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Foreword

The International Organization of Legal Metrology (OIML) is a worldwide, intergovernmental organization
whose primary aim is to harmonize the regulations and metrological controls applied by the national
metrological services, or related organizations, of its Member States.

The main categories of OIML publications are:

= International Recommendations (OIML R), which are model regulations that establish the
metrological characteristics required of certain measuring instruments and which specify methods
and equipment for checking their conformity. OIML Member States shall implement these
Recommendations to the greatest possible extent;

= International Documents (OIML D), which are informative in nature and which are intended to
harmonize and improve work in the field of legal metrology;

= International Guides (OIML G), which are also informative in nature and which are intended to
give guidelines for the application of certain requirements to legal metrology; and

= International Basic Publications (OIML B), which define the operating rules of the various OIML
structures and systems.

OIML Draft Recommendations, Documents and Guides are developed by Project Groups linked to Technical
Committees or Subcommittees which comprise representatives from the Member States. Certain international
and regional institutions also participate on a consultation basis. Cooperative agreements have been established
between the OIML and certain institutions, such as ISO and the IEC, with the objective of avoiding
contradictory requirements. Consequently, manufacturers and users of measuring instruments, test
laboratories, etc. may simultaneously apply OIML publications and those of other institutions.

International Recommendations, Documents, Guides and Basic Publications are published in English (E) and
translated into French (F) and are subject to periodic revision.

Additionally, the OIML publishes or participates in the publication of Vocabularies (OIML V) and
periodically commissions legal metrology experts to write Expert Reports (OIML E). Expert Reports are
intended to provide information and advice, and are written solely from the viewpoint of their author, without
the involvement of a Technical Committee or Subcommittee, nor that of the CIML. Thus, they do not
necessarily represent the views of the OIML.

This publication — reference OIML R 139-1, Edition 2018 (E) — was developed by the Project Group p7 of
Technical Subcommittee TC 8/SC 7 Gas metering. It was approved for final publication by the International
Committee of Legal Metrology in 2018 and will be submitted to the International Conference on Legal
Metrology in 2020 for formal sanction. It supersedes the previous edition of R 139 dated 2014.

OIML Publications may be downloaded from the OIML website in the form of PDF files. Additional
information on OIML Publications may be obtained from the Organization’s headquarters:

Bureau International de Métrologie Légale
11, rue Turgot - 75009 Paris — France
Telephone: 33 (0)1 48 78 12 82

Fax: 33 (0)1 42 82 17 27

E-mail: biml@oiml.org

Internet: www.oiml.org




mailto:biml@oiml.org
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Part 1: Metrological and technical requirements

1 Introduction

This OIML Recommendation consists of three parts:

e Part 1: Metrological and technical requirements;
e Part 2: Metrological controls and performance tests;
e Part 3: Report format for type evaluation.

Publication of all three parts is necessary for OIML R 139 to be applicable in the OIML Certification System.

Part 1 of this OIML Recommendation specifies the metrological and technical requirements applicable to
compressed gaseous fuel measuring systems for vehicles.

Part 2 provides guidelines for the type evaluation of the measuring systems and of their constituent elements
(modules such as the meter, etc.), as well as for the initial and subsequent verification.

2 Scope

The measuring systems that are covered by this Recommendation are intended for the fueling of road vehicles,
rail engines, boats, vessels, and aircrafts with compressed natural gas (CNG), compressed gaseous hydrogen,
biogas, gas blends or other compressed gaseous fuels.

Measuring systems for liquid petroleum gas are not included in the scope of this Recommendation. These are
within the scope of OIML R 117, which covers fluids in a liquid state.

This Recommendation applies to all measuring systems fitted with a meter as defined in 3.2.2 (continuous
integrating measurements), whatever the measuring principle may be of the meters or their application.

This Recommendation is not intended to hinder innovations in technology. According to the state of the art,
this Recommendation is intended for measuring systems providing mass indications.

Note:  Except for hydrogen CGF measuring systems, the metrological requirements concerning the
measurement of gases within the scope of this Recommendation are independent of the type of gas
being measured. The testing methods for type evaluation or further verification of compliance as
described in Part 2 may differ where necessary between all the different gasses.
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3 Terminology

Unless otherwise stated in the following subclauses, the terminology used in this Recommendation conforms
to OIML V 1:2013 [1], to OIML V 2-200:2012 [2] and to OIML D 11:2013 [3].

In addition, for the purposes of this Recommendation, the following definitions apply.

3.1 Metrological characteristics
3.1.1
indication

quantity value provided by a measuring instrument or a measuring system
[OIML V 2-200:2012, 4.1; OIML V 1:2013, 0.03]

3.1.2

scale interval

value expressed in units of the measured quantity of the difference between
e the values corresponding to two consecutive scale marks, for analog indication, or
e two consecutive indicated values, for digital indication

[OIML V 1:2013, 5.01]

3.1.3

primary indication

indication (displayed, printed or memorized) which is subject to legal metrology control

Note: Indications other than primary indications are commonly referred to as secondary indications.

3.14

error of indication

indication minus a reference quantity value

[OIML V 2-200:2012, 4.1] [OIML V 1:2013, 0.04]

3.1.5
maximum permissible error

extreme value of measurement error, with respect to a known reference quantity value, permitted by
specifications or regulations for a given measurement, measuring instrument, or measuring system
[OIML V 2-200:2012, 4.26] [OIML V 1:2013, 0.05]

3.1.6
rated operating condition

operating condition that must be fulfilled during measurement in order that a measuring instrument or
measuring system perform as designed
[OIML V 2-200:2012, 4.9] [OIML V 1:2013, 0.08]

3.1.7
reference condition

operating condition prescribed for evaluating the performance of a measuring instrument or measuring system
or for comparison of measurement results

[OIML V 2-200:2012, 4.11] [OIML V 1:2013, 0.09]
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3.1.8
repeatability error

difference between the largest and the smallest results of the several successive measurements of the same
quantity carried out under the same repeatability condition’

3.1.9

intrinsic error

error of indication determined under reference conditions
[OIML V 1:2013, 0.06]

3.1.10

fault

difference between the error of indication and the intrinsic error of a measuring instrument
[OIML V 1:2013, 5.12]

3.1.11

fault limit

value specified in this Recommendation delimiting non-significant faults
[OIML V 1:2013, 5.13]

3.1.12

significant fault

fault exceeding the applicable fault limit value
[OIML V 1:2013, 5.14]

3.1.13

durability

ability of the measuring instrument to maintain its performance characteristics over a period of use
[OIML V 1:2013, 5.15]

3.1.14
durability error

difference between the intrinsic error after a period of use and the initial intrinsic error [OIML V 1:2013, 5.11]
of a measuring instrument

[OIML V 1:2013, 5.16]
3.1.15
significant durability error

durability error exceeding the value specified in this Recommendation
[OIML V 1:2013, 5.17]

' OIML V 2-200:2012
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3.1.16
minimum measured quantity of a measuring system
minimum delivery

minimum totalized mass in one batch of gas required to fulfill the metrological criteria of the specific
measuring system
Note: ~ Measuring systems should not be used for measuring quantities less than the MMQ.

3.1.17
minimum specified mass deviation

absolute value of the maximum permissible error for the minimum measured quantity of a measuring system

3.2 Measuring system and its constituents

3.2.1

device

distinctive part of a measuring instrument or measuring system performing a specific task

Note 1: A device can either be a physical part or concern a function (for instance in the software).

Note 2: A “facility” can also be regarded as a device in accordance with this definition (see also note 4.2.4).

3.2.2
meter

instrument intended to measure continuously and display the total value of the quantity of gas passing the

sensor at metering conditions

Note: A meter includes at least a measuring device, a calculator (including adjustment or correction devices
if present) and an indicating device (see Figure 1).

3.23
measuring device

part of the meter converting the flow, the volume or the mass of the measurand into signals representing the
measured quantity required as input for the measurement calculator, comprising a sensor and a transducer.

3.23.1
measurand quantity sensor
sensor

part of the measuring device, directly affected by a measurand quantity parameter producing an input signal
for the transducer

3.2.3.2

measurement transducer

transducer

device that provides an output quantity having a specified relation to the input quantity
[OIML V 2-200:2012, 3.7] [OIML V 1:2013, 0.11]

Note:  For the purpose of this Recommendation this transducer is part of the measuring device and its output
signal represents the output quantity which is based on the input from the sensor(s), being the input
quantity.

3.24
calculator
association of metering calculator and operational calculator

Note:  The metering calculator and the operational calculator may be two separate elements or they may
form a single unit. Only where there is a particular need to dissociate the two kinds of calculators is
the association of both functions called the calculator in this Recommendation.

10
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3.24.1
metering calculator

part of the meter that receives the output signals from the transducer(s) and, possibly, from associated
measuring instruments, transforms them and, if appropriate, stores the results in memory until they are used

3.24.2
operational calculator

optional part of the meter that receives the digital output signals from the metering calculator and, possibly,
from associated measuring instruments, which processes them into data for the indicating device

3.25

indicating device

part of the measuring instrument (meter) which displays the measurement results, either continuously or on
demand

[OIML V 1:2013, 5.04]

Note: A printing device is not an indicating device, although a printed measurement result is considered to
be an indication.

3.2.6
ancillary device

device intended to perform a particular function, directly involved in elaborating, transmitting or displaying
measurement results
[OIML V 1:2013, 5.06]

Note 1: An ancillary device may or may not be subject to legal metrology control according to its function
in the measuring system or to national regulations.

Note 2: Main ancillary devices are:
a) zero-setting device;
b) repeating indicating device;
c¢) printing device;
d) memory device;
e) price indicating device;
f) totalizing indicating device;
g) presetting device;
h) self-service device.

3.2.7
additional device

part or a device, other than an ancillary device, required to ensure correct measurement or intended to facilitate
the measuring operations, or which could in any way affect the measurement
Note: ~ Main additional devices are:

a) filter;

b) device used for the transfer point;

c¢) anti-swirl device;

d) branches or bypasses;

e) valves, hoses, and in general, all the gaseous piping.

11
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3.2.8

compressed gaseous fuel measuring systems for vehicles

measuring system intended for the refueling of motor vehicles with compressed gaseous fuel
Note:  Hereafter such a system is referred to as a “measuring system”.

3.29
presetting device

device which permits the selection of the quantity value to be measured and which automatically stops the
flow of the gas at the end of the measurement of the selected quantity
Note:  The preset quantity value may be the mass or the related price to pay.

3.2.10
adjustment device

device incorporated in the meter, that only allows shifting of the error curve generally parallel to itself, with a
view to bringing errors within the maximum permissible errors

3.2.11
associated measuring instrument

instrument for the measurement of a quantity, other than the measurand, the value of which is used to correct
or convert a measurement result
[OIML V 1:2013, 5.09]

Note:  Within the scope of this Recommendation, this concerns the instrument which is connected to the
calculator or the correction device, for measuring certain quantity values which are characteristic of
the gas, with a view to making a correction.

3.2.12
correction device

device connected to or incorporated in the meter for automatically correcting the mass, by taking into account
the flow rate and/or the characteristics of the gas to be measured (viscosity, temperature, pressure, etc.) and
the pre-established calibration curves

3.2.13
transfer point

point (physical location) in the measuring system downstream of the meter after which the gas is defined as
being delivered

3.2.14
checking facility

facility, incorporated in a measuring instrument (or system), which enables significant faults to be detected
and acted upon, including
¢ incorrect functioning of a specific device of the measuring instrument or system, and/or
e disturbed communication between specific devices of the measuring instrument or system
Note:  “Acted upon” refers to any adequate response by the measuring instrument (for example a luminous
signal, an acoustic signal, interruption or blocking of the measurement process, etc.).
[OIML V 1:2013, 5.07]

3.2.15
automatic checking facility

checking facility operating without the intervention of an operator
[OIML D 11:2013, 3.19.1]

12
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3.2.15.1

permanent automatic checking facility

checking facility of type P

automatic checking facility that operates at each measurement cycle
[OIML D 11:2013, 3.19.1.1]

3.2.15.2

intermittent automatic checking facility

checking facility of type |

automatic checking facility that operates at certain time intervals or per fixed number of measurement cycles
[OIML D 11:2013, 3.19.1.2]

3.2.16

non-automatic checking facility

checking facility of type N

checking facility, requiring the intervention of an operator

[OIML D 11:2013, 3.19.2]

33 Self-service measuring systems

3.3.1
self-service arrangement

arrangement that allows the purchaser of the gas to personally utilize a measuring system for the purpose of
obtaining gas

3.3.2
self-service device

specific device that is part of a self-service arrangement and which allows one or more measuring systems to
perform in this self-service arrangement

Note 1: The self-service device includes all the elements and constituents that are mandatory so that a
measuring system performs in a self-service arrangement.

Note 2: The arrangement is made of a self-service device and connected measuring systems.

3.3.3
attended service mode

operating mode of a self-service arrangement in which the supplier is present and controls the authorization
for the delivery

Note 1: In attended service mode, the settlement of the transaction takes place before the customer leaves the
site of the delivery.

Note 2: A transaction is settled when the parties interested in the transaction have made their agreement
known (explicitly or implicitly) as regards the amount of the transaction. This may be a payment,
signing a credit card voucher, signing a delivery order, etc.

Note 3: The parties interested in a transaction may be the parties themselves or their representatives (for
example the employee in a filling station or the driver of a truck).

Note 4. In attended service mode the measurement operation ends at the moment settlement of the transaction
takes place.

13
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3.34
unattended service mode

operating mode of a self-service arrangement in which the self-service arrangement controls the authorization

for the delivery, based on an action of the customer

Note:  In unattended service mode, the end of the measurement operation is the end of the registration
(printing and/or memorizing) of information concerning the measurement operation.

3.35

pre-payment

type of payment in attended or unattended service mode requiring payment for a quantity of gas before the

delivery commences

3.3.6
attended post-payment (or post-payment)

type of payment in attended service mode requiring payment for the delivered quantity after the delivery but
before the customer leaves the site of the delivery

3.3.7
unattended post-payment (or delayed payment)

type of payment in unattended service mode in which payment for the delivered quantity is required after the
delivery, but in which the transaction is not settled when the customer leaves the site, following an implicit
agreement with the supplier

3.3.8
authorization of a measuring system

operation that brings the measuring system into a condition suitable for the commencement of the delivery

34 Tests and test conditions

34.1
influence quantity

quantity that, in a direct measurement, does not affect the quantity that is actually measured, but affects the
relation between the indication and the measurement result

[OIML V 2-200:2012, 2.52] [OIML V 1:2013, 0.07]

3.4.2

influence factor

influence quantity having a value which ranges within the rated operating conditions of a measuring instrument
[OIML V 1:2013,5.18]

343
disturbance

influence quantity having a value ranging within the limits specified in the relevant Recommendation, but
outside the specified rated operating conditions of a measuring instrument
[OIML V 1:2013, 5.19]

34.4
performance test

test intended to verify whether the measuring system under test (EUT) is able to accomplish its intended
functions

[OIML V 1:2013, 5.21]

14
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3.4.5
bank

reservoir or set of reservoirs connected together, which form(s) part of a multi-segment gas storage system and
for which the segments operate at different pressure levels from one another in refueling systems fitted with
or using a sequential control device (see 3.4.6)

3.4.6
sequential control device

device which allows switching from a bank to another one. This device may be included in a measuring system
or may be part of the refueling station

3.5 Abbreviations and symbols used

Parameters presented in bold concern the rated operating conditions

AC Alternating Current OIMLInternational Organization of Legal

AM Amplitude Modulation Metrology

ASD Acceleration Spectral Density Prin  Minimum pressure of the gas

CGF Compressed Gaseous Fuel Prax  Maximum pressure of the gas

DC Direct Current P, Maximum pressure of the gas in the

Emnin  Minimum specified mass deviation refueling station gas storage

EM Electro Magnetic P,  Allowed maximum gas pressure during

EMC Electro Magnetic Compatibility fast filling of the vehicle

e.m.f. electromotive force Omin - Minimum flow rate

ESD Electrostatic Discharge Omax  Maximum flow rate

EUT Equipment Under Test RMS Average (Root Mean Square)
[OIML V 1:2013, 4.16] T.n  Highest ambient temperature

IEC International Electrotechnical Ta  Lowest ambient temperature
Commission Twin  Minimum temperature of the gas

ISO International Organization for Tmax Maximum temperature of the gas
Standardization Unom Nominal voltage of power supply

MMQMinimum Measured Quantity Va  Test reservoir volume

MPE Maximum Permissible Error Vmin  Minimum test receiver volume

15
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4 Description of the measuring system and its constituents

4.1 Constituents of the measuring system
4.1.1 The measuring system shall include at least:

a) meter;

b) pressure and/or flow control device;

c) emergency power supply;

d) transfer point;

e) gas piping;

f) zero-setting device.
4.1.2 The measuring system may also be provided with the following other ancillary and additional
devices:

a) calculator;

b) associated measuring instruments;

C) pressure gauge;

d) digital indicating device;

e) self-service arrangement;

f) presetting device;

g) memory device;

h) price indicating device;

i) printing device;

j) heat exchanging device;

k) other ancillary and additional devices.

4.2 Constituents of the meter
A meter itself is not a measuring system.
4.2.1 The meter shall include:

a) sensor;

b) measurement transducer;

¢) indicating device;

d) metering calculator.
4.2.2 The meter may include:

a) adjustment device;
b) correction device.

4.2.3 A measuring system shall include only one meter.

Note:  If several meters intended for separate measuring operations have common elements (calculator
filter, etc.) each meter is considered to form, with the common elements, a measuring system.

4.2.4 The typical configuration of measuring system (including the meter) is given in Figure 1.

Note:  The “devices” listed in 4.1 and 4.2 can be functions rather than physical devices (see also 3.1.4).

16
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. . 3
Pressure/Flow Measuring device Pressure/Flow| r-- T )
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Totalizing i ' | Price indicating device ! Emergency
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|
i Depressurization
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Mandatory device E Optional device i

Figure 1 - Constituents of a typical compressed gaseous fuel measuring system for vehicles

2 Pressure/Flow control device can be placed either upstream or at downstream of the meter.
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5 Metrological requirements for the measuring system

5.1 Presentation of the measurement result

The presentation of the measurement results shall be unambiguous for all parties affected.
5.1.1 Units of measurement

The measurement result shall be displayed and/or printed in SI units of mass.

Where applied, volume or other quantities shall be indicated in the applicable SI unit.

If units of measurement not included in the SI are required by national regulations of a specific country or
state, these units of measurement shall be considered acceptable for indications within this specific area only.
In international trade, the officially agreed conversion factors between these units of measurement and those
of the SI shall be applied. Any displayed or printed measurement result shall be clearly provided with the
applicable unit symbol or name.

5.1.2 Scale interval

5.1.2.1 The scale interval shall be in the form 1 x 10", 2 x 10" or 5 X 10", where n is a positive or negative
whole number, or zero.

5.1.2.2 The scale interval shall be equal to or smaller than half the minimum specified mass deviation (see
note in 5.2.4).

5.1.2.3 Non-significant scale intervals should be avoided.
Note:  This clause does not concern price indications.
513 Multiple indicating (or printing) devices

A measuring system may have several devices that indicate or print the same measurement result. Each shall
meet the requirements of this Recommendation if subject to control. The scale intervals of the various
indications or printouts shall be the same. For any measured quantity relating to the same measurement, there
shall be no difference between the indications of multiple indicating or printing devices.

5.2 Maximum permissible error (MPE)

5.2.1 Without prejudice to 5.2.3, the maximum permissible error on mass indications, positive or negative,
is equal to the values presented in Table 1:

Table 1 - MPE values

MPE for the MPE for the complete measuring system
meter [in % of the measured quantity value]
in O
Accuracy class Erllléaé)u(r)g(;he at type evaluation, in-service inspection
uantity value] initial or subsequent under rated operating
d Y verification conditions
For general application | 1.5 1 1.5 2
For hvd | 2 1.5 2 3
or hydrogen on
yeree Y 4 2 4 5

Note 1: National Authorities may decide whether subsequent verifications should be conducted and whether
a different maximum permissible error should be applied for subsequent verification.

Note 2:  “In service inspection” refers to an inspection at any moment within the period of time between
verifications (refer to OIML D 16, 2.25).
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Note 3: National authorities may decide whether in-service inspections should be conducted and whether a
different maximum permissible error should be applied during in-service inspection.

Note 4: For hydrogen the accuracy class 2 is preferred though national authorities may decide to require the
accuracy class 4.

Note 5: This Recommendation does not restrict the evaluation and approval of meters and measuring systems
for measuring hydrogen to just classes 2 and 4. If requested by the manufacturer, it is allowable to
evaluate such a meter or system applying the accuracy class 1.5 requirements and to approve a
complying instrument/system for class 1.5.

5.2.2 The maximum permissible errors apply for all gases to be metered, all possible ambient conditions
of temperatures and pressures, and all flow rates for which the system or the meter is intended to be used.

A measuring system or a meter shall be capable of fulfilling all requirements without adjustment or
modification during the relevant evaluation procedure.

523 The maximum permissible error applicable to the minimum measured quantity is twice the
corresponding value as stated in 5.2.1, where the minimum specified mass deviation (Emin) is presented by the
following formula:

Emin =2 x MMQ x Rupe [g; kg]
where: Rvpe = the maximum permissible error ratio according to 5.2.1
(in 5.2.1 expressed in percentages of the measured quantity value);
MMQ = the specified minimum measured quantity according to 5.3.2.

Inserting the values provided in 5.2.1 results in the Table 2 values:

Table 2 - Enin
Emin [g; kg]
Accuracy for the complete measuring system
class for the meter at type evaluation, at in-service inspection

initial or subsequent verification

1.5 0.02 MMQ 0.03 MMQ 0.04 MMQ
2 0.03 MMQ 0.04 MMQ 0.06 MMQ
4 0.04 MMQ 0.08 MMQ 0.1 MMQ
Note:  The minimum specified mass deviation is a the maximum permissible error expressed as an absolute
value.

5.2.4 Whatever the measured quantity may be, the magnitude of the maximum permissible error
(expressed in units of mass) for the complete system is never less than the minimum specified mass deviation.

5.3 Measuring range
53.1 Flow rate

5.3.1.1 The flow measuring range is limited by the minimum flow rate QOmi» and the maximum flow rate Qmax
and shall be specified by the manufacturer of the system. This measuring range shall satisfy the conditions of
use of the measuring system; the latter shall be designed so that the flow rate stays between the minimum flow
rate and the maximum flow rate, except at the beginning and at the end of the measurement or during
interruptions.
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5.3.1.2 In normal conditions of use, a flow control system shall prevent the delivery of flow rates less than
the minimum flow rate of the measuring system.

5.3.1.3 The measuring range of a measuring system shall be within the measuring range of each of its
elements.

5.3.1.4 The ratio between the maximum flow rate and the minimum flow rate shall be at least 10.
5.3.2 Minimum measured quantity (MMQ)

5.3.2.1 The minimum measured quantity shall be specified by the manufacturer of the measuring system.
It shall have the format 1 x 10", 2 x 10" or 5 x 10" kg, where n is a positive or negative whole number or zero
and it shall satisfy the conditions of use of the measuring system.

5.3.2.2 The maximum value of the MMQ for CGF excluding hydrogen depends on the maximum flow rate
in accordance with the ratios presented in Table 3.

Table 3 - Maximum value of the minimum measured quantity MMQ
(not applicable to hydrogen measuring systems)

Omx<4 | 4<0mx<12 | 12<0max<30 | 30 < Omax <70 | Omax>70 | kg/min
MMQ < 0.5 1 2 5 10 ke

5.3.2.3 The maximum value of the MMQ for all types of hydrogen CGF measuring systems is 1 kg.

5.4 Repeatability

5.4.1 For any quantity of the measurand equal to or greater than 1000 scale intervals of the meter, the
repeatability error of the meter and of the measuring system shall not exceed two thirds (%) of the applicable
MPE.

54.2 This requirement concerning repeatability shall be met durably, which shall be demonstrated during
the type evaluation.

5.5 Specifications of ambient conditions and rated operating conditions

5.5.1 Ambient conditions

The manufacturer may specify ambient conditions for a meter or system, based on the intended use of the
instrument or devices taking into account Table 4 (Rated operating conditions). The identification plate and
the operating instructions shall indicate the corresponding limits of use (see clauses 7 and 8).

5.5.2 Rated operating conditions

Meters and measuring systems according to this Recommendation shall be designed and manufactured such
that their metrological functions are safeguarded and their errors do not exceed the maximum permissible
errors under the following rated operating conditions:
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Table 4 - Rated operating conditions

High ambient temperature o o o o o

2 (Tan) 30 °C, +40 °C, +55 °C, +70 °C or +85 °C @ Temperature

range at least

Low ambient temperature ) 40 OgC

b) | +5°C, -10 °C, -25 °C, or —40 °C @
(Tal) 1

¢) | Temperature of the gas As specified by the manufacturer

d) | Pressure of the gas As specified by the manufacturer

e) | Relative humidity As specified by the manufacturer @

As specified by the manufacturer but normally not to exceed
10 Hz — 150 Hz, 1.6 m.s2, 0.05 m%.s3, =3 dB/octave which is
f) Vibrations (random) defined to be the level of vibrations related to environmental class

M2, unless the manufacturer specifies higher insusceptibility levels
(5)(6)

DC mains voltage/ Voltage

g) of internal battery © As specified by the manufacturer
h) Z;igf,e of road vehicle As specified by the manufacturer (12 = 4)V and/or (24 + 8)V @
i) | AC mains voltage ©® Unom — 15 % t0 Unom + 10 %

() These temperatures refer only to the ambient temperature. The temperature of the gas may be
different but the range shall cover at least +10 °C to +40 °C. @ These values are to be decided by
national legislation, as they depend on the climatic conditions and the expected conditions of
application (indoors, outdoors, etc.) which vary in different countries.

®  Whatever is applicable.
@ A choice may be made between:

o those instruments or parts of instruments typically to be used in closed (weather protected)
locations where the local climate is not controlled;

e those instruments or parts of instruments to be used in open air locations.

) At least for mobile dispensers the environmental random vibration is considered more intense than
delimited by the specified conditions for environmental class M2.

If a meter or measuring system is expected during its operation to only become exposed to vibrations
of low significance, for example instruments fastened to light supporting structures subject to
negligible vibrations and shocks, the applicable meter or measuring system shall be marked
environmental class M 1. If the meter or measuring system is expected during its operation to become
exposed to high levels of vibrations and shocks transmitted from sources such as adjacent engines or
vehicles passing by in the vicinity, the meter / measuring system shall withstand the level of
vibrations specified in Table 4.f and shall be marked class M2.

©  The specified operating condition is not related to any influences by compressors or possible other
sources of vibration which are part of the measuring system itself and for which the installation
requirements 6.14.6, 6.14.7 and 6.14.8 apply.

™ In conformity with ISO 16750-2.
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5.6 Significant fault

5.6.1 Concerning the mass being measured, a significant fault is a fault the magnitude of which exceeds
the larger of these two fault limit values:

a) one tenth of the magnitude of the maximum permissible error at type evaluation for the measuring
system for the mass measured,;
b) the minimum specified mass deviation.

5.6.2 Concerning the amount (of money) to pay, a significant fault is a fault in the displayed or printed
amount that exceeds the corresponding fault limit value for the mass.

Note:  No fault is allowed in the unit price.
5.6.3 The following faults are not considered to be significant faults:
a) faults arising from simultaneous and mutually independent causes in the measuring instrument
itself or in its checking facilities;

b) transitory faults that are momentary variations in the indication, which cannot be interpreted,
memorized or transmitted as a measurement result;

¢) faults implying the impossibility of performing any measurement.

5.7 Disturbances

Measuring systems within the scope of this Recommendation shall be designed and manufactured such that,
when exposed to the disturbances as specified in Table 3, Table 4 (if applicable) and Table 7:

a) either significant faults do not occur; or

b) significant faults are detected and acted upon by means of checking facilities.
The provisions in a) and b) may be applied separately to

¢ cach individual cause of significant fault, and/or
e cach part of the measuring system.
The choice of whether a) or b) is applied is left to the manufacturer.
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5.71 Disturbances to which the measuring system is expected to be exposed during full operation
Table 5 - Disturbances during full operation
a) | RF electromagnetic fields Up to 3 GHz, up to 10 V/m
Common mode currents induced by
b) RF electromagnetic fields Up to 80 MHz, up to 3 V (e.m.f.)
c) Bu?sts (transwnts) on AC and DC Amplitude 1 kV, repetition rate 5 kHz
mains lines
d) Bursts (t.ranswnts) on signal, data and Amplitude 0.5 kV, repetition rate 5 kHz
control lines
0.5 cycles to 0 %
A ' | di dsh 1 cycle to 0 %
¢) | AC mains voltage dips and short 10/120 eycles  to 40 %
interruptions
25/30M cycles  to 70 %
250/3001) cycles to 80 %
Voltage dips, short interruptions and | 40 % and 70 % of the rated voltage during 0.1 s
f) | voltage variations on DC mains 0 % of the rated voltage during 0.01 s
power 85 % and 120 % of the rated voltage during 10 s
g) | Ripple on DC input power 2 % of the nominal DC voltage
() For 50 Hz/ 60 Hz respectively
5.7.2 Additional disturbances to which the measuring system is

during full operation when installed in an industrial environment

Table 6 - Additional disturbances during full operation in an industrial environment

Common mode currents induced by

control lines

a) RF electromagnetic fields Up to 80 MHz, up to10 V (e.m.f.)

b) Bu?sts (transwnts) on AC and DC Amplitude 2 kV, repetition rate 5 kHz
mains lines

0 Bursts (transients) on signal, data and Amplitude 1 KV, repetition rate 5 kHz
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5.7.3 Disturbances to which the measuring system is expected to be exposed before being in full operation:

Table 7 - Disturbances before being in full operation

Damp heat, cyclic (condensi At T °C
a) amp heat, cyclic (condensing) R >93 %
Lo Contact discharge: 6 kV
b) | Electrostatic discharge Lo
Air discharge: 8kV
o) Surges line to line on mains power and 1 KV
unbalanced signal data and control lines
d) Surges line to earth on mains power and signal 2KV
data and control lines

Note: A fault equal to or smaller than a fault considered a significant fault according to 5.6.1 (fault limit)
is allowed irrespective of the value of the error of indication.

5.8 Durability

5.8.1 The requirements in 5.5.2 and 5.7 shall be met durably. For this purpose the measuring systems shall
be provided with checking facilities as specified in 6.10.

5.8.2 Following a period of operation in which the meter in normal use registers (indicates) a total mass
equivalent to at least 100 hours of operation at 0.8 Omax the meter shall not show a significant durability error.
For the purpose of this Recommendation a significant durability error is a durability error, the magnitude of
which equals or exceeds = 1 % of the measured quantity.

Note:  While this is a forecasting issue, different approaches may be applied during the tests on verification
of compliance. One possible alternative to obtain the required information on fulfillment of the
required durability performance criterion is the satisfactory completion of 2000 deliveries in actual
use without showing a significant durability error. A possible alternative for meters without moving
parts is to provide documented information showing the fulfillment of the durability performance
criterion.
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6 Technical requirements for the measuring system

6.1 Construction

6.1.1 The measuring system and, if applicable, its modules shall be designed to suit its intended purpose.
They shall be solidly and carefully constructed in order to ensure that they maintain their metrological qualities
during a reasonable period of use.

6.1.2 Measuring systems may consist of more than one bank of vessels differing in maximum compression
level.

6.1.3 A measuring system shall be constructed in such a way that the opportunity for unintentional,
accidental, or intentional misuse is minimized.

6.1.4 For measuring systems having a common bank of storage tanks, all measuring systems shall
simultaneously maintain the minimum flowrate and no individual measuring system shall exceed the
maximum flowrate when the others are switched off.

6.2 Presentation of measured value
In addition to the required way of presentation as laid down in 5.1, the additional requirements below apply.
6.2.1 Indicating device

The meter shall be equipped with a digital indicating device displaying the mass of gas measured.

National authorities may allow the mass indication to be complemented with a secondary (informative)
indication of volume, energy or other quantity, provided the status of this informative indication is clear and
unambiguous and is not misleading with respect to the actual amount. Moreover in this case, the conversion
factor used for converting from mass to the secondary indication shall be displayed on the front face of the
measuring system. The indicated converted value is permitted to only deviate from the original indication by
the rounding error.

If the system is fitted with a price indicating device, it shall be imposed that
a) indications of unit price and price to be paid are related only to mass, and
b) these indications are displayed only when displaying the mass.
6.2.1.1 Size of the figures
The height for the figures of the digital display device shall be equal to or greater than 10 mm.
6.2.1.2 Grouping of numbers and decimal separator

Displayed or printed numbers may be divided into groups of three in order to facilitate reading. Neither dots
nor commas shall be inserted in the space between groups.

If the magnitude of the number is less than unity, the decimal separator should be preceded by a zero.

The decimal marker displayed or printed by the measuring instrument shall be either a comma on the line or a
point on the line. Use of the comma and/or the point is left to national habit or legislation.

Note:  According to ISO 80000-1 (2009), 7.3.2, the decimal separator is either a point or a comma on the
line. If the magnitude (absolute value) of the number is less than 1, the decimal separator should be
preceded by a zero. It is customary to use a decimal point in documents in the English language, in
the French language and in a number of other European languages except for some technical areas
where a comma is always applied.

6.2.1.3 Reading of the results (on display as well as in print) shall be reliable, easy and unambiguous under
conditions of normal use.

In addition to the requirements in 5.1, the figures forming the results shall be of a size, shape and clarity for
reading to be easy.
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The scales, numbering and printing shall permit the figures which form the results to be read by simple
juxtaposition.

6.2.2 The common use of one and the same indicating device for indicating the measurement results of
several measuring systems is authorized provided that it is impossible to use these measuring systems
simultaneously and that the measuring system providing the actual indication is clearly identified. Where in
such common use the indicating device is applied for different fluids (for example for compressed gasses as
well as liquid fuels) the same provision applies provided that only the applicable unit of measurement, related
to the indicated quantity value, is unchallengeable and clearly indicated (e.g. kg for mass, liter or cubic meter
for volume).

6.2.3 When relevant, the provisions relating to mass indications apply also to price indications by analogy
and to secondary indications of other quantities as well.

6.2.4 The continuous display of mass during the period of measurement is mandatory.
6.2.5 A digital indication or print shall display at least one figure beginning at the extreme right.

A decimal fraction shall be separated from its integer by a decimal separator (see 6.2.1.2), with the indication
showing at least one figure to the left of the separator and all figures to the right.
Zero may be indicated by one zero to the extreme right, without a decimal separator.

6.2.6 If the instruments are connected to an external printing device or data storage, the data transmission
from the instruments to the printing device shall be designed so that the results cannot be falsified.

It shall not be possible to print a document or store the measuring data in an external device for legal purposes
if the instrument checking facility(ies) detect(s) the occurrence of a significant fault. In this case the internal
data storage as required in 6.3 shall prevent any loss of data concerning previous measurements including some
signal to indicate that a significant fault has been detected.

6.2.7 Price indicating device

6.2.7.1 A mass indicating device may be complemented with a price indicating device which displays both
the unit price and the price to be paid.

The monetary unit or its symbol shall appear in the immediate vicinity of the indication.

6.2.7.2 The selected unit price shall be displayed by an indicating device before the start of the measurement.
The unit price shall be adjustable; changing the unit price may be carried out either directly on the measuring
system or through peripheral equipment.

The indicated unit price at the start of a measurement operation shall be valid for the whole transaction. A new
unit price shall only be effective at the moment a new measurement operation may start.

A time of at least 5 seconds shall elapse between indicating a new unit price and before the next measurement
operation can start, if the unit price is set from peripheral equipment.

6.2.7.3 Only rounding errors pertaining to the least significant digit of the price to be paid are authorized.
6.2.8 Printing device

6.2.8.1 If the measuring system is fitted with a printing device, any printing operation of measurement data
of the current transaction shall be inhibited during the course of a measurement. The printing operation itself
shall not initiate any change in the quantity indicated on the indicating device.
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6.2.8.2 The printing device may print information identifying the measurement such as: sequence number,
date, identification of the measuring system, type of gas, license plate, etc.

If the printing device is connected to more than one measuring system, it shall print the identification of the
relevant system.

6.2.8.3 If a printing device allows repetition of the printing before a new delivery has started, copies shall
be clearly marked as such, for example by printing “duplicate”.

6.2.8.4 The printing device may print, in addition to the measured quantity, either the corresponding price
or this price and the unit price.

6.2.8.5 Printing devices are also subject to the requirements in 6.10.5 Checking facilities for ancillary
devices.

6.2.8.6 In addition to the requirements in 5.1, the following requirements apply to a printer:

a) printing shall be clear and permanent for the intended use. If relevant, the manufacturer shall
specify the type of paper to be used in order to fulfill this requirement. It shall be ensured that the
print does not fade and shall be readable for a period of at least three months;

b) printed numeric characters shall be at least 2 mm in height;

¢) on the printout/hard copy, the name or the symbol of the unit of measurement shall be either to
the right of the value or above a column of values;

d) in case the printer fails (for instance if it is switched off, out of paper or ink, or in case of disturbed
communication), a warning shall be given or the measurement shall be prohibited;

e) in the case of an external printing device, the data transmission shall comply with 6.4.

6.3 Storing of measurement results (memory device; hardware)

The measurement results shall be recorded using sustainable means and shall include all information needed
for identifying the particular measurement. This may be provided by means of a printout and/or by storage in
a non-volatile memory.

6.3.1 Measuring systems may be fitted with a memory device to store measurement results until their use
or to keep track of commercial transactions, providing proof in case of a dispute. It shall be assured that means
are available for future recovery of the stored data.

These means shall be readily available during the whole life-cycle of the measuring system at

e the measuring system location, or
e any other appropriate location (for instance in the central office of the company that owns the
measuring system).

6.3.2 The medium or means on which data are stored shall have sufficient permanency to ensure that the
data will not become corrupted under normal storage conditions.

Note:  For roadside measuring systems, storage for three months corresponding to normal use is advisable.

6.3.3 Storage shall be such that it is impossible in normal use to modify stored values (see also Annex A,
A.2.3.2).

6.3.4 Memory devices shall be fitted with checking facilities according to 6.10.5. The aim of the checking
facility is to ensure that stored data correspond to the data provided by the calculator and that restored data
correspond to stored data.

It shall not be possible to store the measuring data in an external device if the instrument checking facility(ies)
detect(s) the occurrence of a significant fault.
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6.4 Data transmission

6.4.1.1 The instrument may be equipped with an interface permitting coupling to any peripheral devices or
other instruments.

6.4.1.2 An interface shall not allow the metrological functions of the instruments or their measurement data
to be inadmissibly influenced by the peripheral devices, by other interconnected instruments, or by
disturbances acting on the interface.

6.4.1.3 Functions that are performed or initiated via an interface shall meet the relevant requirements and
conditions of 6.11.

6.4.1.4 If the instrument is connected to a data printer or an external data storage device, the design of the
data transmission shall ensure that the measuring results cannot be falsified.

6.5 Zero-setting device

6.5.1 Measuring systems shall be equipped with a zero-setting device for resetting the mass indicating
device to zero.

6.5.1.1 The zero-setting device shall only permit the measurement result shown by the indicating device to
be reset to zero.

6.5.1.2  After finishing a previous delivery any further delivery shall only be possible after a reset to the zero
value indication.

6.5.1.3 Once the zeroing operation has started, it shall be impossible for the mass indicating device to show
a result different from that of the measurement which has just been made, until the zeroing operation has been
completed.

6.5.1.4 The measuring system shall not allow a reset to zero during measurement.

6.5.2 If the system also includes a price indicating device, this indicating device shall be fitted with a zero-
setting device.

The zero-setting devices of the price indicating device and of the mass indicating device shall be designed in
such a way that zeroing either indicating device automatically involves zeroing the other.

6.5.3 If the measuring system is designed so that registration of a mass quantity value could occur without
any effective flow rate, a device shall register this apparent flow rate and compensate the measurement result
for it.

6.6 Presetting device
6.6.1 Measuring systems may include a presetting device.

6.6.2 The selected quantity is preset by operating a digital device which indicates that quantity. The preset
quantity shall be indicated before the start of the measurement.

6.6.3 Where it is possible to simultaneously view the figures of the display device of the presetting device
and those of the mass indicating device, the former shall be clearly distinguishable from the latter.

6.6.4 Indication of the selected quantity may, during measurement, either remain unaltered or return
progressively to zero. However, it is acceptable to indicate the preset value on the indicating device for mass
by means of a special operation with the restriction that this value shall be replaced by the zero indication for
mass before the measurement operation can start.

6.6.5 The difference found under normal operating conditions, between the preset quantity and the quantity
shown by the mass indicating device at the end of the measurement operation, shall not exceed the minimum
specified mass deviation.

6.6.6 The preset quantities shall be expressed in units of mass according to 5.1.1. This unit or its legal
symbol shall be marked on the presetting device.
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6.6.7 The scale interval of the presetting device shall be equal to the scale interval of the indicating device.

6.6.8 Presetting devices may incorporate a device to permit the flow of gas to be stopped quickly when
necessary.

6.6.9 Measuring systems with a price indicating device may also be fitted with a price presetting device
which stops the flow of the gas when the quantity delivered corresponds to the preset price. The requirements
in 6.6.2 to 6.6.8 apply by analogy.

6.7 Calculator

6.7.1 When calculators are evaluated separately the maximum permissible error, positive or negative, on
the gas quantity indication is equal to 0.05 % of the applicable quantity value.

6.7.2 All information concerning parameters necessary for the elaboration of indications that are subject
to legal metrology control, such as unit price, calculation table, correction polynomial, etc. shall be available
in the calculator at the beginning of the measurement operation.

6.7.3 The calculator may be provided with interfaces permitting the coupling of peripheral equipment.
When these interfaces are used, the instrument shall continue to function correctly and its correct metrological
functioning shall not be affected.

6.8 Emergency power supply device
6.8.1 A measuring system shall be provided with an emergency power supply device allowing either

a) that all measuring functions be safeguarded during a failure of the principal power supply, or

b) that at the moment of a failure leading to stopping the flow, the data collected is saved and kept
displayable on an indicating device, which is subject to legal metrology control, for a time
sufficient to permit the completion of the current transaction.

In the situation as referred to in 6.8.1 b) an increase of the absolute value of the maximum permissible error
for the indicated mass by 5 % of the minimum measured quantity is acceptable.

6.8.2 In case of a failure leading to stopping the flow, measuring systems shall be designed such that the
operation of the display shall either

a) automatically continue for at least 15 minutes immediately following the failure of the principal
electrical supply, or

b) be manually controlled during the one hour following the failure for a total time span of at least
5 minutes divided into one or several time periods.

In addition, measuring systems shall be designed such that when the power failure has lasted more than 15 s,
an interrupted delivery cannot be continued after the power supply has been re-established.

6.9 Protection against fraud

A measuring system, including its ancillary devices installed according to the manufacturer’s instructions,
shall have no characteristics likely to facilitate its fraudulent use, neither by accidental nor by deliberate means
when using the instrument in the normal manner. Possibilities for unintentional misuse shall be minimal. The
general essential requirement dealing with fraudulent use shall be fulfilled in such a way that the interests of
all parties involved in the transaction are protected.

6.9.1 As far as applicable, the following aspects shall be taken into account:
a) except for a reset of the indication to zero and setting the unit price, it shall be impossible to make
any metrologically relevant adjustments without breaking the seals (see 9);
b) the possibility to change software shall comply with the requirements in 6.11;
c¢) the data transmission shall comply with 6.4;

d) the risk of a successful deliberate attempt to influence the measuring instrument by, for example,
digital telephones, static magnets, etc. shall be minimized.
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6.9.2 When an instrument complies with the requirements specified in 5.7.1 (Table 5) and if applicable
5.7.2 (Table 6) it is considered proven sufficiently immune for the RF electromagnetic immunity aspect of the
risk referred to in 6.9.1 d).

6.10 Checking facilities
6.10.1 Action of checking facilities

The detection by the checking facilities of a significant fault and/or of incorrectness in the generation,
transmission, processing and/or indication of measurement data shall result in an action.

The action of checking facilities depends on the type of facility.

6.10.1.1 The following action is applicable upon detection of a potential significant fault by checking facilities
of type N:

e avisible or audible alarm for the attention of the operator.

6.10.1.2 The following action is applicable upon detection of a potential significant fault by checking facilities
of type [ or P:
e automatic correction of the fault; or

e only stopping the faulty device, where even without this device being in operation the measuring
system continues to operate as required according to this Recommendation; or

¢ stopping the flow.
6.10.2 Checking facilities for the measurement transducer

6.10.2.1 Checking facilities shall be implemented which are able to verify the presence of the transducer, its
correct operation and the correctness of data transmission.

6.10.2.2 These checking facilities shall be of type P and the checking shall occur at time intervals not
exceeding the duration of the measurement of an amount of gas equal to the minimum specified mass deviation.

6.10.2.3 The design of the measuring system and the meter shall be such that it is possible to check during
type evaluation that these checking facilities function correctly:

a) when disconnecting the transducer; or

b) when interrupting one of the sensor's pulse generators; or

¢) when interrupting the electrical supply of the transducer.

6.10.2.4 This checking shall also be possible at initial verification unless the presence and the efficiency of
the checking facility is ensured by the conformity to type.

6.10.3 Checking facilities for the calculator

6.10.3.1 Checking facilities for the calculator shall verify that the calculator system functions correctly and
that the validity of the calculations made is ensured. No special means are required for indicating that these
checking facilities function correctly.

6.10.3.2 The checking of the functioning of the calculation system shall be of type P or L. In the latter case,
the checking shall occur at least every 5 minutes in the course of a delivery and at least once during a delivery.

The objective of the checking is to verify that
a) the values of all permanently memorized instructions and data are correct, by the application of
such means as

1) summing up all instruction and data codes and comparing the sum with a fixed value,
2) line and column parity bits (LRC and VRC),

3) cyclic redundancy checks (CRC 16),

4) double independent storage of data,
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5) storage of data in “safe coding”, for example protected by checksum, line and column
parity bits,
b) all procedures of internal transfer and storage of data relevant to the measurement result are
performed correctly, by such means as

1) read-write routine,

2) conversion and reconversion of codes,

3) use of “safe coding” (checksum, parity bit),

4) double storage.
6.10.3.3 The checking of the validity of calculations shall be of type P. This consists of checking the correct
value of all data related to the measurement whenever these data are internally stored or transmitted to
peripheral equipment through an interface. This check may be carried out by such means as parity bit,

checksum or double storage. In addition, the calculation system shall be provided with a means of controlling
the continuity of the calculation program.

6.10.4 Checking facility for the indicating device

6.10.4.1 The checking facility for the indicating device shall verify that the primary indications are displayed
and correspond to the data provided by the calculator.

6.10.4.2 The checking facility shall verify the presence of the indicating devices, in case these can be
disconnected. In this case the checking facility of the indicating device generally should be of type P. However,
it may be of type I if a primary indication is provided by some other device of the measuring system, or if the
indication can easily be determined from other primary indications (for example, if a price indicating device
is available in the presence of this indication it would be possible to determine the price to pay from the mass
and the unit price).

6.10.4.3 It shall be possible to determine the presence and correct operation of the checking facility during
type evaluation and verification either

a) by disconnecting all or part of the indicating device, or

b) by an action which simulates a failure in the display, such as using a test button.

6.10.4.4 Verifications by the checking facility referred to in 6.10.4.2 may be performed in one of two ways:
either according to the option presented in 6.10.4.5, or the option presented in 6.10.4.6.

6.10.4.5 One option for the operation of the checking facility is an automatic verification of the complete
indicating device.

For example, the following methods could be applied:
a) for indicating devices using incandescent filaments or LEDs: measuring the current in the
filaments;
b) for indicating devices using fluorescent tubes: measuring the grid voltage;
c¢) for indicating devices using electromagnetic shutters: checking the impact of each shutter;

d) for indicating devices using multiplexed liquid crystals: output checking of the control voltage of
segment lines and of common electrodes, so as to detect any disconnection or short circuit
between control circuits.

6.10.4.6 The second option relates to checking both

¢ automatically the data transmitted to the indicating device and the electronic circuits used for the
indicating device, excluding those to the driving circuits of the display itself,

o the display itself,
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whereby the visual checking facility of the display shall be of type I and provide a visual checking sequence
of the entire display and shall meet the following description:
a) displaying all the elements (“eights” test if appropriate);
b) blanking all the elements (“blank™ test);
¢) displaying “zeros”,
of which each step of the sequence shall last at least 0.75 seconds.
It is, however, not required for a detected fault to result in one of the actions described in 6.10.1.

6.10.5 Checking facilities for ancillary devices

An ancillary device (repeating device, printing device, self-service device, memory device, etc.) shall include
a checking facility of type I or P. The object of this checking facility is to verify the presence of the ancillary
device, when it is a necessary device, and to verify the correct transmission of data from the calculator to the
ancillary device. In particular, the checking of a printing device aims at ensuring that the printing controls
correspond to the data transmitted by the calculator.

6.10.5.1 At least the following shall be checked:

a) presence of paper;

b) transmission of data; and

¢) the electronic control circuits (except the driving circuits of the printing mechanism itself).
6.10.5.2 It shall be possible during type evaluation to check whether the checking facility of the printing
device is functioning correctly by an action forcing a distortion of the printing. This action should be a

simulated incorrectness in the generation, transmission (taking into account 6.10.2), processing, or indication
of measurement data.

6.10.5.3 Where the action of the checking facility is a warning, this shall be provided by the ancillary device
concerned or any other visible part of the measuring system.

6.10.6 Checking facilities for the associated measuring instruments

Associated measuring instruments shall include a checking facility of type P. The aim of this checking facility
is to ensure that the signal given by these associated instruments is within a pre-determined measuring range.

Examples are:

a) four wire transmission for resistive sensors;
b) frequency filters for density meters;
c) control of the driving current for pressure sensors.

6.10.7 Zero flow response

6.10.7.1 All dispenser systems shall be fitted with a time-out device that terminates a single batch delivery
should a period of inactivity (no flow) of more than 120 seconds occur during the transaction (i.e. the meter
will need to be reset to zero before a next batch delivery may start and 6.14.3 has been taken into account).

6.10.7.2 All dispensers with electronic indicators shall be fitted with a time-out device that terminates a
transaction (and thereupon the dispenser is reset to zero before a new delivery starts), should a period of
inactivity (no flow) of more than 120 seconds occur during the transaction.

Note: A transaction can only be considered terminated when all the relevant metrological data is registered.

6.11 Software

The requirements concerning the software applied in the measuring systems within the scope of this
Recommendation are presented in the mandatory Annex A.

32





OIML R 139-1:2018 (E)

6.12 Technical requirements for measuring systems with self-service arrangement
6.12.1 General requirements

6.12.1.1 Sealing requirements depend on national regulations. Installation requirements may depend on
national or regional regulations. The guidance from the manufacturer of the measurement system shall be taken
into account.

6.12.1.2 Where the self-service device serves two or more measuring systems, each measuring system shall
be provided with a measuring system identification number that shall accompany any primary indication
provided by the self-service device.

6.12.1.3 Indication of information that is not subject to metrological control is allowed, provided that it cannot
be confused with metrological information.

6.12.1.4 The control device of the self-service device should be capable of indicating the status of the
measuring systems (e.g. running, authorized or unauthorized) that are connected to the self-service device and
in the case of multiple modes of service and/or type of payment also that particular status of the measuring
system.

6.12.1.5 A change in the type of payment and/or mode of operation shall not be effective before the end of
the current measurement operation.

6.12.1.6 The self-service arrangement, including provisions related to clearly defined methods of operation,
shall be such that at least one primary indication for the benefit of the customer shall be available at least up
to the settlement of the transaction to enable the delivered quantity and the price to pay to be checked. This
indication for the customer shall be situated such, and be large enough to be easily readable for the customer
during the filling process.

Note:  For specific installations, this may require the use of larger characters than those prescribed in 5.1.3.

6.12.1.7 In the case of a self-service arrangement which totalizes the measured quantities for registered
customers, the minimum measured quantity is not applicable to the totalized quantities but applies for each
measurement which is taken into account in the totalized quantity.

6.12.2 Attended service mode

If the measuring system indicating device provides the only primary indication, provisions shall be made to
inform the customer that the next authorization of a particular measuring system can only be given by the
supplier after settlement of the current transaction.

6.12.2.1 Attended post-payment

6.12.2.1.1 Where the self-service arrangement includes a device that provides an additional primary indication
to that of the indicating device of the measuring system, it shall comprise at least one device providing a
reproduction of the mass quantity value and/or the price to pay, indicated by the measuring system indicating
device and consist of

a) a printing device to issue a receipt for the customer, or

b) an indicating device for the benefit of the supplier together with a display for the benefit of the
customer.

Note:  As aconsequence of 6.2.8.4, the reproduction of the mass and price is necessary when the measuring
system can be authorized before the settlement of the transaction.

6.12.2.1.2 For self-service devices with temporary storage (temporary storage mode) of measurement data of
measuring systems the following requirements apply:

a) temporary storage of measurement data shall be organized such that when the results are recalled,
the association of the data with the measurement is unambiguous for each measuring system;

b) the necessary information shall be passed to the customer on the identification of the applicable
measurement in the sequence of storage of measurements;
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¢) when a primary indication of the self-service device is out of service, the self-service arrangement
may continue its operation provided that it no longer uses any temporary storage, and that the
measuring system indicating device remains the primary indication.

6.12.2.1.3 Where the mandatory primary indication for the benefit of the customer is provided by an external
device and this device becomes disconnected, or when a checking facility detects a faulty operation, the
temporary storage mode shall be inhibited and the indicating device of the measuring system will remain the
primary indication.

6.12.2.2 Pre-payment in attended service mode
6.12.2.2.1 The requirements of 6.6 are applicable.
6.12.2.2.2 A receipt of the prepaid amount shall be provided.

Note:  If no printout is provided, a hand written receipt may be required. This, however, cannot be a
requirement for the instrument. In general, the national legislation will state which parameters need
to be registered for a legal transaction, especially e.g. regarding the taxes to be paid.

6.12.3 Unattended service mode
6.12.3.1 General
6.12.3.1.1 The self-service arrangement shall provide additional primary indications by means of

a) a printing device for the issue of a receipt to the customer, and

b) a printing or memory device on which measurement data are registered for the benefit of the
supplier.

6.12.3.1.2 When the printing devices or memory device, as required in 6.12.3.1.1, are not able to provide any
indication or are out of service, the customer shall be clearly warned by automatic means before the operation
commences.

Passing from attended to unattended service mode shall not be possible before correct operation of the
arrangement is concluded as feasible by the checking facilities, including compliance with the above provision.

6.12.3.1.3 Where the self-service arrangement is provided with individual volume totalizers, one for each
registered customer and visible to the customer, the provisions of 6.12.3.1.1 and 6.12.3.1.2 do not apply to
measurements related to such customers.

6.12.3.1.4 Micro-processors, which upon disturbance or interference influence the measurement operation,
shall be equipped with means for controlling the continuity of the processor program and for ensuring the
discontinuation of the current delivery when the continuity of the processor program is no longer ensured.

The next effective acceptance of notes, cards or other equivalent mode of payment shall only take place if the
continuity of the processor program is re-established.

6.12.3.1.5 When a power supply failure occurs, the delivery data shall be memorized. The requirements of
6.8.2 apply.

6.12.3.2 Delayed payment

The printed and/or memorized indications as mentioned in 6.12.3.1 shall contain sufficient information for
further checking, including at least the measured quantity, the price to pay and information to identify the
particular transaction (e.g. the measuring system number, location, date and time).

6.12.3.3 Pre-payment in unattended service mode

6.12.3.3.1 Following the termination of each delivery, the printed and/or memorized indications as intended
in 6.12.3.1 shall be made available, clearly indicating the amount which has been prepaid and the price
corresponding to the gas obtained.

These printed and/or memorized indications may be divided into two parts as follows:
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a) one part provided prior to the delivery on which the pre-paid amount is shown and recognizable
as such; and

b) one part provided following the termination of delivery, provided that it is clear from the
information provided on both parts that they are related to the same delivery.

6.12.3.3.2 The requirements of 6.6 are applicable.

6.13 Battery-powered instruments

In addition to 5.5.2 g), the requirements in the following sub clauses apply for instruments powered by
batteries:

Note:  Non-rechargeable batteries are not intended to serve as a main power supply for an instrument and
may only be applied as back-up battery according the provision in 6.13.2.

6.13.1 Rechargeable batteries

Instruments powered by rechargeable batteries that are intended to be (re)charged during the operation of the
measuring instrument shall
a) with the mains power switched off, comply with the following requirements:

1) the instrument provided with new and/or fully charged batteries of the specified type shall
comply with the metrological requirements;

2) as soon as the battery voltage has dropped below a level with the value specified by the
manufacturer as the minimum voltage level at which the instrument complies with the
metrological requirements, this shall be detected and acted upon by the instrument;

3) the instrument shall initiate a warning to the operator at least 15 minutes before the
battery voltage has dropped to the minimum voltage level as referred to in 2).

b) with the mains power switched on, comply with the requirements for AC mains powered
instruments.

6.13.2 Back-up batteries

6.13.2.1 Instruments powered by the mains power and provided with a back-up battery for data storage only,
shall comply with the requirements for AC mains powered instruments.

6.13.2.2 The provisions of 6.13.1 a) do not apply for back-up batteries.

6.14 Installation of the measuring system

6.14.1 Additional devices likely to be installed in a measuring system shall not corrupt the metrological
behavior of the measuring instrument.

6.14.2 No means shall be provided by which any measured gas can be diverted downstream of the meter
during a filling operation.

6.14.3  The design of the system shall ensure that the measured quantity is delivered. In particular, if the
hose downstream of the meter is likely to be depressurized between two deliveries this shall lead for instance
to systematic correction or repressurizing before counting for the next delivery.

Whatever the operating principle is (repressurizing or not), in particular whatever constitutes the hose or the
transfer point, in the worst measuring conditions, the residual mass which is measured, though not delivered
and no correction is made by the CGF measuring system, shall be smaller than or equal to

- one third of the minimum specified mass deviation for a hydrogen CGF measuring system,

- half the minimum specified mass deviation for any CGF measuring system except those for hydrogen.
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Note 1: The purpose of this provision is not to allow a systematic deviation

Note 2 Refer to Annex B (informative) for detailed information on the typical methods applied for correction
of the depressurization quantity of hydrogen CGF measuring systems.

Note 3: Due to the high pressure of the hydrogen gas there will be a deviation between mass measured and
the actual mass delivered which will make it necessary to correct for the mass which is measured but
not delivered.

6.14.4  Ifthere is arisk that the supply conditions can provide a flow rate exceeding the Omax of the measuring
system, a flow limiting device shall be provided. It shall be possible to seal it.

6.14.5  There shall be a provision for fitting and removing a pressure gauge on the measuring system in order
to check Puax, and, if critical, Pumin.

6.14.6  Flowmeters shall be mounted sufficiently isolated from the compressors such that the influence of
vibrations on the measuring will be negligible.

6.14.7  The frequency range of an applied Coriolis meter shall not be correlated to the compressor vibrations
frequency range.

6.14.8 Documented information shall be provided as part of the documentation specified in 8.2 d) about the
measures taken to prevent the meter from becoming influenced by compressors or possible other sources of
vibration which are part of the measuring system and which are located in the vicinity of the meter.

7 Markings

7.1 Each measuring system, meter or other module for which type approval has been granted shall bear
a permanent, non-transferable, and easily readable identification plate or label giving the following
information:

a) manufacturer’s trade mark/corporate name;

b) year of manufacture;

¢) type designation / model number;

d) accuracy class (for hydrogen CGF measuring system only);

e) type approval number and (area allowed for) verification marks, according to national legislation;

f) serial number of the measuring system and, if applicable, of each of the modules.

7.2 The minimum measured quantity (MMQ) shall be permanently visible on the front of the indicating
device.
7.3 The following metrological and technical characteristics, where applicable, shall be provided either

on the identification plate, or may be visible either permanently, or on demand on the indicating device, as
appropriate:
a) metrological characteristics:

e measuring range (minimum flow rate, Omin, and maximum flow rate, Omax);

e maximum pressure of the gas in the refueling station gas storage, Ps;

¢ maximum fast fill pressure of the gas-fuelled vehicle, Px;

o if critical, minimum pressure of the gas, Puin;

e maximum pressure of the gas, Pumax;

e type(s) of the gas (mixtures) to be measured (e.g. natural gas, or hydrogen);

o ifapplicable, information on density, composition, quality, etc. where related to the mass
measurement characteristics;

e maximum temperature of the gas, Tmax;
e minimum temperature of the gas, Tin.

36





OIML R 139-1:2018 (E)

e ambient temperature range;
o the applicable environmental class M1 or M2.

b) details of the electrical power:
e in the case of mains power: nominal mains voltage, frequency and power required;

e inthe case of battery powered instruments and/or internal removable back-up battery: the
type (containing the information on the minimum capacity) and nominal voltage of the
battery;

e identification of the software (see 6.11);

e presence of a sequential control device and the operational mode; where relevant: the
maximum allowed speed of switching between banks for the sequential control device;

e any required additional information as stated in the type approval certificate.
The markings required for each component may be combined on a single identification plate.

7.4 The markings on the front of the indicating device of a meter shall not contravene those on the
identification plate of the measuring system comprising this meter.

8 Instruction manual

8.1 The instructions for operation of each individual measuring system shall be made available to the
user’ by means of a printed or printable instruction manual.

8.2 The text used in the instruction manual shall be in the official language(s) of the country (or another
generally accepted language according to national legislation) and easily understandable. Its contents shall at
least include

a) operating instructions,

b) rated operating conditions (see 5.5.2),

¢) warm-up time after switching on the electrical power,

d) all other relevant mechanical and electromagnetic environmental conditions,

e) for instruments powered by an external power converter or battery: specifications of this power
converter or battery,

f) if applicable: details about compatibility with ancillary equipment,

g) any specific installation conditions such as, for instance, a limitation of the length of signal, data,
and control lines,

h) instructions for installation, maintenance, repairs, permissible adjustments (this can be in a
separate document, not intended for the user/owner),

i) conditions for compatibility with interfaces, sub-assemblies (modules) or other measuring
instruments,

j) minimum measured quantity MMQ,

k) minimum flow rate, Omin, and maximum flow rate, Omax,

1) maximum pressure of the gas in the refueling station gas storage, Ps,
m) maximum fast fill pressure of the gas-fuelled vehicle, Py,

n) if critical, minimum pressure of the gas, Pmin,

0) if appropriate, nature and characteristics of the gases to be measured,
p) maximum temperature of the gas, Tmasx,

3 In the scope of this Recommendation “user” is not to be interpreted as the fuel purchasing customer.
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q) minimum temperature of the gas, Trmin,
r) environmental restrictions (see 5.7.1 and 5.7.2),
s) the maximum length of the hose.

Note 1: The maximum and minimum temperatures of the gas Tmax and Tmin are those in the measuring
transducer when measuring.

Note 2: The environmental class may be different according to devices of the measuring system, provided
that each device is used according to its own environmental class. In particular, this is applicable to
some parts of a self-service device which can be used at different temperatures than the rest of the
measuring system.

9 Sealing

9.1 General

9.1.1 Effective sealing shall be provided on all parts of the measuring system which cannot be materially
protected in any other way against operations liable to affect the measurement accuracy (see also 6.14.4,
6.12.1.1 and Annex A).

9.1.2 Sealing devices shall prohibit the changing of any parameter that participates in the determination of
measurement results (parameters for correction or adjustment and conversion in particular).

9.1.3 Sealing is preferably carried out by means of hardware seals. However, other types of sealing are
permitted when these seals provide sufficient integrity, e.g. electronic seals.

9.14 The seals shall, in all cases, be easily accessible.

9.2 Electronic sealing devices

9.2.1 When access to parameters that contribute to the determination of the measurement result is not
protected by mechanical sealing devices, the protection shall fulfil the provisions of 9.2.1.1 to 9.2.1.5.

9.2.1.1 Either:

a) access shall only be granted to authorized persons, e.g. by using a “password” and, after changing
parameters, the measuring system may be put into use “in sealed condition” again without any
restriction; or

b) access is granted without restrictions (similar to classical sealing) but, after changing parameters,
the measuring system shall only be put into use “in sealed condition” again by authorized persons,
e.g. by using a “password”.

9.2.1.2 The “password” shall be changeable.
9.2.1.3 In the case of direct selling to the public, the use of only a “password” is not allowed and the

measuring system shall be provided with a mechanical sealing device, e.g. access cover protected switch or
key switch.

9.2.1.4 When it is in the configuration mode (a mode in which parameters can be changed), the device shall
either not operate or it shall clearly indicate that it is in the configuration mode. This status shall remain until
the measuring system has been put into use “in sealed condition” in accordance with 9.2.1.1.

9.2.1.5 For identification, data concerning the latest intervention(s) shall be automatically recorded in an
event logger, complying with the following requirements:
a) the produced record shall include at least
1) an event counter,
2) the date on which the parameter was changed,
3) the new value of the parameter, and
4) the identification of the person that implemented the intervention;
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b) the traceability of the most recent intervention shall be assured;
c) the event logger shall be capable of storing at least 999 interventions (covering at least the period
between legally required (re-)verifications); and

d) the first-in first-out (FIFO) principle shall be applied in case insufficient memory capacity
remains to store a new record.

9.2.2 For measuring systems with parts which may be disconnected from each other by the user and which
are interchangeable, the following provisions shall be fulfilled:

a) it shall not be possible to access parameters that contribute to the determination of measurement
results through disconnected points unless the provisions in 9.2.1 are fulfilled; and

b) insertion of any device which may influence the accuracy shall be prevented by means of
electronic and data processing securities or, if not possible, by mechanical means.

9.2.3 For measuring systems with parts which may be disconnected from each other by the user and which
are not interchangeable, the provisions in 9.2.2 apply. Moreover, these measuring systems shall be provided
with devices which do not allow them to operate if the various parts are not associated according to the
manufacturer’s configuration.

Note:  Disconnections which are not allowed by the user may be prevented, for example by means of a
device that prevents any measurement after disconnecting and reconnecting.

10 Stamping plate

A plate, referred to as the stamping plate, the purpose of which is to receive the control marks, shall be sealed
or permanently attached on a support of the measuring system. It may be combined with the identification
plate of the measuring system referred to in 7.1.

11 Suitability for testing

11.1 The measuring system and, if applicable, its modules shall permit the tests and evaluation according
to the applicable clauses in Part 2 of this Recommendation to be performed.

11.2 It shall be possible to identify modules that have been subject to a separate type examination
procedure (meters, printers, etc.).

11.3 The design of the instrument shall be such that initial and subsequent verification and metrological
supervision can be carried out on site according to the applicable clauses in Part 2 of this Recommendation,
without unreasonable effort.

12 Presumption of compliance

The type of a measuring instrument according to this Recommendation is presumed to comply with the
provisions in this Part 1 of the Recommendation if it passes the examination and tests specified in Part 2 of
this Recommendation.

13 Specific requirements for ancillary devices
13.1 Ancillary devices may be a part of the calculator or of the meter, or may for example be peripheral
equipment connected through an interface to the calculator.

As a rule, ancillary devices are optional. However, some may be required or prohibited as prescribed in this
Recommendation.
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Note:  Some ancillary devices may or may not be mandatory and/or subject to legal metrological control
according to their functionality and/or utilization in the measuring system or according to national
regulations.

13.2 When these ancillary devices are mandatory in application of this Recommendation or by national

or international regulation, they are considered to be integral parts of the measuring system, they are subject
to control, and they shall meet the requirements of this Recommendation.

13.3 When ancillary devices are not subject to legal control, these devices shall not affect the correct
operation of the measuring system. In particular, the system shall continue to operate correctly and its
metrological functions shall not be affected when the peripheral equipment is connected or disconnected.

In addition, when a measurement result is visible and displayed to the user by such a device it shall show a
statement that is clearly visible to this user to indicate that it is out of legal control. Such a statement shall also
be present on each printout likely to be made available to the customer.

14 Transfer point

14.1 Measuring systems shall incorporate a transfer point. This transfer point is located downstream of
the meter.

14.2 Two or more delivery transfer points may be permanently installed and operated simultaneously or

alternately provided so that any diversion of gas to other than the intended receiving receptacle(s) cannot be
readily accomplished or is readily apparent. Such means include, for example, physical barriers, visible valves
or indications that make it clear which transfer points are in operation, and explanatory signs, if necessary.

14.3 When only one transfer point can be used during a delivery, and after the nozzle of the transfer point
has been placed back on its slot, the next delivery shall be inhibited until the indicating device has been reset
to zero.

When two or more transfer points can be used simultaneously or alternately, and after the utilized nozzles of
the transfer points have been placed back on their slots, the next delivery shall be inhibited until the indicating
device has been reset to zero. Moreover, by design, the provisions of 14.2 shall be fulfilled.

15 Additional requirements for specific modules

15.1 Meter
The meter shall meet the following requirements specified in the following subclauses.
15.1.1 Metrological specifications of the meter

15.1.1.1 The field of operation of a meter shall be specified by the manufacturer and is determined at least by
the following characteristics:

a) measuring range limited by the minimum flow rate, Omin, and the maximum flow rate, Omax;

b) maximum pressure of the gas, Pmax;

c) if critical, minimum pressure of the gas, Pin;

d) if appropriate, nature and characteristics of the gases to be measured;

¢) maximum temperature of the gas, Tmax;

f) minimum temperature of the gas, Tmin.
15.1.1.2 The temperature range of the gas shall cover at least +10 °C to +40 °C. The rated operating conditions

of the meter are the same as those for the complete measurement system. In any case the ranges shall suit the
conditions of use.
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15.1.2 Additional technical requirements for meters
15.1.2.1 Connections between the flow sensor and the indicating device

The connections between the flow sensor and the indicating device shall be reliable and, for electronic devices,
durable, in accordance with 5.8.1, 6.10.2 and 6.10.4.

15.1.2.2 Adjustment device
The following applies to meter adjustment devices:

a) meters may be provided with an adjustment device which permits modification of the ratio
between the indicated mass and the actual mass of gas passing through the meter, by a simple
command;

b) when this adjustment device modifies this ratio in a discontinuous manner, the consecutive values
of the ratio shall not differ by more than 0.001;

¢) this device shall only be used to reduce the measurement error as much as possible;
d) adjustment by means of a bypass of the meter is prohibited.

15.1.2.3 Correction device

The aim of a correction device is to reduce the measurement error as much as possible. Measuring instruments
or devices involved in the execution of the correction, if any, shall comply with the applicable International
Standards or Recommendations. Their accuracy shall be sufficient to permit the requirements on the meter be
met, as specified in 5.2.

The following applies to meter correction devices:

a) meters may be fitted with correction devices, which are considered to be an integral part of the
meter. This implies that the whole set of the requirements which apply to the meter is applicable
to the corrected mass. This in particular concerns the maximum permissible errors as specified in
5.2;

b) during normal operation, only the corrected mass values shall be displayed;

¢) the use of this device for adjusting the errors of a meter to values other than as close as practical
to zero is forbidden, even when these values are within the maximum permissible errors;

d) correction is only allowed on the basis of actual (measured) parameters. E.g. the correction device
shall not allow the correction of a pre-estimated drift in relation to time or mass;

e) these associated measuring instruments shall be fitted with checking facilities, as specified in
6.10.6.

15.2 Additional technical requirements for external printers and external memory devices

External memory or external printing devices (separate modules) connected to the measuring instrument shall
have a permanent, non-transferable, and easily readable identification plate or label giving the following
information:

a) manufacturer’s trade mark/corporate name;

b) type designation / model number;

¢) type approval number;

d) serial number;

e) identification of the measuring instrument(s) of which the measurement results can be printed;

f) details of the electrical power:
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g) in the case of mains power: nominal mains voltage, frequency and power required,

h) in the case of an internal removable battery: the type and nominal voltage of the battery;
1) if applicable: specific conditions for use (for instance specific ambient conditions);

j) if applicable: identification of the software (see 6.11).
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Annex A
Requirements for software controlled
compressed gaseous fuel measuring systems for vehicles

(Mandatory)

The specific software terminology is defined in OIML D 31:2008, Clause 3.

Al General requirements
A.l.1 Software identification

Legally relevant software of a measuring system and/or its constituents shall be clearly identified with the
software version or any other token. The identification may consist of more than one part but at least one part
shall be dedicated to the legal purpose.

The identification shall be inextricably linked to this software and shall be:

e presented or printed on command, or
e displayed during operation, or

« displayed when the measuring system is switched, if the measuring system can be switched on
and off.

The software identification and the means of identification shall be stated in the type evaluation certificate.
A.1.2  Correctness of algorithms and functions

The measuring algorithms and functions of the measuring system and/or its constituents shall be appropriate
and functionally correct.

It shall be possible to examine the algorithms and functions either by metrological tests, software tests or
software examination.

A.1.3  Software protection (against fraud)

A.1.3.1 The legally relevant software shall be secured against unauthorized modification, loading, or changes
by swapping the memory device. In addition to mechanical sealing, technical means may be necessary to
protect measuring systems equipped with an operating system or an option to load software.

A.1.3.2 Only clearly documented functions (see A.3) are allowed to be activated by the user interface, which
shall be realized in such a way that it does not facilitate fraudulent use.

A.1.3.3 Parameters that fix the legally relevant characteristics of the measuring system shall be secured
against unauthorized modification. For the purpose of verification it shall be possible to display or print the
current parameter settings.

Note:  Device-specific parameters may be adjustable or selectable only in a special operational mode of the
instrument. They may be classified as those that should be secured (unalterable) and those that may
be accessed (settable parameters) by an authorized person, e.g. the instrument owner or product
vendor.

A.1.3.4 Software protection comprises appropriate sealing by mechanical, electronic and/or cryptographic
means, making an unauthorized intervention impossible or evident.

A.1.4  Support of fault detection

The detection by the checking facilities of faults so as to prevent significant faults from occurring may be
achieved by software. In such a case, this detecting software is considered legally relevant.
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The documentation to be submitted for type evaluation shall contain a list of parameters which may generate
faults and will be detected by the software including the expected reaction and, if necessary for understanding
the detection algorithm, its description.

A2 Requirements specific for configurations
A.2.1  Specifying and separating relevant parts and specifying interfaces of parts

Metrologically critical parts of a measuring system — whether software or hardware parts — shall not be
inadmissibly influenced by other parts of the measuring system.

This requirement applies if the measuring system and/or its constituents has interfaces for communicating with
other electronic devices, with the user, or with other software parts next to the metrologically critical parts.

A.2.1.1 Separation of constituents of a measuring system

A.2.1.1.a  Constituents of a measuring system that perform functions which are legally relevant shall
be identified, clearly defined, and documented. These form the legally relevant part of the measuring system.

A.2.1.1.b It shall be demonstrated that the relevant functions and data of constituents cannot be
inadmissibly influenced by commands received via an interface.

This implies that there is an unambiguous assignment of each command to all initiated functions or data
changes in the constituent.

A.2.1.2 Separation of software parts

A.2.1.2.a All software modules (programs, subroutines, objects, etc.) that perform legally relevant functions
or that contain legally relevant data domains form the legally relevant software part of a measuring system.
This part shall be made identifiable as described in A.1.1.

If the separation of the software is not possible, the software is legally relevant as a whole.

A.2.1.2.b If the legally relevant software part communicates with other software parts, a software interface
shall be defined. All communication shall be performed exclusively via this interface. The legally relevant
software part and the interface shall be clearly documented. All legally relevant functions and data domains of
the software shall be described to enable a type approval authority to decide on correct software separation.

The interface consists of program code and dedicated data domains. Defined coded commands or data are
exchanged between the software parts by storing to the dedicated data domain by one software part and reading
from it by the other. The writing and reading program code is part of the software interface.

The data domain forming the software interface including the code that exports from the legally relevant part
to the interface data domain and the code that imports from the interface to the legally relevant part shall be
clearly defined and documented. The declared software interface shall not be circumvented.

The manufacturer is responsible for respecting these constraints. Technical means (such as sealing) of
preventing a program from circumventing the interface or programming hidden commands are not possible.
The programmer of the legally relevant software part as well as the programmer of the legally non-relevant
part should be provided with instructions concerning these requirements by the manufacturer.

A.2.1.2.c There shall be an unambiguous assignment of each command to all initiated functions or data
changes in the legally relevant part of the software. Commands that communicate through the software
interface shall be declared and documented. Only documented commands are allowed to be activated through
the software interface. The manufacturer shall state the completeness of the documentation of commands.

A.2.1.2.d Where legally relevant software has been separated from non-relevant software, the legally relevant
software shall have priority using the resources over non-relevant software. The measurement task (realized
by the legally relevant software part) must not be delayed or blocked by other tasks.

The manufacturer is responsible for respecting these constraints. Technical means for preventing a legally non-
relevant program from disturbing legally relevant functions shall be provided. The programmer of the legally
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relevant software part as well as the programmer of the legally non-relevant part should be provided with
instructions concerning these requirements by the manufacturer.

A.2.2 Shared indications

A display or printout may be employed for presenting both information from the legally relevant part of
software and other information.

Software that realizes the indication of measurement values and other legally relevant information belongs to
the legally relevant part.

A.2.3  Storage of data, transmission via communication systems

If measurement values will be used at a location different from that of the measurement or at a later stage than
the moment of measurement, these possibly need to leave the measuring system or device and be stored or
transmitted in an insecure environment before being used for legal purposes. In that case the following
requirements apply:

A.2.3.1 The measurement value stored or transmitted shall be accompanied by all relevant information
necessary for the future legally relevant use.

A.2.3.2 The data shall be protected by software means so as to guarantee the authenticity, integrity and, if
necessary the correctness of the information concerning the time of measurement. The software that displays
or further processes the measurement values and the accompanying data shall check the time of measurement,
authenticity, and integrity of the data after having read them from the insecure storage or after having received
them from an insecure transmission channel.

The memory device shall be fitted with a checking facility to ensure that if an irregularity is detected, the data
shall be discarded or marked unusable.

Software modules that prepare data for storing or sending, or that check data after reading or receiving are
considered part of the legally relevant software.

A.2.3.3 When transferring measurement values through an open network, it is necessary to apply
cryptographic methods. Confidentiality keys employed for this purpose shall be kept secret and secured in the
measuring instruments, electronic devices, or sub-assemblies involved. Means shall be provided whereby these
keys can only be input or read if a seal is broken.

A.2.4  Transmission delay
The measurement shall not be inadmissibly influenced by a transmission delay.
A.2.5  Transmission interruption

If network services become unavailable, no measurement data shall be lost. The measurement process should
be stopped to avoid the loss of measurement data.

A.2.6 Automatic storage

When, considering the application, data storage is required, measurement data must be stored automatically
when the measurement is concluded, i.e. when the final value used for the legal purpose has been generated.

The storage device must have sufficient permanency to ensure that the data will not become corrupted under
normal storage conditions. There shall be sufficient memory storage for any particular application.

When the final value used for the legal purpose results from a calculation, all data that are necessary for the
calculation must be automatically stored with the final value.

A.2.7  Deleting of stored data

Stored data concerning a single transaction and not relevant to maintain for other purposes may be deleted on
the condition that the transaction is settled.
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Only after this condition is met and insufficient memory capacity is available for storage of successive data, it
is permitted to delete memorized data when both the following conditions are met:

e the sequence of deletion of data will be in the same order as the recording order (FIFO) while
the rules established for the particular application are respected;
o the required deletion will start either automatically or after a specific manual operation.

A3 Software documentation

All program functions shall be explained in the documentation of the measuring system, including relevant
data structures and software interfaces of the legally relevant part of the software that is implemented in the
measuring instrument. All commands and their effects shall be described exhaustively in the software
documentation.
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Annex B

Typical methods for correction of the depressurization

quantity for hydrogen CGF measuring systems

(Informative)

B.1 Evaluation of depressurized quantity
An example of a measuring system where hydrogen loss occurs due to depressurization is shown in Figure

B.1.
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Note: The part surrounded by two-dot chain lines is the part to be considered as the area of hydrogen loss
due to depressurization.

Figure B.1 - Schematic diagram of an example of a hydrogen dispenser

Table B.1 Methods to evaluate depressurized quantity

Method A | Evaluate the maximum value of the depressurized quantity as a specific value for each
dispenser from the maximum hydrogen pressure and minimum temperature at the operating
condition, and the volume of the depressurization area.

Method B | Evaluate the depressurized quantity after each filling process completed;

B1 | from the hydrogen temperature / pressure and the volume of the depressurization area.

B2 | by using a flowmeter mounted at the discharge valve.

Note 1: The volume of the depressurization area can be obtained either by calculation from the dimensions
of the components of the depressurization area (the pipe length, the inner diameter of the pipe, the
inner volume of the valves and so on), or by other kind of physical measurement.

Note 2: If method A is applied the correction value needs to be a settable parameter. This value of the
parameter will be fixed (thus not changeable) when the system is installed.
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B.2 Equation for estimation of depressurization quantity
For Method A and Method B1 in Table B.1, the depressurization quantity is obtained from the following

formula.
c=u (z77)

Where, depressurization quantity value[g]

C
M: molecular mass of hydrogen [g mol!]. The value 2.016 is applicable
for measurements within the scope of this Recommendation.

Summation for all depressurization area

PIR

pP: Operating pressure of hydrogen refueling station (Method A), or
hydrogen pressure at the end of each refueling (Method B1) [MPa]

v Volume of depressurization area [cm?]

R: Gas constant [J K''mol']. The value 8.314 46 is applicable for
measurements within the scope of this Recommendation.
Compressibility factor [none]

T: Hydrogen temperature in the depressurization area at operating

condition (Method A) or hydrogen temperature at the end of each
refueling (Method B1) [K]

B.3 Correction for depressurization quantity

The hydrogen CGF measuring system will indicate a corrected value obtained by subtracting the
depressurization quantity value from the meter indication at the end of the refueling. The accuracy should be
within the applicable MPE (see 5.2.1).

Note: 'When Method A is used, the indication could be over-corrected resulting in financial loss of the station
operator and poor metrological accuracy, while when using Method B, a higher accuracy can be
expected.

48





OIML R 139-1:2018 (E)

Annex C
Bibliography

(Informative)

Ref.

Standards and reference documents

Description

OIML V 2-200:2007 including erratum 2010
and minor corrections 2012; 3rd Edition
JCGM 200:2012

International Vocabulary of Metrology — Basic and
General Concepts and Associated Terms (VIM).
Vocabulary, prepared by a joint working group
(JCGM) comprising by BIPM, IEC, IFCC, ISO,
IUPAC, IUPAP, and OIML

(2]

OIML V 1:2013

International vocabulary of terms in legal metrology
(VIML) (bilingual French-English) / Vocabulaire
international des termes de métrologie légale
(VIML)

OIML D 11:2013
General requirements for measuring
instruments - Environmental conditions

Guidance document for establishing appropriate
metrological performance testing requirements for
environmental influence quantities that may affect
the measuring instruments.

OIML G 1-100:2008
Guide to the expression of Uncertainty in
Measurement (GUM)

Evaluation of measurement data - Guide to the
expression of uncertainty in measurement

IEC 60068-2-1 Ed. 6.0 (2007-03)
Environmental testing
Part 2: Test methods- Section 1: Test A: Cold

Concerns exposure to low temperatures (cold) tests
on both non-heat-dissipating and heat-dissipating
specimens

IEC 60068-2-2 Ed 5.0 (2007-07)
Environmental testing

Part 2: Test methods — Section 2: Test B:
Dry heat

Concerns exposure to high temperatures and low
humidity (dry heath) tests on both non-heat-
dissipating and heat-dissipating specimens and
contains the following tests with gradual change of
temperature: for non-heat-dissipating specimens,
for heat-dissipating specimens and for heat-
dissipating specimens powered throughout the test,

IEC 60068-2-30 Ed 3.0 (2005-08)
Environmental testing

Part 2-Test methods - Section 30 Test Db :
Damp heat, cyclic (12 + 12-hour cycle)

Determines the suitability of components,
equipment or other articles for use, transportation
and storage under conditions of high humidity -
combined with cyclic temperature changes and, in
general, producing condensation on the surface of
the specimen

IEC 60068-2-47 Ed 3.0 (2005-04)
Environmental testing

Part 2 Test methods - Section 47: Mounting of
specimens for vibration, impact and similar
dynamic tests

Provides methods of mounting components, and
mounting requirements for equipment and other
articles, for the families of dynamic tests in IEC
60068-2, that is impact (Test E), vibration (Test F)
and acceleration, steady-state (Test G).

[9]

IEC 60068-2-64 Ed 2.0 (2008-04)
Environmental testing

Part 2: Test methods,

Section 64: Test Fh: Vibration, broad-band
random and guidance

Determines the adequacy of specimens to resist
dynamic loads without unacceptable degradation of
its functional and/or structural integrity when
subjected to the specified random vibration test
requirements.
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Ref. Standards and reference documents Description
IEC 60068-3-1 Ed. 2.0 (2011-08) Provides guidance regarding the performance of
[10] Environmental testing cold and dry heat tests.
Part 3: Supporting documentation and
guidance - Section 1: Cold and dry heat tests
IEC 60068-3-4 Ed. 1.0 (2001-08) The object of damp heat tests described is to
Environmental testing determine the ability of products to withstand the
[11] Part 3: Supporting documentation and stresses occurring in a high relative humidity
guidance - Section 4: Damp heat tests environment, with or without condensation, and
with special regard to variations of electrical and
mechanical characteristics.
IEC 60068-3-8 Ed. 1.0 (2003) Provides guidance for selecting amongst the IEC
Environmental testing 60068-2 stationary vibration test methods Fc
[12] | Part 3: Supporting documentation and sinusoidal, Fh random and F(x) Mixed mode
guidance - Section 8: Selecting amongst vibration.
vibration tests
IEC 60654-2 Ed. 1.0 (1979-01), with Provides the limiting values for power received by
amendment 1 (1992-09) on Ed. 1.0 land-based and  offshore  industrial-process
[13] Operating conditions for industrial-process measurement and control systems or parts of
measurement and control equipment systems during operation. Maintenance and repair
Part 2: Power conditions are not within the scope of this standard
IEC/TR 61000-2-1 Ed. 1.0 (1990-05) This publication has the status of a technical report,
Electromagnetic compatibility (EMC) and provides information on the various types of
Part 2: Environment disturbances that can be expected on public power
Section 1: Description of the environment - supply systems. The following disturbance
[14] Electromagnetic environment for low- phenomena are considered: - harmonics - inter-
frequency conducted disturbances and harmonics - voltage fluctuations - voltage dips and
signalling in public power supply systems short supply interruptions - voltage unbalance -
mains signalling - power frequency variation - DC
components
IEC 61000-4-1 Ed.3.0 (2006-10) Provides applicability assistance to the users and
Basic EMC Publication manufacturers of electrical and electronic
[15] Electromagnetic compatibility (EMC) equipment on EMC standards within the IEC
Part 4: Testing and measurement techniques 61000-4 series on testing and measurement
Section 1: Overview of IEC 61000-4 series techniques.
IEC 61000-4-2 Ed. 2.0 (2008-12) Provides the immunity requirements and test
Basic EMC Publication methods for electrical and electronic equipment
Electromagnetic compatibility (EMC) subjected to static electricity discharges, from
[16] Part 4: Testing and measurement techniques operators directly, and from any person to adjacent
Section 2: Electrostatic discharge immunity objects. It additionally defines ranges of test levels
test. which relate to different environmental and
installation conditions and establishes test
procedures.
IEC 61000-4-3 consolidated Ed. 3.2 (2010-04) | Provides the immunity requirements of electrical
Basic EMC Publication and  electronic  equipment to  radiated
Electromagnetic compatibility (EMC) electromagnetic energy. It establishes test levels and
[17] Part 4: Testing and measurement techniques the required test procedures. Establishes a common

Section 3: Radiated, radio-frequency,
electromagnetic field immunity test

reference for evaluating the performance of
electrical and electronic equipment when subjected
to radio-frequency electromagnetic fields from any
source.
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Ref. Standards and reference documents Description
IEC 61000-4-4 Ed. 3.0 (2012-04) Establishes a common and reproducible reference
Electromagnetic compatibility (EMC) for evaluating the immunity of electrical and
[18] | Part 4: T esting and measurement techniques electronic equipment when subjected to electrical
Section 4: Electrical fast transient/burst fast transient/bursts on supply, signal, control and
immunity test earth ports.
IEC 61000-4-5 Ed. 3.0 (2014-05) Provides the immunity requirements, test methods,
Electromagnetic compatibility (EMC) and range of recommended test levels for electrical
Part 4: Testing and measurement techniques and electronic equipment to unidirectional surges
[19] | Section 5: Surge immunity test caused by overvoltages from switching and
lightning transients. Several test levels are defined
which relate to different environment and
installation conditions.
IEC 61000-4-6 Ed 4.0 (2013-10) Provides the immunity requirements of electrical
Electromagnetic compatibility (EMC) and electronic  equipment to  conducted
Part 4: Testing and measurement techniques electromagnetic  disturbances originating from
Section 6: Immunity to conducted intended radio-frequency (RF) transmitters in the
[20] | disturbances, induced by radio-frequency frequency range 9 kHz up to 80 MHz. Equipment
fields not having at least one conducting cable (such as
mains supply, signal line or earth connection),
which can couple the equipment to the disturbing
RF fields is excluded.
IEC 61000-4-11 Ed.2.0 (2004-03) Provides the immunity test methods and range of
Electromagnetic compatibility (EMC) preferred test levels for electrical and electronic
Part 4: Testing and measuring techniques equipment connected to low-voltage power supply
Section 11:Voltage dips, short interruptions networks for voltage dips, short interruptions, and
(211 | and voltage variations immunity tests voltage variations. It applies to equipment having a
rated input current not exceeding 16 A per phase, for
connection to 50 Hz or 60 Hz AC networks.
It does not apply equipment for connection to 400
Hz AC networks
IEC 61000-4-17 Consolidated Ed. 1.2 Provides test methods for immunity to ripple at the
(2009-01) (incl. am. 1& am.2) DC input power port of electrical or electronic
Electromagnetic compatibility (EMC) — equipment. This standard is applicable to low-
Part 4: Testing and measurement techniques voltage DC power ports of equipment supplied by
[22] | Section 17: Ripple on DC input power port external rectifier systems, or batteries which are
immunity test. being charged
This test does not apply to equipment connected to
battery charger systems incorporating switch mode
converters.
IEC 61000-4-20 Ed 2.0 (2010-08) Provides radiated immunity test methods for
Electromagnetic compatibility (EMC) electrical and electronic equipment using various
Part 4: Testing and measurement techniques, | types of transverse electromagnetic (TEM)
[23] | Section 20: Emission and immunity testing in | waveguides. These types include open structures
transverse electromagnetic (TEM) waveguides | (for example, striplines and electromagnetic pulse
simulators) and closed structures (for example,
TEM cells).
IEC 61000-4-29 Ed. 1.0 (2000-08) Provides test methods for immunity to voltage dips,
Electromagnetic compatibility (EMC) — short interruptions and voltage variations at the DC
[24] Part 4: Testing and measuring techniques, input power ports of electrical or electronic

Section 29: Voltage dips, short interruptions
and voltage variations on DC input power
port immunity tests

equipment. This standard is applicable to low
voltage DC power ports of equipment supplied by
external DC networks.
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Ref. Standards and reference documents Description
IEC 61000-6-2 Ed. 3.0 (2016-08) Defines the immunity performance requirements for
Electromagnetic compatibility (EMC) — electrical and electronic apparatus intended for use
Part 6 Generic standards — in industrial environments, both indoor and outdoor
[25] Section 2: Immunity for industrial and for which no dedicated product or product-
environments family immunity standard exists.
This Standard also applies to apparatus which are
battery operated and intended to be used in
industrial locations
[26] OIML D 31:2008 General requirements for software controlled

measuring instruments
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		6.2.7.3 Only rounding errors pertaining to the least significant digit of the price to be paid are authorized.



		6.2.8 Printing device

		6.2.8.1 If the measuring system is fitted with a printing device, any printing operation of measurement data of the current transaction shall be inhibited during the course of a measurement. The printing operation itself shall not initiate any change ...

		6.2.8.2 The printing device may print information identifying the measurement such as: sequence number, date, identification of the measuring system, type of gas, license plate, etc.

		6.2.8.3 If a printing device allows repetition of the printing before a new delivery has started, copies shall be clearly marked as such, for example by printing “duplicate”.

		6.2.8.4 The printing device may print, in addition to the measured quantity, either the corresponding price or this price and the unit price.

		6.2.8.5 Printing devices are also subject to the requirements in 6.10.5 Checking facilities for ancillary devices.

		6.2.8.6 In addition to the requirements in 5.1, the following requirements apply to a printer:





		6.3 Storing of measurement results (memory device; hardware)

		6.3.1 Measuring systems may be fitted with a memory device to store measurement results until their use or to keep track of commercial transactions, providing proof in case of a dispute. It shall be assured that means are available for future recovery...

		6.3.2 The medium or means on which data are stored shall have sufficient permanency to ensure that the data will not become corrupted under normal storage conditions.

		6.3.3 Storage shall be such that it is impossible in normal use to modify stored values (see also Annex A, A.2.3.2).

		6.3.4 Memory devices shall be fitted with checking facilities according to 6.10.5. The aim of the checking facility is to ensure that stored data correspond to the data provided by the calculator and that restored data correspond to stored data.



		6.4 Data transmission

		6.4.1.1 The instrument may be equipped with an interface permitting coupling to any peripheral devices or other instruments.

		6.4.1.2 An interface shall not allow the metrological functions of the instruments or their measurement data to be inadmissibly influenced by the peripheral devices, by other interconnected instruments, or by disturbances acting on the interface.

		6.4.1.3 Functions that are performed or initiated via an interface shall meet the relevant requirements and conditions of 6.11.

		6.4.1.4 If the instrument is connected to a data printer or an external data storage device, the design of the data transmission shall ensure that the measuring results cannot be falsified.



		6.5 Zero-setting device

		6.5.1 Measuring systems shall be equipped with a zero-setting device for resetting the mass indicating device to zero.

		6.5.1.1 The zero-setting device shall only permit the measurement result shown by the indicating device to be reset to zero.

		6.5.1.2 After finishing a previous delivery any further delivery shall only be possible after a reset to the zero value indication.

		6.5.1.3 Once the zeroing operation has started, it shall be impossible for the mass indicating device to show a result different from that of the measurement which has just been made, until the zeroing operation has been completed.

		6.5.1.4 The measuring system shall not allow a reset to zero during measurement.



		6.5.2 If the system also includes a price indicating device, this indicating device shall be fitted with a zero-setting device.

		6.5.3 If the measuring system is designed so that registration of a mass quantity value could occur without any effective flow rate, a device shall register this apparent flow rate and compensate the measurement result for it.



		6.6 Presetting device

		6.6.1 Measuring systems may include a presetting device.

		6.6.2 The selected quantity is preset by operating a digital device which indicates that quantity. The preset quantity shall be indicated before the start of the measurement.

		6.6.3 Where it is possible to simultaneously view the figures of the display device of the presetting device and those of the mass indicating device, the former shall be clearly distinguishable from the latter.

		6.6.4 Indication of the selected quantity may, during measurement, either remain unaltered or return progressively to zero. However, it is acceptable to indicate the preset value on the indicating device for mass by means of a special operation with t...

		6.6.5 The difference found under normal operating conditions, between the preset quantity and the quantity shown by the mass indicating device at the end of the measurement operation, shall not exceed the minimum specified mass deviation.

		6.6.6 The preset quantities shall be expressed in units of mass according to 5.1.1. This unit or its legal symbol shall be marked on the presetting device.

		6.6.7 The scale interval of the presetting device shall be equal to the scale interval of the indicating device.

		6.6.8 Presetting devices may incorporate a device to permit the flow of gas to be stopped quickly when necessary.

		6.6.9 Measuring systems with a price indicating device may also be fitted with a price presetting device which stops the flow of the gas when the quantity delivered corresponds to the preset price. The requirements in 6.6.2 to 6.6.8 apply by analogy.



		6.7 Calculator

		6.7.1 When calculators are evaluated separately the maximum permissible error, positive or negative, on the gas quantity indication is equal to 0.05 % of the applicable quantity value.

		6.7.2 All information concerning parameters necessary for the elaboration of indications that are subject to legal metrology control, such as unit price, calculation table, correction polynomial, etc. shall be available in the calculator at the beginn...

		6.7.3 The calculator may be provided with interfaces permitting the coupling of peripheral equipment. When these interfaces are used, the instrument shall continue to function correctly and its correct metrological functioning shall not be affected.



		6.8 Emergency power supply device

		6.8.1 A measuring system shall be provided with an emergency power supply device allowing either

		6.8.2 In case of a failure leading to stopping the flow, measuring systems shall be designed such that the operation of the display shall either



		6.9 Protection against fraud

		6.9.1 As far as applicable, the following aspects shall be taken into account:

		6.9.2 When an instrument complies with the requirements specified in 5.7.1 (Table 5) and if applicable 5.7.2 (Table 6) it is considered proven sufficiently immune for the RF electromagnetic immunity aspect of the risk referred to in 6.9.1 d).



		6.10 Checking facilities

		6.10.1 Action of checking facilities

		6.10.1.1 The following action is applicable upon detection of a potential significant fault by checking facilities of type N:

		6.10.1.2 The following action is applicable upon detection of a potential significant fault by checking facilities of type I or P:



		6.10.2 Checking facilities for the measurement transducer

		6.10.2.1 Checking facilities shall be implemented which are able to verify the presence of the transducer, its correct operation and the correctness of data transmission.

		6.10.2.2 These checking facilities shall be of type P and the checking shall occur at time intervals not exceeding the duration of the measurement of an amount of gas equal to the minimum specified mass deviation.

		6.10.2.3 The design of the measuring system and the meter shall be such that it is possible to check during type evaluation that these checking facilities function correctly:

		6.10.2.4 This checking shall also be possible at initial verification unless the presence and the efficiency of the checking facility is ensured by the conformity to type.



		6.10.3 Checking facilities for the calculator

		6.10.3.1 Checking facilities for the calculator shall verify that the calculator system functions correctly and that the validity of the calculations made is ensured. No special means are required for indicating that these checking facilities function...

		6.10.3.2 The checking of the functioning of the calculation system shall be of type P or I. In the latter case, the checking shall occur at least every 5 minutes in the course of a delivery and at least once during a delivery.

		6.10.3.3 The checking of the validity of calculations shall be of type P. This consists of checking the correct value of all data related to the measurement whenever these data are internally stored or transmitted to peripheral equipment through an in...



		6.10.4 Checking facility for the indicating device

		6.10.4.1 The checking facility for the indicating device shall verify that the primary indications are displayed and correspond to the data provided by the calculator.

		6.10.4.2 The checking facility shall verify the presence of the indicating devices, in case these can be disconnected. In this case the checking facility of the indicating device generally should be of type P. However, it may be of type I if a primary...

		6.10.4.3 It shall be possible to determine the presence and correct operation of the checking facility during type evaluation and verification either

		6.10.4.4 Verifications by the checking facility referred to in 6.10.4.2 may be performed in one of two ways: either according to the option presented in 6.10.4.5, or the option presented in 6.10.4.6.

		6.10.4.5 One option for the operation of the checking facility is an automatic verification of the complete indicating device.

		6.10.4.6 The second option relates to checking both



		6.10.5 Checking facilities for ancillary devices

		6.10.5.1 At least the following shall be checked:

		6.10.5.2 It shall be possible during type evaluation to check whether the checking facility of the printing device is functioning correctly by an action forcing a distortion of the printing. This action should be a simulated incorrectness in the gener...

		6.10.5.3 Where the action of the checking facility is a warning, this shall be provided by the ancillary device concerned or any other visible part of the measuring system.



		6.10.6 Checking facilities for the associated measuring instruments

		6.10.7 Zero flow response

		6.10.7.1 All dispenser systems shall be fitted with a time-out device that terminates a single batch delivery should a period of inactivity (no flow) of more than 120 seconds occur during the transaction (i.e. the meter will need to be reset to zero b...

		6.10.7.2 All dispensers with electronic indicators shall be fitted with a time-out device that terminates a transaction (and thereupon the dispenser is reset to zero before a new delivery starts), should a period of inactivity (no flow) of more than 1...





		6.11 Software

		6.12 Technical requirements for measuring systems with self-service arrangement

		6.12.1 General requirements

		6.12.1.1 Sealing requirements depend on national regulations. Installation requirements may depend on national or regional regulations. The guidance from the manufacturer of the measurement system shall be taken into account.

		6.12.1.2 Where the self-service device serves two or more measuring systems, each measuring system shall be provided with a measuring system identification number that shall accompany any primary indication provided by the self-service device.

		6.12.1.3 Indication of information that is not subject to metrological control is allowed, provided that it cannot be confused with metrological information.

		6.12.1.4 The control device of the self-service device should be capable of indicating the status of the measuring systems (e.g. running, authorized or unauthorized) that are connected to the self-service device and in the case of multiple modes of se...

		6.12.1.5 A change in the type of payment and/or mode of operation shall not be effective before the end of the current measurement operation.

		6.12.1.6 The self-service arrangement, including provisions related to clearly defined methods of operation, shall be such that at least one primary indication for the benefit of the customer shall be available at least up to the settlement of the tra...

		6.12.1.7 In the case of a self-service arrangement which totalizes the measured quantities for registered customers, the minimum measured quantity is not applicable to the totalized quantities but applies for each measurement which is taken into accou...



		6.12.2 Attended service mode

		6.12.2.1 Attended post-payment

		6.12.2.1.1 Where the self-service arrangement includes a device that provides an additional primary indication to that of the indicating device of the measuring system, it shall comprise at least one device providing a reproduction of the mass quantit...

		6.12.2.1.2 For self-service devices with temporary storage (temporary storage mode) of measurement data of measuring systems the following requirements apply:

		6.12.2.1.3 Where the mandatory primary indication for the benefit of the customer is provided by an external device and this device becomes disconnected, or when a checking facility detects a faulty operation, the temporary storage mode shall be inhib...

		6.12.2.2 Pre-payment in attended service mode

		6.12.2.2.1 The requirements of 6.6 are applicable.

		6.12.2.2.2 A receipt of the prepaid amount shall be provided.



		6.12.3 Unattended service mode

		6.12.3.1 General

		6.12.3.1.1 The self-service arrangement shall provide additional primary indications by means of

		6.12.3.1.2 When the printing devices or memory device, as required in 6.12.3.1.1, are not able to provide any indication or are out of service, the customer shall be clearly warned by automatic means before the operation commences.

		6.12.3.1.3 Where the self-service arrangement is provided with individual volume totalizers, one for each registered customer and visible to the customer, the provisions of 6.12.3.1.1 and 6.12.3.1.2 do not apply to measurements related to such customers.

		6.12.3.1.4 Micro-processors, which upon disturbance or interference influence the measurement operation, shall be equipped with means for controlling the continuity of the processor program and for ensuring the discontinuation of the current delivery ...

		6.12.3.1.5 When a power supply failure occurs, the delivery data shall be memorized. The requirements of 6.8.2 apply.

		6.12.3.2 Delayed payment

		6.12.3.3 Pre-payment in unattended service mode

		6.12.3.3.1 Following the termination of each delivery, the printed and/or memorized indications as intended in 6.12.3.1 shall be made available, clearly indicating the amount which has been prepaid and the price corresponding to the gas obtained.

		6.12.3.3.2 The requirements of 6.6 are applicable.





		6.13 Battery-powered instruments

		6.13.1 Rechargeable batteries

		6.13.2 Back-up batteries

		6.13.2.1 Instruments powered by the mains power and provided with a back-up battery for data storage only, shall comply with the requirements for AC mains powered instruments.

		6.13.2.2 The provisions of 6.13.1 a) do not apply for back-up batteries.





		6.14 Installation of the measuring system

		6.14.1 Additional devices likely to be installed in a measuring system shall not corrupt the metrological behavior of the measuring instrument.

		6.14.2 No means shall be provided by which any measured gas can be diverted downstream of the meter during a filling operation.

		6.14.3 The design of the system shall ensure that the measured quantity is delivered. In particular, if the hose downstream of the meter is likely to be depressurized between two deliveries this shall lead for instance to systematic correction or repr...

		6.14.4 If there is a risk that the supply conditions can provide a flow rate exceeding the Qmax of the measuring system, a flow limiting device shall be provided. It shall be possible to seal it.

		6.14.5 There shall be a provision for fitting and removing a pressure gauge on the measuring system in order to check Pmax, and, if critical, Pmin.

		6.14.6 Flowmeters shall be mounted sufficiently isolated from the compressors such that the influence of vibrations on the measuring will be negligible.

		6.14.7 The frequency range of an applied Coriolis meter shall not be correlated to the compressor vibrations frequency range.

		6.14.8 Documented information shall be provided as part of the documentation specified in 8.2 d) about the measures taken to prevent the meter from becoming influenced by compressors or possible other sources of vibration which are part of the measuri...





		7 Markings

		8 Instruction manual

		9 Sealing

		9.1 General

		9.1.1 Effective sealing shall be provided on all parts of the measuring system which cannot be materially protected in any other way against operations liable to affect the measurement accuracy (see also 6.14.4, 6.12.1.1 and Annex A).

		9.1.2 Sealing devices shall prohibit the changing of any parameter that participates in the determination of measurement results (parameters for correction or adjustment and conversion in particular).

		9.1.3 Sealing is preferably carried out by means of hardware seals. However, other types of sealing are permitted when these seals provide sufficient integrity, e.g. electronic seals.

		9.1.4 The seals shall, in all cases, be easily accessible.



		9.2 Electronic sealing devices

		9.2.1 When access to parameters that contribute to the determination of the measurement result is not protected by mechanical sealing devices, the protection shall fulfil the provisions of 9.2.1.1 to 9.2.1.5.

		9.2.1.1 Either:

		9.2.1.2 The “password” shall be changeable.

		9.2.1.3 In the case of direct selling to the public, the use of only a “password” is not allowed and the measuring system shall be provided with a mechanical sealing device, e.g. access cover protected switch or key switch.

		9.2.1.4 When it is in the configuration mode (a mode in which parameters can be changed), the device shall either not operate or it shall clearly indicate that it is in the configuration mode. This status shall remain until the measuring system has be...

		9.2.1.5 For identification, data concerning the latest intervention(s) shall be automatically recorded in an event logger, complying with the following requirements:



		9.2.2 For measuring systems with parts which may be disconnected from each other by the user and which are interchangeable, the following provisions shall be fulfilled:

		9.2.3 For measuring systems with parts which may be disconnected from each other by the user and which are not interchangeable, the provisions in 9.2.2 apply. Moreover, these measuring systems shall be provided with devices which do not allow them to ...





		10 Stamping plate

		11 Suitability for testing

		12 Presumption of compliance

		13 Specific requirements for ancillary devices

		14 Transfer point

		15 Additional requirements for specific modules

		15.1 Meter

		15.1.1 Metrological specifications of the meter

		15.1.1.1 The field of operation of a meter shall be specified by the manufacturer and is determined at least by the following characteristics:

		15.1.1.2 The temperature range of the gas shall cover at least +10  C to +40  C. The rated operating conditions of the meter are the same as those for the complete measurement system. In any case the ranges shall suit the conditions of use.



		15.1.2 Additional technical requirements for meters

		15.1.2.1 Connections between the flow sensor and the indicating device

		15.1.2.2 Adjustment device

		15.1.2.3 Correction device





		15.2 Additional technical requirements for external printers and external memory devices





		Annex A Requirements for software controlled compressed gaseous fuel measuring systems for vehicles

		Annex B Typical methods for correction of the depressurization quantity for hydrogen CGF measuring systems
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Foreword

The International Organization of Legal Metrology (OIML) is a worldwide, intergovernmental organization
whose primary aim is to harmonize the regulations and metrological controls applied by the national
metrological services, or related organizations, of its Member States.

The main categories of OIML publications are:

= International Recommendations (OIML R), which are model regulations that establish the
metrological characteristics required of certain measuring instruments and which specify methods and
equipment for checking their conformity. OIML Member States shall implement these
Recommendations to the greatest possible extent;

= International Documents (OIML D), which are informative in nature and which are intended to
harmonize and improve work in the field of legal metrology;

= International Guides (OIML G), which are also informative in nature and which are intended to give
guidelines for the application of certain requirements to legal metrology; and

= International Basic Publications (OIML B), which define the operating rules of the various OIML
structures and systems.

OIML Draft Recommendations, Documents and Guides are developed by Project Groups linked to Technical
Committees or Subcommittees which comprise representatives from the Member States. Certain international
and regional institutions also participate on a consultation basis. Cooperative agreements have been established
between the OIML and certain institutions, such as ISO and the IEC, with the objective of avoiding
contradictory requirements. Consequently, manufacturers and users of measuring instruments, test
laboratories, etc. may simultaneously apply OIML publications and those of other institutions.

International Recommendations, Documents, Guides and Basic Publications are published in English (E) and
translated into French (F) and are subject to periodic revision.

Additionally, the OIML publishes or participates in the publication of Vocabularies (OIML V) and
periodically commissions legal metrology experts to write Expert Reports (OIML E). Expert Reports are
intended to provide information and advice, and are written solely from the viewpoint of their author, without
the involvement of a Technical Committee or Subcommittee, nor that of the CIML. Thus, they do not
necessarily represent the views of the OIML.

This publication — reference OIML R 139-2, Edition 2018 (E) — was developed by the Project Group p7 of
Technical Subcommittee TC 8/SC 7 Gas metering. It was approved for final publication by the International
Committee of Legal Metrology in 2018 and will be submitted to the International Conference on Legal
Metrology in 2020 for formal sanction. It supersedes the previous edition of R 139 dated 2014.

OIML Publications may be downloaded from the OIML website in the form of PDF files. Additional
information on OIML Publications may be obtained from the Organization’s headquarters:

Bureau International de Métrologie Légale
11, rue Turgot - 75009 Paris — France
Telephone: 33 (0)1 48 78 12 82

Fax: 33 (0)1 42 82 17 27

E-mail: biml@oiml.org

Internet: www.oiml.org
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Part 2: Metrological controls and performance tests

1 Metrological controls

1.1 General

In general (depending on national or regional legislation), legal metrological control can consist of type
approval, initial and subsequent verification, and metrological supervision.

This Part gives general guidelines for each of these steps.

1.2 Responsibility for compliance with the requirements

1.2.1 Notwithstanding the kind of legal metrological control in a country, the manufacturer (or its formal
representative) has the full responsibility that the instruments comply with the requirements in Part 1 at the
moment they are delivered to the user.

1.2.2 After assignment, the owner of the instrument has the responsibility that the instrument is well
maintained and complies with the requirements in Part 1 as long as the instrument is in use. The operational
presence of the instrument at the owner’s premises is considered as “in use”.

Particular attention shall be paid to the future recovery of stored data (see R 139-1, 6.3.1).
1.2.3 Modification of an approved type

1.2.3.1 The beneficiary of the type approval shall inform the body issuing the approval of any modification
or addition which concerns an approved type.

1.2.3.2 Modifications and additions shall be subject to a supplementary type evaluation when they influence,
or are likely to influence, the measurement results or the instrument’s regulatory conditions of use. The body
having approved the initial type shall decide to which extent the examinations and tests described below shall
be carried out on the modified type in relation with the nature of the modification.

1.2.3.3 When the body having approved the initial type judges that the modifications or additions are not
likely to influence the measurement results, this body allows in writing that the modified instruments may be
presented for initial verification without granting a supplementary type approval.

A new or supplementary type evaluation must be issued whenever the modified type no longer fulfils the
provisions of the initial type approval.

1.2.3.4 The manufacturer may be granted permission to replace hardware elements which cannot influence
the characteristics or the performance of the measuring systems merely comprising binary electric circuits (so-
called purely binary or digital elements) by other functionally equivalent elements without having to submit
the measuring instrument so as to demonstrate that it continues to operate as designed. The manufacturer will
be held responsible regarding the continuation of operation under the specified rated conditions.

These hardware elements shall be identified during type evaluation and registered as such in the type approval
certificate.

1.24 Application of the measuring system

A measuring system shall exclusively be used for measuring gas having characteristics within its field of
operation, as specified by the manufacturer, validated during type evaluation and as stated in the type approval
certificate (see R 139-1, 8.2 q).

The field of operation of a measuring system shall be within the fields of measurement of each of its constituent
elements, in particular the meter.
1.3 Uncertainty

1.3.1 Each test comprises measurements applying harmonized test setups for the verification of
compliance with requirements. Measurement uncertainty is an attribute of each measurement. For every
measurement result that is reported during testing of a measuring instrument or system within the framework
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of this Recommendation the measurement uncertainty associated with the corresponding measured value(s)
and determined error(s) of indication shall be known and where relevant shall be reported.

Note:  Exceptions considered not relevant to be reported in the test report include the uncertainty values
associated with individual measured values which are obtained for the purpose of assessing a
component of measurement uncertainty associated with the repeatability or reproducibility of the
measuring instrument/system and/or testing procedure, or where it is determined on the basis of a
previous reported assessment that a component of measurement uncertainty is not significant in a
particular measurement application.

1.3.2 The uncertainty associated with the test method shall be taken into account in the decision on the
applicability of the test method.

When a test is conducted, the expanded uncertainty' on the determination of errors on indications of mass shall
be:

. for type evaluation less than one-fifth of the applicable MPE;
. for verifications less than one-third of the applicable MPE.

However, if the above-mentioned criteria cannot be met, the test results can be approved alternatively by
reducing the applied maximum permissible errors with the excess of the uncertainties. In this case the following
acceptance criteria shall be used:

. for type evaluation + (% .MPE — U)
. for verifications +(%4-MPE-U)

while U< MPE

1.3.3 The estimation of expanded uncertainty U is calculated according to the Guide fo the expression of
uncertainty in measurement [4] applying a coverage probability which corresponds the application of a
coverage factor k =2 for a normal distribution and which comprises approximately 95 % of the measurement
results.

1.34 For the calculation of the uncertainty, the uncertainty contributions related to the EUT need to be
taken into account, in particular the scale interval and, if applicable, the intrinsic instability at zero flow.

The repeatability error of the EUT, however, shall not be included in the uncertainty.

1.3.5 In the case of a repeatability test (not performed in conjunction with accuracy tests), the above ratios
apply to the stability of measurement standards.

2 Instrument evaluation

Examinations and testing of measuring instruments are intended to verify compliance with the requirements
laid down in Part 1 of this Recommendation.

If a specimen does not pass a specific part of the examination or test and as a result needs to be modified or
repaired, the applicant shall apply this modification to all the specimens submitted for the test. These modified
specimen(s) shall again be subjected to this particular test. If the testing laboratory has well-founded reasons
to believe that the modification could have a negative impact on the result of another test or tests already
performed, these tests shall be repeated as well.

2.1 Examinations

The instrument shall be inspected and the documentation shall be studied so as to obtain a general appraisal of
its design and construction.

1) As defined in OIML G 1-100 [4], 2.3.5
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2.1.1 Design examination

The design examination aims at verifying that the design of devices and their checking facilities comply with
the provisions of this Recommendation.

It includes in general

e an examination of the construction and of the electronic sub-systems and components used so as to
verify their appropriateness for their intended use,

e verification that in all considered cases these devices comply with the provisions of R 139-1,
6.10,while taking into consideration the faults likely to occur, and

o verification of the presence and effectiveness of the test device(s) for the checking facilities.
In particular, the conformity to the referred requirements regarding the following aspects shall be examined:

a) presentation of the measurement result (R 139-1, 5.1, 6.2);

b) measuring range (R 139-1, 5.3);

¢) environmental classes and rated operating conditions (R 139-1, 5.5);
d) construction (R 139-1, 6.1);

e) price indicating device (R 139-1, 6.2.8);

f) printing device (R 139-1, 6.2.9);

g) storage of measuring results (R 139-1, 6.3);

h) data transmission (R 139-1, 6.4);

i) zero-setting device (R 139-1, 6.5);

j) pre-setting device (R 139-1, 6.6);

k) calculator (R 139-1, 6.7);

) emergency power supply device (R 139-1, 6.8);

m) protection against fraud (R 139-1, 6.9);

n) checking facilities (R 139-1, 6.10);

o) software (R 139-1, 6.11);

p) guarantee of delivery of the measured quantity (R 139-1, 6.14.3);
q) measures taken to prevent influences from internal sources of vibration (R 139-1, 6.14.6);
r) inscriptions (R 139-1, 7);

s) verification of the contents of the instruction manual (R 139-1, 8);
t) sealing (R 139-1, 9);

u) stamping plate (R 139-1, 10);

v) suitability for testing (R 139-1, 11).

2.1.2 Software evaluation

The software evaluation procedure concerns evaluation of compliance to the requirements as described in
Part 1 Annex A and comprises a combination of analysis and validation methods and tests as shown in Table 1.
The explanation of the abbreviations used and the relation to the methods as described in detail in OIML D 31
[26] is shown in Table 2.
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Table 1 - Software validation procedures applicable for verification
of compliance to the software requirements

Requirement (see annex A of Part 1)

Evaluation procedure (see Table 2)

A.l.1 Software identification AD + VFTSw
A.l1.2 Correctness of algorithms AD + VFTSw
A3 Fraud protection AD + VFTSw (+ DFA/CIWT/SMT)!

Parameter protection AD + VFTSw( + DFA/CIWT/SMT)!
A2.1 Separation of electronic devices and sub-assemblies AD
A22 Separation of software parts AD
A23 Storage of data, transmission via communication systems | AD + VFTSw (+ CIWT/SMT)!
A.2.3.1 |Data protection with respect to time of measurement AD + VFTSw (+ SMT)!
A24 Automatic storing AD + VFTSw
A.2.3.4 |Transmission delay AD + VFTSw
A.2.3.5 |Transmission interruption AD + VFTSw

Time stamp AD + VFTSw

Table 2 - Cross references of evaluation procedures to those described in Annex C

and detailed in OIML D 31
Abbreviation Description Related Annex C and
OIML D 31:2008 Clause
AD Anglysis of the documentation and validation of the Annex C (C1) 2 D 31 (6.2.3.1)
design

VFTM Validation by functional testing of metrological functions |Annex C (C2) = D 31 (6.2.3.2)
VFTSw Validation by functional testing of software functions Annex C (C3) = D 31 (6.2.3.3)
DFA Y Metrological data flow analysis Annex C (C4) & D 31 (6.2.3.4)
CIWT?Y Code inspection and walkthrough Annex C (C5) = D 31 (6.2.3.5)
SMTV Software module testing Annex C (C6) = D 31 (6.2.3.6)

D The software validation methods DFA, CIWT and SMT in general are not applicable and may only be
applicable if the measuring system is designed to allow software downloading.

2.2

2.2.1
2.2.1.1

Performance tests on the measuring system

General

functioning under various conditions.

The measuring instrument/system shall be submitted to performance tests to determine its correct

2.2.1.2 The execution of performance tests on the measuring system comprises the verification that
constituent elements of the system, not yet subjected to separate type evaluation, satisfy the applicable
requirements, even in those cases where a separate type evaluation is not requested. This also includes the
verification that in any case these constituent elements are compatible. However, when the measuring system
contains a meter that has not yet been approved, it is only possible to perform tests on the complete system, as
specified in 2.2.7 (without having to perform the influence quantity tests specified in 3.8 on the calculator).

10





OIML R 139-2:2018 (E)

The tests to be performed for type approval for a measuring system shall therefore be determined on the basis
of the type approval certificates already granted for the constituent elements of the system.

2.2.1.3 When none of the constituent elements have ever been submitted for a separate type evaluation, all
of the tests laid down in this Recommendation shall be performed on the complete measuring system or, where
applicable, on specific devices.

2.2.1.4 If the various constituent elements have all been evaluated and approved separately, it is possible to
restrict the approval process to an examination of the documentation only. However, a functional test of the
complete measuring system should always be performed in particular at the lowest temperature intended for
all components of the gas piping.

Note:  The above paragraph is to be interpreted such that influence factor test on the meter need not be
performed once again.

2.2.1.5 It is also acceptable to reduce the type evaluation program when the measuring system includes
constituent elements identical to those which equip another measuring system that has already been approved,
and when the operating conditions of these elements are identical.

Note:  ltisadvisable that constituent elements be subject to separate type evaluation when these are intended
to equip several types of measuring systems. This is particularly recommended when the
manufacturers of the various measuring systems are not identical and/or different bodies are in charge
of the type evaluations.

2.2.2 Simulation and testing modules

2.2.2.1 As a general rule, tests shall be carried out on a complete measuring system or module, which is to
be submitted for evaluation. This specimen shall represent a single type. Simulation of any part of the specimen
to be tested should be avoided. In the case where simulation cannot be avoided, at least all those parts of the
instrument that could be affected by a test and which play an active role in the measurements shall be part of
the assembly submitted for the applicable test.

2.2.2.2 If the size or configuration of the measuring instrument does not permit specific or all tests to be
executed on the instrument as a whole, or if only a separate module (see 3.11) of the measuring instrument is
concerned, the tests, or the specific tests, shall be carried out on the modules separately, provided that these
devices are included in a simulation setup which is proven valid to represent the normal operation.

Note:  As a general rule, dismantling the measuring instruments or devices for the tests is to be avoided.

2.23 Assembly required for performance tests

2.2.3.1 Except in those cases specified in 2.2.2, tests shall be performed on a complete measuring system
where size and configuration permit.

In those cases where tests are not performed on a complete system, they shall be carried out on a sub-system
comprising at least the following devices:

a) measuring device;

b) calculator;

¢) indicating device;

d) power supply device;

€) correction device, if appropriate.

2.2.3.2 This sub-system shall be included in a simulation setup which represents the normal operation of the
measuring system. For example, the movement of the gas may be simulated by an appropriate device.

2.2.3.3 The calculator shall be in its final housing with all inputs and outputs connected and all peripheral
equipment switched on.

2.2.3.4 In all cases, peripheral equipment may be tested separately.

11
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224 Intermediate adjustments while performing tests

A measuring system shall fulfill the requirements without adjustment of the system or of its devices during the
course of the tests. If an adjustment is carried out, it shall be verified that the measuring system would have
been capable of fulfilling the full set of requirements with the new adjustment by restarting tests and/or
recalculating errors obtained before adjustment if the corresponding tests are not performed again.

2.2.5 Preparations and preconditions for performance tests
2.2.5.1 General considerations
In general, the major factors affecting the accuracy of compressed gaseous fuel (CGF) measuring systems are:

a) the size of the meter, which shall be suitable for the maximum flow obtainable using the refueling
system to which it is fitted.

Note:  Higher flow rates will occur at the beginning of the refueling and just after each bank switching.
Testing up to the measuring system’s specified allowed maximum flow capacity will reveal the effect
of meter undersizing;

b) the quantity value of the measured batch; and

c) the ratio between the low flow rate portion and the total quantity of gas delivered in the refueling
transaction;
Note:  These low flow rates will occur prior to bank switching and just before the very end of the refueling.
Larger low flow rate proportions may reduce the meter accuracy;

d) sudden flow acceleration and deceleration originating from interventions by the sequential control
device.

The tests specified in the following sub clauses will take into account the influence of these potential accuracy
reducing sources.

2.2.5.2 Test setup

2.2.5.2.1 Table 3 presents the indicative values of the minimum volume, Vmin, for the test receiver
(representing the vehicle fuel storage system) and the test reservoir volume, Vd (representing the refueling
station fuel storage system) to be applied in the test, related to the capacity of the meter to be tested.

Table 3 - Indicative values of the minimum volume for the test receiver

Test Meter capacity Unit
:/e()(lllellr;flzr Qmax S 4 4 < Qmax S 12 12< Qmax < 30 30< Qmax < 70 Qmax > 70 kg/mln
Vinin 10 30 90" 300 600 L
Va? 50 150 800 1600 2400 L

D" 50 L may be accepted provided the test receiver volume fulfills the appropriate provisions
specified in this Recommendation (which require at least 1000 scale intervals).

2 The actual test reservoir volume(s) applied shall be such to ensure the flow rate drops below

120 % of Omin at a point of time anywhere within the last 20 seconds of each flow test. If a
sequential control device is used, this condition only applies to the highest (last) bank
(see 2.2.5.2.4).

This provision does not apply where the meter or the measuring system is designed to stop the flow
when the flow rate drops below Omin and where the test is performed until the flow stops.

The sizes of pipework and valves utilized on the test receiver shall be adequate and at least equivalent to those
normally utilized on the category of vehicles for which the measuring system is intended. In this context the
different capacities of the meters are typically related to the combination of the type of gas for which these are

12
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designed and their designation for refueling of the different types of vehicles, such as cars, medium weight
trucks and heavy duty vehicles (e.g. large trucks and buses).

2.2.5.2.2 During a fast filling of the vehicle the test reservoir, representing the refueling station fuel storage
system, shall be capable of supplying the gas at the allowable maximum gas pressure (Py) at the end of the
test. Information on the actual test reservoir volume used during the type evaluation tests shall be presented in
the type approval certificate.

2.2.5.2.3 The sizes of pipework and valving of the test rig shall be such that the flow capacity of the meter or
measuring system will not be reduced when connected to the test rig. In addition, unless otherwise agreed to
by the measuring system’s manufacturer, the test rig’s control system shall be such that the maximum gas flow
rate obtainable during testing will not exceed the measuring system’s specified allowable maximum gas flow
rate.

2.2.5.2.4 Where relevant (see 2.2.7.2), the test reservoir volume shall be subdivided into three compartments.
A volume ratio of 2:1:1 for the low bank, medium bank and high bank respectively is recommended. The test
rig shall include a refueling sequential control device and piping and valving suitable for generating the
specified maximum and minimum flow rates of the measuring system.

Note 1: The use of a common test rig for multiple meter sizes (flow capacities), may be possible when
allowing for necessary adjustments or modifications in the test rig configuration.

Note 2: The receiver volumes have been selected to reasonably represent a range of onboard CGF storage
sizes of the different vehicle fuel capacities, and to minimize test equipment for cost and handling
reasons.

Note 3: The presented ratio of the test reservoir bank volumes is, up to a reasonably high degree, the typical
representation of many actual conditions of use of refueling systems at the major storage stations.

2.2.5.2.5 Simulated signals and/or any fluid other than the one intended to be measured may be used for testing,
provided that these do not influence the determination of the result of the test. If necessary, corrections shall
be applied which shall be recorded in the test report. Additional rationale shall be recorded in the test report
when no corrections are made.

Note:  Some measurement principles allow for instance the use of nitrogen or dry air instead of natural gas
without applying corrections. Refer to 2.2.7.7 and B.3.5 for applicability and further information.

2.2.6 Types of measuring systems
For the purpose of the tests, three types of measuring systems are considered:

a) measuring systems utilizing a sequential control device of a refueling station;
b) measuring systems that already incorporate their own sequential control device;
¢) measuring systems for refueling stations that do not utilize a sequential control device.

The sequential control device of the test rig shall not be used for testing measuring systems of types b and c.

2.2.7 Accuracy test program applicable to the different types of measuring systems

The following test program (see 2.2.7.1 up to and including 2.2.7) is appropriate for current technologies and
may require adaptation if new technologies are applied. In all the following tests the pressure in the test receiver
at the end of the test shall be P, (the allowed maximum vehicle fast fill pressure).

2.2.7.1 Tests at variable flow rate

The flow rate of the gas in a measuring system varies during the course of a delivery. The flow rate curve
depends on the available supplying conditions. This results in a variety of operating conditions for a measuring
system. For the CGF dispenser for vehicles, the variety of operating conditions (filling curves) per delivery is
limited as a consequence of the limited tank (vessel) volume, the compression needed for sufficient storage
efficiency, and safety requirements. Taking this into account, repetitive testing of such a system by simulating
these variable operating conditions is deemed to provide sufficient proof of accuracy.
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Note I: Since the main object of the test is to detect the way in which the meter manages to cope with changes
in the flow rate with the focus on the fast pressure changes during the bank switching, the pressure
ratios are initially not fixed values, but shall be suitably fixed for a meter based on the low, medium
and high storage pressures to be applied in practical measuring systems.

Note 2: Table 9 indicates the applicability of the tests.

Table 4 indicates the sequence and conditions in which the testing shall be carried out. Each bank shall be
activated in the course of each test.

Table 4 - Test at variable flow rate

Test# | Phase# Action sequence

1. Ensure that the initial test receiver pressure is 0 kPa (or higher if so required
for safety reasons)

2. Ensure that the initial station storage pressure is Py in the low pressure bank
3. Record the initial mass indication of the reference weighing instrument used
4. Alternatively, set the mass indication to zero
5. Connect the nozzle

Phase 1 6. Start the time tracking at the start of the delivery
7. Fill the testing vessel up to about the percentage of the mass capacity

established for the low pressure phase

8. Stop filling and time tracking at the same instance

9. Disconnect the nozzle
Test 0 10. Record the indication of the weighing instrument, dispenser and time tracking
11. Calculate the error

1. Ensure that the initial station storage pressure is as established for the medium
pressure Pgm bank

Phase 2 2. Reconnect the nozzle and continue following the phase 1 sequence starting at

sub 6, filling the testing vessel up to the percentage of mass capacity

established for the medium pressure phase

1. Ensure that the initial station storage pressure is as established for the high
pressure bank (Psn)

Phase 3 2. Reconnect the nozzle and continue following the phase 1 sequence starting at

sub 6, filling the testing vessel up to the percentage of mass capacity

established for the high pressure phase

Note:  The tests in Table 4 shall be repeated at least three times. The MPEs and the requirement
concerning repeatability are applicable as described in detail in 3.4.2

2.2.7.1.1 Tolerance on batch sizes

The tolerance to be applied to the afore-mentioned percentages of the maximum capacity of the test cylinders
is £5 %.

2.2.7.2 Accuracy tests involving three banks

Measuring systems tested with three banks may be used in all situations, regardless of the total number of
banks (1, 2, 3, 4...). The procedure may need to be adapted by national authorities, in particular for tests on
the site of use and/or taking into consideration the specific design of filling stations.

2.2.7.2.1 Three bank testing shall be carried out under the following set of conditions, where Py is the
maximum station storage pressure and P, the maximum allowable vehicle fast fill pressure. Each bank shall
be activated in the course of each test.
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Table 5 - Initial settings for tests on systems with sequential control

Test # Initial state

Initial test receiver pressure of 0 kPa or higher if so required for safety reasons

Test 1 ... . .
Initial station storage pressure of Py in all banks

Initial test receiver pressure of 0.5 Py
Initial station storage pressure:

Test 2 - high bank at Py,

- medium bank at close to P.,

- low bank at 0.75 P..

Initial test receiver pressure of 0.75 Py
Initial station storage pressure:

Test 3 high bank at Pg,

medium bank at close to Py,

low bank at 0.75 P..

2.2.7.2.2 The bank volumes shall be such that refueling into the specified test cylinders will cause the
activation of all stages of the operation of the refueling sequential control device. Where a sequential control
device is not included in a measuring system, it shall complete the switching action from one bank to another
within 3 s. Where a sequential control device is included in a measuring system, it shall complete the switching
action from one bank to another within the minimum possible delay as designed by the manufacturer (if
relevant). Where relevant the maximum allowed speed (the tested one) shall be specified in the type approval
certificate.

2.2.7.2.3 The minimum totalized mass quantity to be applied in the execution of Test 1 and Test 2 shall be at
least twice the minimum measured quantity per test and at least the minimum measured quantity in the
execution of Test 3.

2.2.7.2.4 The average maximum, medium and minimum flow rates are calculated through dividing the
sequential measured masses by the applicable recorded filling time period.

2.2.7.2.5 The test volume ratio of the receiver test reservoir and the storage bank shall be as specified in
2.2.5.2.1,2.2.5.2.2 and 2.2.5.2.4. It may be necessary to close some valves on the test reservoir cylinders to
achieve the required test reservoir volume and bank proportions.
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2.2.7.3 Accuracy tests involving only one bank

Tests without sequential controls shall be performed applying the following conditions:

Table 6 - Initial settings for tests on systems without sequential control

Test # Initial state

Initial test receiver pressure of 0 kPa or higher if so required for safety
Test 4 reasons

Initial station storage pressure at Py

Initial test receiver pressure of 0.5 Py
Test 5

Initial station storage pressure at Py

Initial test receiver pressure of 0.75 Py
Test 6

Initial station storage pressure at Py

2.2.7.4 MQ accuracy tests

Table 7- Initial settings for tests on systems with and without sequential control

Test # Initial state
Test 7 The conditions for test 3 or 6 are adapted in order to test the minimum
L©S measured quantity. For this purpose, the pressure does not have to be P, in
(m1n1muzn the test receiver at the end, but may be any pressure (as close as practical to
measEie) P,) such that the quantity of transferred gas shall be at least the minimum
quantity

measured quantity.

For tests without bank switching, the test reservoir pipework can simply be changed so that all test reservoir
cylinder banks are joined together, i.e. there are no high, medium or low banks; the reservoir in this case is a
uniform station storage pressure system.

2.2.7.5 Tolerance on gas pressure
The tolerance on the applied gas pressure for all tests is = 10 % of the indicated pressure.
2.2.7.6 Durability test

Due to the nature of their construction, meters without any internal moving parts (e.g. Coriolis meters) do not
require the following durability test to be performed to prove the sustainability of their mechanical properties.
Documented information on the durability shall be provided instead.

If applicable it is recommended to perform the durability test on site in real conditions of use. It shall involve
at least a total mass equal to 100 hours running at 0.8 Omax, or alternatively at least involving the number of
actions for 2000 deliveries in actual use. When the durability test is performed in a laboratory, it consists in
performing a total mass of gas equal to 100 hours running at 0.8 Omax, representing the real use and at least
involving an action of the sequential control device where applicable.

Depending on whether the measuring system is intended to operate with or without a sequential control device
the recommended test is Test 1 (Table 5) or Test 4 (Table 6) respectively.

After the durability test, the meter is again subjected to the following tests:

e for meters or measuring systems utilizing a sequential control device, Test 1 (Table 5) shall be
performed at least 3 times;
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o for meters or measuring systems not utilizing a sequential control device, Test 4 (Table 6) shall be
performed at least 3 times;

e the mean value of the corresponding initial intrinsic errors is calculated;
e the mean value of the corresponding errors after the durability test is calculated;
o the deviation between these two values shall remain within the limit specified in R 139-1, 5.8.2;
e the repeatability shall meet the requirement of R 139-1, 5.4.
Note 1: In accordance with 2.2.5.2.5, substitute fluid (gas or liquid) may be applied in the durability test, for
example for safety reasons.

Note 2: National authorities may have the possibility to authorize the provisional use of instruments subjected
to type approval for specific test purposes (after demonstration of acceptable performance in a
laboratory).

2.2.7.7 Testing the gas influence factors

Tests should be carried out at the limits of the meter’s field of operation, i.e. at the limits of possible pressure,
temperature and density for the gas.

The test lab may have the ability to validate alternative test methods and procedures and make use of these for
testing gas influence factors.

In that case, evidence of validity of the test method shall be provided in the test report, showing that the
performance criteria are met. Such an alternative method is only acceptable as long as the rationale comprises
a fully documented justification on the reason for use of the alternative and proof of application of state-of-
the-art testing practices.

Annex B gives information on a substitution test method for Coriolis meters. This information is only
indicative and may not apply to all technologies and designs of meters.

The manufacturer shall specify and establish the validity of gas temperatures when operating in the specified
range of ambient temperatures.

If the influence of the temperature of the gas needs to be tested according to Annex B, the following tests shall
be performed for each temperature limit:

a) Test 1 for measuring systems utilizing a sequential control device (types a and b);
b) Test 4 for measuring systems for refueling stations not utilizing a sequential control device (type

c).

In tests at the temperature limits, at least the meter or measuring system shall be placed in a controlled
temperature chamber for a sufficient conditioning time to ensure that they are at the intended test temperature
prior to the beginning of the test. The gas supply system need not be placed in the temperature chamber
provided that the temperature of the gas is at the appropriate temperature limit specified in R 139-1, 15.1.1
with a tolerance of + 5 °C.

This approach to dealing with the temperature of the gas may also be applied to the pressure and density of the
gas.

For the performance of temperature tests a liquid instead of a gas may be used. In this case there is no need to
provide evidence about the similar behavior of the liquid and the gas.

2.2.7.8 Specific tests

If on the basis of the measuring principle the following parameters are expected to have a critical influence on
the results, the following tests shall also be carried out:

a) determination of the zero stability;
b) tests with flow disturbances.
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For tests with flow disturbances, the applicable maximum permissible errors are those specified for the
measuring system and not those fixed for the meter. These tests are performed in accordance with the state of
the art (see in particular the relevant ISO Standards), taking into consideration

o flow disturbances existing in real life refueling station equipment,
e design of meters and measuring systems, and

e circumstances which are known to affect their performances.

3 Type evaluation
3.1 Submission of assembly

3.1.1 Number of specimens to be submitted

Type evaluation shall be carried out on at least one specimen, which represents the definitive type. The
evaluation shall comprise the examination and tests specified in 2.1 and 2.2.

Additional samples of the same type may be considered necessary by the body responsible for the type
evaluation, e.g. to estimate the reproducibility of the measurements.

If the request for type evaluation concerns several versions of the same type or aims to cover several measuring
ranges, the body involved and responsible for the evaluation decides on which version(s) shall be submitted
and the range(s) to be selected for the evaluation.

3.1.2 Simultaneous evaluation

In order to accelerate the test procedure, the testing laboratory may carry out different tests simultaneously on
different specimens. In this case, the body responsible for the evaluation decides which version or measuring
range will be subjected to a specific test, and it shall be verified that all submitted instruments are of the same
type and that in comparison to the original specimen no additional measures were taken to boost the immunity
to the influence quantity.

In principle no more than two additional specimens shall be used for simultaneous evaluation.

Table 8 specifies which tests may be performed on the additional specimens.

3.1.3 MPE during on site evaluation

Where, during type evaluation, some of the tests need to be executed at a different location, the MPE as
specified in R 139-1, 5.2.1 applies regardless of these test locations.
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Table 8 - Parallel testing on multiple specimens

Tests that shall be performed on
one and the same specimen

Tests that may be divided amongst no more
than two additional specimens

Repeatability

Variable flow

One /three bank testing

Durability

Where applicable: preset function test

e Ambient temperature test
e (as temperature test

e  Pressure test

e Vibration test

e Power supply voltage variation tests

e Verification of checking facilities
e Damp heat test

e Radiated and conducted RF EM
e Bursts on mains and control lines
e Surges on mains and control lines
e Dips and interruptions

e DCripple

e Emergency power

o Electrostatic discharge

3.14 Modules which may be accepted for separate type evaluation

If preferred by the manufacturer and accepted by the body responsible for type evaluation the following
modules of measuring systems may be submitted separately for type testing and approval:

a) meter (see 3.11.1);

b) transducer (see 3.11.1);

¢) calculator (including the indicating device) (see 3.11.2);

d) ancillary devices providing or memorizing measurements results (see 3.11.3);
e) self-service device (see 3.11.4);

f) printing devices (see 3.11.5).

The constituent elements of a measuring system shall comply with the relevant requirements, even when they
have not been subject to separate type evaluation (except, of course, in the case of ancillary devices that are
exempted from the controls).

As far as possible the type approval certificate of a constituent element shall contain the necessary metrological
information on compatibility with other elements.

3.2 Submission of documentation for type evaluation

3.2.1 General documentation

The documentation submitted with the application for type approval shall include:

a) description of its general principle of measurement;
b) (mechanical) drawings and/or photographs;
¢) electric/electronic diagrams;

d) lists of the essential sub-assemblies/modules, components (in particular electronics and other essential
ones) with their essential characteristics;

e) functional description of the various electronic devices;
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f) flow diagram of the logic, showing the functions of the electronic devices;
g) for measuring systems and meters , a description of
» all legally relevant parameters and their corresponding ranges if applicable
and if the system or meter comprises correction devices
* the information on how the correction parameters are determined;
h) assembly drawing with identification of the different components;
i) drawing(s) presenting the security sealing plan and the provisions and location for verification marks;
j) drawing of regulatory markings;
k) general information on the software required for a micro-processor equipped measuring instrument;
1) test inputs or outputs, their use, and their relationships with the parameters being measured;
m) installation requirements;
n) operating instructions that shall be provided to the user;
o) ifapplicable: the references of the approval certificates of the constituent elements;

p) overview of any purely digital elements that are considered to be replaceable (in accordance with
1.2.3.4);

q) documents or other evidence that support the assumption that the design and characteristics of the
instrument comply with the requirements of this Recommendation and in particular concerning the
requirements in R 139-1, 6.10 and 6.14.8.

3.2.2 Software documentation

For type evaluation, the manufacturer of the measuring system shall explain and document all program
functions, relevant data structures and software interfaces of the legally relevant part of the software that is
implemented in the instrument. No hidden undocumented functions shall exist.

The commands and their effects shall be described exhaustively in the software documentation to be submitted
for type approval. The manufacturer shall state that the documentation concerning the commands is complete.
If commands can be entered via a user interface, they shall be described extensively in the software
documentation to be submitted for type approval.

Furthermore, the application for type approval shall be accompanied by a document or other evidence that
supports the assumption that the design and characteristics of the software of the measuring system comply
with the requirements of this Recommendation.

Typical documentation (for each measuring instrument and/or its constituents) basically includes:

a) description of the legally relevant software and how the requirements are met:

e list of software modules that belong to the legally relevant part, including a declaration
that all legally relevant functions are included in the description;

e description of the software interfaces of the legally relevant software part and of the
commands and data flows via this interface including a statement of completeness;

o description of the generation of the software identification;

e list of parameters to be protected and description of protection means;
b) description of the security means of the operating system (password, etc. if applicable);
c) description of the (software) sealing method(s);

d) overview of the system hardware, e.g. topology block diagram, type of computer(s), type of
network, etc. Where a hardware component is deemed legally relevant or where it performs
legally relevant functions, this should also be identified;

e) description of the accuracy of the algorithms (e.g. filtering of A/D conversion results, price
calculation, rounding algorithms, etc.);

f) description of the user interface, menus and dialogues;
g) the software identification and instructions for obtaining it from an instrument in use;

h) list of commands of each hardware interface of the measuring instrument / electronic device /
sub-assembly including a statement of completeness;
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i) list of potential durability errors that the software will detect and if necessary for understanding,
a description of the detecting algorithms;

j) description of data sets stored or transmitted;

k) if fault detection is realized in the software, a list of faults that the software will detect and a
description of the detecting algorithm,;

1) operating manual.

3.2.3 Specific documentation concerning the execution of performance tests

When the verification of a measuring system or of a meter intended to measure gas may be carried out with air
(or with another fluid), this shall be specified by the manufacturer and the validation shall be confirmed by
appropriate tests. If necessary in this case, a more restricted range or a shift for maximum permissible errors
may be laid down in the type approval certificate, in order to account for deviations and to provide for
compliance to the maximum permissible errors for gas.

3.24 Specific documentation on durability

Documentation shall be provided containing information based on manufacturers estimations that the
individual meters of the type will operate in conformity to the requirements in part 1 of this Recommendation
over a minimum period of time of 5 years after the individual meter has been installed, unless the type of meter
has previously proven conformity to the durability requirement as laid down in the R 139-1,5.5 sub-clauses
through the execution of the durability test according to 2.2.7.6.

Note:
This documentation referred to in 3.2.4 may include for example:
e In-service histories of similar meter models and technologies;

e In-service durability testing of the model under examination (which may require provisional approval
of the meter/system to allow it to be installed and used);

e Material and component durability testing;

¢ Theoretical analysis based on component testing or material characteristics;
¢ Computer simulations;

o Etc.

3.25 Additional documentation
More detailed documentation may be required if this is deemed necessary by the type evaluating laboratory,
either to be able to study the quality of the instrument, or to be able to lay down the approved type, or both.

33 Examinations and tests to be performed during type evaluation

3.3.1 Examinations

The examinations to be performed at type evaluation are specified in 2.1.

3.3.2 Tests to be performed during type evaluation

Overviews of the tests to be performed during type evaluation are presented in Tables 9, 12 and 13.

3.3.3 Overview of accuracy tests during type evaluation

Table 9 summarizes the required accuracy tests during type evaluation for various meter and measuring
systems according to their configuration, i.e. whether they are used in conjunction with a sequential control
system.

In principle all accuracy and influence tests (excluding disturbance tests) shall be performed on one and the
same specimen.
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Some tests may, however, need to be performed on site. This can be accepted provided that it is assured that
test results will be equivalent to those which would be obtained when the tests were performed under reference
conditions.

Note: ~ When applied, the rationale providing the assurance may need to be reported or referred to.
34 Tests applicable to the meter

34.1 General considerations concerning the assembly for testing

According to the request of the manufacturer, a type evaluation may be performed and type approval may be
granted for a standalone meter or any sub-assembly including a meter. However, in any case the test program
applicable to meters shall be performed independently of the contents of the request for type approval.

In principle, the meter is tested as a stand-alone unit. However, it may be tested in any sub-assembly or a
complete measuring system provided it is possible to assume that test results would be equivalent if they were
performed on the stand-alone meter.
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Table 9 - Test program

Test referred to

. b in as Applicable to Applicable to
by name msub | o ble | test meters measuring systems
clause
# #
Test(s) at variable flow rate 2271 4 0 3 times ¥
Test(s) \S’lth adjustable sequential 2979 5 1 3 times
control
1 n/a 3 times
Test(s) with sequential control 2.2.7.2 5 2 optional, 3 times 3 times
3 n/a 3 times
4 3 times ? 3 times
Test(s) without sequential control | 2.2.7.3 | 6 5 3 times ? 3 times
6 n/a 3 times ?
Test(s) on MMQ 2274 7 7 twice ¥
Test(s) on durability 2.2.7.6 - - once
Test(s) on preset function - - once
twice
Test(s) on gas influence factors 2.2.7.7 - - per influence
factor
. If applicable, twice if
If applicable, PP ’
Test(s) with flow disturbances etc. | 2.2.7.8 - - a;;p .1ca © not yet performed on
wice

meter

Note 1: Provided that the sequence of testing is clearly recorded, tests may be performed in a random
order so as to minimize the total testing time and, for example, to allow for a full defueling overnight.

Note 2: Tests are mandatory unless otherwise specified (in the applicable subclause).

Footnotes:

D Test at extreme (pressure) adjustment limits.

2 Test is not applicable for hydrogen CGF measurement systems.

3 For hydrogen CGF measurement systems the individual quantity values measured shall preferably be
more than 1 kg. If this appears not feasible the test shall be executed applying 2 instead of 3 filling phases.

4 This test is mandatory, when not yet covered by the test(s) at variable flow rate (Test # 0).
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3.4.2 Test program (see Table 9)

3.4.2.1 Test 0 (see 2.2.7.1 and Table 4) shall be performed at least 3 times consecutively while maintaining
the same conditions in order to establish the intrinsic behavior of the meter.

When defining E:;, the error per individual test cycle (t), per individual phase (p), each of the individual
(typically 9) error values Enmin the matrix shall not exceed the MPEs specified in R 139-1, 5.2.1 for the meter
(where n=1to tand m =1 to p).

The repeatability requirement concerns the repeatability within the same phase number of each of (typically
3) consecutive tests. This implies that the repeatability error has to be calculated for each of the three arrays
En1, Enpand Ens (Where n=1to t).

3.4.2.2 Tests 4 and 5 (see 2.2.7.3 and Table 6) shall be performed at least 3 times consecutively in the same
conditions in order to establish the dynamic behavior of the meter.

Each individual error shall not exceed the MPEs specified in R 139-1, 5.2.1 for the meter. The requirement on
repeatability specified in R 139-1, 5.4 shall be fulfilled.

3.4.2.3 The durability test (see 2.2.7.6) shall be performed.

If the meter is intended to be included in a measuring system utilizing a sequential control device, the test shall
be performed so that the meter operates in conjunction with such a device.

In the case of a meter accompanied with a particular sequential control device, this particular device shall be
subject to the test associated with the meter. If the result could be dependent on the type of sequential control
device (whether or not it is included in a measuring system) and according to the manufacturer’s specifications,
the device providing the most severe flow switching effects shall be used. Any appropriate information shall
be indicated in the type approval certificate.

The requirement on durability specified in R 139-1, 5.8.2 shall be fulfilled and the requirement on repeatability
specified in R 139-1, 5.4 (3.1.6) shall be fulfilled.

3.4.2.4 Ifapplicable (see Annex B Tests on gas influence factors and 2.2.7.7) shall be performed.

If the test is applicable, each test shall be performed twice. The individual registered error values shall not
exceed the MPEs specified in R 139-1, 5.2.1 for the meter. 2

If it is decided not to perform the corresponding tests the rationale for this decision shall be provided in the
test report.

3.4.2.5 If the manufacturer specifies that the meter is intended to be included in a measuring system utilizing
a sequential control device, the corresponding information is laid down in the type approval certificate, and
Test 2 (see 2.2.7.2) shall be performed at least 3 times consecutively in the same conditions.

Each individual error shall not exceed the MPEs specified in R 139-1, 5.2.1 for the meter.

The requirement on repeatability specified in R 139-1, 5.4 shall be fulfilled.

3.4.2.6 Where appropriate, specific tests (see 2.2.7.8) may be performed.

The corresponding information is included in the type approval certificate.

If testing is applicable, each test shall be performed twice. Each individual error shall not exceed the MPEs
specified in R 139-1, 5.2.1 for the meter.

35 Tests applicable to the measuring system

3.5.1 Measuring systems utilizing a sequential control device

3.5.1.1 Tests 1, 2 and 3 shall be performed on the complete system at least 3 times consecutively in the same
conditions.

Each individual error shall not exceed the MPEs specified in R 139-1, 5.2.1 for the measuring system.
The requirement on repeatability specified in R 139-1, 5.4 shall be fulfilled.
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3.5.1.2 Test 7 shall be performed on the complete system at least twice.

Each individual error shall not exceed the MPEs specified in R 139-1, 5.2.4 for the measuring system.
3.5.1.3 Ifrelevant and not already performed on the meter, specific tests (see 2.2.7.8) are performed.
If applicable, each test shall be performed twice.

Each individual error shall not exceed the MPEs specified in R 139-1, 5.2.1 for the measuring system.

3.5.1.4 For measuring systems that may be used with a sequential control device (incorporated or not) fitted
with adjustment parameters, Test 1 shall be performed at least 3 times consecutively under the same conditions
for each extreme value of the adjustment parameters.

When a parameter is tested, other parameters are at reference condition as specified by the manufacturer.
Each individual error shall not exceed the MPEs specified in R 139-1, 5.2.4 for the measuring system.
The requirement on repeatability specified in R 139-1, 5.4 shall be fulfilled.

3.5.2 Measuring systems for refueling stations not utilizing a sequential control device

3.5.2.1 Tests 4, 5 and 6 shall be performed on the complete system at least three times consecutively under
the same conditions.

Each individual error shall not exceed the MPEs specified in R 139-1, 5.2.1 for the measuring system.
The requirement on repeatability specified in R 139-1, 5.4 shall be fulfilled.

3.5.2.2 Test 7 shall be performed on the complete system at least twice.

Each individual error shall not exceed the MPEs specified in R 139-1, 5.2.4 for the measuring system.
3.5.2.3 Ifrelevant and not already performed on the meter, specific tests (see 2.2.7.8) are performed.
If testing is applicable, each test shall be performed twice.

Each individual error shall not exceed the MPEs specified in R 139-1, 5.2.1 for the measuring system.
353 Measuring systems specific for hydrogen fuel

3.5.3.1 Tests 4 and 5 shall be performed at least three times on the complete system and test 7 shall be
performed at least twice.

Each individual error shall not exceed the MPEs specified in R 139-1, 5.2 for the measuring system.

3.5.3.2 Preferably each test is performed consecutively under the same conditions or all of the tests are
performed in a cyclic consecutive order (e.g. in the sequence # 4, # 5, # 7, #4, # 5, #7,#4 ,#5).

For Test 4 and Test 5, the requirement on repeatability specified in R 139-1, 5.4 shall be fulfilled.

3.54 Preset function

If a measuring system is equipped with a preset function, a test shall be performed to verify compliance with
the requirement as specified in R 139-1, 6.6.5.

3.6 Specific provisions

When it is the intention that the initial verification of the meter or of the system is to be performed with

a) a fluid (instead of the gas or gases which it is intended to measure when in use), or
b) only with one gas (if the system is intended to measure two or more gases when in use),

specific tests, similar to those referred to in 3.2.3, shall be performed in order to determine whether a shift
and/or reduction of maximum permissible errors is needed and if so to what extent.

In general this determination should involve more than one meter in order to take into account the
reproducibility of the type of meter or measuring system.

25





OIML R 139-2:2018 (E)

The provisions in this paragraph shall be implemented in such a way that it may be assumed that the measuring
systems in use will not exceed the maximum permissible errors when employing the gas or all the gases they
are intended to measure.

3.7 Execution of initial tests

Prior to the execution of the performance tests, the initial intrinsic error shall be determined in order to verify
compliance with the requirements of R 139-1, 5.2 and to establish the reference for all further performance
tests. The error curve of the indicated mass (= measurand) shall be established in a reproducible manner.

In the case of multiple indicating/printing devices, the indication of all these devices shall be recorded for
every value of the measurand.

3.7.1 Overview of the execution of the initial tests

Table 10 - Execution of the initial tests

Preconditions: The EUT shall be switched on in the operation mode for a time period of at least the
warm-up time specified by the manufacturer.

Subsequently the EUT is adjusted to indicate a useful reference value which may be as
close to the zero indication as practicable prior to the test.

Condition of the | Power is to be “on” for the duration of the test.

EUT: The EUT shall not be readjusted at any time during the test.

Execution: While maintaining the reference conditions stable and applying a (simulated) flow rate,
at least five different values of the measurand shall be recorded. Each record shall
contain:

a) date and time;

b) temperature;

c) relative humidity;

d) measurand value;

e) indicated value;

f) error value;

g) functional performance.

Allowed All functions shall operate as designed. All error values shall be within the maximum
variations: permissible error as specified in R 139-1, 5.2.
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3.7.2 Reference conditions

Except for the parameter being tested, the following reference conditions presented in Table 11 shall be
maintained by the testing laboratory during the tests:

Table 11 - Reference conditions

Parameter Value

a) Ambient temperature 20°C+5°C

Rated operating conditions range

i i 1, @
b) Temperature of the gas (if applicable) declared by the manufacturer

c) Relative humidity 60% RH+15%
d) | Atmospheric pressure 86 kPa to 106 kPa
e) | Vibration Negligible ®

Less than 10 % of the variation specified

i 3)
D DC mains voltage by the manufacturer of the EUT

g) | AC mains voltage @ Unom = 1 %

h) | AC mains frequency @ JromE0.5% @

) Radio-frequency, electromagnetic fields
i) <0.2V/m®
(frequency > 80 MHz)

) Radio-frequency, electromagnetic fields
) <02V/m®
(frequency 150 kHz + 80 MHz)

k) | Electrostatic discharge None

) | Power frequency magnetic field <1 A/m®
m) | Bursts (transients) on signal, data and control lines ") Negligible @
n) | Surges on signal, data and control lines V Negligible @

AC mains voltage dips, short interruptions and voltage

) variations ¥ Negligible
p) | Bursts (transients) on AC and DC mains ! Negligible @
@ | Ripple on DC mains power Negligible @
r) | Surges on AC and DC mains power ! None @

(D For parts of the meter that are required to be tested with gas
@ Substitute gas or liquids may be used for safety reasons
@ Ifapplicable

@ As in a normal laboratory condition these conditions can be expected to be fulfilled without specific
measures, it is usually not deemed necessary to measure/monitor these values.

3.8 Execution of tests under rated operating conditions (“Influence tests”)

The type of measuring instrument is presumed to comply with the provisions specified in R 139-1, 5.2 t0 5.5,
if it passes the tests specified in 3.8 confirming that the error of the measuring instrument as a consequence of
the influence test parameter does not exceed the maximum permissible error specified in R 139-1, 5.2.

When the effect of the application of one influence quantity is being evaluated, for all other influence quantities
the ranges as specified in the reference conditions specified in 3.7.1 shall be maintained. The sequence of the
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tests shall start with the initial test (test under reference conditions); the further “influence tests” can be carried
out in any order chosen.

3.8.1 Overview of influence factor tests

Table 12 - Overview of influence factor tests

Sub clause | Table Test
3.7.1 10 Initial test
3.8.2 13 Dry heat
3.8.2 14 Cold
3.8.3 15 Vibration (random)
3.8.4 16 AC mains voltage variation
3.8.4 17 DC mains voltage variation
3.8.5 18 Low voltage of internal battery
Note:  Some influence quantities are likely to have a constant effect on measurement results and not a

proportional effect related to the measurand value. The fault limit value is related to the measured
mass; therefore, in order to be able to compare the results obtained in different laboratories, it is
necessary to perform a test on a mass corresponding to that delivered in one minute at the maximum
flow rate, but not less than a quantity corresponding to the appropriate number of scale intervals
specified in Annex C. Some tests, however, may require more than one minute, in which case they
shall be carried out in the shortest possible time.

3.8.2 Static temperatures

At the discretion of the testing laboratory, despite the test procedures in brief presented, the tests in 3.7 and
3.8.2 may be combined, using the following sequence:

e reference temperature;

e specified high temperature;

e specified low temperature;

e reference temperature.

Note concerning the influence of the gas temperature:

The test temperature is the ambient temperature and not the temperature of the gas used. It is therefore
recommended to use a simulation test method so that the temperature of the gas does not influence the test
results.
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Table 13 - Dry heat

Applicable standards: IEC 60068-2-2 [6]; IEC 60068-3-1 [10]
Test method: Exposure to dry heat (non-condensing)
Object of the test: Verification of compliance with the provisions in R 139-1, 5.5.2 under

conditions of high ambient temperature specified in R 139-1, 5.5.2 a).

Test procedure in brief (*):

The test comprises exposure of the EUT to a temperature (7a) under “free
air” conditions for a 2-hour period after the EUT has reached temperature
stability.
The change of temperature shall not exceed 1 °C/min during heating up and
cooling down.
The EUT shall be tested for at least one flow rate (or simulated flow rate as
input signals):

e at the reference temperature of 20 °C following conditioning;

e at the temperature (7an) 2 hours after temperature stabilization;

e after recovery of the EUT at the reference temperature of 20 °C.

Test level specifications:

1) Temperature: (Tan)
2) Duration: 2 hours
3) Number of test cycles: One cycle

Allowed effects:

During the application of the influence factor:
o all functions shall operate as designed; and
e all errors shall be within the maximum permissible errors.

(*) This test procedure has been presented in condensed form and for information only. It is adapted
from the referenced IEC publications. Before conducting the test, the applicable publications should

be consulted.
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Table 14 - Cold

Applicable standards: IEC 60068-2-1 [5]; IEC 60068-3-1 [10]
Test method: Exposure to low temperature
Object of the test: Verification of compliance with the provisions in R 139-1, 5.5.2 under

conditions of low ambient temperature specified in R 139-1, 5.5.2 b).

Test procedure in brief (*):

The test comprises exposure of the EUT to a temperature (7)) under “free
air” conditions for a 2-hour period after the EUT has reached temperature
stability.

The change of temperature shall not exceed 1 °C/min during heating up and
cooling down.

The EUT shall be tested for at least one flow rate (or simulated flow rate as
input signals):

e at the reference temperature of 20 °C following conditioning;

e at the temperature of —25 °C or —10 °C, 2 hours after temperature
stabilization;

e after recovery of the EUT at the reference temperature of 20 °C.

Test level specifications:

1) Temperature: (Tw)
2) Duration: 2 hours
3) Number of test cycles: One cycle

Allowed effects:

During the application of the influence factor:
o all functions shall operate as designed; and

e all errors shall be within the maximum permissible errors.

(*) This test procedure has been given in condensed form, for information only, and is adapted from the
referenced IEC publication. Before conducting the test, the applicable publication should be
consulted. This comment also applies to the test procedures hereafter.
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3.8.3 Mechanical influences

Table 15 - Vibration (random)

Applicable standard: IEC 60068-2-47 [8]; IEC 60068-2-64 [9] ; IEC 60068-3-8 [12]

Test method: Exposure to random vibration

Applicability: This test is applicable for all EUT except for those that are expected during
their operation to only become exposed to vibrations of low significance and
are marked environmental class M1 as specified in R 139-1 5.5.2 £)®,

Object of the test: Verification of compliance with the provisions in R 139-1, 5.5.2 after being

exposed to conditions random vibration specified in R 139-1, 5.5.2 f).

Test procedure in brief (*):

The EUT shall subsequently be tested in the three, mutually perpendicular
axes while mounted on a rigid fixture using its normal mounting means.

The EUT shall normally be mounted in such a way that the gravity vector
direction is the same as it would be in normal use. Where on basis of the
measurement principle the direction of the effect can be assumed to be
negligible, the EUT may be mounted in any position.

For the purpose of applying the test, the EUT:
e s to be switched off;
e is not to be mounted on a piping system;

e isnot to be installed in any kind of protection case.

Test level specifications:

Parameter Value Unit
Total frequency range 10 - 150 Hz
Total RMS level 1.6 m-s™
ASD level 10-20 Hz 0.05 m?s™
ASD level 20-150 Hz -3 dB/octave
Number of axes 3

Duration per axis (or a longer

period if necessary for carrying 2 min
out the measurement)

Allowed variations:

After the application of the influence factor:
o all functions shall operate as designed; and

e all errors shall be within the maximum permissible errors.
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3.84 Electrical mains power supply variation
Table 16 - AC mains voltage variation
Applicable standards: IEC/TR3 61000-2-1 [14]; IEC 61000-4-1 [15]
Test method: Applying low and high level AC mains power supply voltage (if applicable)
Object of the test: Verification of compliance with the provisions in R 139-1, 5.5.2 under

conditions of AC mains network voltage changes between upper and lower
limit specified in R 139-1, 5.5.2 ).

Test procedure in brief:

The test comprises exposure of the EUT to the specified power supply
condition for a period sufficient for achieving temperature stability while the
EUT is operating under normal atmospheric conditions and subsequently
performing the required measurements.

Test level specifications:

Unoml + 10 %
Unom2 — 15 %
One cycle

Mains voltage: upper limit:
lower limit:
Number of test cycles:

Allowed effects:

During the application of the influence factor:
o all functions shall operate as designed; and
e all errors shall be within the maximum permissible errors.

Notes:

1) For three-phase mains power supplies, the voltage variation is applicable
for each of the phases successively.

2) The values of Unom are those as inscribed on the measuring instrument.
Unom1 concerns the highest and Uyomz concerns the lowest value in the
case a range is specified. If only one nominal mains voltage value (Unom)
is presented then Unomt = Unom2 = Unom.

Table 17 - DC mains voltage variation

Applicable standards:

IEC 60654-2 [13]

Test method:

Applying low and high level DC mains power supply voltage (if applicable)

Object of the test:

Verification of compliance with the provisions in R 139-1, 5.5.2 g) under
conditions of DC mains voltage changes between upper and lower limit

Test procedure in brief:

The test comprises exposure of the EUT to the specified power supply
condition for a period sufficient for achieving temperature stability, while
the EUT is operating under normal atmospheric conditions and subsequently
performing the required measurements.

Test level specifications:

The upper limit is the DC level at which the EUT has been manufactured to
automatically detect high-level conditions.

The lower limit will be the DC level at which the EUT has been
manufactured to automatically detect low-level conditions.

The EUT shall comply with the specified maximum permissible errors at
voltage levels between the two levels. Testing may be restricted to
subsequent exposure to the upper and lower voltage level.

Number of test cycles:

One cycle.

Allowed effects:

During the application of the influence factor:
o all functions shall operate as designed; and

e all errors shall be within the maximum permissible errors.

32






OIML R 139-2:2018 (E)

3.8.5 Electrical battery power supply variation

Table 18 - Low voltage of internal battery

Applicable standards: None
Test method: Applying minimum supply voltage (if applicable)
Object of the test: Verification of compliance with the provisions in R 139-1, 5.5.2 under

conditions of low battery voltage specified in R 139-1, 5.5.2 g).

Test procedure in brief:

The test comprises exposure of the EUT to the specified low voltage level
condition of the battery(s) during a period sufficient for achieving
temperature stability and for performing the required measurements.

The maximum acceptable value of the internal impedance of the battery and
the minimum battery supply voltage (Upmin) shall be specified by the
manufacturer of the instrument.

In the case of simulating the battery by making use of an alternative electrical
power supply source such as in bench testing, the internal impedance
behavior of the specified type of battery shall also be simulated in addition
to the simulation of the voltage and current specifications.

The alternative power supply shall be capable of delivering sufficient current
at the applicable supply voltage.

The test sequence is as follows:

- Let the power supply stabilize at the nominal voltage as defined in the
rated operating conditions and apply the measurement and/or loading
condition;

- Record the following data:

a) date and time;

b) temperature of the environment;

c) power supply voltage;

d) functional mode;

e) measurements and/or loading condition;
f) indications (as applicable);

g) errors;

h) functional performance;

- Verify compliance with the clauses mentioned in the object of the test;

- Repeat the above procedure with the actual supply voltage at (Upmin) and
again at 0.9 (Usmin) and note the following data:

1) power supply voltage;

j) indications;

k) errors;

1) other relevant responses of the instrument.

Test level specifications:

Lower limit of the voltage:

The lowest voltage specified at which the EUT functions properly according
to the specifications.

Number of test cycles:

At least one test cycle for each functional mode.

Allowed effects:

During the application of the influence factor:

o all functions shall operate as designed; and

e all errors shall be within the maximum permissible errors.
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3.9 Further influence quantity tests (tests for potential disturbances)

3.9.1 The type of measuring instrument is presumed to comply with the provisions specified in R 139-1,
5.7, if it passes the tests presented in Table 19. The sequence of execution of these “disturbance tests” may be
in any order.

Table 19 - Overview of further influence quantity tests

Sub clause | Table Test

39.4.1 20 | Damp heat, cyclic

3942 21 | Radio frequency electromagnetic fields (direct exposure )

3.94.2 22 Inducing common mode radio frequency currents (indirect exposure to EM fields)
3943 23 | Electrostatic discharge

3944 24 Surges on AC and DC mains power lines

39.4.4 25 Surges on signal, data and control lines

3945 26 | AC mains voltage dips, short interruptions, and voltage variations

3.94.5 27 | Bursts (transients) on AC and DC mains and on signal lines

3.94.5 28 Voltage dips, short interruptions and voltage variations on DC mains power
3.9.4.5 29 | Ripple on DC input power

3.9.2 The following brief descriptions of tests (presented in Tables 20—29) contain the test procedures and
applicable further test conditions. This is in addition to the general information available in the various test
procedures applicable as presented in the referred IEC standards.

3.9.3 Instruments not equipped with any active electronic circuits or components (e.g. semiconductor
circuits) are presumed to comply with the provisions in R 139-1, 5.7, after passing the influence quantity test
“damp heat, cyclic” specified in 3.9.4.1 (Table 20). Such observations shall be recorded in the test report.

394 Instruments that are not (either directly or indirectly) connected to a DC mains power network, or
instruments connected to battery charger systems incorporating switch mode converters, are presumed to
comply with the provisions in R 139-1, 5.7, without being subjected to the test presented in 3.9.4.5 (Table 29).
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3.9.4.1 Immunity to atmospheric disturbances

Table 20 — Damp heat, cyclic (condensing) test

Applicable standards: IEC 60068-2-30 [7]; IEC 60068-3-4 [11]
Test method: Exposure to damp heat with cyclic temperature variation
Object of the test: Verification of compliance with the provisions in R 139-1, 5.7 after being

exposed to the conditions of high humidity combined with cyclic temperature
changes specified in R 139-1, 5.7.3 a).

Test procedure in brief:

The test comprises exposure of the EUT to cyclic temperature variations
between 25 °C and the temperature (7un), while maintaining the relative
humidity (RH) above 95 % during the temperature changes and during the low
temperature phases, and at or above 93 % RH at the upper temperature phases.

Condensation is expected to occur on the EUT during the temperature rise.
The 24 h cycle comprises:
1) temperature rise during a 3-hour period;

2) temperature maintained at upper value during a period of 12 hours from the
start of the cycle;

3) temperature lowered to the lower value within a period of 3 to 6 hours, the
declination (rate of fall) during the first hour and a half being such that the
lower value would be reached in a 3-hour period;

4) temperature maintained at the lower level until the 24-hour cycle is
completed.

The stabilizing period before and recovery after the cyclic exposure shall be
such that the temperature of all parts of the EUT is within 3 °C of its final value.

When the disturbance is applied the EUT shall be in switched off mode.

Test level 1) Upper temperature: < Tap> °C
specifications: 2) Duration: 24 hours
3) Number of cycles: 2
Allowed effect: After the application of the disturbance and the subsequent recovery, either the

difference between each indication before the test and the associated indication
after the test shall not exceed the fault limit values specified in R 139-1, 5.6.1,
or the measuring system shall detect and act upon a potential significant fault,
in compliance with R 139-1, 6.10.
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3.9.4.2 Immunity to Radio Frequency Electromagnetic (RF EM) fields

Table 21 - Direct exposure to RF EM fields

Applicable standard:

IEC 61000-4-3 [17]; IEC 61000-4-20 [23]

Test method:

Exposure to radiated radio frequency electromagnetic fields

Object of the test:

Verification of compliance with the provisions in R 139-1, 5.7 in case of direct
exposure to the electromagnetic fields specified in R 139-1, 5.7.1 a).

Test procedure in brief:

The EUT shall be exposed to electromagnetic fields in the frequency range and
with a field strength amplitude as specified below, while maintaining a field
uniformity as required and defined by the referred standard.

The EUT shall be exposed to the modulated wave field. The frequency sweep
shall be made only pausing to adjust the RF signal level or to switch RF-
generators, amplifiers and antennas if necessary. Where the frequency range is
swept incrementally, the step size shall not exceed 1 % of the preceding
frequency value.

The dwell time of the amplitude modulated carrier at each frequency shall not
be less than the time necessary for the EUT to be exercised and to respond.

Adequate EM fields can be generated in facilities of different type and setup,
the use of which is limited by the dimensions of the EUT and the frequency
range of the facility.

Test level specifications: | Parameters Value(-s) Unit
. 26 —3000 MH
requency range z
80 — 3000 @
Amplitude 10 V/m
Modulation: 80 %
AM (sine wave) 1 kHz
Allowed effect: Either the difference between any indication during the test and the indication
under reference conditions shall not exceed the fault limit values given, or the
measuring system shall, in compliance with R 139-1, 6.10, detect and act upon
a potential significant fault.
Notes: D TEC 61000-4-3 [17] only specifies test levels above 80 MHz.

For frequencies in the lower range the test method for common mode
currents in the radio frequency range is applicable (Table 22).

@ For EUTs lacking any cabling (mains or other input port) needed for
applying the test specified in Table 22, the lower limit of the test in this
Table 2 shall be 26 MHz, taking into account that the test specified in Table
22 cannot be applied (refer to Annex F of IEC 61000-4-3 [17]). In all other
cases both the tests in 3.9.4.2 apply.
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Table 22 -Indirect exposure to RF EM fields by inducing common mode RF currents

Applicable standard:

IEC 61000-4-6 [20]

Test method:

Injection of RF common mode currents representing exposure to RF
electromagnetic fields.

Object of the test:

Verification of compliance with the provisions in R 139-1, 5.7 while being
exposed to the electromagnetic fields specified in R 139-1, 5.7.1 b) or, when
applicable, R 139-1, 5.7.2 a).

Test procedure in brief:

An RF current, simulating the influence of EM fields shall be coupled or
injected into the mains power supply and input ports of the EUT using
coupling/decoupling devices as defined in the referred standard.

Test level specifications: | Level index" 2 3 Unit
Frequency range® 0.15-80 MHz
RF amplitude (50 Q): 3 10 V (e.m.f))
Modulation: 80 %
AM (sine wave) 1 kHz

Allowed effect: Either the fault value shall not exceed the fault limit values presented in
R 139-1, 5.6.1, or the measuring system shall detect and act upon a potential
significant fault, in compliance with R 139-1, 6.10.

Notes: () Test level with index 3 is only applicable for measuring systems which may

be installed in an industrial environment.

@ For the frequency range 26-80 MHz, the testing laboratory may either carry
out the test according to Table 21 or according to Table 22. In the event of
dispute, the results according to Table 22 shall prevail.
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3.9.4.3 Immunity to electrostatic discharges

Table 23 - Electrostatic discharges

Applicable standard: IEC 61000-4-2 [16]
Test method: Exposure to electrostatic discharges (ESD)
Object of the test: Verification of compliance with the provisions in R 139-1, 5.7 in the case of

direct exposure to discharging an electric static charge as specified in R 139-1,
5.7.3 b) or to the effect of such discharges in the neighborhood of the EUT

Test procedure in brief:

The test comprises exposure of the EUT to electrical discharges.

An ESD generator and test setup shall be used with a performance as defined in
the referred standard, which includes complying with the dimensions, materials
used and conditions.

Before starting the tests, the performance of the generator shall be verified.

At least 10 discharges per preselected discharge location shall be applied. The
time interval between successive discharges shall be at least 1 second.

For an EUT not equipped with a ground terminal, the EUT shall be fully
discharged between discharges.

Contact discharge is the preferred test method. Air discharges shall be used
where contact discharge cannot be applied.

Direct application:

e in the contact discharge mode to be carried out on conductive surfaces,
the electrode shall be in contact with the EUT before activation of the
discharge;

e in the air discharge mode on insulated surfaces, the EUT is approached
by the charged electrode until a spark discharge occurs.

Indirect application:

e the discharges are applied in the contact mode to coupling planes
mounted in the vicinity of the EUT.

Test level ! Parameter Mode Value Unit
specifications: contact discharge 6 kv
Test voltage
air discharge 8 kv
Allowed effect: Either the difference between any indication during the test and the indication
under reference conditions shall not exceed the fault limit values given in R 139-
1, 5.6 or the measuring system shall detect and act upon a potential significant
fault, in compliance with R 139-1, 6.10.
Note: D 1In this case “level” means up to and including the specified level (i.e. the test

shall also be performed at the specified lower levels in the standard).
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3.9.4.4 Immunity to surges

Table 24 - Surges on AC and DC mains power lines

Applicable standard: IEC 61000-4-5 [19]
Test method: Introducing electrical surges on the mains power lines
Object of the test: Verification of compliance with the provisions in R 139-1, 5.7 under conditions

where the electrical surges as specified in R 139-1, 5.7.3 ¢) are superimposed
on the mains supply voltage.

Test procedure in brief:

A surge generator as defined in the referred standard shall be used. The
characteristics of the generator shall be verified before connecting the EUT.

The test comprises exposure of the EUT to electrical surges for which the rise
time, pulse width, peak values of the output voltage/current on high/low
impedance load and minimum time interval between two successive pulses are
defined in the referred standard.

At least 3 positive and 3 negative surges shall be applied.

On AC mains supply lines the surges shall be synchronized with the AC supply
frequency and shall be repeated such that injection of surges on all the 4 phase
shift angles 0°, 90°, 180° and 270° with the mains frequency is covered.

On DC power lines, at least 3 positive and 3 negative surges shall be applied.
The injection network depends on the lines the surge is coupled into and is
defined in the referred standard.

The test pulses shall be continuously applied during the measuring time.

Test level Parameter Mode Value Unit
specifications: Surge voltage Line to line: 1.0 kV
peak .
Line to earth: 2.0 kv
Allowed effect: After the application of the disturbance and recovery, either the difference

between any indication before the test and the indication after the test shall not
exceed the fault limit values given in R 139-1, 5.6.1 or the measuring system
shall detect and act upon a potential significant fault, in compliance with R 139-
1, 6.10.
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Table 25 - Surges on signal, data and control lines

Applicable standard:

IEC 61000-4-5 [19]

Test method:

Introducing electrical surges on signal, data and control lines

Object of the test:

Verification of compliance with the provisions in R 139-1, 5.7 under conditions
where the electrical surges as specified in R 139-1, 5.7.3 d) are superimposed on
I/O and communication port.

Test
brief:

procedure in

A surge generator as defined in the referred standard shall be used. The
characteristics of the generator shall be verified before connecting the EUT.

The test comprises exposure of the EUT to electrical surges for which the rise time,
pulse width, peak values of the output voltage/current on high/low impedance load
and minimum time interval between two successive pulses are defined in the
referred standard.

A least 3 positive and 3 negative surges shall be applied. The applicable injection
network depends on the kind of wiring the surge is coupled into and is defined in
the referred standard.

The test pulses shall be continuously applied during the measuring time.

Test level
specifications:

Parameter Cabling Mode Value Unit

Line to line: 1.0 kV

Unbalanced lines

Line to earth: 200 kV

Surge voltage

peak Line to line: N/A -

Balanced lines
Line to earth: 2.0 kV

Note:

() Normally tested with primary protection

Allowed effect:

After the application of the disturbance and recovery, either the difference between
any indication before the test and the indication after the test shall not exceed the
fault limit values given in R 139-1, 5.6.1 or the measuring system shall detect and
act upon a potential significant fault, in compliance with R 139-1, 6.10.
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3.9.4.5 Immunity to power source disturbances

Table 26 - AC mains voltage dips and short interruptions

Applicable IEC 61000-4-11 [21], IEC 61000-6-2 [25]

standards:

Test method: Introduction of short-time reductions of mains voltage

Object of the test: | Verification of compliance with the provisions in R 139-1, 5.7 under conditions of

short time mains voltage reductions as specified in R 139-1, 5.7.1 e).

Test procedure in
brief:

A test generator shall be used which is suitable to reduce the amplitude of the AC
mains voltage for the required period of time. The performance of the test generator
shall be verified before connecting the EUT.

The mains voltage reduction tests shall be repeated 10 times with an interval of at least
10 seconds between the tests.

Test level Test a b c d € Unit
specifications: Parameter
: o
Arnphj[ude 0 0 40 70 80 % of the
reduction to rated voltage
. 10 M 250 250 M
Duration 0.5 1 5@ 50 500 @ cycles
Allowed effect: During the application of the disturbance and recovery, either the difference between
any indication before the test and the indication during the test shall not exceed the
fault limit values given in R 139-1, 5.6.1 or the measuring system shall detect and act
upon a potential significant fault, in compliance with R 139-1, 6.10.
Notes: () Applicable for 50 Hz mains frequency

@ Applicable for 60 Hz mains frequency

41






OIML R 139-2:2018 (E)

Table 27 - DC mains voltage dips, short interruptions and voltage variations

Applicable IEC 61000-4-29 [24]

standard:

Test method: Introduction of voltage dips, short interruptions and voltage variations on DC mains
power lines

Object of the test: | Verification of compliance with the provisions in R 139-1, 5.7 under conditions of

voltage dips, voltage variations and short interruptions on DC mains power as specified
inR 139-1,5.7.1 g).

Test procedure in
brief:

A test generator as defined in the referred standard shall be used. Before starting the
tests, the performance of the generator shall be verified.

The EUT shall be exposed to voltage dips and short interruptions for each of the
selected combinations of test level amplitude and duration, using a sequence of three
dips/interruptions and intervals of at least 10 s between each test event.

The most representative operating modes of the EUT shall be tested three times at 10 s
intervals in the most representative operating modes for each of the specified voltage
variations.

The disturbances are applied during all the time necessary to perform the test; therefore,
more disturbances than indicated above may be necessary.

During the tests, the EUT shall be in operation; simulated inputs are permitted. Tests
shall be performed at a minimum of one flow rate.

Test level
specifications:

Kind of test Parameter Value Unit
. Itage level 4 % of the rat 1t

Voltage dips Vo age eve 0 and 70 % of the rated voltage

Duration 0.1 ]
Short Impedance High and/or low
>ho . Voltage level 0 % of the rated voltage
interruptions -

Duration 0.01 ]
Voltage Voltage level 85 and 120 % of the rated voltage
variations Duration 10 s

Allowed variations:

During the application of the disturbance and recovery, either the difference between
any indication before the test and the indication during the test shall not exceed the
fault limit values given in R 139-1, 5.6.1 or the measuring system shall detect and act
upon a potential significant fault, in compliance with R 139-1, 6.10.
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Table 28 - Bursts (transients) on AC and DC mains and on signal lines

Applicable standard: | IEC 61000-4-4 [18]
Test method: Introducing transients (bursts) on the mains power lines and on signal lines
Object of the test: Verification of compliance with the provisions in R 139-1, 5.7 under conditions

where electrical bursts are superimposed on the mains voltage as specified in
R 139-1, 5.7.1 ¢) or R 139-1, 5.7.2 b) and where applicable on input/output and
communication ports as specified in R 139-1, 5.7.1 d) or R 139-1, 5.7.2 ¢)
(whichever is applicable).

Test procedure in
brief:

A burst generator as defined in the referred standard shall be used.
The characteristics of the generator shall be verified before connecting the EUT.

The test comprises exposure to bursts of voltage spikes for which the output
voltage on a 50  and 1000 Q load are defined in the referred standard.

Both positive and negative polarity of the bursts shall be applied. The duration of
the test shall not be less than 1 min for each amplitude and polarity.

A capacitive coupling clamp as defined in the standard shall be used for coupling
the bursts into the I/O and communication lines.

Test level
specifications:

Level index: ® 2 3
Parameter Bursts on: Value Unit
Amplitude supply lines ¥ 1 2 kv
(peak value): signal lines @ 0.5 1 KV
Repetition rate: 5 kHz

Allowed variations:

During the application of the disturbance and recovery, either the difference
between any indication before the test and the indication during the test shall not
exceed the fault limit values given in R 139-1, 5.6.1 or the measuring system shall
detect and act upon a potential significant fault, in compliance with R 139-1, 6.10.

Notes:

() Only for instruments powered by AC or DC mains power supply.
@ 1/O signal, data and control ports.

) Test level with the index 3 refers to R 139-1, 5.7.2 b) or 5.7.2 ¢) which apply for measuring systems
which may be installed in an industrial environment
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Table 29 - Ripple on DC mains power

Applicable standard: IEC 61000-4-17 [22]
Test method: Introducing a ripple on the voltage on the DC input power port
Object of the test: Verification of compliance with the provisions in R 139-1, 5.7 under conditions

of ripple on the low voltage DC mains power as specified in R 139-1, 5.7.1 h).

Test procedure in brief: | A test generator as defined in the referred standard shall be used. Before starting
the tests, the performance of the generator shall be verified.

The test comprises exposure of the EUT to ripple on the voltages such as that
generated by traditional rectifier systems and/or auxiliary service battery
chargers overlaying on DC power supply sources. The frequency of the ripple is
the power frequency or a multiple (2, 3 or 6) dependent on the rectifier system
used for the mains. The waveform of the ripple at the output of the test generator
has a sinusoid-linear character.

The test shall be applied for at least 10 min or for the period of time necessary to
allow a complete verification of the EUT’s operating performance.

During the tests, the EUT shall be in operation; simulated inputs are permitted.
Tests shall be performed for at least one flow rate.

Test level specifications: | Ripple 2 % of the nominal DC voltage

Notes: () The test levels are a peak-to-peak voltage expressed as a percentage of the
nominal DC voltage.

Allowed variations: During the application of the disturbance and recovery, either the difference
between any indication before the test and the indication during the test shall not
exceed the fault limit values given in R 139-1, 5.6.1 or the measuring system
shall detect and act upon a potential significant fault, in compliance with R 139-
1, 6.10.

3.10 Type evaluation report
The type evaluation report shall comply with R 139-3.

3.11 Testing of modules

3.11.1 Meters or measurement transducers

3.11.1.1 A type approval may be granted for a complete meter; it may also be granted for the measurement
transducer only when this is intended to be connected to different types of calculators.

The examinations and tests shall be carried out on the meter alone or on the measurement transducer using
appropriate devices. However, these may be carried out on the whole measuring system when it can be assumed
that it will not influence the conclusion concerning the meter or the measurement transducer. The maximum
permissible errors applicable to the meter apply in all cases.

Tests are normally carried out on the complete meter, fitted with an indicating device, with all the ancillary
devices and with the correction device, if any. However, the meter subject to testing need not be fitted with its
ancillary devices when the latter are not likely to influence the accuracy of the meter and when they have been
verified separately (for example: electronic printing device). The measurement transducer may also be tested
alone provided that the computing and indicating device has been subject to a separate type approval. If this
measurement transducer is intended to be connected to a calculator fitted with a correction device, the
correction algorithm as described by the manufacturer must be applied to the output signal of the transducer
to determine its errors.
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3.11.1.2 The test program specified in 3.3, 3.8 and 3.9 shall be performed on meters or measurement
transducers.

3.11.2  Electronic calculators (including the indicating devices)

When an electronic calculator is submitted to separate tests, the tests are conducted on the calculator alone,
simulating different inputs with appropriate standards.

3.11.2.1 Accuracy tests include an accuracy test on the indications of measurement results (mass or price to
pay). For this purpose, the error obtained on the indication of the result is calculated considering the true value
is the one calculated taking into account the value of the simulated quantities applied to inputs of the calculator
and using standard methods for calculation. The maximum permissible errors are those fixed in R 139-1, 6.7.1
for the mass and only rounded errors for calculation of the price to pay.

3.11.2.2 Examinations and tests described in 3.8 and 3.9 shall be performed.
In general, the test volume is at least 10 000 scale intervals (see Annex A).
3.11.3 Emergency power supply

Where a test is deemed to be necessary to verify that the measuring system fulfils the requirement specified in
R 139-1, 6.8.2, in general the instrument has to be supplied with electric power for a period of at least 12 hours
preceding the test. Initially the battery (if provided) may be uncharged.

3.11.4  Ancillary devices providing or memorizing measurements results

3.11.4.1 On an ancillary device that provides primary indications, its indications shall be compared with those
provided by an already approved indicating device having the same scale interval. Both mentioned indicating
devices shall present exactly the same results.

As far as possible, the necessary conditions for compatibility with other devices of a measuring system have
to be stated in the type approval certificate.

3.11.4.2 Specific electronic devices may be type evaluated separately when these are used for the transmission
of primary indications or other information necessary for the determination of these indications. This applies,
for example, for devices which compress information from two or more calculators and transmit it to a single
printing device.

When the transmitted information comprises at least one analog (non- A/D converted) signal, the device shall
be tested in conjunction with one of the other modules for which the maximum permissible error is specified
in this Recommendation.

When the transmission only concerns digital information, the above provision may be applied as well;
however, when the inputs and outputs of the device are available, the device may be tested separately, in which
case it shall introduce no error or fault.

In both cases, the necessary conditions for compatibility with other devices of a measuring system shall be
stated in the type approval certificate in the most extensive way.

3.11.4.3 If the ancillary device is a purely digital device, which
e isnot needed to ensure correct measurement,
o or intended to facilitate the measuring operations,
o or could not in any way affect the measurement, and
e does not include the power supply for the measuring instrument, and

e is equipped with the necessary checking facilities,
the influence quantity tests do not need to be performed on the hardware of the ancillary device.

3.11.5 Self-service devices

Self-service devices are considered to be ancillary devices for which 3.11.4 is applicable.
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3.11.6  Printing devices

Printing devices are considered to be ancillary devices for which 3.11.4 is applicable.

4 Initial verification

4.1 General considerations

The verification shall be carried out using suitable standards, having adequate accuracy. These standards shall
be subjected to a suitable calibration program, assuring their traceability.

The initial verification of each individual instrument is intended to verify compliance with the requirements of
4-11 before being put into use.

As a general rule, tests should be carried out on the complete measuring system. If the size or configuration or
the kind of test does not allow for the entire measuring system to be tested or if only a particular component
or device of the system is concerned, the relevant test may be carried out on the applicable component or
device separately. Such tests are only allowed to be performed if a simulated measurement setup can be
achieved that reflects the rated operating conditions of the component or device.

The initial verification may be performed in two stages (see 4.4).

Note:  Dismantling the instrument or its components for testing purposes is not what is intended.

4.2 Legal status of the instrument submitted for verification
Production measuring systems shall be in conformance with the approved type.

Initial verification of a measuring system includes a procedure to ensure that the individual measuring
instruments conform to the approved type. But, notwithstanding this initial verification carried out by the
appropriate legal authority or under its responsibility, the manufacturer has the full responsibility that the
instrument complies with all the applicable requirements according to this Recommendation and other relevant
requirements.

4.3 Initial verification in one stage

Initial verification of a measuring system may be carried out in a single stage provided that the system can be
transported without being disassembled and can be verified under conditions representative of the intended
conditions of use. The verification location may be the actual site where the system is to be operated. In other
cases a two-stage initial verification shall be performed. When initial verification takes place in one stage, all
examinations and tests in 4.4 to 4.6 shall be performed.

4.4 Initial verification in two stages

When initial verification takes place in two stages, the first stage shall include in principle the examinations
below.

The first stage shall include

e an examination for conformity of the meter, including the associated ancillary devices (conformity
with the respective types), and

e ametrological examination of the meter, including the associated ancillary devices.
The second stage shall include

e an examination for conformity of the measuring system, including the meter and the ancillary and
additional devices, and

e ametrological examination of the measuring system; if possible, this examination is carried out within
the limits of operating conditions for the system.
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4.5 Examination at initial verification

Before starting the tests, the following examinations shall be performed (in the case of two stages, this shall
be done as far as possible in the first stage):

e a visual inspection to determine the conformity with the approved type and to obtain a general
appraisal of its design and construction (R 139-1, 6.1);

e completeness and correctness of the inscriptions/markings (R 139-1, 7);

e presence, completeness, and language of the documentation intended for the user (R 139-1, 8);

e compliance of the power supply voltage and frequency at the location of use with the specifications
on the measuring instrument’s label,

e compliance of the practical environmental conditions with the relevant inscriptions and
documentation;

e presentation of the measurement result (R 139-1, 5.1);

e (if applicable) adequate visibility of the indication(s) for the customer (R 139-1, 6.12.1.6);
e printing device and type of paper (R 139-1, 6.2.9.6);

e measuring range (R 139-1, 5.3);

e resolution (R 139-1, 5.1.4);

o verification of the measures taken for protection against fraud where specified in the certificate of the
approved type (R 139-1, 6.9);

e verification of documented measures taken to prevent influences from internal sources of vibration (R
139-1 6.14.8);

e completeness of hardware such as durable storage/printing device and its compliancy with the
approved type (R 139-1, 6.3, 6.2.9);

e compliance of the software with the approved type (R 139-1, 6.11);
e sealing devices (R 139-1, 9);

e provisions for stamping (R 139-1, 10);

e suitability for testing (R 139-1, 11).

4.6 Tests at initial verification

4.6.1 Metrological preconditions for performing tests
The performance tests shall be executed under rated operating conditions.

Before starting the tests, it shall be verified that the measuring system is switched on for the time period which,
according to the manufacturer’s instructions, is considered to be sufficient to allow thermal stabilization (see
R 139-1, 8.2 ¢)).

4.6.2 Fluid to be used for the tests

When specified by the manufacturer and validated by type evaluation, the verification of a measuring system
or of a meter intended to measure gas may be carried out with air (or with another fluid). In this case and if
necessary, the type approval certificate will provide a more restricted range or a shift for maximum permissible
errors, so that compliance with the maximum permissible errors will be fulfilled when measuring gas.

4.6.3 Stages of initial verification

4.6.3.1 At each stage the tests shall be performed with the gas or the gases to be measured except when the
type approval certificate allows for an approach different from those laid down in this Recommendation.

4.6.3.2 During the first stage at least the measuring device is involved (stand-alone or fitted with associated
ancillary devices, or possibly included in a sub-system). Tests concerning the first stage may be carried out on
a test bench, possibly in the factory of the manufacturer, or on the installed measuring system.
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4.6.3.3 The calculator shall also be involved in this first stage. If necessary, the measuring device associated
with the metering calculator may be verified separately from the operational calculator.

4.6.3.4 The second stage concerns the measuring system in actual working conditions. It is performed on the
site of installation within actual operating conditions. The second stage may, however, be carried out at an
alternative location chosen by the verification body if it is possible to transport the measuring system without
disassembling it and when the tests can be performed under the intended operating conditions for the measuring
system.

4.6.3.5 The initial verification of the electronic part of the measuring system shall include a procedure for
verifying the presence and correct functioning of checking facilities if it is not possible to fully ensure
conformity of these aspects during the type evaluation.

4.6.4 Tests to be performed

The testing procedure considered to be the ideal procedure is specified in 4.6.5. However, alternatively the
more practical procedure specified in 4.6.6 may be applied. For hydrogen CGF measuring systems alternatively
the procedure specified in 4.6.7 may be applied.

4.6.5 Preferred procedure

Note:  For the numbers of the tests quoted in the following sub clauses refer to Table 5 in 2.2.7.2.1 and to
Table 6 in 2.2.7.3.

4.6.5.1 The initial verification shall include at least the following:

e for all measuring systems, one test in any one possible condition available in the refueling station,
provided that if applicable, the bank pressures shall be such that refueling into the specified test
cylinders will cause the activation of all stages of the operation of the sequential control device;

e for measuring systems for refueling stations utilizing the sequential control device of a refueling
station or systems that incorporate their own sequential control device, one test corresponding as far
as possible to Test 1 (Test 3 may also be considered);

o for testing measuring systems that do not incorporate their own sequential control device or that are to
be used in refueling stations not using a sequential control device, one test corresponding as far as
possible to Test 4 (Test 6 may also be considered).

The type approval certificate may provide additional information on the tests to be performed.

4.6.5.2 Atleast one of the tests shall be performed on the site of the actual refueling station. Test 1 (and/or 3)
or Test 4 (and /or 6), depending on the case, may be performed in the laboratory.

The test conditions shall be such that

e the maximum flow rate available in the particular refueling station for the particular measuring system
shall be reached,

e the maximum flow rate available in the particular refueling station for the particular measuring system
shall be smaller than or equal to the specified maximum permissible flow rate of the measuring system,

e the test conditions specified in 2.2.5.2 shall be met, and
e the sequential control action of the actual system shall be no faster than that used in the laboratory.

4.6.5.3 The tests can be performed at ambient temperature if within the rated operating conditions, whereby
a) each applicable test shall be performed twice, and

b) each individual error shall fulfill the requirement on MPEs specified in R 139-1, 5.2.1 or 5.2.3,
depending on whether the verification is carried out on site or in the laboratory.
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4.6.6 Alternative procedure

e For this procedure the following conditions apply:

o The tests are performed in conditions available in the refueling station, provided that, if applicable, the
bank pressures shall be such that refueling into the specified test cylinders will cause the activation of
all stages of the operation of the sequential control device.

e The test conditions shall be such that the maximum observed flow rate during the tests is no less than
80 % of the theoretical maximum flow rate available in the particular refueling station for the particular
measuring system.

e It shall be checked by design that the theoretical maximum flow rate available in the particular
refueling station for the particular measuring system is smaller than or equal to the specified maximum
permissible flow rate of the measuring system.

o The tests at initial verification are performed at ambient temperature within the rated operating
conditions.

e Tests sufficiently representing the real conditions of use are performed. In general this condition is
fulfilled when following the sequence:

o filling the test receiver from empty to Py;
o venting the test receiver to a pressure of 0.5 Pv;
o re-filling the test receiver from 0.5 Pvto P.

o This sequence provides two metrological results to be compared with the MPEs. Each applicable test
is performed at least twice and as far as necessary to fulfill the requirement in the first paragraph of
this sub clause.

e Each individual error shall fulfill the requirement on MPEs specified in R 139-1, 5.2.3.

o The type approval certificate may provide additional information on the tests to be performed.

4.6.7 Alternative procedure for hydrogen CGF measuring systems

4.6.7.1 For hydrogen CGF measuring systems the tests can be performed on-site. Either a gravimetric
method or master meter method should be used. The tests can be performed at ambient temperature.

4.6.7.2 Tests 4 and 5 shall be performed at least three times on the complete system and test 7 shall be
performed at least twice. Each individual error shall not exceed the MPEs specified in R 139-1, 5.2 for the
measuring system.

4.6.7.3 Preferably each test is performed consecutively under the same conditions or all of the tests are
performed in a cyclic consecutive order (e.g. in the sequence # 4, # 5, # 7, #4, # 5, # 7, #4 ,#5).

For Test 4 and Test 5, the requirement on repeatability specified in R 139-1, 5.4 shall be fulfilled.

The type approval certificate may provide additional information on the tests to be performed.

4.7 Verification marks, seals and document

After successful initial verification, the verification marks and the seals shall be attached and/or an
accompanying document shall be produced according to national regulations.
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5 Subsequent verification

For countries having a system of mandatory subsequent verification, an interval between verifications not
exceeding 5 years is suggested. If during type evaluation the meter has not been subjected to the durability test
as specified in 2.2.7.6, it is suggested to set the interval between the initial verification and the first subsequent
verification not to exceed a 2 years’ time period.

The subsequent verification shall be carried out using suitable standards, of adequate accuracy. These standards
shall be subjected to a suitable calibration program, assuring their traceability.

As arule, the tests for subsequent verification shall be carried out on the complete instrument.

5.1 Examination prior to the subsequent verification
A subsequent verification may only be performed provided that:

e prior to the execution of the subsequent verification evidence is available that at initial verification the
measuring instrument or system was in conformity with the approved type and still may be expected
to be;

e the actual operating conditions comply with the relevant inscriptions and documentation.
e Furthermore it shall be verified that at least
e the appropriate verification marks are undamaged,

o the period elapsed since the previous verification does not exceed the prescribed period by more than
10 %,

o the seals are not broken,
e (if applicable) the correct type of paper is used for printing (risk of fading when exposed to light), and
o (if applicable) the visibility of the indication(s) for the customer is adequate.

Any non-conformities concerning these preconditions shall be reported and, where needed, acted upon.

5.2 Tests at subsequent verification
5.2.1 Subsequent verification tests shall be carried out as specified in 4.6.

5.2.2 The first stage of the verification (of the meter) shall only be repeated if the protective marks on the
measuring element of the meter have been damaged. This stage may be replaced by a test of the measuring
system if the conditions for the first stage of the verification are met and if the measuring system can undergo
testing with a delivered gas quantity corresponding to the minimum measured quantity and larger quantities.
For the determination of the errors, the maximum flow rate should be reached where possible.

5.2.3 The ancillary devices shall be considered as having been subjected to the preliminary examination if
the protective marks are not damaged. It is sufficient to carry out a reduced number of measurements during
the simplified examination of the ancillary devices.
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Annex A
Minimum test quantities for measuring systems and devices

(Informative)

Provided that the assumption appears valid that the largest contribution to the measurement uncertainty is the
rounding of the digital scale interval s, the following may be considered.

In the case of a digital scale interval s and determination of the errors of a meter it can be demonstrated that
the probability distribution is rectangular® and that the standard uncertainty us is:

s
Us = —
* Ve
When taking into account a coverage factor equal to 2, the corresponding expanded uncertainty U is:
U=2u,
The relation between the requirement on uncertainty during type evaluation and the tolerance 7 is:
U< !
-5
This is true when:
10s <T
7=
Al When determining the error of a complete measuring system with MPE =+ 1.5 %
In this case T=MPE =1.5102Q
The quantity Q is equal to:
Q=nmns
Where 7 is the number of scale intervals.
This leads to:
195 <0015
<0. ns
V6
Resulting in:
> 1000 272.16
n= = .
1.5V6

And when rounded, resulting in n > 273

A2 When determining the error of a meter with MPE=+1 %
In this case the MPE ratio = 1.5/1 implying: n > 1.5 - 272.16 resulting in n > 409
A3 When determining the repeatability of a meter with a tolerance =+ 0.6 %

In this case the MPE ratio = 1.5/0.6 implying: n > 2.5 - 272.16 resulting in n > 681

Dy for one reading of the digit s has a rectangular distribution and = s/2 x 1/N/3. For two readings (start and finish of run),

us is V2 x s/2 x 1/N3 = s/N6 which yields the same result as a rectangular distribution over half of the digit.
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A4 When determining the repeatability of a measuring system with a tolerance==1 %

In this case the MPE ratio = 1.5/1 implying: n > 1.5 - 272.16 resulting in n > 409

A5 When determining the error of a calculator

In this case =5 - 10* n s implying: n>272.16 - 1.5 10/ 5 - 10 resulting in n > 8165

A.6 When determining the fault of a measuring system, calculator or other device

In this case 7'= FL (Fault Limit); implying 7= MPE /10 = 1.5 - 107 n s resulting in n > 2722

Conclusion

In general and except for testing at the minimum measured quantity, it is proposed to perform tests
corresponding to cases 1) to 4) on quantities corresponding to at least 1 000 scale intervals and to perform tests
corresponding to cases 5) and 6) on quantities corresponding to 10 000 scale intervals. However, in case of
necessity (long tests) 5 000 scale intervals are sufficient for case 6).
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Annex B
Test methods for influence quantities for Coriolis meters

(Informative)

Although this Annex is informative, the guidelines below should be respected if it is decided to perform tests
according to it.

B.1 Scope

This Annex describes how influence quantity tests may be performed for Coriolis meters without the test means
specified in 2.2. It concerns the tests on performance with respect to the influence factors and the disturbances,
i.e. the tests as specified in 2.2.7.7, 3.8 and 3.9. All other tests shall be performed according to the applicable
sub clauses of 2.2.

In particular for 2.2.7.7 it needs to be evaluated whether it is feasible to do tests using other fluids and
conditions for the relevant range of parameters.

The method described is a substitution static method, and therefore not applicable to accuracy tests required
for the gas or substitution fluid. It may be used in those cases where it would not be feasible to perform the
tests in a normal situation (for instance in order to avoid having to implement a climatic chamber with normal
test means) or where testing means do not exist (for instance testing means fully controlling the temperature
of the gas).

The method may be applied to other meters utilizing an electronic sensor/transducer but could necessitate
specific considerations. However, actually its application is considered limited to Coriolis meters only (which
is actually the general applied technology for CGF dispensers).

The test method is not to be applied on a complete measuring system and, based on case to case decisions, may
be performed on the meter or on an appropriate part of the meter (EUT).

B.2 Preliminary considerations

When it is decided to test a Coriolis meter according to the methods described in this Annex the following
aspects of this type of meter should be taken into account.

B.2.2  Low flow cut-off

Coriolis meters in general are equipped with what is typically referred to as a “low-flow-cut-off” feature. This
feature will not allow a flow rate below this cut-off value to be measured. Flow rates above this value are
registered (without subtraction of the low-flow-cutoff value) as a measurement. During testing, it could be
desirable to monitor all flow rate indications, even if they are below the normal low-flow-cut-off value.
Therefore, during most performance tests the low-flow-cut-off will need to be set to zero.

For the applicable tests of this Annex, the low-flow-cut-off shall be set to zero.

During normal on-site operation a cut-off value different to zero will need to be applied. Generally, in practice
the optimal value depends on the zero-stability of the meter, the minimum measured quantity of the complete
measuring instrument, and the application.

B.2.3 No-flow conditions

Typically, Coriolis meters are measuring continuously, meaning that independent of flow or no-flow
conditions the same processes will keep running.

B.2.4  Temperature measurement

Most Coriolis meters are equipped with an internal temperature sensor for the purpose of correction. In this
case, the meter shall be tested with the temperature measurement function activated.

53





OIML R 139-2:2018 (E)

B.2.5 Pressure measurement

Pressure transmitters may be connected to a Coriolis meter for various purposes. When this is the case, the
meter shall be tested with the pressure measurement function activated.

B.2.6 Warm-up time

All Coriolis meters use electronics, which are partly analogue. Because the characteristics of analogue
components are temperature-dependent, the device’s characteristics are only stable when the electronics have
reached a stable temperature. The test shall be performed in conditions representative of the warm-up time of
the meter in the complete measuring system.

B.2.7 Coriolis sensor

All the currently known Coriolis meters basically comprise two sensors: a flow sensor (usually consisting of
one or two parallel measurement tubes) and a temperature sensor for correction of the temperature dependent
vibration properties of the flow sensor.

The primary measurement signals of a Coriolis meter are

e atime difference value related to the mass flow rate through the flow sensor,
e aresonant frequency related to the density of the gas in the flow sensor, and

e aresistance value related to the temperature of the measurement tube(s).

The measurement tube(s) is/are set into motion (a sinusoidal vibration) by means of an alternating current
through one or more so-called drive coils. The movement of the measurement tubes is detected using at least
two pick-off coils.

As stated above, usually a temperature sensor is implemented to be able to perform corrections on the flow
signals. The vibrating tube will become more or less rigid, as a function of its temperature. As a consequence
of this purely mechanical phenomenon, the temperature of the measurement tubes will affect the primary
signals for mass and density.

Performance tests, including tests on climatic effects, have to be carried out to verify that measuring
instruments (or components thereof) operate within their maximum permissible errors over their rated
operating conditions. In the case of Coriolis sensors, two separate effects may occur as a consequence of
changing temperatures: a mechanical effect due to the changing vibration properties of the measurement tubes
and an effect on the device’s electronics. Applying the influence quantity test condition, in this case ambient
temperature, will lead to two separate effects on the Coriolis flow sensor. Bearing in mind the original purpose
of the performance tests, it may be necessary to observe these two effects separately.

Consequently, even if some parts of the flow sensor may be considered as mechanical components, they need
to be subjected to the influence of gas temperature in accordance with 2.2.7.7 (see B.3.6). These tests could be
performed using a fluid instead of a gas.

B.2.8 Coriolis transducer

An electronic device which processes the primary analog measurement signals is connected to the sensors.
These signals are subsequently processed by a calculating device and sent to outputs such as an indicating
device and/or to the (main) calculator. Before the mass flow rate can be determined, two important calculations
are performed: a correction calculation based on the temperature of the measurement tubes and an adjustment
for the zero-setting of the device (see B.2.8).

B.2.9  Zero-setting

The vibration-related behavior of a Coriolis flow sensor is mainly determined by the method of installation,
changes in temperature and changes in density. Since a Coriolis meter continuously processes the sensor
signals, also during no-flow conditions, any time difference between the signals of the pick-off coils is
converted into a mass flow rate. Depending on the properties of the measurement tubes and the stresses on the
tubes caused by the installation, a mass flow rate may also be observed during no-flow conditions. The
observed mass flow rate during no-flow conditions is known as the zero-flow. After input of special commands
the zero-flow value is determined by the measurement device. This value (which can be either a positive or a
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negative mass flow rate) is stored and memorized in the Coriolis transducer and subtracted from, or added to
the flow rate values determined by the transducer.

B.3 Test methods

B.3.2  Categories of test methods for influence factors at type evaluation
The tests can be divided into three categories:

influence factor tests in 3.8;

disturbance tests in 3.9;

specific gas influence factor tests (2.2.7.7).

For each of these categories, specific information on the test method is given, although the same general
principle applies.

B.3.3  General principle

All performance tests applicable to a certain EUT are performed one after another in one series of tests. Before
the series of tests, the EUT’s performance under reference conditions is determined. For each influence

quantity, another test is then performed during the application of the quantity or after its application, according
to what is appropriate. In the case of an effective influence, a change in flow rate (4Q) is observed.

For the tests defined in 3.8 and 3.9, a virtual flow signal is created by implementing a systematic offset to
obtain a flow rate as close as possible to Omin. The implementation of this offset must allow the detection of
the disturbance effects on the electronic components of the sensors (including the coils). If this is not the case,
the method described below for the application of 2.2.7.7 should be considered.

For the application of 2.2.7.7 the actual signal at zero flow is considered. For this purpose the low-flow-cut-
off is set to zero.

For each influence quantity AQ is recorded and the relative influence (4Q;) is determined using the formula:

AQr = AQ / Omin x 100 [%]

Note: For the application of B.2.6, RCF decreases as the flow rate increases and a reference to the minimum
flow rate in the formula provides the most severe criterion.

The value of RCF shall be smaller than the applicable MPE or the fault limit value, according to the case.

During each measurement, the flow rate of the meter is monitored. In this way information on the stability of
the device is obtained immediately. For the measurement under reference conditions, the flow rate should be
stable. For some tests under influence quantities, some fluctuations in the flow rate are acceptable.

As a general principle, the selected flow rate should be the flow rate which generates a maximum flow rate
variation. However, when it can be assumed that the flow rate which provides the larger variations may only
concern pure transitory phenomena without leading to any inaccurate measurements, another flow rate may be
chosen which provides a better match to the practical application.

B.3.4  Before starting the tests

To prevent damage to the flow sensor due to temperature expansion or contraction, except where necessary,
the flow sensor should not be closed by means of rigid blinding flanges.

Before the temperature of the gas is fully stabilized, temperature convection will cause small flows of gas to
move up and down through the EUT. On some meters this will appear as a flow indication where none is
expected.

B.3.5  Specific aspects of the test method for influence factors
The object of an influence factor test is to verify that the EUT operates within its maximum permissible errors.

For ambient temperature tests, it should be possible to test the effects on the EUT’s electronics separately when
the mechanical effect due to changing the temperature of the tube can be eliminated. When one pick-off coil
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is connected in parallel to both applicable inputs, the mechanical effect of temperature changes is eliminated,
whereas an effect on the electronics is still observed.

Where the effect of the influence factor on the mechanical parts of the EUT can be eliminated, the MPEs
specified for the calculator in R 139-1, 6.7 apply.

Where the effect of the influence factor on the mechanical parts of the EUT cannot be eliminated, the MPEs
specified for the meter in R 139-1, 5.2.1 apply.

B.3.6  Specific aspects of the test method for disturbances

Where tests are applied which are intended to simulate potential disturbances, the fault shall in all cases not
exceed the fault limit.

B.3.7  Specific aspects of the test method for the gas influence factors

The complete flow sensor shall be used in the test; the applicable MPEs are those specified for the meter. The
temperature correction shall be active and operate in the same manner as during normal measurements.

If it is not possible to heat up or cool down the gas inside the flow sensor to the required temperatures, the
complete flow sensor may be placed in the temperature chamber. The measurements are performed when the
temperature inside the flow sensor is stabilized at the temperature limits (7max and Tmin) of the rated operating
conditions for the temperature of the gas specified by the manufacturer.

As an alternative, these tests may be performed using a liquid or air, nitrogen or some other gas provided that
a sufficient level of equivalence is demonstrated.

For the test under the influence of pressure, the flanges closing the flow sensor shall be rigid enough so that
the pressure limits (max and min) of the rated operating conditions for the pressure of the gas specified by the
manufacturer may be reached.

When it is considered appropriate to test the meter according to the nature or density of the gas, the reference
gas is that specified by the manufacturer.
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Annex C
Description of selected software validation methods

(Informative)

C.1 Analysis of documentation and specification and validation of the design (AD)
Application:

Basic procedure, applicable during all software validation assessments.
Description:

The examiner evaluates the functions and features of the measuring instrument using the
description in text and graphical representations and decides whether these comply with the
requirements of the relevant OIML Recommendation. Metrological requirements as well as
software-functional requirements (e.g. fraud protection, protection of adjustment parameters,
disallowed functions, communication with other devices, update of software, fault detection, etc.)
have to be considered and evaluated. This task may be supported by the Software Evaluation
Report Format as presented in OIML D 31 [26], Annex B.

References:

For further details refer to OIML D 31 [26], 6.3.2.1.

C.2 Validation by functional testing of the metrological functions (VFTM)
Application:

For validating the correctness of algorithms for calculating the measurement value from raw data,
for linearization of a characteristic, compensation of environmental influences, rounding in price
calculation, etc.

Description:

Most of the evaluation and test methods described in OIML Recommendations are based on
reference measurements under various conditions. Their application is not restricted to a certain
technology of the instrument. Although not aimed primarily at validating the software, the test
results can be interpreted as a validation of some parts of the software, in general those
metrologically most important ones. If the tests described in the relevant OIML Recommendation
cover all the metrologically relevant features of the instrument, the corresponding software parts
can be regarded as being validated. In general, no additional software analysis or test has to be
applied to validate the metrological features of the measuring instrument.

References:

For further details refer to OIML D 31 [26], 6.3.2.2 and the wvarious specific OIML
Recommendations.
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C3 Validation by functional testing of the software functions (VFTSw)
Application:

For validation of e.g. protection of parameters, indication of a software identification, software
supported fault detection, configuration of the system (especially of the software environment),
etc.

Description:

Required features described in the operating manual, instrument documentation or software
documentation is checked in practice. If software is controlled and functions correctly, these
features are to be regarded as validated without any further software analysis.

References:

For further details refer to OIML D 31 [26], 6.3.2.3 and the wvarious specific OIML
Recommendations.

C4 Metrological dataflow analysis (DFA)
Application:

For analysis of the software design concerning the control of the data flow of measurement values
through the data domains that are subject to legal control, including the examination of the
software separation.

Description:

It is the aim of this analysis to find all parts of the software that are involved in the calculation of
the measurement values or that may have an impact on them.

References:

For further details refer to OIML D 31 [26], 6.3.2.4.

CS5 Code inspection and walk through (CIWT)
Application:

Any feature of the software may be validated with this method if enhanced examination intensity
is considered necessary.

Description:

The examiner walks through the source code assignment by assignment, evaluating the respective
part of the code to determine whether the requirements are fulfilled and whether the program
functions and features are in compliance with the documentation.

The examiner may also concentrate on algorithms or functions that he has identified as complex,
error-prone, insufficiently documented, etc. and inspect the respective part of the source code by
analyzing and checking.

References:

For further details refer to OIML D 31 [26], 6.3.2.5.
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C.6 Software module testing (SMT)
Application:

Only if a high level of security and protection against fraud is required. This method is applied
when routines of a program cannot be examined exclusively on the basis of written information
and is appropriate and economically advantageous in validating dynamic measurement algorithms.

Description:

The software module under test is integrated in a test environment, i.e. a specific test program
module that calls the module under test and provides it with all the necessary input data. The test
program compares the output data from the module under test with the expected reference values.

References:
For further details refer to OIML D 31 [26], 6.3.2.6.
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Annex D
Bibliography

(Informative)

Ref. Standards and reference documents Description
OIML V 2-200:2010 with minor corrections; | International Vocabulary of Metrology — Basic and
3" Edition 2012 General Concepts and Associated Terms (VIM).
[1] | JCGM 200:2012 Vocabulary, prepared by a joint working group
(JCGM) comprising by BIPM, IEC, IFCC, ISO,
IUPAC, IUPAP, and OIML
OIML V 1:2013 International vocabulary of terms in legal
2] metrology (VIML) (bilingual French-English) /
Vocabulaire international des termes de métrologie
légale (VIML)
OIML D 11:2013 Guidance document for establishing appropriate
3] General requirements for measuring metrological performance testing requirements for
instruments - Environmental conditions environmental influence quantities that may affect
the measuring instruments.
OIML G 1-100:2008 Evaluation of measurement data - Guide to the
[4] | Guide to the expression of Uncertainty in expression of uncertainty in measurement
Measurement (GUM)
IEC 60068-2-1 Ed. 6.0 (2007-03) Concerns exposure to low temperatures (cold) tests
[5] | Environmental testing on both non-heat-dissipating and heat-dissipating
Part 2: Test methods- Section 1: Test A: Cold | specimens
IEC 60068-2-2 Ed 5.0 (2007-07) Concerns exposure to high temperatures and low
Environmental testing humidity (dry heath) tests on both non-heat-
Part 2: Test methods — Section 2: Test B: dissipating and heat-dissipating specimens and
[6] | Dry heat contains the following tests with gradual change of
temperature: for non-heat-dissipating specimens,
for heat-dissipating specimens and for heat-
dissipating specimens powered throughout the test,
IEC 60068-2-30 Ed 3.0 (2005-08) Determines the suitability of components,
Environmental testing equipment or other articles for use, transportation
[7] Part 2-Test methods - Section 30 Test Db : and storage under conditions of high humidity -
Damp heat, cyclic (12 + 12-hour cycle) combined with cyclic temperature changes and, in
general, producing condensation on the surface of
the specimen
IEC 60068-2-47 Ed 3.0 (2005-4) Provides methods of mounting components, and
Environmental testing mounting requirements for equipment and other
[8] | Part 2 Test methods - Section 47: Mounting of | articles, for the families of dynamic tests in IEC
specimens for vibration, impact and similar 60068-2, that is impact (Test E), vibration (Test F)
dynamic tests and acceleration, steady-state (Test G).
IEC 60068-2-64 Ed 2.0 (2008-04) Determines the adequacy of specimens to resist
Environmental testing dynamic loads without unacceptable degradation of
[9] | Part 2: Test methods, its functional and/or structural integrity when

Section 64: Test Fh: Vibration, broad-band
random and guidance

subjected to the specified random vibration test
requirements.
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Ref. Standards and reference documents Description
IEC 60068-3-1 Ed. 2.0 (2011-08) Provides guidance regarding the performance of
[10] Environmental testing cold and dry heat tests.
Part 3: Supporting documentation and
guidance - Section 1: Cold and dry heat tests
IEC 60068-3-4 Ed. 1.0 (2001-08) The object of damp heat tests described is to
Environmental testing determine the ability of products to withstand the
(1] Part 3: Supporting documentation and stresses occurring in a high relative humidity
guidance - Section 4: Damp heat tests environment, with or without condensation, and
with special regard to variations of electrical and
mechanical characteristics.
IEC 60068-3-8 Ed. 1.0 (2003) Provides guidance for selecting amongst the I[EC
Environmental testing 60068-2 stationary vibration test methods Fc
[12] | Part 3: Supporting documentation and sinusoidal, Fh random and F(x) Mixed mode
guidance - Section 8: Selecting amongst vibration.
vibration tests
IEC 60654-2 Ed. 1.0 (1979-01), with Provides the limiting values for power received by
amendment 1 (1992-09) on Ed. 1.0 land-based and offshore industrial-process
[13] | Operating conditions for industrial-process measurement and control systems or parts of
measurement and control equipment systems during operation. Maintenance and repair
Part 2: Power conditions are not within the scope of this standard
IEC/TR 61000-2-1 Ed. 1.0 (1990-05) This publication has the status of a technical report,
Electromagnetic compatibility (EMC) and provides information on the various types of
Part 2: Environment disturbances that can be expected on public power
Section 1: Description of the environment - supply systems. The following disturbance
[14] | Electromagnetic environment for low- phenomena are considered: - harmonics - inter-
frequency conducted disturbances and harmonics - voltage fluctuations - voltage dips and
signalling in public power supply systems short supply interruptions - voltage unbalance -
mains signalling - power frequency variation - DC
components
IEC TR 61000-4-1 Ed.1.0 (2016-04) Provides applicability assistance to the users and
Basic EMC Publication manufacturers of electrical and electronic
[15] Electromagnetic compatibility (EMC) equipment on EMC standards within the IEC
Part 4: Testing and measurement techniques 61000-4 series on testing and measurement
Section 1: Overview of IEC 61000-4 series techniques.
IEC 61000-4-2 Ed. 2.0 (2008-12) Provides the immunity requirements and test
Basic EMC Publication methods for electrical and electronic equipment
Electromagnetic compatibility (EMC) subjected to static electricity discharges, from
[16] Part 4: Testing and measurement techniques operators directly, and from any person to adjacent
Section 2: Electrostatic discharge immunity objects. It additionally defines ranges of test levels
test. which relate to different environmental and
installation conditions and establishes test
procedures.
IEC 61000-4-3 consolidated Ed. 3.2 (2010-04) | Provides the immunity requirements of electrical
Basic EMC Publication and electronic equipment to radiated
Electromagnetic compatibility (EMC) electromagnetic energy. It establishes test levels
[17] Part 4: Testing and measurement techniques and the required test procedures. Establishes a

Section 3: Radiated, radio-frequency,
electromagnetic field immunity test

common reference for evaluating the performance
of electrical and electronic equipment when
subjected to radio-frequency electromagnetic fields
from any source.
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Ref.

Standards and reference documents

Description

IEC 61000-4-4 Ed. 3.0 (2012-04)
Electromagnetic compatibility (EMC)

Establishes a common and reproducible reference
for evaluating the immunity of electrical and

[18] | Part 4: Testing and measurement techniques electronic equipment when subjected to electrical
Section 4: Electrical fast transient/burst fast transient/bursts on supply, signal, control and
immunity test earth ports.

IEC 61000-4-5 Ed. 3.0 (2014-5) Provides the immunity requirements, test methods,

Electromagnetic compatibility (EMC) and range of recommended test levels for electrical

Part 4: Testing and measurement techniques and electronic equipment to unidirectional surges

[19] | Section 5: Surge immunity test caused by overvoltages from switching and

lightning transients. Several test levels are defined
which relate to different environment and
installation conditions.

IEC 61000-4-6 Ed 4.0 (2013-10) Provides the immunity requirements of electrical

Electromagnetic compatibility (EMC) and electronic equipment to conducted

Part 4: Testing and measurement techniques electromagnetic disturbances originating from

Section 6: Immunity to conducted intended radio-frequency (RF) transmitters in the

[20] | disturbances, induced by radio-frequency frequency range 9 kHz up to 80 MHz. Equipment

fields not having at least one conducting cable (such as
mains supply, signal line or earth connection),
which can couple the equipment to the disturbing
RF fields is excluded.

IEC 61000-4-11 Ed.2.0 (2004-03) Provides the immunity test methods and range of

Electromagnetic compatibility (EMC) preferred test levels for electrical and electronic

Part 4: Testing and measuring techniques equipment connected to low-voltage power supply

Section 11:Voltage dips, short interruptions networks for voltage dips, short interruptions, and

[21] | and voltage variations immunity tests voltage variations. It applies to equipment having a

rated input current not exceeding 16 A per phase,
for connection to 50 Hz or 60 Hz AC networks.
It does not apply equipment for connection to 400
Hz AC networks

IEC 61000-4-17 Consolidated Ed. 1.2 Provides test methods for immunity to ripple at the

(2009-01) (incl. am. 1& am.2) DC input power port of electrical or electronic

Electromagnetic compatibility (EMC) — equipment. This standard is applicable to low-

Part 4: Testing and measurement techniques voltage DC power ports of equipment supplied by

[22] | Section 17: Ripple on DC input power port external rectifier systems, or batteries which are

immunity test. being charged
This test does not apply to equipment connected to
battery charger systems incorporating switch mode
converters.
IEC 61000-4-20 Ed 2.0 (2010-08) Provides radiated immunity test methods for
Electromagnetic compatibility (EMC) electrical and electronic equipment using various
Part 4: Testing and measurement techniques; types of transverse electromagnetic (TEM)
[23] | Section 20: Emission and immunity testing in | waveguides. These types include open structures
transverse electromagnetic (TEM) waveguides | (for example, striplines and electromagnetic pulse
simulators) and closed structures (for example,
TEM cells).
IEC 61000-4-29 Ed. 1.0 (2000-08) Provides test methods for immunity to voltage
Electromagnetic compatibility (EMC) — dips, short interruptions and voltage variations at
[24] Part 4: Testing and measuring techniques, the DC input power ports of electrical or electronic

Section 29: Voltage dips, short interruptions
and voltage variations on DC input power

port immunity tests

equipment. This standard is applicable to low
voltage DC power ports of equipment supplied by
external DC networks.
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Ref. Standards and reference documents Description
IEC 61000-6-2 Ed. 3.0 (2016-08) Defines the immunity performance requirements
Electromagnetic compatibility (EMC) — for electrical and electronic apparatus intended for
Part 6 Generic standards — use in industrial environments, both indoor and
Section 2: Immunity for industrial outdoor and for which no dedicated product or
(251 | environments product-family immunity standard exists.

This Standard also applies to apparatus which are
battery operated and intended to be used in
industrial locations

OIML D 31:2008 General requirements for software controlled

[26] e
measuring instruments
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Foreword

The International Organization of Legal Metrology (OIML) is a worldwide, intergovernmental
organization whose primary aim is to harmonize the regulations and metrological controls applied by
the national metrological services, or related organizations, of its Member States.

The main categories of OIML publications are:

* International Recommendations (OIML R), which are model regulations that establish the
metrological characteristics required of certain measuring instruments and which specify
methods and equipment for checking their conformity. OIML Member States shall implement
these Recommendations to the greatest possible extent;

= International Documents (OIML D), which are informative in nature and which are intended
to harmonize and improve work in the field of legal metrology;

= International Guides (OIML G), which are also informative in nature and which are intended
to give guidelines for the application of certain requirements to legal metrology; and

= International Basic Publications (OIML B), which define the operating rules of the various
OIML structures and systems.

OIML Draft Recommendations, Documents and Guides are developed by Project Groups linked to
Technical Committees or Subcommittees which comprise representatives from the Member States.
Certain international and regional institutions also participate on a consultation basis. Cooperative
agreements have been established between the OIML and certain institutions, such as ISO and the IEC,
with the objective of avoiding contradictory requirements. Consequently, manufacturers and users of
measuring instruments, test laboratories, etc. may simultaneously apply OIML publications and those
of other institutions.

International Recommendations, Documents, Guides and Basic Publications are published in English
(E) and translated into French (F) and are subject to periodic revision.

Additionally, the OIML publishes or participates in the publication of Vocabularies (OIML V) and
periodically commissions legal metrology experts to write Expert Reports (OIML E). Expert Reports
are intended to provide information and advice, and are written solely from the viewpoint of their author,
without the involvement of a Technical Committee or Subcommittee, nor that of the CIML. Thus, they
do not necessarily represent the views of the OIML.

This publication — reference OIML R 139-3, Edition 2018 (E) — was developed by the Project Group p7
of Technical Subcommittee TC 8/SC 7 Gas metering. It was approved for final publication by the
International Committee of Legal Metrology in 2018 and will be submitted to the International

Conference on Legal Metrology in 2020 for formal sanction. It supersedes the previous edition of R 139
dated 2014.

OIML Publications may be downloaded from the OIML website in the form of PDF files. Additional
information on OIML Publications may be obtained from the Organization’s headquarters:

Bureau International de Métrologie Légale
11, rue Turgot - 75009 Paris — France
Telephone: 33 (0)1 48 78 12 82

Fax: 33 (0)1 42 82 1727

E-mail: biml@oiml.org

Internet: www.oiml.org
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Part 3: Test report format

1 Introduction

Implementation of this report format is informative with regard to the implementation of OIML
R 139-1 and -2 in national regulations. However, its implementation is mandatory within the framework
of the OIML Certification System.

This report format applies for any kind of compressed gaseous fuel measuring system for vehicles
(independent of its technology). It presents a standardized format for recording the results of the various
tests and examinations, described in R 139-2:2018, to which a type of a compressed gaseous fuel
measuring system for vehicles shall be submitted with a view to its approval based on this OIML
Recommendation.

The use of this report format as is, or translated into a different language, is recommended to all
metrology services or laboratories evaluating and/or testing types of compressed gaseous fuel measuring
systems for vehicles according to OIML R 139, or according to national or regional regulations based
on this Recommendation. If a translation is used, it is highly recommended to leave the structure and
the clause numbers unchanged, in order to facilitate the interpretation of the contents by those readers
who are not familiar with this other language.

The size of the fields should be adjusted as required to accommodate each specific record. Completely
deleting an entry field should be avoided.

The report format, in its practical application, shall as a minimum contain clauses A—F (where
applicable) in addition to a cover page issued by the Issuing Authority.

2 Applicability of this report format

In the framework of the OIML Certification System (OIML-CS) applicable to compressed gaseous fuel
measuring systems for vehicles in conformity with R 139:2018, the use of this report format is
mandatory. It shall be made available in English and/or in French and include copies translated into the
national languages of the countries issuing such certificates, when appropriate. Concerning the
implementation of OIML R 139:2018 in national regulations, this report format is informative.
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3  Guidance for the application of this report format

Key to the symbols and expressions used on the following pages:

The “summary of the results” and the “results of the tests” shall be completed according to the
following example:

Clause Requlizgrtlent o Yes No | N.A. Meaning
# <name> X Passed
# <name> X Failed
Requirement or test is not
< > ; ..
# name X applicable to this instrument
Notes: (D) Unless prescribed otherwise, “Date” in the report refers to the date of
testing.

2) The name(s) or symbol(s) of the unit(s) used to express the test results shall be
specified in each form.

3) Where in a table one or several choices can be made, checkboxes are applied.

In such a case, some or all of the columns Y, N, N/A are not applicable and
are thus presented grayed out or crosshatched (see the example below).

Clause Description Observations

Yes
No
Not applicable

[
[

If a prescribed test is not relevant for the type of instrument to be tested, the reason why the test is
omitted shall be clearly stated in the field “Observations” (for instance surge tests on signal lines
shorter than 30 m, tests related to AC mains supply in the case of an instrument only powered by DC
mains supply, or partial testing after modification of a previously tested type).

The number of the report and the page numbers shall be completed in the heading.

Pages 1-5 of this test report format may be replaced by a cover page by the Issuing authority.

4  The evaluation report

The format for the report is presented on the following pages, starting with space for the cover page.
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Cover page
by the
Issuing Authority

in accordance with national custom or legislation
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A References of the authority responsible for this report

Name
Address

Report number

Application number
Period of execution of the tests
Date of issuing this report

Name and signature of the
person responsible for the report
and stamp(s) (if applicable)

B Synopsis of the results of the evaluation
(To be completed by the Issuing Authority)

The evaluated specimen (or specimens) fulfils all the applicable and required criteria stated in OIML

R 139-1:2018
Yes No

Observations:
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C

Cl1

Summary of the results of the evaluation (examination and tests)
(To be completed by the Issuing Authority)

Examinations

For details of the evaluation results refer to the corresponding records in clause E of this report.

OIML Specimeigts}z comply -~
R 139-1 General requirements referred clause in
(Sub-)clause
Yes No N.A.
5.1,6.2 Presentation of the measurement result E.1
5.3 Measuring range E2
6.1 Construction E3
6.2.8 Printing device E.4
6.3 Stor.ing of measurement results (memory ES
device; hardware)
6.4 Data transmission E.6
6.5 Zero-setting device E.7
6.6 Presetting device E.8
6.7 Calculator E.9
6.8 Emergency power supply device E.10
6.9 Protection against fraud E.11
6.10 Checking facilities E.12
6.11 Software E.13
6.12 Self-service arrangement E.14
6.14 Installation of the measuring system E.15
7 Markings D.4
8 Instruction manual E.16
9 Sealing E.17
10 Stamping plate E.18
11 Suitability for testing E.19
13 Ancillary devices E.20
14 Transfer point E.21
15 Additional requirements for specific modules E.22
15.1 The meter E.22
15.2 External printers and memory devices E.22
R 139-2, 3.2 | Documentation for type evaluation E.23
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C.2 Performance tests

For details of the test results refer to the corresponding records in clause F of this report

OIML Specimen(s) comply with _
R 139-2 Performance tests referred clause Deitslls

Subclause Yes No N.A.
2271 At variable flow rate F.1
2.2.7.2 Tests with sequential control F.2
2.2.7.3 Tests without sequential control F.3
2.2.7.5 Durability F.4
2.2.7.6 Gas influence factors F.5
2.2.7.7a |Zero stability F.6
2.2.7.70  |Flow disturbances F.7
3.54 Preset function F7.1
3.6.a Use of alternative fluid D.11
3.6.b Use of only one gas D.11
3.7.1 Initial test F.8
3.8.2 Influence of static (ambient) temperature F.8.1
3.8.3 Influence of vibration (random) F.9
3.84 Influence of mains power supply variation F.10
3.8.5 Influence of battery power supply variation F.11
394.1 Immunity to atmospheric disturbances F.12
3942 Immunity to radio frequency EM fields F.13
3943 Immunity to electrostatic discharges F.14
3944 Immunity to surges F.15
3.94.5 Immunity to power source disturbances:

> AC mains voltage dips, short interruptions F.16

BN DC mains \'Iol'tage dips, short interruptions and F17

voltage variations
N Bursts (transients) on AC and DC mains and F18
signal lines
2> Ripple on DC mains power F.19
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Report page ... of ...

D General information

D.1 Manufacturer

Company

Address

D.2 Applicant

Company

Representative

Address

Reference

Date of application

Applicant is authorized by the manufacturer (documented)

D Yes

|:|N0

It is verified that no application for OIML type evaluation for the same
type has been made to any other OIML Issuing Authority (see OIML-CS
procedure PD-05, 4.1.2.b)

D Yes

|:|N0

Observations:
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D.3 Testing laboratories involved in the tests
(This table to be completed for each test laboratory)

Name

Address

Application number

Tests by this laboratory

Date/period of tests

Name(s) of test engineer(s)

Statement of compliance with the
requirement of proven competence
for performing the tests referred to
above within the scope of OIML
R 139-1 &-2:201 (see OIML-CS
procedure PD-05, 4.3.1)

QA standard

Where applicable accredited for Accreditation number: Expires (date):

Details of relevant peer assessment
or assessment by other means where
applicable

Entry area for detailed information if
tests have not been performed on the
premises of this laboratory but at a
different location

Name of the responsible person

Date of signature

Stamp (where applicable) and
signature of the responsible person

Observations:
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D.4 General information concerning the type and the specimen(s) supplied for the tests
(as stated on the instrument / provided by the manufacturer)

OIML 3
R 139-1 Information presented on the instrument £| 2| & Comments/observations

<

Subclause §

Manufacturer’s trade mark

Type/model designation/number

7.1 Approval marking
Presented or space for: Year of manufacture
Serial number
7.2 Minimum measured quantity |MMQ = g; kg
Omin= kg/min
Flow rate range -
Ohmax = kg/min
Minimum pressure of the gas |Prmin= MPa
Maximum pressure of the gas |Pmax= MPa
Maximum storage pressure  |Pg= MPa
Maximum fast-fill pressure  |Py= MPa
Types of gas or
mixtures of gas
7.3.a
Toin = °C
Temperature range of the gas
Tnax = °C
Ambient high (Tm) = °C
Ambient temperature range
Ambient low (7Ta) = °C
Exclusively non industrial
Environmental classification Low Ylbrgtlons (M1]
Generic (includes
industrial) [M2]
Mains AC voltage \Y
7.3.b | Electrical power supply Mains DC voltage \Y
Battery voltage \%
7.3.c | Identification of software
7.3.d | Speed of switching between banks ms
Length of the hose m
7.1.e | Modules :name [:type :serial number

Further observations:
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D.5 Accessories, supplied by the applicant (if applicable)

Operating instructions

Examples are:

Data printer (if applicable); ancillary devices, cabling and other accessories:

D.6 Selection of specimens tested

If the tests and examinations are valid for more versions, present full details of these versions, according
to the listing of parameters and type designation in the way presented in D.4:

Justification of the selection of the specimens:

The following specimens have taken part in the examination:

Specimen no.

Model

Serial no.

Year of
manufacture

Qmax
[kg/min]

Qmin
[kg/min]

DN B [(W|IN|—
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D.7 Adjustments and modifications

Adjustments, modifications, and repairs made to the specimens during the testing:

D.8 Additional information concerning the type

Additional observations and/or information (connection equipment, interfaces, etc.):

D.9 Documentation supplied by the applicant

Observations:

D.10  Results of previous tests that were taken into account

Details:

D.11 Information concerning the test equipment used for the type evaluation
(including details of simulations)

If applicable, the laboratory is free to provide this information, instead of a complete overview here, in the appropriate
chapter F.x in an extra field below the first table (with “Date & Time” etc.).
In that case a statement shall be made in this field.
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E Examinations

(To be completed by the Evaluating Authority)

Where specified “not applicable” in Table C.1, the related tables below may be omitted from this
report.

For each of the applicable requirements an explanation of the manner in which the requirement is met is presented in the
column ‘observations’.

Observer’s name:
2
OIML " E Date(s):
R 139-1 Description s 2 %
Subclause E Specimen:
Observations:
5.1 E.1 Presentation of the measurement result Applied units: ...
5.1.1 Units of measurement
All applied quantity SI units: O
values are expressed in other legal units conforming OIML D 2:2007: [
5.1.2 Scale interval
5.1.2.1 - agrees 1 x 10,2 x 10" or 5 x 10", (n = integer)
5.12.2 - is equal to or smaller than MMQ
5.123 Non-significant figures avoided
5.1.3 Same scale intervals multiple indications (displays and printers)
6.2.1.1 Size of figures on digital display > 10 mm
6.2.1.2 No dots or commas applied when grouping numbers in groups of 3 digits
6.2.5 Presentation of decimal fraction at least one figure to the left of the separator
and all figures to the right
53 E.2 Measuring ranges Applied units:
53.1.1 Omin specified limited Ohin 5 Omax in kg/min
53.1.2 Onmax specified limited MMQ; Ewin in kg
Flow rate below QOmin prevented
53.1.3 All elements of the system range within Qmin and Omax
532 MMQ specified:
5.2.1 Accuracy class 1.5 0 20" 40V
523 Rwmpe
523 Emin=2 % MMQ % Rype
53.14 Applied ratio(s): Omax/ Omin =10 2
Omax/ Omin
532 Om <4 o MMQ = MMQ < 0.5 ?
4<QOmx<12 O MMQ = MMQ<17?
12 < Omax <30 [m| MMQ = MMQ<2?
30 < Omax <70 O MMQ = MMQ<5?
Omax > 70 O MMQ = MMQ<10?
Hydrogen [m| MMQ-=1
MMQ agrees 1 x 10”,2 x 10" or 5 x 10", (n = integer)
5.6.1 Enin<0.1 m} Fault limit = 0.1 *Rwpe %
*Rmee %
Emin20.1 *Rypg % O Fault limit = Eyi, = %

! Applicable to hydrogen only
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R 139-1

Subclause

Description

Yes

No

Not applicable

Observer’s name:

Date(s):

Specimen:

Observations:

E.3 Technical requirements for the measuring system

6.1

Construction

6.1.1

The measuring system and, if applicable, its modules are designed for the
intended purpose

The measuring system is solidly and carefully constructed in order to ensure
that it maintains its metrological qualities during a reasonable period of use

Explain how

The measuring system comprises more than 1 bank
Number of banks :...

The measuring system is constructed such that the opportunity for
unintentional, accidental, or intentional misuse is minimized

Explain how

6.2

Presentation of measured value

6.2.1

Digital indicating device displays mass of the gas

Where a secondary (informative) indication is available the status of this
informative indication is clear and unambiguous and is not misleading with
respect to the actual amount

If yes, explain how

volume O

conversion factor displayed on front face

Secondary indication in energy O

quantity values of conversion factor displayed on front face

other O

Which quantity:

conversion factor displayed on front face

Meter is fitted with a price

unit price and price to pay are only related to mass

indicating device indications are displayed only when displaying
mass

6.2.2

Common simultaneous use [Measuring system identified in the indication?

of the same indicating i - . - i
device for several Identification of indicated quantity value is

measuring systems possible |unchallengeable and clearly indicated

6.2.3

Price indications fulfill the provisions applicable to mass indications

Other quantity indications on secondary indicating devices fulfill the provisions

applicable to mass indications

6.2.4

Totalized mass is continuously displayed during the measurement

6.2.5

Digital indication or print consists of at least one figure

6.2.6

Falsification of results is not possible when applying an external printing
device or data storage

Printing or storing of data is prevented if a significant fault occurs

Loss of previous measurement data is prevented if a significant fault occurs

6.2.7

Price indicating device

6.2.7.1

Mass indicating device contains a price indicating device which displays unit
price and price to be paid including the applicable monetary unit

6.2.7.2

Unit price is displayed before the start of the measurement and remains valid
for the whole transaction

After being changed, the direct on the measuring system O

unit price is only effective through peripheral equipment allowing at
from the moment that a least 5 s to elapse between indicating the O

new .trangaction may start | pew yunit price and the start of the
and is adjustable measurement

6.2.7.3

Errors due to rounding only influence the least significant digit of the price to
be paid
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Observer’s name:

D
=
OIML S| Date(s):
@ =
R 139-1 Description = 2 =
Subclause 2 Specimen:
)
z
Observations:
6.2 E4 Printing device
6.2.8 Printing device Internal O
External O
6.2.8.1 Printing of the current transaction is inhibited during a measurement
No change in indicated quantity during printing
6.2.8.2 Prints identification of applicable system when more than one measuring
system is, or can be connected
6.2.8.3 Marks duplicates when copies can be produced
6.2.8.6, a | Print permanency: readable for at least 3 months
6.2.8.6, b | Height of digits.... mm >2 mm
6.2.84 Prints Price O
Price and unit price O
6.2.8.6,c Name/symbol of units to the right of the value [
Name/symbol of units above column O
6.2.8.6, d | A print failure results |a warning O
n inhibiting the measurement O
6.2.8.5 Checking facilities of printer
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Observer’s name:
D
IML =
(0] S| Date(s):
R 139-1 Description 8| 2| &
Subclaus =~ g .
< | Specimen:
e )
4
Observations:
6.3 ES Storing of measurement results
6.3.1 Hardware memory Internal O
device External O
6.3.1 Means available to read stored data
Sufficient storage capacity
6.3.2 Permanency of stored data
6.3.3 Modification of stored data inhibited
6.3.3 Deletion of data
6.3.4 Checking facilities of memory device
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Observer’s name:

=2
OIML E Date(s):
R 139-1 Description E z° -g
Subclause s Specimen:
2
Observations:

6.4 E.6 Data transmission interface

Equipped with data transmission interface

No possibility to inadmissibly influence metrological functions

No possibility to falsify measurement results
6.5 E.7 Zero-setting device
6.5.1 Measuring system is equipped with required zero-setting device
6.5.1.1 Only acts on indicated measurement result
6.5.1.2 Next delivery only possible after finish of and reset to zero of previous delivery
6.5.1.3 Measurement result during zero-setting inhibited
6.5.1.3 During zero-setting no diverging indication of measured value
6.5.1.4 Zero-setting during measurement inhibited
6.5.2 Equipped with required zero-setting of price indication
6.53 Corrects for false recorded mass flow in case of no flow
6.6 E.8 Presetting device
6.6.1 Presetting device Available O
6.6.2 Indication of preset before start of measurement
6.6.3 Indication between actual measured and preset is distinguishable How?
6.6.4 Indication of preset remains unaltered O

value returns progressively to zero O
6.6.6 units according to 5.1.1
6.6.7 scale interval same as 5.1.2
6.6.4 Presetting device special operation involving the preset value to ]

change to zero before the measurement

6.6.8 Emergency flow stop incorporated O
6.6.9 Price presetting device available O
6.7 E9 Calculator
6.7.2 All necessary parameter values are available at the start of the measurement
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Observer’s name:
D
IML =
0] S| Date(s):
R 139-1 Description 8| 2| &
Subclaus ol g .
< | Specimen:
e )
z
Observations:
6.8 E.10 Emergency power supply device
6.8.1 Emergency power a) all measuring functions are safeguarded O
supply allows during a failure of the principal power supply
b) data contained at the moment of a failure O
leading to stopping the flow are saved and
displayable on an indicating device subject to
legal metrology control for sufficient time to
permit the conclusion of the current
transaction
6.8.2 A failure leading to a) to automatically continue for at least 15 min []
stopping the flow immediately following the failure of the
causes the operation of |Principal electrical supply
the display b) for a total time of at least 5 minutes in one [
or several periods to be controlled manually
during one hour immediately following the
failure
More than 15 s power failure leads to finishing the delivery when the
power supply is re-established
6.9 E.11 Protection against fraud
6.9.1a Adjustment without breaking seals inhibited
6.9.1d Risk on successful deliberate influence is minimized
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Observer’s name:

%}
=
OIML ‘5 Date(s):
@ =
R 139-1 Description = Z° 2
= .
Subclause < | Specimen:
)
4
Observations:
6.10 E.12 Checking facilities
6.10.2 Checking facilities for the measurement transducer
Type OoN/O1/0P
Function check a) by disconnecting the transducer, or O
b) by interrupting one of the sensor's pulse O
generators, or
¢) by interrupting the electrical supply of the O
transducer
6.10.2.3 | Time-out after 120 s
6.10.3 Checking facilities for the calculator
Type OoN/O1/0P
6.10.3.2 | Ifof type I: Operates at least every 5 min in the course of a
Function check delivery and at least once during a delivery
6.10.3.3 | Validity check aoN/O1/0p
6.10.4 Checking facilities for the indicating device
Type ON/O1/0P
6.10.4 If of type I: A primary indication is provided by some other Details
Function check device of the measuring system, or the
indication can be easily determined from other
primary indications
6.10.4.2 | Function check Automatic verification of the complete O
6.10.4.5 indicating device
Or both: O
6.10.4.6 - automatic check of the data transmitted to the
indicating device and the electronic circuits
used for the indicating device, excluding those
to the driving circuits of the display itself,
- visual check of the display itself which is of
type I (each step to be at least 0.75 s)
6.10.5 Checking facilities for ancillary devices
Type on/O/op
6.10.6 Checking facilities for the associated measuring instruments
Type oN/O1/op
6.10.7 Zero flow response

Time-out device incorporated that terminates a single batch delivery
should a period of inactivity (no flow) of more than 2 min occur during

the transaction
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Applicable software evaluation procedures:

Requirement Evaluation procedure
Al.l Software identification AD + VFTSw
Al2 Correctness of algorithms AD + VFTSw
Al3 Fraud protection AD + VFTSw + DFA/CIWT/SMT
Parameter protection AD + VFTSw + DFA/CIWT/SMT
A2.1 Separation of electronic devices and sub-assemblies AD
A2.2 Separation of software parts AD
A23 Storage of data, transmission via communication systems AD + VFTSw + CIWT/SMT
A232 Data protection with respect to time of measurement AD + VFTSw + SMT
A24 Transmission delay AD + VFTSw
A2.5 Transmission interruption AD + VFTSw
A2.6 Automatic storing AD + VFTSw
Time stamp AD + VFTSw
Related OIML
R 139-1
Abbreviation Description appll\ggz.bl ¢ | clause in
OIML D 31:2008
AD Analysis of the documentation and validation of the design 6.3.2.1
VFTM Validation by functional testing of metrological functions 6.3.2.2
VFTSw Validation by functional testing of software functions 6.3.2.3
DFA? Metrological data flow analysis 6.3.2.4
CIWT? Code inspection and walkthrough 6.3.2.5
SMT" Software module testing 6.3.2.6

2 The software validation methods DFA, CIWT and SMT in general are not applicable and may only be
applicable if the measuring system is designed to allow software downloading as stated in OIML R 139-2.
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Subclause

Description

Yes

No

Not applicable

Observer’s name:

Date(s):

Specimen:

Observations

Al

E.13 Software

Al.l

Software identification

The legally relevant parts are clearly identified

The identification number is

The identification is presented by means of

The identification is inextricably linked to the software

Al2

Correctness of algorithms and functions

The measuring algorithms and functions are appropriate and functionally
correct

Al3

Software protection (against fraud)

The legally relevant software is protected against unauthorized modification,
loading or changes by swapping the memory device

Only clearly documented functions can be activated by the user interface,
which do not facilitate fraudulent use

Parameters that fix the legally relevant characteristics are secured against
unauthorized modification

Displaying the current parameter settings is possible

Protection/sealing makes unauthorized access impossible or evident

Detection by checking facilities of significant faults is performed by the
software and in the legally relevant software part

A list is available of anomalies which result in a significant fault and which are
detected by the software

A2.1

Separation of electronic devices and sub-assemblies

Constituents of a measuring system that perform functions which are legally
relevant are identified, clearly defined, and documented

Those functions cannot be inadmissibly influenced by commands received via
an interface

All legally relevant software parts are clearly described

An interface is available between the legally relevant software and the other
software parts, and is clearly documented. All communication is performed
exclusively via this interface

The interface commands are documented with a statement of completeness

The legally relevant software has priority using the resources over non-relevant
software. The measurement task is not delayed or blocked by other tasks

A2.2

Shared indications

The same display is used for presenting information both from the legally
relevant part and the non-legally relevant part

Software for the indication of measurement results belongs to the legally
relevant part

A23

Storage of data, transmission via communication system

The measurement value stored or transmitted is accompanied by all relevant
information for future legally relevant use

The data is protected to guarantee the authenticity, integrity and correctness
concerning the time of measurement

The memory device is fitted with a checking facility, which guarantees that
irregular data is discarded or marked unusable

The software module that prepares the data for storing, sending and checking
after reading or receiving is part of the legally relevant software
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Cryptographic methods are applied. Confidentiality key-codes are kept secret
and secured

A24 The measurement is not inadmissibly influenced by a transmission delay
A25 No measurement data is lost if the network services become unavailable
A2.6 Data storage is performed automatically

The storage device has sufficient permanency to ensure that the data is not

corrupted under normal storage conditions

There is sufficient memory storage

All data necessary for the calculation is stored with the final calculated value
A2.7 Stored data is deleted when the transaction is settled under the following

conditions:
. deletion is performed in the same order as the recording order;

. deletion is started automatically or after a specific manual operation
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D
IML =
0] S| Date(s):
R 139-1 Description 8| 2| &
Subclaus =~ g .
< | Specimen:
e )
4
Observations:
6.12 E.14 Self-service arrangement
6.12.1 GENERAL
6.12.1.2 | Individual identification of measuring systems in the case of multi-measuring
systems
6.12.1.3 | No indications potentially introduce confusion
6.12.1.4 | Indication of status of measuring system
6.12.1.5 | Changing type of payment and/or mode of operation inhibited before end of
operation
6.12.1.6 | Indication available for consumer up to end of transaction
6.12.2 ATTENDED SERVICE MODE
Information to customer
6.12.2.1. | Attended post payment |a) a printing device for the issue of a receipt to [
1 additional indicating ~ |the customer, or
device consists of b) an indicating device for the benefit of the [
supplier together with a display for the benefit
of the customer
6.12.2.1. | Temporary storage a) association of the data with the measurement is
2 incorporates unambiguous for each measuring system when the
results are recalled
b) the customer is informed about the identification of
his measurement in the sequence of storage of
measurements
Temporary storage ¢) when a primary indication is out of service
6.12.2.1. E:ii;;smr};;blt:dsiﬁ when an external device providing a mandatory primary
3 (e measuring sy indication for the benefit of the customer is
indicating device . -
. . disconnected, or when a faulty operation is
remains the primary :
L automatically detected
indication
6.12.3 UNATTENDED SERVICE MODE
6.12.3.1 | General
6.12.3.1. | Recording by a) a printer receipt issued for the customer,
1 additional primary and
indication by means of b) measurement data recorded for the benefit O
of the supplier by a printing or memory device
6.12.3.1. | Warning to customer before operation if 6.12.3.1.1 a) or b) out of
2 service
6.12.3.1. | Individual volume totalizers for each registered customer; visible to O
3 the customer (in which case 6.12.3.1.1 and 6.12.3.1.2 do not apply)
6.12.3.1. | Inhibiting of the process in the case of an interference or disturbance
4
6.12.3.1. | Conservation of delivery data during power supply failure (6.8.2 applies)
5
6.12.3.2 | Delayed payment
Printed and/or memorized indications contain sufficient information for
providing proof and include the measured quantity, the price to pay and
information to identify the particular transaction (e.g. the measuring system
number, location, date, time)
6.12.3.3 | Pre-payment in unattended service mode
6.12.3.3. | Pre-paid amount and actual price of the gas delivered is printed and memorized
! Printed/memorized indications are divided into two parts indicated to [
be related and to contain pre and post delivery information
respectively
6.12.3.3. | Fulfils preset requirements (6.6)
1
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D
=
OIML S| Date(s):
@ =
R 139-1 Description = Z° 2
Subclause s Specimen:
)
4
Observations:
6.14 E.15 Installation of the measuring system
6.14.1 No corruption of metrological behavior by installing additional device
6.14.2 No means provided for diversion downstream of the meter during filling
6.14.3 Not designed for measuring hydrogen though and such that delivered mass is
always within %2 Epiy
Designed for measuring hydrogen without correction for depressurization and
such that the residual mass measured though not delivered is within 13 Emin
6.14.4 Flow limiting device is installed (applies only when there is a risk of exceeding
Qmax)
6.14.5 Provision available for fitting and removing a pressure gauge
6.14.6 Isolation of flowmeter from becoming influenced by compressor vibrations
6.14.7 Information documented on prevention measures of correlation of Coriolis meter
6.14.8 frequency and compressor vibration
8 E.16 Instruction manual
8.2.a Operating instructions
8.2.b Rated operating conditions
8.2.c Warm-up time
8.2.d Other relevant conditions
8.2.e Specifications of power converter
82.f Compeatibility of ancillary equipment
8.2.g Any specific installation conditions such as for instance a limitation of the length
of signal, data, and control lines
8.2.h Instructions for installation, maintenance, repair, permissible adjustments (this
can be in a separate document, not intended for the user/owner)
8.2.1 Conditions for compatibility with interfaces, sub-assemblies (modules) or other
measuring instruments
8.2 Minimum measured quantity, MMQ
8.2k Minimum flowrate, Omin
8.2k Maximum flowrate, Omax
8.2.1 Maximum pressure of the gas in the refueling station gas storage, Py
8.2.m Maximum fast fill pressure of the gas-fueled vehicle, P,
8.2.n Minimum pressure of the gas, Ppin
8.2.0 Nature and characteristics of the gases to be measured
8.2.p Maximum temperature of the gas, Tinax
8.2.q Minimum temperature of the gas, Tiin
8.2r Restricted environment (not to be used in an industrial environment — see 5.7.1
and 5.7.2)
8.2 Maximum length of the hose

Page 31 of 65





Report number ...................

OIML R 139-3:2018

Report page ...

of ...

Observer’s name:

The insertion of any device which may influence the accuracy is
prevented by means of electronic and data processing securities
or by mechanical means

D
=
OIML S | Date(s):
@ =
R 139-1 Description = Z° 2
Subclause bt Specimen:
)
4
Observations:
9 E.17 Sealing
9.1 General
9.1.1 Sealing/ sealing provisions available for:
9.12 Adjustment of essential metrological parameters is inhibited by means of seals
9.13 Hardware seals O
Electronic seals O
(if so, 9.2 applies)
9.14 Seals are easily accessible
9.2 Electronic sealing
9.2.1.1 a) Access is allowed only to authorized persons by using a “password” []
and, after changing parameters, the measuring system can be put into
use “in sealed condition” again without any restriction; or
b) Access is allowed without restrictions (similar to classical sealing) O
but, after changing parameters, the measuring system can only be put
into use “in sealed condition” again by authorized persons using a
password
9212 Password is changeable
9213 Mechanical sealing in the case of direct sale to the public
9.2.14 Device does not operate or indicates so when in configuration mode until put in
sealed condition again
9.2.1.5.a | Event logger record contains:
1) an event counter,
2) the date the parameter was changed,
3) the new value of the parameter, and
4) an identification of the person that implemented the intervention
9.2.1.5.b | The traceability of the last intervention is assured
9.2.1.5.c | The event logger is capable of storing at least 999 interventions
9.2.1.5.d | The event logger applies the first-in first-out (FIFO) principle if insufficient
memory capacity remains to store a new record
Measuring system contains parts which may be disconnected by the user and are
922 Inter- Access to parameters that contribute to the determination of the
changeable results of measurements is not possible through disconnected
D points (unless the provisions in 9.2.1 are fulfilled)
The insertion of any device which may influence the accuracy is
prevented by means of electronic and data processing securities
or by mechanical means
923 Not inter- Access to parameters that contribute to the determination of the
changeable results of measurements is not possible through disconnected
D points (unless the provisions in 9.2.1 are fulfilled)

Measuring system is provided with devices which do not allow
the system to operate if the various parts are not associated
according to the manufacturer’s configuration
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R 139-1 Description = z° 2
Subclause s Specimen:
)
4
Observations:
10 E.18 Stamping plate
(Provisions for installing) available
(Provisions for installing) sealing available O
Permanently attached on a support of the measuring system O
Combined with identification plate O
11 E.19 Suitability for testing
11.1 Design permits testing according to OIML R 139-2
11.2 Identification is possible of modules having been subjected to separate type
evaluation
11.3 Design allows for initial and subsequent verification without unreasonably
severe efforts
12 E.20 Specific requirements for ancillary devices
133 Optional do(es) not affect the correct operation of the measuring system
ancillary and in particular the measuring system when connected or
device(s) which  |disconnected
8 (a.lre) not show(s) the user a statement stating that the applicable device
subject to legal . h .
control or.de.\llces are not under legal conbtrolbwhen dlsplqylng or
printing a measurement result which is made available to the
customer
14 E.21 Transfer point
Maximum number of transfer points foreseen:
14.1 Transfer points are all downstream
14.2 Any diversion of gas to other than  |cannot be readily accomplished, or
the intended receiving receptacle(s) [ -
is readily apparent
14.3 Next delivery is inhibited until the indication is reset to zero

Page 33 of 65





Report number ...................

OIML R 139-3:2018

Report page ...

of ...

Observer’s name:

D
=
OIML S| Date(s):
@ =
R 139-1 Description = Z° 2
Subclause s Specimen:
)
4
Observations:
15 E.22 Additional requirements for specific modules
15.1 The meter
15.1.1 Metrological specifications of the meter
15.1.1.1 | Metrological characteristics of the meter: Omin, Omaxs Prmax> Prmins Imax and Tiin are
specified
15.1.1.2 | The temperature range of the gas covers at least + 10 °C to + 40 °C
The rated operating conditions of the meter are the same as those for the
complete measurement system
The ranges shall suit the conditions of use
15.1.2 Additional technical requirements for meters
15.1.2.1 | Reliable connections between the flow sensor and the indicating device
Durable connections between the flow sensor and the indicating device
15.1.2.2 | Adjustment device provided permitting |by a simple command
modification of the ratio between the | - -
. in a discontinuous manner, whereby the
indicated mass and the actual mass of . -
as passing through the meter consecutive values of the ratio do not
& differ by more than 0.001
Adjustment by means of a bypass of the meter is inhibited
15.1.2.3 | a) The meter is equipped with a correction device and b) only the corrected mass
values are displayed during normal operation
c) Correction device cannot be applied for creating an offset to zero or d)
correcting for a theoretical pre-established value
e) Correction device applies checking facilities
15.2 Additional technical requirements for external printers and memory devices
(Space provided for) a) manufacturer’s trade mark/corporate name
Permanent, non- . R
transferable, and casily b) type designation / model number
readable identification ¢) type approval number
plate or label specifying d) serial number
e) identification of the measuring instrument(s), using
which the measurement results can be printed
f) details of the electrical power supply:
(AC/DC voltage; frequency)
g) specific conditions for use
(for instance specific ambient conditions)
h) identification of the software (see 6.11)
R 139-2 | Is any flow disturbance expected to be critical for the measurement OYes
22.7.7. | result? ONo
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characteristics of the instrument comply with the requirements of this
Recommendation

D
=
OIML S| Date(s):
. g ol B
R 139-2 Description S|z %
Subclause = Specimen:
4
Observations:
3.2 E.23 Documentation for type evaluation
3.2.1 General documentation
a description of its general principle of measurement
b (mechanical) drawings and/or photographs
c electric/electronic diagrams
d lists of the essential sub-assemblies/modules, components with their essential
characteristics
e functional description of the various electronic devices
f flow diagram of the logic, showing the functions of the electronic devices
g for measuring systems and meters: a description of all legally relevant
parameters and their corresponding ranges if applicable and in case of correction
devices the information on how the correction parameters are determined
h assembly drawing identifying the various components
i drawing(s) presenting the security sealing plan and the provisions and location
for verification marks
j drawing of regulatory markings
k general information on the software required for the measuring instrument
1 test inputs or outputs, their use, and their relationships to the parameters being
measured
m installation requirements
n operating instructions that shall be provided to the user
o references to the approval certificates of the constituent elements
P overview of any purely digital elements that are considered to be replaceable (in
accordance with 1.2.3.4)
q documents or other evidence that support the assumption that the design and
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Observer’s name:

D
=
OIML S| Date(s):
@ =
R 139-1 Description = Z° 2
Subclause s Specimen:
)
4
Observations:
3.2.2 Software documentation
a description of the legally relevant software and how the requirements are met:
- list of software modules that belong to the legally relevant part including a
declaration that all legally relevant functions are included in the description
- description of the software interfaces of the legally relevant software part
and of the commands and data flows via this interface including a statement
of completeness
- description of the generation of the software identification
- list of parameters to be protected and description of protection means
b description of the security means of the operating system (password, etc. if
applicable)
c description of the (software) sealing method(s)
d overview of the system hardware, e.g. topology block diagram, type of
computer(s), type of network, etc. Where a hardware component is deemed
legally relevant or where it performs legally relevant functions, this should also
be identified
e description of the accuracy of the algorithms (e.g. filtering of A/D conversion
results, price calculation, rounding algorithms, etc.)
f description of the user interface, menus and dialogues
g software identification and instructions for obtaining it from an instrument in use
h list of commands of each hardware interface of the measuring instrument /
electronic device / sub-assembly including a statement of completeness
i list of potential durability errors that the software is able to detect and, if
necessary for understanding, a description of the detecting algorithms
] description of data sets stored or transmitted
k if fault detection is carried out within the software, a list of potential faults that
the software is able to detect and a description of the detecting algorithm
1 operating manual
3.23 Specific documentation concerning execution of performance tests
Validation documentation concerning the use of air instead of gas during tests
3.24 Specific documentation on durability
The type of meter has previously proven conformity to the durability |[J Yes
requirement O No
3.25 Additional documentation

Specity if applicable
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F Performance tests
F.1 Variable flowrate

OIML Test conditions Observer’s name:
R 139-2, Test fluid (gas, air, water, ..)
2271 start stop Date(s):
[unit] Time: Specimen:
Olgl; Ambient temperature °C °C| Omin [unit/min]
EE(]g]’ Fluid temperature °C °C| Omax [unit/min]
Test 0 Fill (¥ | Repeatability
Phase (p) 1 2 3 1 | 2 | 3
Initial receiver
pressure low bank Pg
Quantity reference
[unit] indicated
Error [unit]
relative phasel (E11)
error [%] phase2 (E12)
(E1p) phase3 (E13)
MPE [%] For meter < 1
Pass O O O
(1) Fail a] O 0
Test 0 Fill 11
Initial Receiver
pressure mid. bank Psim
Quantity Reference
[unit] Indicated
Error [unit]
relative phasel (£21)
error [%] phase2 (E22)
(£2p) phase3 (E23)
MPE [%] For meter < 1
Pass O O O
(E2,) Fail a] O 0
Test 0 Fill 111
Initial Receiver
pressure high bank Py
Quantity Reference
[unit] Indicated
Error [unit]
relative phasel (E31)
error [%] phase2 (E32)
(E3,) phase3 (E33)
MPE [%] For meter < 1
pass O O O
(E3,) fail ] O O
Repeatability [%] | |
Repeatability | MPE [%] < ?/;MPE
pass O O O
fail O O O
Notes:
Reference = Indicated quantity value on reference weighing instrument at end of the filling phase —
Indicated quantity value on reference weighing instrument at start of the filling phase.
Indicated = Indicated quantity value on EUT at end of the filling phase — Indicated quantity value on EUT
at start of the filling phase.
Sequence of the test
Considering test numbering [x,,p] where x = Test # , and ¢ = test cycle #, p = phase # the test sequence is
[0,1,17; [0,1,2]; [0,1,3]; [0,2,1]; [0,2,2]; [0,2,3]; [0,3,1]; [0,3,2]; [0,3,3].
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Observations

Result

Pass

O

Fail

O
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F.2 Tests on systems with sequential control (involving 3 banks)
OIML Test conditions Observer’s name:
R 139-2, Test fluid (gas, air, water, ..)
2.2.7.2 Start Stop Date(s):
[unit] Time: Specimen:
Olgl; Ambient temperature °C °C| Oumin [unit/min]
gﬁ(]g]’ Fluid temperature °C °C| Omax [unit/min]
Test 1 Fill 1 2 3 Nominal pressure value
Initial Receiver 0
pressure in | low bank P Py
kPa mid. bank P Py
high bank Pgn Py
Timing start / stop / / /
time period S S s | Minimum quantity to be
Average flow rate [unit]/min totalized:
Quantity Reference
[unit] Indicated (2 x MMQ [unit])
Error [unit] Repeatability
relative error [%]
MPE [%] ; For system < 1.5 < 2/;MPE
Pass O O O O
Fail O O O O
Test 2 Fill 1 2 3 Nominal pressure value
Initial Receiver 0.5 Py
pressure low bank Psy 0.75 Py
mid. bank Psim P,
high bank P Py
Timing start / stop / / /
time period S S s | Minimum quantity to be
Average flow rate [unit]/min totalized
Quantity Reference
[unit] Indicated (2 x MMQ [unit])
Error [unit] Repeatability
relative error [%]
MPE [%] For meter < 1; For system < 1.5 < 2/;MPE
Pass O O O O
Fail O O O O
Test 3 Fill 1 2 3 Nominal pressure value
Initial Receiver 0.75 Py
pressure low bank Pgy 0.75 Py
mid. bank Py Py
high bank Py Py
Timing start / stop / / /
time period S s s | Minimum quantity to be
Average flow rate [unit]/min totalized
Quantity Reference
[unit] Indicated (1 x MMQ [unit])
Error [unit] Repeatability
relative error [%]
MPE [%] ; For system < 1.5 < ?/;MPE
Pass O O O O
Fail O O O O
Applied sequence of the test
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Observations

Result

Pass

O

Fail

O
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F.3 Tests on systems without sequential control (involving only one bank)
OIML Test conditions Observer’s name:
R 139-2, Test fluid (gas, air, water, ..)
2.2.73 Pressure in kPa units Start Stop
[unit] Date(s):
Olgl; Time: Specimen:
Ofkgl; Ambient temperature °C °C| Omin [unit/min]
O[] Fluid temperature °C °C| Omax [unit/min]
Test 4 Fill 1 2 3 Nominal pressure value
Initial Receiver 0
pressure high bank Py
Timing start / stop / / /

time period S S s | Minimum quantity to be
Average flow rate [unit]/min totalized:
Quantity Reference
[unit] Indicated (2 x MMQ [unit])
Error [unit] Repeatability
relative error [%]
MPE [%] For meter < 1; For system < 1.5 < 2/;MPE

Pass O O O O

Fail O O O O
Test5 Y Fill 1 2 3 Nominal pressure value
Initial Receiver 0.5 Py
pressure high bank Py
Timing start / stop / / /

time period S S s | Minimum quantity to be
Average flow rate [unit]/min totalized
Quantity Reference
[unit] Indicated (2 x MMQ [unit])
Error [unit] Repeatability
relative error [%]
MPE [%] For meter < 1; For system < 1.5 < ?/;MPE

Pass O O O O

Fail O O O O
Test 6 ¥ Fill 1 2 3 Nominal pressure value
Initial Receiver 0.75 P,
pressure high bank Py
Timing start / stop / / /

time period S S s | Minimum quantity to be
Average flow rate [unit]/min totalized
Quantity Reference .
[unit] Indicated (1> MMQ [unit])
Error [unit] Repeatability
relative error [%]
MPE [%] For meter < 1; For system < 1.5 < 2/;MPE

Pass O O O O

Fail O O O O

Applied sequence of the test

3 for hydrogen only applicable to the system, not to the meter
4 not applicable to hydrogen systems
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Result

Pass

O

Fail

O
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F.4 Tests on minimum measured quantity on all systems (with and without sequential control)
OIML Test conditions Observer’s name:
R 139-2, Test fluid (gas, air, water, ..)
2.2.73 Pressure in kPa units Start Stop
[unit] Date(s):
Olgl; Time: Specimen:
Olkg]; Ambient temperature °C °C| Omin [unit/min]
O[] Fluid temperature °C °C| Omax [unit/min]
Test 7 Fill Nominal pressure value
Initial Receiver 0.75 P,
pressure high bank Py
Timing start / stop

time period S s | Minimum quantity to be
Average flow rate [unit]/min totalized
Quantity Reference
[unit] Indicated (1 x MMQ [unit])
Error [unit] Repeatability
relative error [%]
MPE [%] For system < 1.5 < 2/;MPE

Pass O O O

Fail O O O
Observations
Result | Pass | O | Fail | O
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F.5 Durability test
Test conditions Observer’s name:
OIML Test fluid (gas, air, water, ..)
R 139-2, Start Stop
2.2.75 Date(s):
[unit] Time: Specimen:
gﬁi]g’]; Ambient temperature °C °C Orin [unit/min]
=t Fluid temperat °C °C Omax
perature [unit/min]
Test # Fill 1 2 3 Nominal pressure value
O1/04
Initial receiver 0
pressure in | low bank P O P/ O Not applicable
kPa mid. bank P O P,/ O Not applicable
high bank Py Py
Timing start / stop / / /
time period S s | Minimum quantity to be
Average flow rate [unit]/min totalized:
Quantity reference
[unit] indicated (2 x MMQ [unit])
Error [unit]
initial intrinsic error (%£E)
repeatability (%orep.) ==>
Y%L average ==
MPE %Ei <1 Y%rep.< %3
Pass O O O O
Fail O O O O
Date(s): Start Stop Observer:
Time:
Ambient temperature °C °C
Fluid temperature °C °C
Initial receiver
pressure in | low bank Py
kPa mid. bank Py,
high bank Pp,
Timing start / stop / / /
time period S S
Average flow rate [unit]/min
Quantity reference
[unit] indicated
Error [unit]
intrinsic error (%F;)
repeatability (%orep.) =
%E i average =
%E ii average - %E i average ==
MPE %Ei <1 Y%rep.< %/ <1
Pass O O O O O
Fail O O O O O
Observations
Result | Pass | O | Fail | O
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F.6 Gas influence factors
OIML Test conditions Observer’s name:
R 139-2, Test fluid (gas, air, water, ..)
2.2.7.6 Min Max Date(s):
Fluid density specified
Fluid temperature specified °C °C| Specimen:
[unit] Ambient temperature Start Stop Onin [unit/min]
Olel; Time:
Oike]; Ambient temperature °C °C| Omax [unit/min]
O[e] Fluid density +
Fluid temperature ‘C+ °C
Test # Fill 1 2 3 Nominal pressure value
O1/04
Initial receiver 0
pressure in | low bank Py O P,/ O Not applicable
kPa mid. bank Py, O P / O Not applicable
high bank Py, Py
Timing start / stop / / /
time period S S s | Minimum quantity to be
Average flow rate [unit]/min totalized:
Quantity reference
[unit] indicated (2 x MMQ [unit])
Error [unit]
initial intrinsic error (%Ei)
repeatability (%orep.) =
%Eii average ==>
MPE %Ei <1 Yorep.< /3
Pass O O O O
Fail O O O O
Initial receiver
pressure in | low bank P
kPa mid. bank P
high bank Py
Timing start / stop / / /
time period S S S
Average flow rate [unit]/min
Quantity reference
[unit] indicated
Error [unit]
intrinsic error (%F;)
repeatability (%orep.) =
%F avera ge ==>
%Eii average - %E; average ==>
MPE %E;i <1 Y%rep.< %/ <1
Pass O O O O O
Fail O O O O O
Observations
Result | Pass | O | Fail | O
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F.7 Zero stability test (if applicable)

OIML Test conditions Observer’s name:

R 139-2,

2.2.7.7a Date: | Start Stop Specimen:

[unit] Time:

Olgl; Ambient Omin [unit/min]

Ofkg]; °C °C /i

O temperature Omax [unit/min]
Measurements 1 2 3 4 5 6

Flowrate Q <
Temperature | start [°C]

stop [°C]
Relative humidity [%]
Time start

stop
Quantity reference
[unit] indicated

2™ indication (if applicable)

3™ indication (if applicable)

Error [unit]

relative error [%] Ei

MPE [%] For meter < 1 For system < 1.5
Pass O O O O O O
Fail O O O O O O
Observations
Result | Pass | O | Fail | O
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F.8 Flow disturbances (if applicable)®
OIML Test conditions Observer’s name:
R 139-2, Using actual test fluid Type of fluid:
2.2.7.70 Date: | Start Stop
[unit] Time: Specimen:
Olgl; Ambient temperature °C °C| Omin [unit/min]
g{i(]g]; Fluid temperature °C °C| Omax [unit/min]
Measurements 1 2 3 4 5 6
Flowrate O
Type of disturbance
Temperature | start [°C]
stop [°C]
Relative Humidity [%]
Initial pressure
Time start
stop
Quantity reference
[unit] indicated
2™ indication (if applicable)
3 indication (if applicable)
Error [unit] |
relative error [%] Ej
MPE [%] For system < 1.5
functional
performance
Pass O O O O O O
Fail O O O O O O
Observations
Result | Pass | O | Fail | O

5> At least not applicable to hydrogen systems
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F 8.1 Preset function (if applicable)
OIML Test conditions Observer’s name:
R 139-2, O Using actual test fluid
353 Flow Type of fluid:
O Simulating flow
using:

[unit] Date: Start Stop Emin = [unit]
Olgl; Time: Specimen:
Ofkel; Ambient temperature °C °C| Omin [unit/min]
O[] Fluid temperature °C °C| Omax [unit/min]
Measurements 1 2 3 4 5 6
Flowrate O
Type of disturbance
Temperature | start [°C]

stop [°C]
Relative Humidity [%]
Initial pressure
Time start

stop
Quantity preset
[unit] indicated
2™ indication (if applicable)
3™ indication (if applicable)
Error [unit]
Emin  [unit]
Error < Emin | Pass O O O O O O
Error > Emin | Fail O O O O O O
Observations
Result | Pass | O | Fail | O
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F.9 Initial test
OIML Test conditions . Observer’s name:
R 139-2, O Using actugl test fluid
37 Flow Type of fluid:
O Simulating flow
using:
[unit] Date: Start Stop
Olgl; Time: Specimen:
Ofkel; Ambient temperature °C °C| Omin [unit/min]
O[] Fluid temperature °C °C| Omax [unit/min]
Measurements | 1 3 4 5 6
Flowrate O
Temperature | start [°C]
stop [°C]
Relative Humidity [%]
Initial pressure
Time start
stop
Quantity reference
[unit] indicated
2™ indication (if applicable)
3™ indication (if applicable)
Error [unit] |
relative error [%] Ei
MPE [%] For meter < 1 For system < 1.5
functional
performance
Pass O O O O O O
Fail O O O O O O
Observations
Result Pass | O | Fail [ O
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F.9.1 Static temperature tests
Reference temperature
OIML Test conditions Observer’s name:
R 139-2, O Using actual test fluid
3.8.2 Type of fluid:
Flow : -
O S1rpulat1ng flow
using:
[unit] Date: Start Stop
Olgl; Time: Specimen:
O[kg]; Ambient temperature °C °C| Oumin [unit/min]
aly Fluid temperature °C °C| Omax [unit/min]
Nom. 20 °C Flowrate # 1 2 3 4 5 6
= Reference: | Flowrate O =
Environment | start [°C]
temperature stop  [°C]
Relative Humidity [%]
Initial pressure
Time start
stop
Quantity reference
[unit] indicated
2™ indication (if applicable)
3™ indication (if applicable)
Error [unit] |
relative error [%] Ei
MPE [%] | For meter < 1 For system < 1.5
Functional performance
Pass O O O O O O
Fail O O O O O O
Tan-= Flowrate # 1 2 3 4 5 6
High limit Flowrate O
Environment | start [°C]
temperature stop  [°C]
Relative Humidity [%]
Initial pressure
Time start
stop
Quantity reference
[unit] indicated
2" indication (if applicable)
3 indication (if applicable)
Error [unit] |
relative error [%] Ej
MPE [%] | For meter < 1 For system < 1.5
Functional performance
Pass O O O O O O
Fail O O O O O O
Observations
Result Pass | O | Fail | O
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Static temperature (continued)

Test conditions

Observer’s name:

OIML ' :
R 139-2, O Using actugl test fluid
382 Flow Type of fluid:
O Simulating flow
using:
[unit] Date: Start Stop
Olgl; Time: Specimen:
O[ke]; Ambient temperature °C °C| Onmin [unit/min]
O[] Fluid temperature °C °C| Omax [unit/min]
Ta- Flowrate # 1 2 3 4 5 6
= Low limit Flowrate O
Environment | start [°C]
temperature stop  [°C]
Relative humidity [%]
Initial pressure
Time start
stop
Quantity reference
[unit] indicated
2™ indication (if applicable)
3™ indication (if applicable)
Error [unit]
relative error [%] Ej
MPE [%] For meter < 1 For system < 1.5
functional
performance
Pass O O O O O O
Fail O O O O O O
Nom. 20 °C Flowrate # 1 2 3 4 5 6
= Reference: | Flowrate O =
Environment | start [°C]
temperature stop [°C]
Relative Humidity [%]
Initial pressure
Time start
stop
Quantity reference
[unit] indicated
2™ indication (if applicable)
3™ indication (if applicable)
Error [unit]
relative error [%] Ei
MPE [%] For meter < 1 For system < 1.5
functional
performance
Pass O O O O O O
Fail O O O O O O
Observations
Result Pass | O | Fail | O
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F.10  Vibration (random)®
Test conditions Observer’s name:
OIML Using actual test fluid
R 139-2, Fl - Type of fluid:
3.8.3 ow O Simulating flow
using:
[unit] Dgte: Start Stop .
O[gl; Tlme': Specimen: _
Olkel; Ambient temperature °C °C| Omin [unit/min]
Ot Fluid temperature °C °C| Omax [unit/min]
Relative humidity % %
Vector Before During After During After During After
test test test test test test test
X-axis Flowrate 0 0 0
Time start
stop
Quantity reference
[unit] indicated
Error [unit]
relative error [%] Ei E; E;
MPE [%] For meter < 1 For system < 1.5
functional
performance
Pass O O O O
Fail O O O O
Y-axis Flowrate 0 0 0
Time start
stop
Quantity reference
[unit] indicated
Error [unit]
relative error [%] Ej E; E;
MPE [%] For meter < 1 For system < 1.5
functional
performance
Pass O O O O
Fail O O O O
Z-axis Flowrate 0 0 0
Time start
stop
Quantity reference
[unit] indicated
Error [unit]
relative error [%] Ei E; E;
MPE [%] For meter < 1 For system < 1.5
functional
performance
Pass O O O O
Fail O O O O
Observations
Result | Pass | O | Fail O

¢ Test may be omitted when the instrument is marked class M1
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F.11 AC/DC mains voltage variations
Test conditions Observer’s name:
OIML O Using actual test fluid
R 139-2, - Type of fluid:
3.8.4 oW O Simulating flow
using:
[unit] D.ate: Start Stop .
O[gl; Tlme.: Specimen: _
O[ke]; Ambient temperature °C °C| Omin [unit/min]
O[t Fluid temperature °C °C| Omax [unit/min]
Relative humidit % %
Reference: Voltage Nominal High Nominal Low Nominal
Flowrate O =
Time start
stop
Quantity reference
[unit] indicated
Error [unit]
relative error [%]
MPE [%] For meter < 1 For system < 1.5
functional
performance
Pass O O O O O O
Fail O O O O O O
Observations
Result | Pass | O | Fail | O
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F.12 Low voltage of internal battery

Test conditions Observer’s name:
OIML Using actual test fluid
R 139-2, - Type of fluid: Nominal battery voltage:
385 Flow : -
O Sqnulatmg flow
using:
[unit] D.ate: Start Stop '
O[gl; Tlme.: Specimen: _
Olkel; Ambient temperature °C °C| Omin [unit/min]
Ot Fluid temperature °C °C| Omax [unit/min]
Relative humidit % %
Reference: Voltage Nominal Ubmin 0.9 Upmin | Nominal Ubmin 0.9 Upmin
Flowrate Q =
Time start
stop
Quantity reference
[unit] indicated
Error [unit]
relative error [%]
MPE [%] For meter < 1 For system < 1.5
functional
performance
Pass O O O O O O
Fail O O O O O O
Observations
Result | Pass | O | Fail | O
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F.13 Damp heat, cyclic (condensing)

OIML Test conditions Observer’s name:

R 139-2, O Using actual test fluid

39.4.1 Type of fluid: Reference 25°C
Flow : - 5

O Simulating flow Tan= C

[unit] using: Ta= °C

Ofgl; Start Stop Specimen:

Ofkgl; Date: Oumin [unit/min]

O[] Time: Ohmax [unit/min]

First cycle Cycle phase initial rise to Tan stabilize
Flowrate Q =

Test start [°C]

temperature stop [°C]

Relative start  [%]

humidity stop [%]

Fluid start [°C]

temperature stop  [°C]

Time Start h t = h h
Stop (%) h =t h h
Required: £ = th+3h th+ 12 h

Quantity reference

[unit] indicated

2™ indication (if applicable)

3™ indication (if applicable)

Error [unit]

relative error [%] Ei

MPE [%] For meter < 1 For system < 1.5
Pass O
Fail O
Cycle phase Lowering to T stabilize after
Flowrate Q =

Test start [°C]

temperature | stop [°C]

Relative start  [%]

humidity stop  [%]

Fluid start [°C]

temperature stop [°C]

Time Start h h h
Stop (%) h h h
Required: = | #,+ (15 +18 h) h+24h

Quantity reference

[unit] indicated

2™ indication (if applicable)

3™ indication (if applicable)

Error [unit] |

relative error [%] Ei

MPE [%] | For meter < 1 For system < 1.5

Fault limit [%] 0.1 * Rmpg or Emin (Whichever is the largest)

Acts on fault Yes O No O

Significant fault Yes O No O

Observations

Result | | Pass | O | Fail | O
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Test conditions

Observer’s name:

OIML
R 139-2, O Using actual test fluid
394.1 Type of fluid: Reference 25°C
Flow : - S
O Simulating flow Tan= C
[unit] using: Ta= °C
Ofgl; Start Stop Specimen:
O[ke]; Date: Ohmin [unit/min]
O[] Time: Omax [unit/min]
Second Cycle phase initial rise to Tan Stabilize
cycle Flowrate Q =
Test start  [°C]
temperature  |stop [°C]
Relative start  [%]
humidity stop  [%]
Fluid start  [°C]
temperature  |stop [°C]
Time Start h t = h h
Stop () h =ty h h
Required: ¢ = t+3h tt12h
Quantity reference
[unit] indicated
2" indication (if applicable)
3 indication (if applicable)
Error [unit] |
relative error [%] Ej
MPE [%] For meter < 1 For system < 1.5
Pass O
Fail O
Cycle phase Lowering to T stabilize after
Flowrate 0 =
Test start [°C]
temperature | stop [°C]
Relative start  [%]
humidity stop  [%]
Fluid start [°C]
temperature | stop [°C]
Time Start h h h
Stop (%) h h h
Required: = | #,+ (15 =18 h) h+24h
Quantity reference
[unit] indicated
2" indication (if applicable)
3 indication (if applicable)
Error [unit] |
relative error [%] Ej
MPE [%] | For meter < 1 For system < 1.5
Fault limit [%] 0.1 * Rwvpg or Emin (Whichever is the largest)
Acts on fault Yes O No O
Significant fault Yes O No O
Observations
Result | | Pass | O | Fail | O
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F.14  Immunity to radio frequency EM fields
OIML Test conditions RF field exposure Observer’s name:
R 139-2, O Using actual test fluid
3942 Flow Type of fluid: ﬁ: MHz
O Simulating flow o= MHz
using: Field strength V/m
Modulation % AM
Date: Start Stop Dwell s
time
[unit] Time: Specimen:
Ofe]; Ambient temperature °C °C
Okg]; Fluid temperature °C °C| Omin [unit/min]
O] Relative humidity % % O [unit/min]
Frequency Cycle phase Initial During exposure After
cycle Flowrate O =
Time Start
Stop
Quantity reference
[unit] indicated
2™ indication (if applicable)
3™ indication (if applicable)
Error [unit] |
relative error [%] Ei
MPE [%] For meter < 1 For system < 1.5
Pass O O
Fail O O
Observed faults during exposure
Fault limit [%] 0.1 * Rmpg or Emin (Whichever is the largest)
Frequency Fault/Deviation Significant Acts on fault
MHz Yes No Yes No
O O O O
O O O O
O O O O
O O O O
O O O O
O O O O
O O O O
O O O O
O O O O
O O O O
O O O O
O O O O
Observations
Result | Pass | O | Fail | O
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Test conditions RF current injection Observer’s name:
OIML Using actual test fluid
R 139-2, O Type of fluid: fi= MHz
3.9.4.2 Flow O Simulating flow o= MHz
using: RF voltage Vem.
Cable exposed Modulation % AM
Date: Start Stop Er‘zsu S
[unit] . .
Olgl: Tlme.: Specimen:
O[kg]; Ambient temperature °C °C
O[] Fluid temperature °C °C| Oumin [unit/min]
Relative humidity % %[ Omax [unit/min]
Frequency Cycle phase Initial During exposure After
cycle Flowrate O =
Time Start
Stop
Quantity reference
[unit] indicated
2" indication (if applicable)
3 indication (if applicable)
Error [unit] |
relative error [%] Ej
MPE [%] For meter < 1 For system< 1.5
Pass O O
Fail O O
Observed faults during exposure
Fault limit [%] 0.1 * Rwpg or Emin (Whichever is the largest)
Frequency Fault/Deviation Significant Acts on fault
MHz Yes No Yes No
O O O O
O O O O
O O O O
O O O O
O O O O
O O O O
O O O O
O O O O
O O O O
O O O O
O O O O
O O O O
Observations
Result | Pass | O | Fail | O
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F.15  Immunity to electrostatic discharges

OIML . Test conditigns Observer’s name:
R 139-2, O Using actugl test fluid
39453 Flow Type of fluid: contact 6 kV
Simulating flow air 8 kV
O - -
using: # discharges
Note: at least 10
Date: Start Stop Specimen:
[unit] Time: Ohin [unit/min]
Olgl; Ambient temperature °C °C| Omax [unit/min]
Ofkg]; Fluid temperature °C °C
[t] Relative humidity % %
Cycle phase Initial During exposure After
Flowrate 0 =
Time Start
Stop
Quantity reference
[unit] indicated
2™ indication (if applicable)
3™ indication (if applicable)
Error [unit] |
relative error [%] Ei
MPE [%] For meter < 1 For system < 1.5
Pass O O
Fail O O
Observed faults during exposure
Fault limit [%] |O.1 * Rmpe 0of Emin (Whichever is the largest)
Exposed Discharge type Fault/ Significant Acts on fault
surface Deviation
Air Contact | Level Yes No Yes No
O O O O O O O
O O O O O O O
O O O O O O O
O O O O O O O
O O O O O O O
O O O O O O O
O O O O O O O
O O O O O O O
O O O O O O O
O O O O O O O
O O O O O O O
O O O O O O O
O O O O O O O
Observations
Result | Pass | O | Fail | O
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F.16 Immunity to surges
OIML Test cond.itions surges on rpains power lines Observer’s name:
R 139-2, O Using actugl test fluid . .
3944 Flow Type of fluid: Line to line 1 kV
O Simulating flow Line to earth 2 kV
using:
Date: Start Stop Specimen:
[unit] Time: Omin [unit/min]
Olgl; Ambient temperature °C °C| Omax [unit/min]
Olkel; Fluid temperature °C °C
O] Relative humidity % %
Cycle phase Initial During exposure After
Flowrate Q =
Time Start
Stop
Quantity reference
[unit] indicated
2™ indication (if applicable)
3™ indication (if applicable)
Error [unit] |
relative error [%] Ei
MPE [%] For meter < 1 For system < 1.5
Pass O O
Fail O O

Observed faults after exposure

Fault limit [%]

0.1 * RwmpE or Emin (Whichever is the largest)

Phase angle Fault/Deviation Significant Acts on fault
0° | 90° | 180° [ 270° Yes No Yes No
Line to line
3xTm O O O O
3xTm O O O O
3xTm O O O O
3xTm O O O O
3xim O O O O
3xim O O O O
3xim O O O O
3xim O O O O
Line to earth

3xTh O O O O
3xTm O O O O
3xTm O O O O
3xTm O O O O
3xim O O O O
3xim O O O O
3x{m O O O O
3xim O O O O

Observations
Result | Pass | O | Fail | O
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OIML Test conditions Surges on signal, data and control lines Observer’s name:
R 139-2, O Using actugl test fluid : .
3.94.4 Flow Type of fluid: L¥ne to line 1kV
O Simulating flow Line to earth 2 kV
using:
Cable: O Balanced line
Date: Start Stop O Unbalanced line
[unit] Time:
Olgl; Ambient temperature °C °C| Specimen:
O[ke]; Fluid temperature °C °C| Omin [unit/min]
Ot Relative humidity % %] Omax [unit/min]
Cycle phase Initial During exposure After
Flowrate O =
Time Start
Stop
Quantity reference
[unit] indicated
2" indication (if applicable)
3 indication (if applicable)
Error [unit] |
relative error [%] Eji
MPE [%] For meter < 1 For system < 1.5
Pass O O
Fail O O

Observed faults after exposure

Fault limit [%]

0.1 * Ry or Emin (Whichever is the largest)

Line to line (N/A for balanced) Fault/Deviation Significant Acts on fault
L {m Yes No Yes No
3x O O O O
3x O O O O
Line to earth

3x O O O O
3x O O O O

Observations
Result | Pass | O | Fail | O
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F.17  AC mains voltage dips and short interruptions
OIML Test conditions Observer’s name:
R 139-2, O Using actual test fluid
3945 Type of fluid: Repetition: 10 times
Flow : -
O Slmulatlng flow
using:
Date: Start Stop Specimen:
[unit] Time: Omin [unit/min]
Olgl; Ambient temperature °C °C| Omax [unit/min]
Olkel; Fluid temperature °C °C
aft] Relative humidity % %
Frequency Cycle phase Initial During exposure After
cycle
Flowrate Q =
Time Start
Stop
Quantity reference
[unit] indicated
2™ indication (if applicable)
3™ indication (if applicable)
Error [unit] |
relative error [%] Ei
MPE [%] For meter < 1 For system < 1.5
Pass O O
Fail O O

Observed faults during exposure

Fault limit [%]

0.1 * Rmpg of Emin (Whichever is the largest)

Reduction to | Duration Fault/Deviation Significant Acts on fault
[% Unom] [cycles]
Yes No Yes No
0 0.5 O O O O
0 1 O O O O
40 10/12 O O O O
70 25/30 O O O O
80 250/300 O O O O
Observations
Result | Pass | O | Fail | O
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F.18  DC mains voltage dips, short interruptions and voltage variations
OIML Test conditions Observer’s name:
R 139-2, O Using actugl test fluid _ .
3945 Flow Type of fluid: Repetition: . times
O Sgnulatmg flow Note: at least 3 times
using:
Date: Start Stop Specimen:
[unit] Time: Omin [unit/min]
Olg]; Ambient temperature °C °C| Omax [unit/min]
Oikg]; Fluid temperature °C °C
Q[t] Relative humidity % %
Frequency Cycle phase Initial During exposure After
cycle
Flowrate Q =
Time Start
Stop
Quantity reference
[unit] indicated
2" indication (if applicable)
3 indication (if applicable)
Error [unit]
relative error [%] Eji
MPE [%] For meter < 1 For system < 1.5
Pass O O
Fail O O

Observed faults during exposure

Fault limit [%]

0.1 * Ry or Emin (Whichever is the largest)

Reduction to | Duration [s] Fault/Deviation Significant Acts on fault
[% Unom]
Yes No Yes No
0 (high imp) 0.01 O O O O
0 (low imp) 0.01 O O O O
40 0.1 O O O O
70 0.1 O O O O
85 10 O O O O
120 10 O O O O
Observations
Result | Pass | O | Fail | O
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F.19  Bursts on AC and DC mains and signal lines

OIML . Test conditiqns Observer’s name:
R 139-2, O Using actugl test fluid
3.9.45 Flow Type of fluid:
O Simulating flow Line |Level [kV]
using: index | O(2)[0O@3)
Cable: mains 1 2
Date: Start Stop signal 0.5 1
[unit] Time: Repetition: 5 kHz
Olgl; Ambient temperature °C °C| Specimen:
Ofkg]; Fluid temperature °C °C| Omin [unit/min]
C[t] Relative humidity % %] Omax [unit/min]
Cycle phase Initial During exposure After
Flowrate 0 =
Time Start
Stop
Quantity reference
[unit] indicated
2™ indication (if applicable)
3™ indication (if applicable)
Error [unit] |
relative error [%] Ei
MPE [%] For meter < 1 For system < 1.5
Pass O O
Fail O O
Observed faults during exposure
Fault limit [%] 0.1 * RwmpE or Emin (Whichever is the largest)
Fault/Deviation Significant Acts on fault
Line Pol. Yes No Yes No
phase 0 O O O ]
Wm| O O O O
neutral 0 O O [m] O
Wm| O O O O
Protective 0 O O O ]
earth 30 O O O O
Port 1 0 O O O ]
Wm| O O O O
Port 2 gyn| O O O O
Wm| O O O O
Port 3¢ 0 O O O ]
Nm| O O O O
Port 4 0 O O O O
Wm| O O O O
) Description of the | Observations
ports:
Port 1:
Port 2:
Port 3:
Port 4:
Result | Pass | O | Fail | O
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F.20 Ripple on DC mains power
OIML Test conditions Observer’s name:
R 139-2, O Using actual test fluid
3945 Type of fluid: DC voltage \%4
Flow O Simulating flow élg;ﬁepﬁ:ﬁ)
using:
Date: Start Stop Specimen:
[unit] Time: Omin [unit/min]
Olgl; Ambient temperature °C °C| Omax [unit/min]
Olkel; Fluid temperature °C °C
aft] Relative humidity % %
Frequency Cycle phase Initial During exposure After
cycle
Flowrate Q =
Time Start
Stop
Quantity reference
[unit] indicated
2" indication (if applicable)
3™ indication (if applicable)
Error [unit] |
relative error [%] Ei
MPE [%] For meter < 1 For system < 1.5
Pass O O
Fail O O
Observed faults during exposure
Fault limit [%] 0.1 * Rmpg of Emin (Whichever is the largest)
Test Duration Fault/Deviation Significant Acts on fault
Yes No Yes No
O O O O
O O O O
O O O O
O O O O
O O O O
Observations
Result | Pass | O | Fail | O
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