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REPUBLIQUE FEDERALE D’ALLEMAGNE

MOBILE EQUIPMENT for the VERIFICATION
of WEIGHBRIDGES up to 50 TONNES ~

by Dipl.-Ing. (FH) Walter LUDWIG
Eichdirektion Rheinland-Pfalz
D-6550 Bad Kreuznach

SUMMARY — Since 1981, a special-purpose vehicle for testing and verification of weigh-
bridges has been on duty at the verification authority of Rheinland-Pfalz, a state of the
Federal Republic of Germany.

This vehicle was conceived in such a way, that the test can be carried out either according
to the " substitution step method " or according to the " full standard weights method ”’
(in latter case only for a maximum capacity of 37 tonnes).

Special auxiliary equipment enables the driver to place the whole load of 50 tonnes also
on short platforms of 8.5 m length and more.

The vehicle consists of a lorry (26 t) and a trailer (24 t). The trailer is adjusted as
standard weight and is being verified regularly by the means of a weighbridge with a capacity
of 30 tonnes and a sensitivity of 0.1 kg, which was installed mainly for this purpose.

Advantages of and necessity for mobile equipment for testing and verification of road
weighbridges

In connection with testing and verification of weighbridges there have been again
and again great difficulties in providing proper means to attain the maximum capacity
of the weighbridge. For many years mobile equipment — in the form of special purpose
vehicles in different versions — has been in use in many countries for testing of
road weighbridges. Some of these vehicles are equipped with water-tanks, to be filled
on-site.

Due to the increase in the number of weighbridges with a maximum capacity of
50 t, especially of direct reading and recording scales, the verification authority of
Rheinland-Pfalz was convinced that at that time, about 10 years ago, an own mobile
equipment would be profitable. About 850 weighbridges with a maximum capacity
of 20 t or more had to be verified in our district every three years.

During the projecting stage, we tried to identify the advantages as well as the
disadvantages of those vehicles, which were in use at that time in the Federal Republic
of Germany. We found that the following conditions should be fulfilled by our vehicle :

1. Total weight 50 tonnes
2. The maximum load of standard weights should be as high as possible
3.

The vehicle must be equipped with a device which allows to load or unload the
mass standards as quickly as possible

* Lecture presented at the 9th International Symposium on Metrology — INSYMET '88 —, Bra-
tislava, CSSR, on 6 September 1988.
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4. The form and the size of a mass standard must allow easy handling on the ground
without any device

5. The trailer itself should serve as standard weight and it should be possible to
split up its total weight if necessary

6. It must be possible to apply all testing methods according to our testing and
verification instructions for scales

7. It should be possible that the total load, i.e. the whole vehicle of 50 t, can be
positioned on even short bridges of a length of 10 m or less

8. The driver should have independent means of transportation, for example a motor-
cycle temporarily attached to the vehicle.

Some of these conditions were the consequence of the new testing and verification
instructions for scales, which became effective in 1980 [1]. They prescribe exactly
which conditions have to be fulfilled with regard to the repeatability of scales in
order to apply a certain testing method. In any case of testing a truck scale, a mobile
load is absolutely necessary.

The substitution method with more than one substitution step may not be used
unless the repeatability is satisfactory.

It was our desire to equip the vehicle in a way which would enable us to test a
weighbridge up to a maximum capacity of 50 t by means of only one substitution
step. In this case, only a part of the standard load had to be replaced once by an
unknown load, namely the empty tractor, during the testing operation.

By strictly following the. verification instructions, it would not be possible to
proceed with the test by means of a mobile equipment, when the lack of repeatability
exceeds a certain limit and more than one substitution step would be necessary to
determine the error at the maximum capacity test point. In this case, additional
standard load had to be transported to the spot despite the existence of a special
purpose vehicle ; otherwise it would be necessary to try to repair the weighing
machine and thereby reduce the deviations in the repeatability to an acceptable value
where the application of the substitution method with more than one step would
be possible.

Now | want to explain how we have realized all these basic requirements. It is
quite likely that the conception of our vehicle has been adopted by others in the
meantime.

The tractor

We looked for a tractor with a low empty weight, short axle base, high powered
motor and a solid construction for a total weight of considerably more than the 22 t
which are generally allowed by the German Road Traffic Regulations for a single
vehicle. We chose a Mercedes-Benz tractor type 2632 K 6x4, 235 kilowatt (320 HP],
empty weight 8.2 tonnes, big driver cabin including a sleeping berth (Fig. 1).

Due to the fact, that we did not limit the operational area to the staie of Rheinland-
Pfalz and the range of action would be quite large, a motorcycle was bought for official
use by the driver. This enables him to move around for other official tasks without
the tractor or without having to depend on the availability of public transportation.

When the loading crane and other accessories were mounted, we arrived at an emp-
ty weight of nearly 13 {, the additional load of standard weights is also 13 t. Therefore,
the total weight of the tractor is 26 t, which makes for a ratio of 1:1 between empty
weight of the tractor and the standard load. This means, that in exceptional cases
we are able to test smaller weighbridges with maximum capacities of less than 26 t
by means of the tractor combined with only one substitution step.

The 500 kg standard weights of cylindrical shape are made of cast iron. The
handling of those weights is quite easy, this allows to bring up the standard load on
the corners or on the sides of the bridge to execute eccentric tests very quickly
(Fig. 2).
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Fig. 1 — Mobile equipment for testing and verification of weighbridges
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Handling of 500 kg standard weights on the ground without any device

Fig. 2
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The driver can operate the loading crane in the rear of the tractor by remote
control, he therefore can change his position when required to have a clear view

and — if no assistant is present — he can attach the cylindrical weights to the hook
without help (Fig. 3).

i

Fig. 3 — Operation of the loading crane by remote control

The trailer

The trailer has 3 axles with an axle base between the first and the third axle
of 4 m. lts empty weight is 6.5 t and the additional load of standard weights is 17.5 t.
The total weight of the trailer is 24 t (Fig. 4).

If necessary, each half of the roof can be raised separately for loading or un-
loading the standard weights. This happens very rarely, though, because of the fact
that the ratio between empty weight of the tractor and its additional load is 1:1
which allows to carry out all substitution steps with the tractor and its standard load.
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Fig. 4 — Top view of the trailer with roof opened

Verification of the standard weights

The 500 kg standard weights, transported on the tractor, are tested and adjusted
after a 6 months period of use. The limit of error is 85 g. As a result of using the
weights almost everyday, a mass loss is occuring which may come up to 100 g within
one half year. Therefore, we adjust the mass to a value of about 30 g above the
nominal value.

There is practically no mass loss on the standard weights transported on the
trailer, because they have to be unloaded and rolled on the ground only in exceptional
cases. They are adjusted to their nominal value of 500 kg and therefore at any time
available for weighing machines with more than 5000 scale intervals which need to
be tested and verified by means of standard weights with tighter limits of error than
usual.

The working standard weights belonging to the mobile equipment are compared
with a 500 kg reference standard, made of stainless steel, by means of a drop-weight
balance with a scale division of 1 g and an ascertained standard deviation of about
1 g. The reference standard is calibrated and verified by the Physikalisch-Technische
Bundesanstalt in Braunschweig.
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The empty weight of the trailer is also used as a standard-weight and: adjusted
to a nominal value of 6500 kg exactly. We produce a verification certificate about
that in order to present it to weights and measure officials, if wanted, when the
vehicle is hired for use outside of Rheinland-Pfalz. The empty weight of the trailer is
calibrated by means of an indoor direct-reading truck scale equipped with a gyroscopic
transducer, especially installed for this purpose on the premises of the verification
authority at Bad Kreuznach. The maximum capacity is 30 t and one scale interval is
0.1 kg. The manufacturer of our truck scale is Wéhwa-Waagenbau, D-7114 Pfedelbach.

It is obvious, that the mass of the trailer changes due to dirt, wetness etc.
Therefore, we examine the total weight as often as possible. We have found, that
the total weight of the trailer in some cases has increased up to 12 kg above the full
nominal value of 24 000 kg due to dirt and wetness, but it did not deviate more than
2 kg when the trailer was clean and dry.

Truck scales with short bridges

There are scales installed with maximum capacities of 50 t and extremely short
bridges of only 10 m or even less. In these cases, special auxiliary equipment in
the form of hydraulic jacks placed behind the front wheels of the tractor and almost
in the middle of the trailer enables us to lift wheels off the ground to reduce the
distance between the points of support. In this way it is possible to place the total
weight of 50 t on a bridge of 8.5 m of length [Fig. 5 and 6].

Conclusions

The advantages of our mobile equipment can be summarized as follows :

— All weighbridges up to a maximum capacity of 50 t can be tested with.onrly one
additional substitution step,

— the standard weights located on the trailer can also be used for scales with more
than 5000 scale divisions, without adjusting and verifying other standard weights
needed for this purpose,

— the cylindrical shape of the standard weights provides for easy and safe handling
on the ground,

— the total amount of standard load in form of 500 kg pieces is 30.5 t,
— the total load of 50 t can be put on a bridge of only 8.5 m of length,

— the existence of a motorcycle makes the driver independent of the vehicle.

References
[1] Allgemeine Verwaltungsrichtlinien fir die Eichung von nichtselbsttitigen Waagen — Teil | und
Teil 11, vom 19.06.1980 (Ministerialblatt des Bundesministers der Finanzen und des Bundesministers

fir Wirtschaft, Seite 386)
Photographs D. Scheidt
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FRANCE

SURVEY of METHODS USED in EUROPE
for the VERIFICATION of LPG DISPENSERS *

by J. GOELLNER
Sous-direction de la Métrologie, Paris

SUMMARY — This paper reviews the results of an intercomparison of various LPG cali-
bration methods undertaken in 1982 within the framework of the European Community.

LPG dispensers located at four different places in Europe were calibrated with a mobile
piston prover and with one of the four following measuring systems: closed volumetric
prover (bombola), prover with double water displacement, single water displacement prover
and master meter.

RESUME — Cet exposé résume les résultats d'une intercomparaison de différentes mé-
thodes d’'étalonnage, entreprise en 1982 dans le cadre de la Communauté Europgenne.

Des distributeurs routiers de GPL installés & quatre endroits différents en Europe ont
été étalonnés en méme temps par un tube & piston et un des quatre moyens suivants:
jauge volumétrique fermée (bombola), jauge & double déplacement d’eau, jauge simple a
déplacement d'eau et compteur pilote**,

1 - Introduction

'With the appearance in Europe of an ever increasing population of LPG dispensers
most of the metrology services have found themselves confronted with the problem
of verifying these instruments and have developed or acquired verification equipment
which is suitable but often of very different design.

The very characteristics of LPG and the specificity of the dispensers for this
product make that the maiter is far from being finalized and that improvements can
be envisaged concerning the standards as well as the calibration methods. The great
number of presentations on this subject at this seminar is an additional illustration
of the interest for such calibration.

It therefore seems appropriate as an introduction to other presentations to make
a brief survey of some of the means used in Europe.

The values (numbers) contained in the present paper originate from the inter-
comparison made in 1982 within the framework of Community Bureau of References
(B.C.R.) of the Commission of the European Communities. These results were found
using rigorous methods but they are now more than five years old. It is therefore
necessary to-day to take into account the technical evolution of the equipment and
the appearance of new technologies. This presentation does therefore not pretend
to be a full survey but needs to be completed by the other papers presented and the
discussions.

(*) Presented at the OIML seminar on Calibration of Liquid Volume Measuring Installations, Arles,
France, 11-15 May 1987.

(**) Des copies de la version frangaise de cet exposé peuvent étre obtenues du BIML.
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Fig. 1 — Calibration by piston prover

2 - The B.C.R. intercomparison

The BCR intercomparison concerned five different types of equipment :
1} Piston prover
2) Closed prover (bombola)
3) Single water displacement prover
4) Prover with dual displacement of water
5) Master meter

The piston prover was chosen to be compared with the other standards. Cali-
brations of a dispenser were thus undertaken at four locations using successively
the piston prover and the four other measuring systems.

The tests were made on volumetric LPG dispensers measuring systems having
the following data :

— cyclic volume : 1 L
— maximum flowrate : 3 m’h
— minimum flowrate : 0.3 m¥/h

— maximum operating pressure : 25 bar

These tests were generally made at 5 different flowrates.

Each measuring point was repeated 3 to 5 times and the following parameters were
determined :
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— mean error : Eg
— maximum deviation between results : E
— confidence interval for 95 % probability : ey

The collection of all the results are published in the BCR report referenced
EUR 8324 EN September 1982,

3 - Piston prover

3.1. Principle of operation (see Fig. 1)

The piston prover is a streight tube with a tightly moving piston. The displacement
of the piston is detected at two points separated by a fixed distance and thus re-
presenting a constant volume.

The system is bi-directional so as to bring back all the moving parts to their
original position at each cycle. The reference volume is the sum of the volumes
generated by the piston for two consecutive strokes in opposite directions; i.e.
30 litres in the case of the prover used at the BCR intercomparison.

The piston prover has an outer fixed horizontal cylinder closed at each end by
two cylindrical heads. The piston is attached on each of its sides to tubes which pass
through these heads. Each of these tubes has openings in their walls close to the
piston. Inside the piston tubes another tube connects the boxes closing the ends of
the piston tubes so as to create a by-pass circuit.

In one of these boxes a valve actuated from outside can close the internal com-
munication between the tubes. This by-pass valve is opened automadtically by the
piston at the end of its stroke.

A two-way flow diverting device permits the change of flow direction of the liquid
inside the prover without modifying nor interrupting the general direction of flow:
storage tank - pump - dispenser under test - piston prover - storage tank.

The flow diverter, the piston and the valve closing the internal tube are fitted
with a leakage test facility operating by differential pressure.

The end of one of the piston tubes is fitted with a switch, the lever of which is
actuated by two cams fixed on a ruler. The spacing between these cams can bs
adjusted. The switch controls the start and stop of the counting of impulses emitted
by a generator fitted to the partial volume indicating device of the dispenser to be
calibrated.

The input and the output of the prover are fitted with thermometer wells and
manometers.

The output pipework is fitted with a special valve for fine adjustment of the
pressure in the prover.

The global uncertainty of the system when calibrated by weighing is 2-107*.

3.2. Influence factors

3.2.1. Temperature

Measurements are disregarded unless the difference between the temperature of
the liquid inside the dispenser and that inside the prover is very small (0.1°C). This
thermal equilibrium is obtained using by-pass operation before the calibration.

The influence of temperature is taken into account for the computation of the
internal (calibrated) volume of the prover using the volume expansion coefficient
of the prover body. The volume of the prover is in fact determined by the internal

12 Bulletin OIML - Ne 114 - Mars 1989



section of the prover cylinder and the length of the piston displacement; it is thus
necessary to make corrections for piston diameter and the length represented by
the distance separating the two switch cams.

This correction is obtained using the following formula :
V=V, [1 4+ 20 (t; —20) + o (t. — 20)]
where :
V, = volume of the prover at 20°C
= expansion coefficient of the prover material (steel)
t; = temperature of the liquid inside the prover
t. = temperature of the ruler supporting the switch cams

3.2.2. Pressure

A variation of the pressure of the liquid creates a variation of the internal
volume of the prover. This influence can be characterized by the formula:

D
V:Vo[1+ [P_Po):|

E.e
where :
V, = calibrated volume at 20°C and 1 bar
P = actual pressure inside the prover
P, = pressure inside the prover at its calibration
E = Young’s modulus
D = internal diameter of the prover (in mm)
e = wall thickness of the prover cylinder (in mm)

The influence of the pressure is small (8-1075) and may thus be considered as
negligible.

According to the test results there was no pressure variation during the tests.
In addition the hydraulic circuit allows for adjustment of the flowrate and the pressure
during calibration.

3.2.3. Flowrate

No variation of the flowrate was noticed during the calibrations.

3.2.4. Influence of the cyclic distorsion of the metering element

The piston prover had been specially designed for the calibration of LPG dispenser
measuring assemblies. However all the meters equipping these assemblies, which are
pattern approved in France for use with LPG, are of the volumetric type having a
cyclic volume of one litre. In case of wear or drift an adjustment device is used to
adjust the cyclic volume to one litre. (This is the case for all the types of meters
used at the intercomparison).

In order to make the influence of the cyclic distorsion negligeable the reference
volume of the standard prover must be equal to a multiple of the cyclic volume of
the meters to be calibrated. The internal volume of the piston prover used (JP 330)
is 15 litres.

3.2.5. Viscosity

This type of prover is by its principle not affected by viscosity. However, there
must be a total efficiency of the piston rings. In fact, due to the low viscosity of LPG,
a small leakage can have important consequences on the calibration resuits. This is
the reason why the piston is equipped with leak detectors which permit to stop
the calibration in case of leakage.

Bulletin OIML - N° 114 - Mars 1989 13



There was no evidence of leakage during any of the test sessions.

3.2.6. Sensitivity of the detectors

The useful volume of the piston prover is generated by the displacement of the
piston along a distance defined by the spacing of two switch cams.

The triggering sensitivity of the switch detector is 0.07 mm and the spacing be-
tween the cams is by design: 1010.51 mm.

The relative uncertainty of one detection is thus

0.07
- = 0.7-10™
1010.51

however, as two detections are necessary for defining the piston reference volume,
the global detection uncertainty during calibration can thus reach 1.5-107%

3.2.7. Drift of standard prover volume
In normal use there should be no drift of the standard volume.

This has been confirmed by the annual recalibrations made since several years.

3.3. Results obtained at the BCR intercomparison

The following table indicates, as an example, the results obtained for the cali-
bration of one LPG dispenser by repeating five times the tests for each flowrate :

Q En E .+ eg
2.6 m*/h + 1.5 %o 0.4 %o 0.2 %o
1.9 + 25 0.8 04
1.0 + 35 0.8 03
0.6 + 3.7 0.9 04
0.3 + 2.3 1.3 0.6

1
Note : 1 %o = = 0.1 per cent
1000

4 - Closed prover (” Bombola ")

4.1. Principle of operation (Fig. 2)

This means of calibration, equally known under the name of " bombola”, is
constituted by a pressurized tank designed as a one neck volumetric standard equipped
with an external level indicating device. After having verified that there is no liquid
inside the tank it is filled with LPG through the meter to be tested up to the required
level. Depending on the method used the upper part of the prover is either closed
or connected to the gas phase of the storage tank of the installation. In the two
cases it is necessary to make important corrections. Thus with a closed prover it
is necessary to take into account the partial reliquefication of the gas compressed
during the filling. This phenomenon brings about an increase in temperature which
is not uniform and changes during the tests. In the case when the upper part of the
prover is connected to the storage tank it is necessary to estimate the amount of
liquid which is evaporated and returns to the storage tank. In both cases the pressure
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at the end of a test is different from that of the gas phase contained in the prover
at the start of the test and appropriate corrections have to be made.

The apparatus has low weight and is thus easy to transport.

4.2. Influence factors

4.2.1. Temperature

When the gas phase connection " bombola-storage tank " is open, the tempera-
ture difference between the liquid in the prover and that of the storage tank creates
an evaporation of LPG from the prover to the storage tank resulting in important
temperature variations in the prover. Only one temperature measuring point is provided
on the prover.

Because of the important difference in temperature between the liquid in the
meter and that contained in the prover it is necessary to make corrections :

Ve = Vi [1 + 25.107 (f. — &) + 3.6-107° (t; — 15)]
where

V. = volume of liquid corrected to 15C
; = liquid volume inside the prover

. = temperature of the liquid in the meter
;= temperature of the liquid in the prover.

o <

~

When there is no connection between the prover and the storage tank, the
increase of temperature is due to the increase of pressure during the calibration. It
can be corrected for by calculating the development of heat due to condensation of
the product during the increase of pressure.

The formula used is:

Vi = 29.1072 (5 P, — P, litres
where

P, = initial pressure in the prover
P, = final pressure in the prover.

For the equipment used at the intercomparison it was not foreseen to make
corrections for the difference in temperature between the prover and the meter
nor for the thermal expansion of the metal of the prover.

4.2.2. Pressure

When the gas phase connection is open, the pressure does not vary during the
calibration. No corrections were made during the intercomparison to take into account
possible differences in pressure between the meter and the prover or between the
effective use of the prover and its calibration.

When the gas phase connection is closed, the increase of pressure creates a
condensation of the gas which was originally contained in the prover, it is thus
necessary to evaluate the volume of the gas liquefied during the filling procedure and
to subtract this volume from the prover indication.

The formula is:
V, = 15.5-1073 (5 Py — P,) litres
4.2 3. Flowrate

The variable back-pressure created in the prover when the gas phase connection
is closed makes it difficult to maintain a constant flowrate.

16 Bulletin OIML - N° 114 - Mars 1989



4.2.4. Viscosity

As for all the provers the low viscosity of the liquid constitutes a favourable
factor. However, a check of the tightness of the valves would be desirable.

4.25. Errors of observation

The operator taking the readings of the liquid level of the prover, of the meter
at the start and at the end of a test and of the temperatures is likely to make errors
of observation which, expressed in relative values of volume, can be estimated to
25-107% 25-107* and 0.75-107° respectively.

4.2 6. Drift of prover volume

Under normal conditions of use it is expected that there is no drift of the
standard volume of the prover.

4.2.7. Climatic conditions

If there is no flow of the liquid between itwo tests it may be expected that
direct sunshine on the equipment creates important heating of the liquid contained
in the pipework.

Furthermore, when this liquid is arriving at higher temperature in the prover there
will be a corresponding evaporation through the gas phase connection if open. At low
flowrates (test time 3 minutes) this effect can attain 1073 in relative volume.

4.3. Results

The tables below show the results obtained at the BCR intercomparison.

y

Figure 3 shows the calibration curves obtained with the " bombola’ prover for

one of the meters tested.

In conclusion, different problems appeared during the calibrations with the two
types of " bombola” in particular as concerns the repeatability. The results obtained
with the constant pressure bombola (open gas connection) are deceiving and show
that it is practically impossible to master the whole of the parameters. The results
obtained with the closed gas connection are better but improvements are desirable
in particular as regards the corrections to make during the tests.

Q E. E h

Open gas 29 mi/h — 3.7 %o 3.2 %o 2.3 %o
connection
(mean values 2.0 4+ 2.7 1.7 15.0
of 5 measure- 0.7 — 08 0.8 71
ments at : : :
each flowrate) 0.3 — 91 05 45

2.8 — 21 2.8 1.9
Closed gas
connection 1.8 — 29 0.6 38
{(mean values
of 5 measure- 1.1 — 279 1.0 6.3
ments at 0.7 — 3.9 0.5 07
each flowrate)

0.3 — 75 2.1 29
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Fig. 4 — Calibration by double prover with water displacement

Fig. 5 — Results obtained with water displacement double prover on measuring assembly No 45533
a = calibration with piston prover JP 330
b = calibration with the water displacement closed tank double prover
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5 - Double prover with water displacement

5.1. Principle of operation (see Fig. 4)

This system was specially designed for high flowrates (20 to 50 m’/h). It has
the form of two double-necked and pressure-resistant prover tanks which are inter-
connected at their bottom parts. They contain an amount of water which is equivalent
to the nominal volume of one of the prover tanks. The whole operates by transfer
of water from one tank to the other when pushed by the LPG flowing through the
meter under test.

A reversal system makes it possible to alternate the arrival of LPG on the tank
which contains the water while the other prover tank evacuates its content to the
storage reservoir. It is necessary to operate with a great reference volume (in this
case 500 litres) so as to neutralize the effects of cyclic distorsion and observation
errors of the meter under test as well as of the important variations in flowrate at
the start and by the end of a test. The duration of the measurements at small
flowrates is long and makes it hard to control the test conditions (in particular as
regards temperature). The corrections are difficult because when a difference in
temperature is noticed between the water and the LPG, or at different levels of the
LPG, one does never know which partial volume of the liquid is really affected by
the thermal expansion.

5.2. Results

Without studying in detail the effect of each influence factor it rapidly appears
that this means of calibration is unsuitable for the verification of LPG retail dis-
pensers in particular at low flowrates. The influence of temperature and the duration
of the tests are such that usual climatic variations create important errors.

Though the uncertainty of the measurements is too important for significant
results, figure 5 shows a calibration curve obtained with this method compared to
that of the piston prover.

6 - Water displacement prover

6.1. Principle of operation (see Fig. 6)

This system is also called " water transfer tank at atmospheric pressure ”. It
is composed of a cylindrical vertical tank containing water. The LPG flowing through
the meter under test is entering the tank at its top. The water contained in the tank
is pushed through the bottom part of the tank and collected in classical neck-type
volumetric standards. The volume of LPG introduced in the tank therefore corresponds
to the same volume of water leaving the tank.

Thermometers and manometers are installed at the meter under test and on
the transfer tank so as to enable corrections for temperature and pressure differences
between the LPG contained in the meter and in the tank as well as between the
water contained in the tank and in the volumetric standard.

Contrary to the preceding system the capacity of this type of prover can be chosen
according to the needs as regards flowrate and cyclic volume of the meter. The
volume of a test must however, once more, be sufficiently great so as to neutralize
the effects of flowrate variations in the beginning and by the end of a test as well
as the reading error of the meter.
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Fig. 6 — Calibration by open tank water displacement prover (water transfer tank at atmospheric pressure)

S~ . Q myh

I ] T T T T 7

-1

Fig. 7 — Results obtained with water displacement open tank prover on measuring assembly No 46 321
a = calibration with piston prover JP 330
b = calibration with the water displacement open tank prover

¢ = calibration with the water displacement open tank prover using modified formula for the
temperature corrections. .
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6.2. Influence factors

6.2.1. Temperature

As it has been said previously it is necessary to make corrections so as to take

into account :

— the difference in temperature between the LPG flowing through meter and that
contained in the transfer tank,

— the difference in temperature between the water in the transfer tank and that
contained in the volumetric standard,

— the difference in the actual temperature of the water contained in the volumetric
standard and the reference temperature for which the volumetric standard has been
calibrated

AV
—v—" = 3a (ty — o) + YF [to_tF] + Yw {t, — tN)
where
o = expansion coefficient of the metal of the volumetric standard

ve = thermal expansion coefficient of LPG
vw — thermal expansion coefficient of water

ty = temperature of the volumetric standard
t, = 20°C

t, = temperature of LPG in the meter

tr = temperature of LPG in the transfer tank
t, = temperature of water in the transfer tank

The second term in this formula is the most important. The difficulty of the method
is the correct measurement of the temperature t knowing that the mixing of the LPG
flowing from the meters and that already contained in the tank is very imperfect.

6.2.2. Pressure

It is also necessary to take into account the difference in pressure between the
LPG in the meter and that contained in the transfer tank as well as the pressure of
the water contained in the transfer tank and that contained in the volumetric standard.

AV
—V—:%F (P, —P) + % [Pn — P2)

where
xg = compressibility coefficient of LPG
%xw = compressibility coefficient of water
P — pressure in the meter
P, = pressure in the transfer tank
Py = pressure in the volumetric standard

6.2.3. Cyclic distorsion

In order to make this influence negligible the volumetric standards are chosen so
as to have a volume equal to a multiple of the cyclic volume of the meters.
6.2.4. Errors of observation

The errors of observation of the level on the volumetric standard, on the meter
and of the temperatures lead to an uncertainty in relative volume of the order of 107*
when using high quality volumetric standards with a capacity of 50 litres.
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Fig. 8 — Calibration by master meter
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Fig. 9 — Results obtained with master meter on measuring assembly No 45632

a, b = calibrations with piston prover JP 330
c = uncorrected result of the calibration with the master meter
d = calibration result with the master meter
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6.2.5. Drift of the prover

in normal use there is no drift of this type of prover.

6.2.6. Climatic conditions

The influence of the climatic conditions are minimized through the corrections
made. However, direct sunshine on the equipment can create non-uniformity of the
temperatures in the tank.

6.3. Results

The table below gives the results obtained at the BCR comparison. The mean
dispersion of the results is 2 %0 (0.2 percent).

Q En E eg
2.3 m’/h + 0.4 %o 2.3 %o 2.9 %o
2.0 + 0.7 1.0 14
1.0 + 1.5 1.8 2.3
0.6 + 1.4 1.6 2.0
0.3 + 1.6 1.1 1.5

A second computation of the results was made after modification of the formula
used to determine the mean LPG temperature in the tank (tg) from the various
temperature measurements. The calibration curves are shown in Fig. 7.

7 - Master meter

7.1. Principle of operation (see Fig. 8)

This is the most simple and the most convenient means to apply. The standard
is constituted by a meter of classical construction which has recently been calibrated.
It is mounted at the output of the dispenser measuring assembly.

It is only necessary to compare the results of the two meters and possibly
make corrections for temperature and pressure, and of course, also apply corrections
for the errors of the master meter.

7.2. Influence factors

7.2.1. Temperature and pressure

In this system of calibration the liquid which passes through the master meter
and through the meter under test has the same termodynamic state. It is therefore
generally not necessary to apply corrections and a check of the physical charac-
teristics of the product is sufficient.

7.2.2. Cyclic distorsion

In order to render this effect negligible it is sufficient to use a test volume
equal to a multiple of the cyclic volume.

7.2.3. Errors of observation

The errors of observation of the indications of the two meters may introduce
a maximum global error of 5.107* for a test volume of 20 litres.
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7.2.4. Drift of the standard

The master meter is subject to drift, the magnitude of which depends on many
factors.

In any case this drift must be carefully determined. The frequency of recalibration
depends on the planned use of the master meter and must of course be conformed to.
In addition it is necessary to pay careful attention in the use and maintenance of this
instrument.

7.3. Results

The results obtained at the BCR comparison are indicated in the following table
and in Fig. 9.

Q En E er
3.4 m¥/h — 4.8 %o 0.4 %o 0.5 %o
2.1 — 15 0.8 1.1
1.0 + 3.8 0.7 0.9
0.6 + 6.0 3.2 4.2
0.3 + 74 1.4 1.8

The mean dispersion is 1.7 % (0.17 percent).

These tests show the ease of use and the good performance of the master
meter. They also show that for correct use of the method it is necessary not only
to have a high quality meter which can be recalibrated at appropriate intervals, but
also that the standard used for its calibration must be very accurate.

8 - Conclusion

This survey shows the difficulties encountered in selecting or developing suitable
calibration means having the desired metrological characteristics. Luckily, it also
shows that these difficulties can be overcome and there exist to-day several systems
which permit to make verifications with an uncertainty which is compatible with
the maximum permissible errors to be established for LPG dispensers (0.5 %). The
other presentations at this seminar will probably lead to the same conclusions.

Finally this survey as well as the experience we have in France concerning LPG
dispensers leads to think that the quality of these instruments is such that they
can all be maintained within the maximum permissible errors of 0.5 % over a flow-
rate ratio of 10.
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HOW DEVELOPING COUNTRIES CAN BENEFIT
from OIML ACTIVITIES
and IMPLEMENT
INTERNATIONAL RECOMMENDATIONS ~

by S.A. THULIN
Assistant Director, BIML

SUMMARY — Metrology staff in developing countries which take up their duties may,
even when they have adequate scientific education, sometimes find it difficult to apply some
of the OIML Recommendations in their country taking into account local conditions.

This paper reviews some of these problems related to the field of classical weights and
measures activities for which the BIML has made special efforts by issuing brochures for
developing countries to facilitate the practical interpretation and application of the International
Recommendations.

Introduction

There is no clear definition of what is a developing country, all countries are in
fact more or less developing. Some developing countries are very large, have a
great population and generally some industrial manufacturing of measuring instru-
ments. What will be considered in this presentation concerns mainly smaller de-
veloping countries which have practically no own instrument industry except possibly
workshops making simple balances, weights or measures for liquids.

The legal metrology authority in such a country is faced with the problems of
technically fulfilling the duties laid down by laws and regulations which, classically,
are intended to protect the consumer from the economic and safety point of view.
However, more and more. developing countries are also faced with problems of
industrial nature related to quality control of imported and exported goods or of
products locally produced for local consumption. Such control may also form part of
legal acts involving compulsory quality standards or product certification schemes
which have metrology and testing aspects.

Classical weights and measures or integrated metrology schemes

For historical or technical reasons the metrology for consumers protection and
that for product control are administratively separated in many countries. However, a
number of countries have adopted the so-called " integrated " approach whereby the
metrology and main product testing activities are carried out by the same organisa-
tion. There is no doubt that the metrology required for industrial production is at
least as important in a developing country as that pertaining to the classical weights
and measures scheme. This makes frequently the duties of the official metrology
service in a developing country still more difficult than those in developed countries,
where the metrology for product quality control is handled by the producing industries
and quality assured by market competition.

* Paper presented at the OIML international seminar on legal metrology, Havana, April 11-12, 1988.

Bulletin OIML - Ne 114 - Mars 1989 25



Heavy metrology

A particular problem is heavy industrial equipment such as high-capacity weigh-
ing machines and bulk flow meters used for import or export purposes and currently
involving great economic loss if the acceptable limits of error are exceeded. Means
and staff for verification of such equipment must be present. This is however
frequently not the case and legal metrology services then concentrate their work
to instruments and measures used in retail trade to individual consumers. However,
these consumers will sooner or later have to pay for the errors committed in the bulk
trade ! The lack of adequate bulk verification facilities and trained staff for such
verification is very common in developing countries and even in some developed
countries.

This is the reason why such problems were chosen as topics for two OIML
seminars :

— The verification of bulk weighing installations,

Paris, 22-25 April 1985
and

— Calibration of liquid volume measuring installations,
Arles, 11-15 May 1987.

The lectures presented at these seminars have been published in the OIML
Bulletin.

Guidance about the special equipment and procedures for verification of heavy
weighbridges is given in the brochure :

— Mobile equipment for the verification of road weighbridges,
French-English edition, BIML, 1982.

Admission into the country

The legal metrology service may have to verify a very great variety of makes and
models of individual instruments of different origin while having very little technical
information about their design and their nominal performance.

In most OIML Member States, instruments which are subject to regulations have
to be pattern approved. Such a procedure can be very difficult to apply in a develop-
ing country on one hand because the amount of instruments imported of a same
pattern may be very small and expenditures for approval testing prohibitive or the
metrology service may not have the necessary means, staff or simply sufficient time
for such testing.

On the other hand, the laws or the regulations usually stipulate that no other
than " approved ” and verified instruments shall be used in trade f{and for public
health purposes]).

Such approval is usually granted by the national metrology service. Though the
national law may not directly accept foreign pattern approval, the metrology service
may take an approv