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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the

ISO/IEC Di

[SO draws
patent(s).

rights in r¢
patent(s) ¢
this may n
WWW.iS0.0

Fectives, Part 2 (see www.lso.org/directives).

attention to the possibility that the implementation of this document may invoelve'th
SO takes no position concerning the evidence, validity or applicability of.any”clairy

fhich may be required to implement this document. However, implementers are cau
bt represent the latest information, which may be obtained from the patent database {

Any trade
constitute

For an exp
related to
Organizati

This docun
fittings, in

TC 23, Tra
and CEN (V

This secon
revised. It

The main d

Introd
[SO 10

Scope:

re

g /patents. ISO shall not be held responsible for identifying any or,all. such patent righ

name used in this document is information given for the convenience of users an
an endorsement.

anation of the voluntary nature of standards, the meaning of ISO specific terms and e
conformity assessment, as well as information about ISO's adherence to the W
bn (WTO) principles in the Technical Barriers to Trade(TBT), see www.iso.org/iso/fore

e use of (a)
ned patent

pspect thereof. As of the date of publication of this document, ISO had not‘received nfotice of (a)

fijoned that
wvailable at
S.

d does not

Xpressions
prld Trade
word.html.

hent was prepared by Technical Committee ISQ/TC 58, Gas cylinders, Subcommittee SQ
rollaboration with the European Committee for Standardization (CEN) Technical Comnj
sportable gas cylinders, in accordance with\the Agreement on technical cooperation b
(ienna Agreement).

d edition cancels and replaces the\first edition (ISO 22435:2007), which has been
hlso incorporates the Amendmeht/ISO 22435:2007/Amd. 1:2012.

hanges are as follows:

iction: clarification that' this document gives additional requirements to those s
297, 1S0O 17871, 1ISO-1%7879 and 1SO 23826, unless specifically mentioned.

juirements:in this document are in addition to those specified in ISO 10297, ISO 17871

and ISO 23826, unless specifically mentioned;

cla

rification of different VIPR types with different positions of primary operating mechan

th

2, Cylinder
littee CEN/
rtween [SO

technically

pecified in

ISO 17879

ism within

b valve;

Terms

exclusion of VIPRs for liquefied petroleum gas (LPG) and cryogenic applications.

and definitions: definition of a primary valve operating mechanism.

Introduction of VIPR types A, B and C for easy referencing of different design types.

Symbols and descriptions:

— clarification of inlet pressure to the regulating function p; and valve test pressure for different gas types;
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ditional characteristic column in table with link to test method, if relevant.

— Design requirements and considerations:

— general: VIPRs to comply with the relevant closure standards;

— materials: lubricant requirements given in relevant closure standard;

— pressure and flow indicating devices: relevant pressure indicator requirements in this document;

— cylinder connection: subclause removed;

— main shut-off valve: subclause removed because requirements already given in relevant closure
standard;

— pr
— led
—  mq
— re

— T

D

— re
— Typet
— ge
— te
— te
— te

— te

valve operating mechanism: moved-to ISO 10297;

— te

— te

— Removal of previous AnneX’A "Valve impact test” and Annex B "Endurance test", because both

given |

— Additi

Any feedbgck or,questions on this document should be directed to the user’s national standar
complete listing of these bodies can be found at www.iso.org/members.html.

pssure adjusting device: addition of a new subclause;

)kage: total external and internal leakage shall not exceed 12 cm3/h;

bistance to ignition: moved to ISO 10297;

bilience to ignition: addition of a new subclause;

bistance to vibration and resistance to shock: addition of twémnew subclauses.

psting:

heral: clarification of changes to the VIPR design thatirequire repetition of type tests;
bt schedule: table reformatted for relevant tests;

5t method for accuracy of VIPR with flowmeter: reference standard changed to ISO 25
bt methods for leakage: test for regulating device only;

5t method for the endurance testofithe VIPR with the pressure regulator valve acting

5t method for endurance of the filling connection closing device: moved to ISO 10297;

bt method for VIPR pressure regulator endurance test: addition of new test.

[n relevant closuré standards.

bn of new-Anihexes A, B, C and D.

bchanical strength: mechanical strength of inlet side moved to relevant closure standajrd;

As primary

hre already

ds body. A
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Introduction

Valves with integrated pressure regulators (VIPRs) are used to reduce the pressure receptacle pressure to a
lower pressure suitable for end use processes.

VIPRs incorporate the basic functionality of a primary valve operating mechanism, with the additional
ability to regulate the pressure and/or flow at the valve outlet. They remove the need for end users to make
and break a high-pressure gas connection.

These valves operate over a wide range of inlet and outlet pressures and flows which require specific design
characteristics. It is important that the operating characteristics of these valves be specified and tested in a

defined ma

nner.

Such valve
and transp

This document gives additional requirements for VIPRs to those given for cylindervalves in

[SO 10297,
ball valves

This document focusses on:

a) suitability of materials;

b) safety|mechanical strength, safe relief of excess pressure, etc.);

c) gas-spEcificity;

d) cleanliness;

e) testing;

f) identiffication;

g) informlation supplied.

When a V[[PR has been tested according-to the previous version of this document, the o1
responsible for testing the same VIPR to'this document should consider which tests need to be pe
In this dochment, the unit bar is u§ed; due to its universal use in the field of technical gases. Bar
unit and thle corresponding SI ufit for pressure is Pa (1 bar = 10> Pa = 105 N/m?2).

Pressure values given in this document are given as gauge pressure (pressure exceeding af

pressure) Unless noted otherwise.

Tests and
instrumen

Any toleral

5 are more complicated than conventional cylinder valves yet subject to the same enw

ort conditions. These conditions should be kept in mind at the design and developmeén

for quick-release cylinder valves in [SO 17871, for self-closing cylinder valyges in ISO 1
in ISO 23826.

examinations performed to demonstrate compliance with this document are condy
's calibratéd before being put into service and thereafter according to an established p

ces given in this document include measurement uncertainties.

ronmental
F stage.

general in
7879 or for

ganisation
rformed.

is not an SI

mospheric

cted using
rogramme.
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Gas cylinders — Cylinder valves with integrated pressure
regulators — Specification and type testing

1 Scope

This document specifies design, type test methods, marking and instruction requirements for cylinder

valves witlrimtegrated pressure regutators { ViPRs) itended to be fitted to gas Ty HITdeTS, pressun

tubes or uf

These are

ed as a main valve for bundles of cylinders that convey compressed, liquefied or dissol

requirements for VIPRs that are in addition to those given in the relevant closure st

example, in ISO 10297 for cylinder valves, in ISO 17871 for quick-release cylinder valves, in I1SC

self-closing
applicable

cylinder valves or in ISO 23826 for ball valves. For ISO 17871, theseyréquiremen
Lo quick-release cylinder valves types B, C, D and E.

NOTE 1

If the pressure regulating system of a VIPR is acting as the primary valve operating mechanism, it i

the relevanticlosure standard, e.g. ISO 10297, 1SO 17871, 1SO 17879 and ISO 23826. This also includes designs w
of the primafy valve operating mechanism of a VIPR is obtained by closing the seat ofthe pressure regulating §

NOTE 2
regulating

NOTE 3
necessary b

This docun
a) medic:
b)
9
NOTE 4

liquefi
cryogd
4

NOTE 5
standards.

4

2 Norm

The follow
requireme
the latest ¢

T

If the primary valve operating mechanism of a VIPR is locatéd at the low-pressure side of t

ystem, it is covered by the relevant closure standard, e.g. IS0, 10297, ISO 17871, ISO 17879 and

he term “pressure receptacle” is used within this document to cover instances where no diffe
etween gas cylinders, bundles of cylinders, pressure;drums and tubes.

hent does not apply to VIPRs for

1 applications (see ISO 10524-3);

bd petroleum gas (LPG);

nic applications.

\dditional requirements forfa VIPR with a residual pressure device (RPD) are specified in ISO

\dditional requirements) for pressure relief valves can exist in international/regional j

ative references

ng doeuntents are referred to in the text in such a way that some or all of their content
hts,of\this document. For dated references, only the edition cited applies. For undated
dition of the referenced document (including any amendments) applies.

e drums or
ved gases.

hndard, for
17879 for
s are only

s covered by
here closure
ystem.

he pressure
SO 23826.

rentiation is

15996.

egulations/

ronstitutes
references,

IS0 5171:2019, Gas welding equipment — Pressure gauges used in welding, cutting and allied processes

ISO 2503:2009, Gas welding equipment — Pressure regulators and pressure regulators with flow-metering
devices for gas cylinders used in welding, cutting and allied processes up to 300 bar (30 MPa)

ISO 7289, Gas welding equipment — Quick-action couplings with shut-off valves for welding, cutting and allied

processes

ISO 9090, Gas tightness of equipment for gas welding and allied processes

ISO 10156, Gas cylinders — Gases and gas mixtures — Determination of fire potential and oxidizing ability for

the selectio

n of cylinder valve outlets

© IS0 2024 - All rights reserved
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ISO 10225, Gas welding equipment — Marking for equipment used for gas welding, cutting and allied processes
[SO 10286, Gas cylinders — Vocabulary

[SO 10297, Gas cylinders — Cylinder valves — Specification and type testing

[SO 17871, Gas cylinders — Quick-release cylinder valves — Specification and type testing

ISO 17879, Gas cylinders — Self-closing cylinder valves — Specification and type testing

ISO 23826, Gas cylinders — Ball valves — Specification and testing

ISO/TR 28821, Gas welding equipment — Hose connections for equipment for welding, cutting and allied
processes — Listing of connections which are either standardised or in common use

3 Termis and definitions

For the purposes of this document, the terms and definitions given in ISO 10286, IS010297, ISQ 2503 and
the followihg apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresse|

2]

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Elgctropedia: available at https://www.electropedia.org/

3.1
valve witll integrated pressure regulator
VIPR
device intgnded to be permanently fitted to a pressure receptacle which comprises of at least a shut-off
function and pressure regulating system

3.2
VIPR type(A
VIPR (3.1) [design where the primary valve operating mechanism (3.5) is located upstream of the pressure
regulating kystem (3.7)

Note 1 to entry: For typical designs, see Figtixe 1. The filling connection can also be located between the prfimary valve
operating nfechanism and the pressureregulating system.
] 5

6 6

3 —OVWNV—

N _| 2 N _| 2
AN 7\ |
4
3 —OVWV—
1 1
a) Filling connection upstream of the primary b) Filling connection between the primary valve
valve operating mechanism operating mechanism and the pressure regulat-

ing system

© IS0 2024 - All rights reserved
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Key
1  valve inlet connection 4  filling connection closing device
2 primary valve operating mechanism 5  pressure regulating system
3 valve filling connection 6  valve outlet connection

Figure 1 — General structure of a VIPR type A design
3.3
VIPR type B
VIPR design where the pressure regulating system (3.7) is also acting as the primary valve operating
mechanism (3.5)
Note 1 to erftry: See Figure 2.

5
2
4
3 —OVWV—=
1
Key
1  valve injlet connection 4 filling connection closing device
2 pressure regulating system including primary 5  valve outlet connection
valve operating mechanism

3 valve filling connection

Figure 2 — General structure of a VIPR type B design
3.4
VIPR type|C
VIPR design wheére the primary valve operating mechanism (3.5) is located downstream of the pressure
regulating kystem (3.7)

Note 1 to entry: The primary valve operating mechanism can be a flow selector.

Note 2 to entry: See Figure 3.

© IS0 2024 - All rights reserved

3


https://standardsiso.com/api/?name=62df3b6373daefb8fc3a174de99fc063

ISO 22435:2024(en)

6

2

Key
1
2
3

valve in
primar
valve fi

3.5
primary v

mechanism which isolates the pressure receptacle contents by closing and opening the shut-off v

and which

3.6
secondary

3 O

1
let connection 4  filling connection closing,dévice
 valve operating mechanism 5  pressure regulating.system
ling connection 6  valve outlet connection

Figure 3 — General structure of a VIPR type C design

alve operating mechanism

includes the internal and external sealing systems

shut-off mechanism

hlve orifice

mechanism which is located downstream of the primary valve operating mechanism (3.5) and which closes

and opens

3.7
pressure 1
device that

Note 1 to en

3.8
maximum

p4ma_x
maximum

0 shut-off valve orifice
egulating system
reduces the inlet préssure to a controlled outlet pressure

try: A pressure regulating system can comprise of one or more stages of pressure regulation.

closingpressure

settings of]

setpressure and flow rate

valieYof p, that can be achieved by combination of pressure receptacle pressure a

|nd various

39

flow characteristic
variation of the outlet pressure in relation to the rate of flow from zero to maximum capacity flow of the
pressure regulator with the inlet pressure remaining constant

3.10

hysteresis
<valves> lagging of the outlet pressure (effect) when the flow (cause) is varied so that at a constant inlet
pressure the values of outlet pressure measured with increasing flow do not coincide with the values of

outlet pres

sure measured with decreasing flow

© IS0 2024 - All rights reserved
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restriction of known cross-section that delivers a constant flow of gas when supplied with gas at a constant
upstream pressure and temperature

3.12

pressure characteristic
variation of the outlet pressure with variation of the inlet pressure under specific initial flow conditions

3.13

pressure relief valve
valve designed to release excess pressure at a pre-set value

3.14
testinlet

p3
inlet press

3.15
test outlet

Ps
highest or

p3 at previ

3.16

ressure

ire at which the standard discharge of the pressure regulator, Q,, is measured

pressure

owest value of the outlet pressure resulting from a variation in theinlet pressure betw
usly adjusted conditions py, p,, Q4

nominal diischarge

@n
<VIPR wit}

Note 1 to en

3.17
pressure
outlet inte

3.18
filling con
closing dey

EXAMPLE

3.19
flow mete
device that

4 Symb
The symbg

| flow metering devices> discharge specified by the, manufacturer
try: It is measured downstream of the flow-adjusting-and measuring devices.

utlet
ded to deliver gas at a controlled presstire

nection closing device
ice located in the filling coitnection

Non-return valve, isolating valve.

ring device
measures andindicates the flow of a specific gas or gas mixture

ols and descriptions

Is-used for the physical characteristics are given in Table 1.

reen p; and

© IS0 2024 - All rights reserved
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Table 1 — Symbols and descriptions

Symbol Term Characteristic
. . . . i=(ps—p2)/ P2
larit ff t
! irregliiarity coetliclen Test method given in 6.12.5.
For compressed gases p; = p,,
For acetylene p; = 25 bar @
P1 inlet pressure to the pressure regulating system |For CO, p; = 200 bar
For other gases not listed above, p; shall be speci-
fied by the manufacturer.
. As required by the VIPR application. To be speci-
P2 nominal outlet pressure fied by the manufacturer.
Py inter-stage pressure To be specified by the manufacturer.
For VIPR without RPD: p; =(2 ps$1 bar)
. For VIPR with RPD: p; =(2 ps.46 bar)
testinlet Iso 3.14 3 v
Ps estinlet pressure (see also ) For VIPR with p, >20 bar: p3to be spdcified by
the manufacturer.
closing pressure after stopping the standard dis- . (
Pa charge downstream of the VIPR Test method givep lub.12.3.
Pamax maximum closing pressure (see 3.8) Test method given in 6.12.3.2.
The highestor lowest outlet pressure during a
Ps testoutlet pressure test fop-defermining i.
valve test pressure As given in the relevant closure standayd, e.g. ISO
Pyt p 10297,1S0 17871, 1SO 17879 and ISO 23826.
valve hvdraulic test pressure As given in the relevant closure standayd, e.g. ISO
Pvht y p 10297,1S0 17871, 1SO 17879 and ISO 23826.
valve working pressure As given in the relevant closure standayd, e.g. ISO
Pw &P 10297,1S0 17871, 1S0 17879 and 1SO 23826.
0, standard discharge of a pressure regulator with a To be specified by the manufacturer.
pressure outlet
Qmax maximum discharge Test method given in 6.12.3.2.
nominal discharge (see 3.16) of a pressure .
Qn regulator with a flow-metering device To be specified by the manufacturer.
Qry discharge of the pressurg relief valve Test method given in 6.14.
R=(py —
R coefficient of pressiife increase upon closure Test(rl:fethizd)g/ivizn 6124,
T, overtorquefor the pressure adjusting device Test method given in Annex C.
a  1bar=(,1 MPa=105Rd;1 MPa=1N/mm?2.
NOTE See I50 2503 ferdefinitions for pq, py, py, Q1, Qray and Q.
5 Designrequirements and considerations

5.1 General

Unless otherwise specified, all requirements will apply to all types of valves with integrated pressure
regulator (VIPR), i.e. VIPR type A, VIPR type B and VIPR type C.

A VIPR shall meet the requirements given in the relevant closure standards (e.g. ISO 10297, ISO 17871,
[SO 17879 or ISO 23826).

© IS0 2024 - All rights reserved
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5.2 Description

A VIPR typically comprises

— abody,

— aninlet connection to the pressure receptacle,
— aprimary valve operating mechanism,

— avalve operating device,

— afilling connection,

— the pr¢ssure regulating system,

— apresgure relief valve on the low-pressure side of the regulating system,
— an outlet connection (for the end user).

A VIPR car|also be fitted with

— amechanism to set the outlet flow,

— apressure relief device, e.g. burst disc, on the high-pressure side to protect the pressure recgptacle,
— adip tpbe,

— ascreyed plug or cap on the outlet and/or the filling connection,
— an excess flow limiting device,

— ameans of preventing the ingress of atmospheric aix

— a residTual pressure device (see ISO 15996),

— pressure indicator(s) on the high and/or low=pressure sides of devices,

— aflowlindicator (e.g. flowmeter or flow'gauge),

— contarhination prevention measures, e.g. filters, anti-dust tube.

5.3 Materials

The material compatibility.and lubricant requirements are given in the relevant closure standard
(e.g. ISO 10297, ISO 1787:;4S0 17879 or ISO 23826).

5.4 Pregsure and'flow indicating devices

5.4.1 General

Pressure and flow indicating devices shall be of the fail-safe type (in case of a failure due to pressure, the
gas shall be released safely and no parts that are able to cause injuries shall be ejected). Examples of these
devices can be found in ISO 2503:2009, Figure A.2.

Pressure and flow indicating devices should be designed to minimize moisture ingress and to prevent
moisture accumulation.

5.4.2 Flowmeters

Such devices shall not rupture when tested in the installed condition in accordance with 6.10.

© IS0 2024 - All rights reserved
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5.4.3 Pressure indicators and flow gauges

There is a need to prevent a dangerous discharge of gas if an indicating device is damaged. When bourdon
tube indicators are used, the inlet orifice of such devices shall be limited to a maximum of 0,1 mm? and the
orifice shall always be retained within the valve if the indicator is sheared off.

EXAMPLE
valve body i

The orifice can be within the valve body itself or within the part of the indicator that is ret
f the rest of the indicator is sheared off.

ained in the

Such devices shall be tested for overpressure and leakage in the installed condition in accordance with 6.11.

Design and manufacturing requirements from ISO 5171 should be applied, if relevant to the design of VIPR
and indicating devices.

5.5 Outllet connection

The conne

a)

a weld
conne(

b) aprop

If a device
interfere w

5.6 Outlet pressure for acetylene

For acetyld

5.7 Flow

If a flow cq

cannot be glismantled without the use of a tool.

Complianc

5.8 Preq
The pressy

It shall be
consequen
thereby all

It shall alsd
operation

rtion shall be either

ing hose connection (e.g. ISO/TR 28821 for a threaded connection or|ISO 7289 f
tion or other regional or national standards), or

rietary fitting; if a quick connection is used, it shall comply with the-éridurance tests o

(e.g. check valve) is fitted within the outlet connection, it shall*be designed so that
ith a gas withdrawal connection made in accordance with thé relevant standard.

ne, p4max Shall not exceed 1,5 bar.

y control valve (flow controller)

ntrol valve is fitted, the flow control khob and the valve spindle shall be captive suc

e shall be tested by attempting te.femove the knob and spindle without the use of a toq

sure adjusting device
re adjusting device, if fitted, shall be captive and shall be removable only by the use of

demonstrated that the pressure regulator valve cannot be held in the open po
ce of the pressure regulator spring being compressed to its solid length or by being bqd
pbwing gas te-pass from the high-pressure to the low-pressure side.

be demonstrated that the bonnet cannot be disassembled without the use of a tool dun
f the\pressure adjustment device. For a VIPR designed to allow filling of the pressure

through th|e outlet connection, a special tool may be used to hold the pressure regulating syste

or a quick

F[SO 7289.

it does not

h that they

—

a tool.

sition as a
und by ice,

ing normal
receptacle
m open for

filling only.

Using the pressure adjusting device, it shall not be possible to set a pressure at which the pressure relief

valve open

S.

Compliance shall be verified by visual inspection.

5.9 Filtration

The pressure regulator valve seat shall be protected from particulate contamination. A dust filter, having
an effective cross-section compatible with the discharge, shall be mounted within the VIPR upstream of the
pressure regulator valve. The filter shall retain particles greater than or equal to 0,1 mm (100 pm).
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5.10 Endurance of the VIPR pressure regulating system

The pressure regulating system shall function satisfactorily after 10 000 operational cycles as given in 6.16.
Subsequent to the test, the requirements given in 5.11.2,5.11.3, 5.12 shall be met, where applicable, depending
on whether the VIPR has a pressure outlet or flow metering device. Subsequently, 5.14 shall be met.

After the endurance test and the subsequent leak tightness and performance tests have been performed,
a visual examination according to 6.18 shall be carried out to ensure that no component is displaced (no
longer in the place where it was installed), loosened, non-functional (e.g. broken) or missing.

5.11 Flow and pressure performance for a VIPR with a pressure outlet

5.11.1 Flgwperformanceamd characteristics

The standard discharge, Q;, and the nominal outlet pressure, p,, shall be in accordance@ith|the values
stated by the manufacturer.

The test mpthod for the standard discharge, Q;, and nominal outlet pressure, p,, is given'in 6.12.4.

The test mgethod for the maximum discharge, Q is givenin 6.12.2.

max’
The test method for the flow characteristic is given in 6.12.3.
5.11.2 Cogfficient of pressure increase upon closure R

The coeffidient R shall be less than 0,3 when determined in accordance with 6.12.4.

5.11.3 Irnegularity coefficient i

The coeffidient i shall be within the limits £0,3 when determined in accordance with 6.12.5.

5.12 Flow performance for a VIPR with a flow metering device

The accurdcy class and flow stability required depend on the application and shall be agreed between the
manufactufrer and the customer. Typical aceuracy classes and flow stability requirements used for welding
applications can be found in ISO 2503.

Flow metefing devices shall be testedin accordance with 6.13.

5.13 Pressure relief valve

A pressurq relief valvesshdll be provided as a component part of the VIPR to protect the VIPR in case of
malfunctign of the pfiessure regulating system, except if prohibited by regulation. For acetylene service,
such a valve is optional and its performance shall be specified by the manufacturer. For specific applications,
e.g. flammpble ortoxic gases, no pressure relief valve is required if the low-pressure chamber if the VIPR
can withstpnd'py,,.

The pressure relief valve shall be pre-set by the manufacturer to a fixed value or to a fixed differential value
above the reduced pressure, and not be able to be adjusted by the user.

The pressure relief valve, if fitted, shall lift automatically to relieve excess pressure and after lifting shall re-
seat at a pressure greater than py, ...

For the whole inlet pressure range, the pressure relief valve shall remain gas tight according to 5.14 when
the flow is stopped with the adjusting pressure device in the fully open position. The test shall be performed
atleast at p;, p3 and at the inlet pressure corresponding to pg, if ps is greater than p,.

The minimum discharge of the relief valve Qgy shall be equal to or greater than the standard discharge Q,
ata pressure ppy equal to 2 - p,. If a pressure relief valve is placed between regulating stages, pry is equal to
2 p, - The test for the pressure relief valve is described in 6.14.
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The pressure relief valve and other protection devices shall be fitted in such a way that gas will be
discharged safely.

5.14 Leakage

5.14.1 The total external leakage (to the atmosphere) shall not exceed 12 cm3/h.

NOTE
toxic gases.

5.14.2 The internal leakage through the pressure regulator valve shall not exceed 12 cm3/h.

Lower permitted leakage rates are normally agreed upon between manufacturer and customer, e.g. for

The test fo

5.15 Mec

The low-pi

leaKage Is described In 6.1/,

hanical strength

essure chamber shall be capable of withstanding the following pressure without ry

showing any sign of deformation:

for coq

fo

60

for ace

For multis
intermedig

hpressed and liquefied gases the greater value of

ir times its maximum closing pressure, p, ,,, With a maximum-alue corresponding t
bar;

tylene: 30 bar.

tage designs, the above requirements shall be_ applied to the low-pressure chamh
te regulation stage by using the stage outlet pressure declared by the manufacturer in

If there is o pressure relief valve fitted to the VIPR, tlfé upstream and downstream sides of the

system of t
The test fo
NOTE ]
required byj

5.16 Preg

A VIPR sh4
to full inlet
connectiorn
any inter s

The test fo

he VIPR shall withstand p ;.
F mechanical strength is described in6.8.

'his strength test of the regulating‘stage(s) is in addition to the hydraulic pressure test on t
IS0 10297,1S0 17871, ISO 178790t ISO 23826.

sure resistance

11 be designed so.that, if the low-pressure chamber of the pressure regulating system
pressure, for example, if the pressure regulator valve is held in the open position ang

fage chamber for a VIPR with a multi stage pressure regulating system.

- the pressure resistance is described in 6.9.

pturing or

Pyhp O

er of each
stead of p,.

regulating

he inlet side

is exposed
| the outlet

is closed, thehigh-pressure gas shall either be safely retained or vented. This is also applicable to

5.17 Resilience toignition

A VIPR for

oxygen at any pressure,

— other oxidizing gases (as defined in ISO 10156) requiring a minimum valve test pressure p,, of 30 bar,

— gas mixtures, which are not pre-mixed, containing oxygen at any oxygen partial pressure or other
oxidizing gases with a partial pressure greater than 30 bar.

shall be designed to reduce the consequences of an ignition.
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Specific consideration shall be given to material selection, because some materials are known to have better
resistance to burning following an ignition (e.g. Cu or Ni based alloy), while others are known to resist less so
(e.g. aluminium). For more information, see ASTM G63 for non-metallic materials and ASTM G94 for metallic
materials.

However, as well as material selection, the consequences of an ignition are also dependent on other design
parameters (e.g. geometry and flow paths). Therefore, a promoted ignition test, as given in Annex D, should
be performed, which is able to provide a general result of the resilience of a VIPR after an ignition and, in
addition, able to provide valuable input for a risk assessment.

5.18 Design requirements for manufacture

A VIPR shallhe dpqignpd and manufacturedin such a way that during normal customeruse. itisnot possible to
— dismantle the VIPR or its component parts,
— alter tl\e factory settings.

The test for operating and loosening torques is given in 6.15. Torques are given 'th the docymentation
requested from the manufacturer (see 6.2).

5.19 Resistance to vibration
A VIPR should resist leakage of gas due to vibration experienced in trasport.

An examplp of a vibration test is given in Annex A.

5.20 Resistance to shock
A VIPR should resist leakage of gas due to shock that can'be experienced in transport and handling.
An examplp of a shock test is given in Annex B.

After the shock test, the pressure receptacle should be checked for leaking at the valve/pressurereceptacle
neck joint.|The VIPR should remain functional*to the manufacturer's specification and any pressfire or flow
indicators phould remain intact and functiomnal.

5.21 Over torque of the pressure/adjusting device
An examplp of an overtorque testfor the pressure adjusting device is given in Annex C.

For a VIPH that has a regulator adjustment mechanism that is separate to the primary valvg operating
mechanisny, i.e. VIPR type A and VIPR type C, the manufacturer should specify the over torque for the
pressure adjusting device (T,.). T, should be at least two times the maximum torque needed for regular
operation ¢f the pressure adjusting device.

The valve |shéuld resist T,. without any sign of damage or failure of any component(s) of the pressure
adjusting dewice. This should be checked by visual examination after dismantling the valve. AHove T, no
failure should result in ejection of internal valve components. It should prevent the pressure regulating
system to be adjusted to an outlet pressure that would activate the pressure relief valve on the low-pressure

chamber of the regulating system, if fitted.

6 Type testing
6.1 General

6.1.1 Tests and examinations performed to demonstrate compliance with this document shall be
conducted using instruments calibrated before being put into service and thereafter according to an
established programme.
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6.1.2 To comply with this document, a VIPR shall be type tested.

A type test

is valid for a given VIPR /regulator design.

6.1.3 Changes within the valve design which can adversely affect valve performance and would require

repeated using the number of test samples quoted in Table 3 include:

repetition of all tests except the mechanical strength test of the low-pressure chamber, tests of pressure

and flow indicating devices located in the low-pressure area, operating and loosening torque test,
resistance to vibration, resistance to shock, over torque of the pressure adjusting device.

change in gas service (addition of oxygen pressure surge or acetylene tests, if intended for such service);

in addition, the compatibility between each new gas or gas mixture and the used materials shall be

drawimgs including assembly and loosehing torques and detail of thread sealing/locking cd

tests to be
a)
b)
verifie
c¢) changg
changgd
d) changg
thread
decide
e) changg
depen
f) integr:
or fun
depen
6.2 Docy
The manuf
— asetg
any ty
— descri]
— inform
valve |
each ty
6.3 Test
A VIPR de
during typ
mechanica

d,

s of the valve body material (repetition of any tests to be decided case by case) dej
s of chemical composition and mechanical properties),

s of the basic design dimensions of the VIPR components [e.g. inner spindle diamef
pitch, seat diameter, dimension of o-ring(s), diaphragm thickness] ‘(repetition of
d case by case depending on the change),

s of material of the pressure regulating system (repetition of-tests to be decided cz
ling on the change),

ition or removal of optional components like residualpressure device and non-reg
ctions such as pressure regulating system (repetitioncof any tests to be decided c3
ling on the change).

imentation
acturer shall make the following documents available to the test body:

f drawings consisting of the generdltarrangement, parts list, material specifications

be variant within the given family’shall be clearly identified;
btion of and how to operate\the VIPR;

ation on the field of application of the VIPR (gases and gas mixtures, pressures, use with
rotection device, etc.);it shall be clearly indicated which gases and gas mixtures can b{
pe variant.

samples

cigned“to incorporate pressure gauges or pressure indicators, shall have these dey
e teSting where their performance can influence the outcome of the test with the excej

bending on

er, spindle
ests to be

se by case

turn valve
se by case

and detail
mponents;

or without
b used with

rices fitted
btion of the

| strength test (low pressure chamber).

A VIPR designed to incorporate other devices (e.g. pressure gauge, flow gauge, RPD) can necessitate these
devices to be removed or replaced during the endurance test of the VIPR pressure regulating system
according to the manufacturer’s specification. The number of test samples for testing a valve design is given
in Table 3. Additional test samples can be required for changes or for material variants within the valve

designin a

ccordance with the requirements of 6.1.

After being tested, the test samples shall be rendered unserviceable or shall be clearly marked as test

samples to

avoid them entering into service.
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A written report shall be issued summarizing the tests carried out and the results obtained and shall include
or reference the documentation listed in 6.2 and, if applicable, number of endurance cycles and service
conditions (if other than required).

This report shall be signed by the responsible person(s) of the test laboratory.

6.5 Test temperatures

The test temperatures are given in Table 3.

Pata¥dl

6.6 Test

ST

6.6.1 Gafs quality

Gas quality

shall correspond to the requirements specified in ISO 10297.

When a VIPR is tested with a gas other than that for which it is intended, convert’the flows af shown in
Table 2.
Table 2 — Conversion coefficients
Coefficient for
Test gas § .
Air 0, N, Ar H, Co, N,O He Xe C,H; C;Hg

Air 1 0,950 1,02 0,851 3,81 0,808 0,81 2,695 0,47 1,05 0,800

N, 0,983 0,930 1 0,837 3,75 0,792 0,79 2,65 0,46 1,03 0,784
2 Flow of Intended gas = Flow of test gas x conversion coefficients
NOTE Where applicable, the coefficients are the same as those given in ISO 2503.
6.6.2 Reference conditions
Flows shal] be corrected to 23 °C and 101,3.kPa.
6.6.3 Leak tightness tests
In general, [the leak tightness tests should be carried out with air or nitrogen. Alternatively, heliuny, hydrogen
or inert miktures of these gasesmay be used if agreed between the manufacturer and the test laljoratory.
For valves for helium, hydrogen or their mixtures, the test gas for the leak tightness tests shall bea choice of
helium, hydirogen or anén-flammable mixture of these gases.
WARNING|{— Caution should be taken during handling and testing with hydrogen due to flamjmability
risks. Propertraining, procedures and precautions shall be in place prior to testing.

6.6.4 Endurance of a VIPR pressure regulating system

In general, the operational performance and endurance test should be carried out with air or nitrogen.
Alternatively, other gases may be used if agreed between the manufacturer and the test laboratory.

6.7 Testschedule

The tests shall be carried out in accordance with the schedule given in Table 3.
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Table 3 — Test schedule for type testing

Relevant Condition of test Test Quantity
Test no. Test of test
subclause sample temperature
samples
°C
1 i\/Iechamcal strength (test of the 6.8 As received Room 1
ow-pressure chamber) temperature @
2 Pressure resistance test of the 6.9 As received Room 1
low-pressure chamber temperature @
3 Mechanical strength test of flow meters|6.10 As received Room a 1
temperature
4 Overpressur(? aqd leak tightness test 6.11 As received Room 1
for pressure indicators and flow gauges |~ temperatufe @
Flow and pressure performance test Room
5 for a VIPR with a pressure outlet (if 6.12 Asreceived a 1
. temperature
applicable)
Accuracy and flow stability test of a RGom
6 VIPR with a flow metering device (if 6.13 Asreceived 1
. temperature @
applicable)
One sample from rel-
. evant sequence 5 or |Room
7 Pressure relief valve test 6.14 6 (as apghable), two |temperature @ 3
samples ds received
8 Operating and loosening torques 6.15 From sequence 7 Room 1
p & gtorq U q temperature 2
9 Leak tightness test 6.17 Asreceived Room 1
temperature
10 Fn@urance of the VIPR pressure regu- 6.16 From sequence 9 Room 1
ating system AN temperature 2
11 Leak tightness 6.17 From sequence 10 Room 1
temperature @
Flow and pressure performance test for Room
12 a VIPR without a flow metering device |6.12 From sequence 11 1
. . temperature 2
(if applicable)
Accuracy and flow stability test of a Room
13 VIPR with a flow metering device (if 6.13 From sequence 12 1
. temperature 2
applicable)
From relevant Room
14 Visual examination 6.18 sequence 13 or 14 1
. temperature @
(as applicable)
15
_(optior_lal Résilience to ignition test Annex D As received Annex D 5
if required
see 5.17)
16 . . . Room See
(optional) Vibration test Annex A As received temperature 2 | Annex A
17 . Room See
(optional) Shock test Annex B As received temperature 2 | Annex B
18 _Overtorque. test for the pressure ad- Annex C As received Room 2
(optional) |justing device EE— temperature @

a  Typically between 15 °C and 30 °C.
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hanical strength test of the low-pressure chamber

For an adjustable pressure VIPR, ensure that the pressure adjusting device is in the position where the
pressure regulator valve is closed.

For a VIPR design where overpressure in the low-pressure chamber can pass through the regulating system
and can be released through the high-pressure side of the valve, the inlet shall be plugged. If the outlet is
fitted with a secondary shut-off mechanism (any type, including self-closing valve), this shut-off valve shall
be kept open during the test by a means recommended by the manufacturer. For this test, it is permitted to
replace the diaphragm, pressure relief valve and low-pressure gauge, if fitted, with plugs.

Pressurize the low-pressure chamber of the VIPR from the outlet with the pressure indicated in 5.15 for 2 min.

6.9 Pres

The pressy
shall be re
including s
position. W
recommen

A pneumat
with the V
the pressu

If no rupty|
of gas thro

WARNING

6.10 Mec
The test sh|

Apply an irf
the flowmq(
and it limit]

6.11 Ovel

sure resistance test of the low-pressure chamber

re regulating system within the VIPR shall be held permanently open. Pressure gaug
placed by blind plugs and the outlet plugged. If the outlet is fitted with a shut-eff valvg
elf-closing valve), the test shall be performed with the shut-off valve in the open
/hen the shut-off valve is in the open position it shall be kept open during the test |
ded by the manufacturer.

ic pressure of p, shall be applied to the VIPR inlet through a remetevalve which is open
[PR primary valve operating mechanism being in the fully open‘position, if located u
e regulating system.

Ire of the VIPR occurs, the test is satisfactory. If rupture dccurs, no piece shall be eject
ugh pressure relief valves, if fitted, is permitted.

— Adequate protection for personnel is required during this test.

hanical strength test of flowmeters
all be performed on one sample.

creasing pressure to the inlet side:of the flowmeter up to the value 4xp,. After 2 min

bter has not ruptured. If a pressure relief valve is fitted immediately upstream of the
s the pressure to below 4xp-., the flowmeter is considered to comply with 5.4.2.

rpressure and leaktightness test for pressure indicators and flow gauges

The tests gf [SO 5171:2019,8-6, shall be performed.

6.12 Flow

6.12.1 Ge|

If the outld

f and pressure performance test for a VIPR with a pressure outlet

neral

bs, if fitted,

(any type,
and closed
y a means

ed quickly,

pstream of

bd. Venting

check that
flowmeter

ve shall be

t is’fitted with a shut-off valve (:mv type im‘lnding qplf—r‘lnqing va]vp) this shut-off va

kept open during the test by a means recommended by the manufacturer.

All tests shall be performed on one sample.

6.12.2 Standard discharge, Q,, nominal outlet pressure, p,, and maximum discharge Q

max

test

An example of a test apparatus for this test is given in Figure 4. The apparatus should be manufactured in
such a way that the inlet and outlet pressures can be regulated separately. The equipment may be operated

by remote

control.
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1 4
A 7/"_"_! 7 3
UL e -
_g_ —1
~—
-~ : /erl\ 5
a
6
L]
9
2 3
Key
1 auxiliafy pressure regulator 6  pressure adjusting’device
2 gassugply 7  testapparatus flow control valve
3 buffer ¢ylinder 8 flowmeter
4  calibrafed gauges 9  therhemeter
5 testsample
a 1 m mgximum.
Figire 4 — Example of the test apparatus set-up for the measurement of flow dischdrge
The gas supply for the inlet pressure to the regulating system, p;, and the test inlet pressure, p5| shall have

sufficient d

All the pip
capacity gy

apacity for the tests.

blines of the pressure installation together with the valve controlling the flow shall have a flow

eater than that of the VIPR being tested. The VIPR can be supplied from a buffer cylinc

Carry out t
manufactu

With the

he test at the standard discharge, Q;, and the outlet pressure, p,, both of which are st
er.

st appatratus flow control valve closed, apply an inlet pressure, p;. Using the VIP

adjusting device, Set the outlet pressure to p,. Gradually, open the test apparatus flow control val
standard discharge, Q, is attained. If the outlet pressure has decreased, readjust it to the value

adjustable

IPR. This is not possible with a pre-set VIPR.

ler.
hted by the
R pressure

Ve until the
of p, on an

The method to determine Q,,, is given in ISO 2503:2009, 9.5.2.

6.12.3 Flow characteristic test

6.12.3.1 General

A flow characteristic curve shows the change of outlet pressure caused by variation of the flow from zero
to full flow at a constant inlet pressure. Different curves are obtained at different starting pressures and
different inlet pressures, see Figures 5 and 6. An example of a test apparatus for this test is given as Figure 7.

© IS0 2024 - All rights reserved

16


https://standardsiso.com/api/?name=62df3b6373daefb8fc3a174de99fc063

ISO 22435:2024(en)

6.12.3.2 Adjustable VIPR

Record the flow characteristic under the following initial conditions:

a) starting with a test inlet pressure, p;, outlet pressure, p,, and standard discharge, Q;, close the test

apparatus flow control valve and record the closure pressure, p,, after 60 s;

b) starting with the inlet pressure to the regulating system, p,, outlet pressure, p,, and standard discharge,

Q,, close the test apparatus flow control valve and record the closure pressure, p,, after 60 s;

c) starting with a test inlet pressure set at p;, outlet pressure, p,, and maximum discharge, Q,,.,, close the

test apparatus flow control valve and record the closure pressure, p,, after 60 s;

d) startingwith atestinlet pressure that corresponds to the outlet pressure of p- and maximu

discharge,

Qmax qlose the test apparatus flow control valve and record the closure pressure, p,, after 60
The maxinmum closing pressure p, ., is the highest of the pressure values measured in steps-a) t

In each cask, to record the flow characteristic curve, at the end of the initial conditions.given above
open the tgst apparatus flow control valve in steps and record the outlet pressure ahd flow at eac
the outlet gontrol valve is fully opened.

Plot the values of flow and pressure as shown in Figure 5.

Y

P4 max
Pa
Da
b2

Key

X  flow
Y  outlet presstire

a Inlet pijessure, p;.

S.
b d).

, gradually
h step until

b Inlet pressure, ps.

Figure 5 — Typical flow characteristic curve for an adjustable pressure regulating mechanism

NOTE Values of flow and pressure measured with increasing outlet pressure (which results from a
flow) can produce a curve at higher pressures due to hysteresis.

6.12.3.3 Pre-set VIPR

decreasing

Record the flow characteristic using the procedure described in 6.12.3.2 under the following conditions:

a) startingatthe closure pressure, p,, resulting from the test inlet pressure, p;, and the standard discharge, Q;;
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the standard discharge, Q.

NOTE 1
falling).

Plot the values of flow and pressure as shown in Figure 6.

starting at the closure pressure, p,, resulting from the inlet pressure to the regulating system, p;, and

The closure pressure obtained depends on the pressure characteristic of the pressure regulator (rising or

Y A
by b
/a
Py . /
pp (T T ! \
|
|
|
|
|
|
|
|
|
|
|
|
' >
0 O X
Key
X  flow
Y outlet pressure
2 Inlet pfessure, p;.
b Inlet pressure, ps.
Figure 6 — Typical flow characteristic for a pre-set pressure regulating mechanism
NOTE 2  Kigure 6 shows a typical flow characteristic for a pre-set VIPR with a rising pressure charfcteristic in
which an ingreasing inlet pressuretends to hold the pressure regulator valve closed.
6.12.4 Cogpfficient of pressiuire increase upon closure R test
An examplp of a test apparatus for this test is given in Figure 7. Adjust the test VIPR to the stangard initial
conditions] with inleb pressure, p;, outlet pressure, p,, and standard discharge, Q. Stop the discharge by
closing the|test apparatus flow control valve. The indicator on the low-pressure gauge will move|to a higher
value and gtabilize. Note the closure pressure, p,, after 60 s and from it determine the value|of R using
Formula (1)):
r=Pa"P2 1)
P2

6.12.5 Irregularity coefficient i test

An example of a test apparatus for this test is given in Figure 7.
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Key
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calibra
test saf

OON W N

1 m mg

Fig

For the det
Figures 8 g

Equip the
VIPR by th
regulating
the test ap
into accoul
the regulaf

standard djischarge, Q;.

Record thg
to p;. This
complete t

/'

y gas cylinder pressure adjusting device

y gas cylinder test apparatus, flow control valve

ed gauges thermometer

X N o vl

hple flowmeter

Ximum.

characterijstics

ermination of the irregularity coefficient, i, and correct mechanical functioning, plot a
nd 9). The curve indicates the variation of outlet pressure as a function of the inlet pr¢

fest VIPR with two calibrated ‘gauges or recording equipment. Control the discharge
b test apparatus flow contrelwalve and measure it by a flowmeter. With the inlet pres
system, p,, operate the-pressure adjusting device (if fitted) on the test pressure reg
paratus flow control valve to obtain the standard discharge, @4, at the outlet pressurg

ing system, p;, with'the test apparatus flow control valve adjusted so that the VIPR
value of thé-inlet and outlet pressures whilst the inlet pressure is varied through t}

process.shall take at least 15 min. Ensure that sufficient gas is available in the ga
e teSkin one session.

ure 7 — Example of the test apparatus set-up'for the determination of the pressuyre

curve (see
ssure.

of the test
sure to the
ulator and
, D,, taking

1t the corrections given in Table 2. For a pre-set VIPR, the test is started at the inlet pressure to

delivers its

le range p,
5 supply to

test, there should be a smooth regular curve, either rising to a maximum (see Figure §

) or falling

During thij

(see Figure 9).

The pressure, ps, for the irregularity coefficient, i, is the highest or lowest value of the outlet pressure
during the test in which the inlet pressure varies from p; to p;. Determine the value of coefficient i using

Formula (2):

ps —

1%}

=——=

%)
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b1
Key
X  inlet prjessure

Y  outlet pressure

Y 4

Py ———

D3 0 X

Figure 8 — Typical rising pressure characteristic

1%/}

Ps

p1
Key
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6.13 Accuracy and flow stability of a VIPR with a flow metering device test

The test sh

all be performed on one sample according to ISO 2503:2009, 9.6.

6.14 Pressure relief valve test

The test sh

all be performed on three samples.

If the outlet is fitted with a shut-off valve (any type, including self-closing valve), this shut-off valve shall be
kept open during the test by a means recommended by the manufacturer.

Through the outlet connection, an increasing pressure shall be applied up to:

—  DPamay fOTamadjustable VIPR asdertved from 6:.12-3°2

— highes
At this pre

t value of p, for a pre-set VIPR, as derived from 6.12.3.3.

ksure, the pressure relief valve shall meet the requirements of 5.14.1. The préssure sh

all then be

increased yip to the opening pressure of the pressure relief valve, which shall be notedThe pressyre shall be

increased

shall be mg
valve shall

6.15 Ope
The test sh|
Measure t

appropriat
documents

6.16 End
The test sh|

For this te{

p to the pressure pgy =2Xp,. At this pressure, the discharge, Qgy, of)the pressure

asured (see 5.13). The pressure shall be decreased, and the closing pressure of the pre
be noted (see 5.13).

rating and loosening torques test
all be performed on one sample.

he operating torques of devices not covered by, ISO 10297 and loosening torqu
e torque spanner and check that they conform with the manufacturer's specification g
tion (see 6.2).

irance of the VIPR pressure regulating system
all be performed on one sample.

t the VIPR shall be installed so that the valve inlet connection is connected to a source

at minimuim of 80 % of the p; of the VIRR:

If the VIPR
shall be co

If the VIPR
the nomind
setting.

The pressu

Each cycle

is fitted with a pressure outlet, the pressure shall be set at p, and the flow at the pres
ntrolled downstream of the outlet at standard discharge Q.

is fitted with a‘flow meter or flow gauge/indicator or one fixed orifice, the flow shg
1l discharge @, »n case of multiple fixed orifices, the flow shall be set at the maximun;

re regulating system shall then be subjected to the required number of test cycles as speci

consists of pressurization to the inlet connection of the sample using test press

Felief valve
ssure relief

es. Use an
iven in the

of test gas

sure outlet

Il be set at
| discharge

fied in 5.10.

ire with a

minimum

of 8996 of prwithtireventingvatve tlosed, themr depressurization of bothrtiretrigt

pressure chambers to atmospheric pressure.

- and low-

The test apparatus shall incorporate valves upstream and downstream of the VIPR being tested to permit
introduction and venting of the test gas. An example of a test apparatus for this test is given as Figure 10.

The cycle rate shall be set to a minimum of three cycles per minute. The inlet test pressure shall not decrease

by more th

an 5 % during the test period.
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re 10 — Example of the test apparatus set-up for the endurance testof the pres|
regulating system

6.17 Leak tightness test

6.17.1 Nu

The test sh|
6.17.2 Int

6.17.2.1 (
With the p

6.17.2.2 A
The gas tig

a) The g4
systen
unscre
b) The g3
low-pr
shall b

mber of samples

all be performed on the number of samples given in Table 3.
ernal leakage across the regulating valve seat

onditions

rimary valve operating mechanism.open, carry out the following leak tightness test.

\djustable VIPR
htness of the regulator galve assembly shall be tested under the following two conditi

s tightness of the regulator valve seat is tested at the maximum inlet pressure to the
), p;, for 5 min_-Fhe regulator valve shall be closed (pressure adjusting screw
wed) and the @utlet open.

s tightnessyof the regulator valve is also tested with the outlet plugged and the pres
essure.clidmber adjusted to the value of p, with the pressure adjusting screw. The
e constant during the test period of 5 min.

Both tests

display for

sure

bns:
regulating

completely

sure in the
value of p,

chall be repeated with the inlet pressure na

6.17.2.3 Pre-set VIPR

The gas tightness of the regulator valve seat is tested at the maximum inlet pressure to the regulating
system, p,, with the outlet connection plugged. The value of the outlet pressure shall be constant during the

test period

The test sh

of 5 min.

all be repeated with the inlet pressure, ps.

6.17.3 External leakage

Gas tightness to the atmosphere shall be tested in accordance with ISO 9090.
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