 Paris - France

Bibliography

Which SI?

J. Magn. Magn. Mater. (Netherlands),
vol. 149, no. 1-2, p.57-9 (Aug. 1995).

The New Approach - Legislation and
Standards on the Free Movement of
Goods in Europe

Comité Européen de Normalisation
(CEN)

Rue de Stassart 36

B-1050 Brussels

Fax: (32)2-519-68-19

(Seventh International Conference
on Magnetic Fluids, Bhavnagar,
India, 7-14 Jan. 1995).

Influences of humidity and moisture
on the long-term stability of
piezoresistive pressure sensors

A. Nakladal, K. Sager, G. Gerlach

Fax: 33142821727

(Inst. of Precision Eng., Tech.
University of Dresden, Germany).
Measurement (Netherlands), vol. 16,
no. 1, p. 21-9 (Sept. 1995).

Fluids and Process

Technologies (1996)

National Engineering Laboratory
(NEL)

East Kilbride

Glasgow, G75 0QU, United Kingdom

Fax: (44) 1355 272946

Committee drafts received by BIML

March 1996-May 1996

Stage of Title TC/SC Secretariat
development
3CD Revision R 81: Dynamic measuring devices TC8/SC6 U.SA.

and systems for cryogenic liquids
1CD In-motion road vehicle weighing instruments TC9/SC2 UK.
2CD Multi-dimensional measuring instruments TC7/SC5 Australia
2CD Revision R 99: Instruments for measuring vehicle TC 16/SC 1 Netherlands

exhaust emissions
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Metrology

(@‘& Serving
W /Ly Economic
Development

The second seminar on the topic

of “Metrology Serving Economic
Development” was organized by the
Economic Commission for Europe
of the United Nations, Slovak Office
of Standards, Metrology and Testing
and co-sponsored by OIML.

The seminar was held 22-26 April
1996 in Piestany (Slovakia) and was
attended by senior managers from
national institutions of metrology
and standardization of nine
countries “in transition

to market economy”.

The objective of the event was to
address the tasks of metrology in a
market economy, including matters
of legal, applied and scientific
metrology, traceability, calibration,
testing and accreditation.

Lectures were submitted by
leading representatives of Euro-
pean organizations: WELMEC,
EUROMET, EAL, EUROLAB, as
well as national metrology services
of Finland, France, Russia and
Slovakia. The representative from
BIML gave a lecture on recent
OIML and national legal metrology
developments and cooperation
with regional and international
organizations.

The growing role of metrology
and related disciplines were high-

lighted at the seminar, with parti-
cipants elaborating a recommenda-
tion for UN/ECE and other institu-
tions to promote the organization
of metrology seminars in the
future.

In addition to the seminar, visits
to the Technical Testing Centre in
Piestany and to the Slovak Metro-
logical Institute in Bratislava were
organized for participants.

Proposed topics for upcoming
seminars are intercomparisons,
traceability and accreditation,
among others. This recommenda-
tion was submitted to the session
of the UN/ECE working party on
technical harmonization and stand-
ardization policies, which was held
in May 1996 in Geneva (see below).

The participants noted the high
professional level of the lectures
and the usefulness of the seminar
and expressed gratitude to its

organizers. |
% N Working Party
g I/V on Technical
=L Harmonization
and Standardization

Policies

The sixth session of the Working
Party on Standardization Policies of
the United Nations Economic
Commission for Europe (UN/ECE)
was held 13-15 May 1996 in the
Palais des Nations, Geneva.

OIML BurLeTiN Vorume XXXVII « NUMBER 3 » JuLy 1996

The meeting was attended by
senior representatives of national
standardization and metrology
bodies from 19 countries and
BIML, ISO, IEC, WTO, EUROMET,
CEN, EUROLAB, ETSI. The
principal items of the agenda
covered developments in the field
of standardization and related
activities at international, regional
and national levels, matters of
conformity assessment, harmoniza-
tion and coordination in imple-
menting the ECE recommenda-
tions and metrological aspects in
testing.

A report on OIML main
activities was given to inform the
working party of the development
of International Recommendations,
certification, international co-
operation, assistance to developing
countries, seminars and publica-
tions. OIML co-sponsored two
seminars of UN/ECE on “Metrology
serving economic development”
held in Paris (1995) and in Piestany
(1996).

The Working Party endorsed
the organization of two further
seminars on intercomparisons,
traceability, determination of un-
certainty and accreditation of calib-
ration laboratories. These seminars
may be held in 1997 in Russia and
in Hungary and would be co-
sponsored by European and inter-
national organizations in metro-
logy, testing and accreditation.

The general work program for
1996-2000, which comprises as-
pects of metrology relevant to
testing activities, was approved. M



WELMEC

European cooperation in legal metrology

A useful Directory
containing up-to-date
details of all key legal
metrology supervisory
and enforcement
personnel in eighteen
European and EFTA
Countries is now
available.

The Directory, with over
140 pages of invaluable
information, gives a
fascinating insight into the
application of European
legal metrology controls,
structures and sanctions

and should prove to be an
informative reference tool.
Each of the countries
referred to in the Directory
is a member of WELMEC
European cooperation in
legal metrology.

The Directory will be

of interest not only to
countries within the
European Union and EFTA
but will also benefit those
external to the EEA,
including government,
regional and local authority
agencies involved in legal
metrology control and
regulation; weighing and
measuring equipment
companies; retailers,

Now available:

update

» EUROPEAN LEGAL
METROLOGY DIRECTORY

Researched by the Local Authorities
Coordinating Body on Food and Trading
Standards (LACOTS) in the UK, produced

in association with WELMEC, and sponsored
by the European Commission and the

European Free Trade Association (EFTA).

manufacturers and
consumer organisations.

The Directory also
includes key legal
metrology supervisory
and enforcement contacts
in each of the countries in
the European Economic
Area and Switzerland.

» Language: English

» Cost: £50 sterling
(inclusive of postage
and packaging)

For further details please contact LACOTS

PO Box 6, 1A Robert Street, Croydon, CR9 ILG, United Kingdom
Tel: (44) 181-688 1996 Fax: (44) 181-680 1509
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September 1996
4-5 TC8/SC5 GLASGOW, UK.

Water meters

October 1996

2-4  OIML workshop: Practical fest procedures
for classes E, to M, weights

BORAS, SWEDEN

28-30 TC7/SC5 GAITHERSBURG, U.S.A.

Dimensional measuring instruments

November 1996
4-8 Tenth Infernational Conference VANCOUVER, CANADA
of legal Mefrology
31st CIML meeting
Development Council meeting
7 Round fable “Accreditation in legal metrology”
March 1997

10-12  TC8/SC7 BRUSSELS, BELGIUM

Gas metering

October 1997
10 T1C13 JAPAN
t Measuring insfruments for acoustics and vibration

OIML WELCOMES ITS NEW MEMBERS

Corresponding Members

Latvia
Papua New Guinea
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15th IMEKO TC 3
International Conference

Accuracy, Assurance
in Force, Torque and Mass
Measurements

Basic metrology to industrial
applications

The 15th Imeko TC 3 International
Conference on Force and Mass
Measurements will be held in Madrid
(Spain) in October 1996. This event
is a good opportunity for an
exchange of information, a
comparison of experiences and a
meeting with old and new friends
working in the field of force, mass
and torque measurements.

Organized by:

e TC 3 IMEKO Technical Committee
“Measurement of Force and Mass”

* CEM - Centro Espafiol de
Metrologia

e MINER - Ministerio de Industria
y Energia

Scope of the Conference

Scientists, technicians and specialists
from industry and research centres
related with force, mass and torque
can exchange knowledge and experi-
ences through the conference, poster
session and specific exhibitions of
measuring instruments. The Confer-
ence will put emphasis on accuracy,
assurance in force, and torque and
mass measurements from basic met-
rology to industrial applications.

Contact information:

Centro Espaiiol de Metrologia
C/ Alfarn® 2

28760 Tres Cantos (Madrid)

Tel: 34-1-807 47 00
Fax: 34-1-807 48 07



ORGANISATION INTERNATIONALE DE METROLOGIE LEGALE
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IIM]1. BULLETIN

CALL FOR PAPERS

The OIML Bulletin is a forum for the publication of technical papers and diverse articles addressing metro-
logical advances in trade, health, environment and safety - fields in which the credibility of measurement
remains a challenging priority. The Editors of the Bulletin encourage the submission of articles covering topics
such as national, regional and international activities in metrology and related fields, evaluation procedures,
accreditation and certification, and measuring techniques and instrumentation.

Authors are requested to submit a double-spaced, titled manuscript and accompanying visual materials
(photos, illustrations, slides, etc.), together with a disk copy in one of the following formats: WordPerfect 5.1,
ASKII MS-DOS, Word 6.0 (or previous versions for PC), or Quark XPress for Macintosh. Authors are also
requested to send a passport-size, black and white identity photo for publication. Papers selected for
publication will be remunerated at the rate of 150 FRF per printed page, provided that they have not already
been published in other journals. The Editors reserve the right to edit contributions for style and space
restrictions.

Please send submissions to:

Bureau International de Métrologie Légale
11, rue Turgot - F-75009 Paris - France






