INTERNATIONAL ISO
STANDARD 15002

Third edition
2023-08

Flow control devices for connection to
a medical gas supply system

Dispositifs de contréle du débit pouriaccordement a un systéeme
d'alimentation en gaz médicaux

Reference number
1SO 15002:2023(E)

© IS0 2023



https://standardsiso.com/api/?name=c6915e302c66d2859a0b1db3bd0f73d3

ISO 15002:2023(E)

COPYRIGHT PROTECTED DOCUMENT

© 1502023

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below
or ISO’s member body in the country of the requester.

ISO copyright office

CP 401  Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org
Published in Switzerland

ii © 1S0 2023 - All rights reserved


https://www.iso.org
https://standardsiso.com/api/?name=c6915e302c66d2859a0b1db3bd0f73d3

ISO 15002:2023(E)

Contents Page
FFOT@WOIM..........ooooooooeeeeeee e85 iv
IIETOAUCTION .......oooooo e85 88855 8 585 s vi
1 SCOPI@ ... 1
2 NOTMATIVE FEEEI@IICES ............oooooo s 2
3 Terms aNd AefINITIONIS ...t 2
4 General requirements.......

4.1 Risk management

4.2 Usability.....co.

4.3 IMALETTALS ..o e

4.4 0Oxygen COMPAtIDIIIEY .o e

4.5 Environmental conditions.........ssinnessssessssssessssseeg e e
5 DeSIZN FeQUITE@MIEIIES ...ttt Dot

5.1 General...........

5.2 Gasinlets......oo.

5.3 Outlet connectors.........

54  Mechanical strength..

5.5 LAKAGE e S

5.6 FIOW INATCATION ....oooo e A s

5.7 ACCUTraCY ..o

5.8 Stability of indicated flow.......

59 Continuous increase in flow....

5.10 Security of components........ca S,

5.11 Flow controls and flow selectors

PaCKAGING ... B S s | 9

Information supplied by the manufacturer

7.1 General..... led s

7.2 Marking ...ty

7.3 Instructions for use
Annex A (informative) RATIOIALE. ... e 11
Annex B (informative) Examples of flow control devices and gas supply inlets ... .. 13
Annex C (normative) Pest methods
Annex D (informative) Hazard identification for risk assessment..............cfie. 20
BIDIHOGIAPI /..t e e 22
© IS0 2023 - All rights reserved iii


https://standardsiso.com/api/?name=c6915e302c66d2859a0b1db3bd0f73d3

ISO 15002

:2023(E)

Foreword

ISO (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.
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Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html
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Introduction

Flow control devices are used to administer a prescribed flow of gas to a patient interface device (e.g.
nasal cannula, facemask) from a pressure gas source, such as a medical gas supply system. These devices
need to deliver accurate flows under varying conditions of temperature and inlet pressures. Therefore,
it is important that the performance characteristics be specified and tested in a defined manner.

Annex A provides additional insight into the reasoning that led to the requirements and
recommendations that have been incorporated in this document. It is considered that knowledge of the
reasons for the requirements will not only facilitate the proper application of this document but will
expedite any-subsequenrtrevistons:

vi © IS0 2023 - All rights reserved
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Flow control devices for connection to a medical gas supply
system

1 Scope

11

This document specifies requirements for flow control devices that can be connected

by the user

eithe
hose

a) g
I

b) 1

c)

1.2
a)
b) |

A J
NOT¥

r directly, by means of a probe or a gas-specific connector, or indirectly by means of al
assembly conforming with ISO 5359 to:

i terminal unit conforming with ISO 9170-1 of a medical gas pipeline system" confq
SO 7396-1:2016;

he pressure outlet of a regulator conforming with ISO 10524-1:2018;.or

o the pressure outlet of a valve integrated pressure regulator (VIRR) conforming with
see 5.2 gas inlets).

This document applies to the following types of flow control devices (FCDs):
lowmeters;
lowgauge FCDs; and
ixed orifice FCDs.

Flow control devices that are classed_as medical electrical equipment can be subject

requirements of IEC 60601-1.

1.3

This document applies to flow centrol devices for the following gases:

Xygen;
xygen 93 %;
itrous oxide;
edical air;
arbon dioxide;

xygen/nitrous oxide mixture 50/50 (% volume fraction);

pw-pressure

rming with

[SO 10524-3

to additional

— OXygel-enriched ait;

—  helium;

— xenon; and

— specified mixtures of the gases listed above.

NOTE Flow control devices can be available for other gases.

1.4

This document does not apply to flow control devices that are:

a) for use with gases for driving surgical tools;

b) anintegral part of a regulator (see ISO 10524-1:2018); or

©ISO
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an integral part of a valve with integrated pressure regulator (VIPR) (see ISO 10524-3).

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 32, Gas cylinders for medical use — Marking for identification of content

ISO 5359, Anaesthetic and respiratory equipment — Low-pressure hose assemblies for use with medical

gases

ISO 7396-1:
and vacuum

ISO 9170-1:
compressed

ISO 10524-1
pressure reg

[SO 10524-3
cylinder valy

[SO 15001, 4
1SO 172561

ISO 18562-1
Evaluation q

016, Medical gas pipeline systems — Part 1: Pipeline systems for compressed medical |

017, Terminal units for medical gas pipeline systems — Part 1: Terminal-units for use
medical gases and vacuum

:2018, Pressure regulators for use with medical gases — Part 1: Pressure regulators
ulators with flow-metering devices

, Pressure regulators for use with medical gases — Part 3: Pressure regulators integrated
es (VIPRs)

|lnaesthetic and respiratory equipment — Compatibility. with oxygen
Anaesthetic and respiratory equipment — Respirdatory therapy tubing and connectors

, Biocompatibility evaluation of breathing gas’pathways in healthcare applications — P
nd testing within a risk management progess

ISO 20417, Medical devices — Information to be supplied by the manufacturer

CGA V5, Did
Applications|

3 Terms
For the purf
ISO and IEC
ISO Onl

IEC Eleq

meter Index Safety System (Non-interchangeable Low Pressure Connections for Medicd

and definitions
oses of this doctument, the following terms and definitions apply.
maintain tefurinology databases for use in standardization at the following addresses

ne browsing platform: available at https://www.iso.org/obp

tropedia: available at https://www.electropedia.org/

jases

with

and

with

hrt 1:

| Gas

NOTE

3.1

The terms defined in Clause 3 are delineated throughout this document in italic font.

flow control device

FCD

device that indicates the selected flow of a specific gas

Note 1 to entry: Typical examples of flow control devices are given in Annex B, Figure B.1.

1) Under preparation. Stage at the time of publication: ISO/DIS 17256:2023.

2
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3.2
flowgauge FCD
flow control device that measures gas pressure and that is calibrated in units of flow

Note 1 to entry: Flowgauge FCDs indicate flow by measuring the pressure upstream of a fixed orifice.

3.3

flowmeter

flow control device that indicates the actual flow of gas to the patient e.g. by means of a bobbin/float
within a graduated tube, or a deflected paddle

34
fixed orifice FCD
flow rontrol device with a flow selector, for selecting the flow and indicating the flow select

9%
Q.

3.5
gas 4pecific
having characteristics which prevent connections between different gas seryices or vacuum service

[SOURCE: ISO 9170-1:2017, 3.2]

3.6
rategl inlet pressure P,
upstream pressure (or pressure range) for which the flow contrel device is designed to operate

3.7
secufrely attached
not detachable without the use of a tool

4 G(eneral requirements

NOTH Unless otherwise specified, pressures in this document are expressed as gauge pfessures (i.e.
atmoppheric pressure is defined as zero),

4.1 | Risk management

This|document specifies requirements that are generally applicable to hazards associatgd with flow
control devices. Manufactupers shall apply an established risk management process to the design of
flow rontrol devices (e.g. IS0 14971). The risk management process should include at least the following
elements:

— risk analysis;
— risk evaluation;

— tisk.control; and

— production and post-production information.
NOTE See Annex D for a list of hazards that can be used as guidance in the risk management process.

Check conformance by inspection of the risk management file.

4.2 Usability

Manufacturers shall apply a usability engineering process to assess and mitigate any hazards caused by
usability problems associated with correct use (i.e. normal use) and use errors (e.g. IEC 60601-1-6 and
IEC 62366-1).

Check conformance by inspection of the usability engineering file.

©1S0 2023 - All rights reserved 3
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4.3 Materials

4.3.1 Materials shall be resistant to corrosion and designed to withstand the environmental
conditions specified in 4.5.

Check conformance by inspection of the technical file.

4.3.2 Materials shall be compatible with the gases with which they can come into contact.

NOTE ISO 11114-1 and ISO 11114-2 can offer helpful guidance on material compatibility with gases.

Check conformance by inspection of the technical file.

4.3.3 Matgrials in the breathing gas pathway shall be evaluated for biocompatibility adcording to
[SO 18562-1{

NOTE ISP 18562-1 also refers to other parts of the 18562 series for biocompatibility evaluatipn of
particulates, [volatile organic compounds and leachables.

Check conformance by inspection of the technical file.

4.3.4 Matg¢rials shall be resistant to deterioration by cleaning and. disinfection or sterilizption
methods re¢ommended by the manufacturer [see 7.3 h]].

Check conformance by inspection of the technical file.

4.3.5 Thejselection of materials shall include a systematic review of their carcinogenic, mutagenic or
toxic to repyjoduction (‘CMR’) or endocrine-disrupting properties.

For those mpterials present in excess of 0,1 % (w/w)in any parts, a safer alternative should be used.

If no suitable alternative exists, the risk for patient or user shall be assessed taking into accouryt the
intended usg¢ and latest relevant scientific committee guidelines.

Check conformance by inspection of theitechnical file and the risk management file.

4.4 Oxygen compatibility
NOTE There is rationale fot.this subclause in A.2.

Component§ and lubricants’used during the manufacture of flow control devices that come into coptact
with medicgl gases during normal use shall meet the compatibility requirements of ISO 15001.

Check conformange by inspection of the technical file.

3 gy | A
4.5 Envirommentalconditions

NOTE There is rationale for this subclause in A.3.
4.5.1 Transportand storage environmental conditions

4.5.1.1 Unless different environmental conditions for transport and storage are stated by the
manufacturer in their instructions for use [see 7.3 i)] flow control devices shall comply with the
performance requirements specified in Clause 5 after being exposed, whilst packed for transport and
storage, to the following environmental conditions:

a) -40°Cto +5 °C without relative humidity control;

b) >5°Cto 35 °C at arelative humidity up to 90 %, non-condensing; and

4 © IS0 2023 - All rights reserved
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c) >35°Cto 70 °C at a water vapour pressure up to 50 hPa.

NOTE Performance requirements include: mechanical strength (5.4); leakage (5.5); accuracy (5.7) and
stability of indicated flow (5.8)

Check conformance by the tests given in Annex C.

4.5.1.2 If manufacturers state a different range of environmental transport and storage conditions in
their instructions for use they shall:

a) justify these transport and storage environmental conditions in their risk management file;

b) mark these transport and storage environmental conditions on the packaging; and

c) ¢omply with the performance requirements specified in Clause 5 after being-exposed, whilst
packed for transport and storage, at these environmental conditions.

NOTH Performance requirements include: mechanical strength (5.4), leakage~(5.5), accurdcy (5.7) and
stability of indicated flow (5.8)

Check conformance by:
— inspection of the risk management file;
— vyisual inspection of the packaging; and

— by performing the tests given in Annex C.
4.5.2 Operating environmental conditions

4.5.2.1 Flow control devices shall comply with the performance requirements specified| in Clause 5
when operated under normal environmerital conditions [i.e. a temperature of (23 * 3) °C and an
atmgspheric pressure of 101,3 kPa].

NOTH Performance requirements.include: mechanical strength (5.4), leakage (5.5), accuracy (p.7), stability
of indicated flow (5.8) and continueus.increase in flow (5.9).

Check conformance by the teéstsgiven in Annex C.

4.5.2.2 ManufacturersZshall state, in their instructions for use, [see 7.3 €]], any adverde effects on
the gerformance of-their flow control device when subjected to the following operating enyironmental
condfitions:

a) atemperatire range of 0 °C to 40 °C; and

b) 4n atmospheric pressure range of 620 hPa to 1 060 hPa.

£ 1 : il £41 : . i £,
Che(, LUINIOTHIAIILE DY HISPCCLIUIT O LT IS UL LIUILS TOT UST.

5 Design requirements

5.1 General

Flow control devices shall be fitted with a means to prevent particles larger than 100 um from entering
the gas pathway.

Check conformance by inspection of the technical file.

© IS0 2023 - All rights reserved 5
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5.2 Gasinlets

Gas inlets shall be securely attached to the flow control device and be either:

complying with ISO 9170-1:2017 [e.g. see Figure B.2 a)];

IS0 9170-1:2017 does not specify the design or the dimensions of probes.

the nut and nipple of a gas-specific screw-threaded connector in accordance with a recognized

system [e.g. diameter-indexed safety system (DISS), non-interchangeable screw-threaded (NIST)

e indexed system (SIS), e.g. see Figure B.2 b)]; or

a) aprobe
NOTE
b)
or sleev
c) agassp
and B.2
Check confo
5.3 Outle

Outlet conn

a)
b) agas-sp

a securq

NOTE 1

C

NOTE 2
ISO 17256.

A

Check confo|

5.4 Mech
NOTE

Flow contro
affecting pe

Check confo

rmance by inspection of the technical file.

There is rationale for this subclause in A.4.

).

t connectors

ectors shall be one of the following:

ly attached nipple complying with ISO 17256; or

ecific threaded male DISS connector complying with CGA.V.5)

A V5 is referenced as ISO 17256 specifies threaded DISS conhectors for oxygen and air only.

user-detachable adaptor can be used to convert the'threaded outlet to a nipple as specifi

rmance by inspection of the technical file.

anical strength

| devices shall withstand dnuinlet pressure of 21 200 kPa for =5 min without adve
formance when tested under normal operating environmental conditions.

rmance by the test given in C.6.

NOTE T

5.5.1 The
manufactur

5.5 LeakI

ge

ere is rationale for this subclause in A.5.

internal leakage shall not exceed 0,3 ml/min at the rated inlet pressure P, specified b
ef-[see 7.3 b)] when the flow control is closed with a torque 0,4 Nm or the flow selectg

ecific low-pressure flexible hose assembly complying with ISO 5359 [e.g. see Figures B.2 c)

ed in

rsely

y the
r for

multiple fixed orifices is set to zero.

Check confo

rmance by the test method given in C.7.

5.5.2 The external leakage (to atmosphere) shall not exceed 0,5 ml/min at the rated inlet pressure P,
when the outlet is plugged, and the flow control is opened fully or the flow selector for multiple fixed
orifices set to the maximum setting.

Check confo

rmance by the test method given in C.7.

© IS0 2023 - All rights reserved
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Flow indication

Flow control devices shall be provided with a means to indicate the selected flow.

Check conformance by visual inspection.

5.6.2 Flow shall be indicated in either I/min or ml/min as appropriate.

Check conformance by visual inspection.

atorcthat oo ha o d3 adtaonrauida flovauc graqtar thon thot 1 di a4 d Ao + 1

scale shall

5.6.3
be m|

the ipstructions for use and on the device the rated inlet pressure P; [see 7.3 b) and Z.2'¢)]

flow

NOTH
paed

Check conformance by visual inspection.

5.7

NOTH

5.71
rateg

ambient atmosphere and corrected, if appropriate,to reference conditions (see C.4).

Chec

5.7.2

a) for flowmeters and flowgauge FCDs with a maximum flow setting <5 1/min, shall be wit

1

Loz o 3
fHorrreterstHabeair e ouuaL\.u tO-PTrovIae—1TrowWs 51 eater s tatrateateaoiHy

arked with the maximum flow that can be set [see 7.2 f)]. The manufacturer shall-als

is determined.

atric patients.

Accuracy

There is rationale for this subclause in A.5.

The accuracy of the actual flowrate at any graduation/flow setting shall be mea
[ inlet pressure P; specified by the manufacturef)[see 7.3 b)], when the flow is disq

k conformance by inspection of the technieal file.
The accuracy of the actual flowrate at each graduation/flow setting:

he maximum flow setting indicated on the scale.

e.g. for a flowmeter with @ maximum flow setting of 3 1/min, the actual flow at each fla
he flowmeter, shall be within + 0,3 I/min of the selected flow setting);

b)

or flowmeters and)flowgauge FCDs with a maximum flow setting >5 1/min, shall be w
nin of the flow setting up to 5 1/min and within +10 % of the selected flow setting ove

b indicate in

4t which this

Ungraduated and therefore unknown high flows can be dangerous partictlarly for heonatal and

bured at the
harged into

hin +10 % of

w setting of

ithin +0,5 1/
51/min.

le.g. for a’flowmeter with a maximum flow setting of 15 I/min, the actual flowrate at a flowrate
jetting=of 4 1/min shall be between 3,5 and 4,5 1/min, and at 10 I/min shall be betw
1,0d /min).

een 9,0 and

i +30 % of the

of the selected flow setting.

NOTE

accuracy of flow at different supply pressures and resistance in the output.

Check conformance by the test given in C.8.

5.7.3

©ISO

selected flow settlng and for each flow settlng >1, 5 1/m1n the actual flowrate shall be within 20 %

The position of the flow control/selector in relation to the means of flow indication can affect the

If electrostatic charges can affect the accuracy there should be a means to minimize any build-
up of electrostatic charges.

2023 - All rights reserved
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5.8 Stability of indicated flow

NOTE

There is rationale for this subclause in A.6.

Flow control devices shall, once set at a flow, not deviate from that setting by more than 10 % over a
period of 1 hour.

Check confo

5.9 Conti
NOTE

For all flow
scale range
the device if

'1"]n - 4 1 £, Alos 1 1 H A
CICT IS5 I dativullidiITC IUL UI1S SUuvutliadaustT 11T 71a.

rmance by the test given in C.9.

nuous increase in flow

-
I

control devices, there shall be an increase in the flow of medical gas throughout, the
of the flow control device when the flow is adjusted from zero to the maximum flow
intended to deliver.

Check conformance by the test given in C.9.

5.10 Secur

Flow contro
user.

NOTE Fl

ity of components

device components shall be securely attached to prevent themfrom being removed b

pwmeter flow tubes are exempt from this requirement.

Check conformance by inspection of the technical file.

5.11 Flow

5.11.1 Flow

NOTE T

5.11.2 Fixe
the directio

controls and flow selectors

meter and flowgauge FCD flow control$shall turn anti-clockwise to increase the flow.

re is rationale for this subclause imr A.8.

e
Check confoleance by functional testing:

d orifice flow selectors'shall be marked with an appropriate symbol (see 7.2 d) to ind
h to increase or decrease the flow.

NOTE T

5.11.3 Flov

re is rationale fot_this subclause in A.8.

e
Check confoleance byswisual inspection.

 selectors for fixed orifice FCDs shall be designed:

full-
that

y the

icate

a) withan

heans to self-centre on a graduated flow;

NOTE 1
b)
c)

This is to prevent the selection of positions of no flow between adjacent settings.

so that they cannot be set above the maximum setting; and

from the off/zero position and from one setting to another shall be >5 N and <50 N.

NOTE 2

Check confo

There is rationale for this subclause in A.9.

rmance by functional testing.

so that the tangential force required at the maximum radius of a rotary flow selector to change

© IS0 2023 - All rights reserved
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5.11.4 Fixed orifice FCDs that are designed to provide a flow, when set between graduated settings,
shall conform with 5.9.

Check conformance by functional testing.

6

Packaging

Flow control devices shall be packaged to protect against particulate contamination and damage during
storage and transportation.

Check conformance by inspection of the technical file.

7

7.1

Inforjmation supplied by the manufacturer shall comply with ISO 20417.

7.2

Information supplied by the manufacturer

General

Marking

Marking on flow control devices shall, in addition to the requirements in ISO 20417, include the following:

a)
b)

g)

the symbol of the relevant gas in accordance with Table\3;

il:l addition to the symbol, the name of the gas anf’colour coding can be used. If colour coding is
sed it shall be either the colour coding specified\in Table 1 or the variations given in 1§0 32;

Table 1 — Medical gases, names, symbols and colour coding

Name Symbol Colour coding
Medical air Air Black-white 2
Oxygen/02 93 0, White 2
Nitrousexide N,O Blue @

Carbdn dioxide Co, Grey 2

Helium He Brown 2
Xenon Xe Bright green b
Mixture of above gases ¢ ¢

NOTE The word air can be expressed in the relevant National
language.

a  Inaccordance with ISO 32.

b Inaccordance with EN 1089-3:2011, Table A.1.

¢ Inaccordance with the mixture components.

the rated inlet pressure P; at which the flow control device has been calibrated,;

for fixed orifice FCD flow selectors a symbol to indicate the direction for increasing and decreasing
the flow;

point on the indicator for reading the flow, where appropriate;

for flowmeters and flowgauge FCDs the maximum flow when the flow control valve is fully open;
(see 5.6.3);

NOTE1 There is rationale for this subclause in A.10.

if practicable, the operating environmental conditions (see 4.5.2)

©1S0 2023 - All rights reserved 9


https://standardsiso.com/api/?name=c6915e302c66d2859a0b1db3bd0f73d3

ISO 15002

h) ifappro

:2023(E)

priate, a warning to use no oil.

NOTE 2  This only applies to flow control devices designed for use with oxygen or oxygen mixtures.

Check confo

rmance by visual inspection.

7.3 Instructions for use

Flow control devices shall be accompanied with instructions for their safe use, which in addition to the
requirements given in ISO 20417, shall include the following:

a) for flow
of fire a

b) the rated inlet pressure Py;

c) the effeft of varying resistance downstream of the outlet, (e.g. therapy tubing), on'the accurg
flow;

d) the effeft of varying inlet pressure on the accuracy of flow;

e) any advgrse effects on the performance when subjected to the operatingenvironmental condi
specified in 4.5.2;

f) for fixeq orifice FCDs with multiple fixed orifices, a warning to the effect that the graduated

does no

g) for flow

h) the recqmmended cleaning and disinfection or sterilization methods; and

i) the recdmmended environmental conditions fortransport and storage.

Check confo|

10

contral dovuicec dacianad for nca wnith avuagan o
COMTH o Cy T Eorg T e To— VIt Oy 5 e Ot NES) S oIty

rising from use of lubricants not recommended by the manufacturer;

L indicate that gas is flowing;

rmance by inspection of the instrugtiens for use.

meters a warning to the effect that they must bekept in a vertical position when in use;

cy of

tions

scale

»
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Annex A
(informative)

Rationale

General

annex provides a rationale for some requirements of this document and is intend
are familiar with the subject of this document but who have not participated imits d

nale will facilitate any revision of this document necessitated by those developments.

Subclause 4.4 - Oxygen compatibility

ol devices for all gases.

auto-ignition temperature of non-metallic components that come into contact w

including sealing materials and lubricants should, according to ISO 15001, be no lower than

A.3
The

used
spec
A4

100

medi|

gene

case,

A.5
As n

Subclause 4.5 - Environmental conditions

environmental conditions have been.aligned with IEC 60601-1-12 as flow control devig
in emergency environments. Huinidity is not considered to affect flow control devi
fied for environmental operating.¢onditions.

Subclause 5.4 - Mechanical strength

D) kPa is the maximu/allowable pressure that can be reached under single fault con
ral gas pipeline gystem complying with ISO 7396-1 and the situation can last 5 min g
ral principle fer'mmechanical strength is to include a safety factor which has been set §
the same as*for terminal units in ISO 9170-1.

Subglauses 5.5 and 5.7 - Leakage and accuracy

minal medical gas pipeline pressures can vary between countries the leakage a

nderstanding of the rationale underlying these requirements is considered to be §
proper application. Furthermore, as clinical practice and technology change’it is bel

control devices for different gases are often made with interchangeable conj
ssemblies. The requirement for compatibility with oxygen should therefore be app

bd for those
evelopment.
pssential for
ieved that a

ponents or
lied to flow

ith the gas,
150 °C.

es are often
res so is not

ditions for a
r more. The
it 1,2 in this

nd accuracy

requirements have been specified at the rated inlet pressure P; specified by the manufacturer. There are
also statements specified in the instructions for use warning the user that changes in inlet pressure can
affect the accuracy of the flow control device.

A.6

Subclause 5.8 - Stability of indicated flow

Flowmeters and flowgauge FCDs with flow control valves made with viscoelastic materials can result in
the flow reducing over time after the flow control/selector is opened from being tightly closed. Fixed
orifice FCDs with flow control orifices made from a viscoelastic material may reduce the flow over time

once

the flow selector has been opened.

© IS0 2023 - All rights reserved
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lause 5.9 - Continuous increase in flow

Where the increment between adjacent flow settings of a fixed orifice FCD is small, there arises the
potential for an intended increase in flow to result in an actual decrease in flow where the upper and
lower tolerance limits of adjacent settings overlap. The vice versa is also possible. This must be avoided
because clinical decisions can take into account the physiological response an increase or decrease in
medical gas flow and an unintentional opposite adjustment of flow to that intended can confound a

patient asse

ssment.

A.8 Subclauses 5.11.1 and 5.11.2 - Flow control/selector direction to increase

flow

The directid
2008 versio
rotation of fi

increase andl decrease the flow is clearly marked.

A.9 Subc

A dangerou;
a position b
ought to preg

A.10Subc

This new nj
working grd
instead of rq

to the patient, it was better to indicate the maximium flow on the device to make the user fully awa

the flow bei

n of flow for flow controls for flowmeters and flowgauge FCDs has been continued froy
h of this document as it is the convention clinicians are used to for increasing flow. How
low selectors on fixed orifice FCDs can now be in either direction as long asthe directi

Jause 5.11.3 - Setting of flow selector between graduations

situation could arise if the flow selector of a fixed orifice FGD can be unintentionally {
etween graduations especially where no flow occurs. Theldesign of the flow control d
vent this from happening.

Jause 7.2 f) - Maximum flow marking
arking requirement has been included follewing extensive discussions within the

up following an attempt to address this-issue through two amendments. It was felt
stricting the maximum flow where the(iser may still not be aware of the flow being

hg given to the patient.

n the
ever,
bn to

etto
evice

SC 6
that
riven
re of
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Examples of flow control devices and gas supply inlets

B.1 Examples of flow control devices

a) Measuring tube with b) Measuring tube with
flow control downstream flow. control upstream
<
— —
c) Paddle with a fixed orifice with d) Paddle and a fixed orifice With
flow control downstream flow control upstream

SR
. (&

e) Flowgauge FCD and a fixed orifice f) Multiple fixed orifices
with flow control upstream with selection knob

N

Figure B.1 — Examples of flow control devices

Figu BT a) shows—= _/[IUWIIlCtUI which COMpT tses—a—vertical-measur iug tube—whose—cross-section
increases upwards and in which a float is lifted by the action of the gas flow. The float settles at a height
which is a function of the flow, which is controlled by a flow control fitted downstream of the tube.

Figure B.1 b) shows the same flowmeter as in a) with the flow control fitted upstream of the tube.

Figure B.1 c) shows a flowmeter which comprises a paddle connected to a return spring which is located
at the outlet of a fixed orifice. The paddle is pushed by the action of the gas flow and settles at a position
which is a function of the flow that is controlled by a flow control fitted downstream of the orifice.

Figure B.1 d) shows the same flowmeter as in c) with the flow control fitted upstream of the orifice.

Figure B.1 e) shows a flowgauge FCD which comprises a pressure gauge measuring the pressure
upstream of a fixed orifice. The pressure is a function of the flow, which is controlled by a flow control
fitted upstream of the pressure gauge.

©1S0 2023 - All rights reserved 13
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Figure B.1 f) shows a fixed orifice FCD which comprises multiple fixed orifices. The change from the
“off” position and from one setting to another can be achieved, for example, by turning a knob.

B.2 Examples of gas supply inlets
Figure B.2 shows examples of gas supply inlets.

==t

S/VE

a) Flow control device with a probe gas supply inlet

2

1
3—8

b) Flow control device with a DISS, NIST, SIS nut and nipplé gas supply inlet

4 2
1 = =1

3—t

c) Flow control device with a low-pressure hose assembly with probe gas supply inlet

4 2

1
3-8

=00 Sille

d) Flow contraoldevice with a low-pressure hose assembly and
a DISS;NIST or SIS nut and nipple gas supply inlet

Key
1 flow cpntrol dévice 3 outlet connector
2 gas S|1pply inlet 4 low-pressure hose assembly

Figure B.2 — Examples of gas supply inlets

14 © IS0 2023 - All rights reserved
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(normative)

Test methods

General

C.1.1

C.1.7
(see

C.1.3
C.3),

C.1.4
leakd

C.2

Thos
and

spec
stord

C3

C.3.1
atmg

C.3.%
desig
pres

C4

All tests are type tests and shall be carried out on three samples as follows:

Samples 1, 2 and 3 shall be tested for leakage (see C.3), accuracy (see (4}, stabili
C.5) and continuous increase (see C.6) at ambient test conditions (see C.3.1);

Samples 1 and 2 shall then be pre-conditioned, according to C.£.2;then tested for
accuracy (see C.4), stability of setting (see C.5) and continuous incréase (see C.6);

Samples 1 and 3 shall then be tested for mechanical strength (see C.2) before beir
1ge (see C.3), accuracy (see C.4), stability of setting (see C&5) and continuous increase (

Pre-conditioning

e test samples to be preconditioned (see €:1.3) shall, whilst in their packaging fc
storage, be exposed to the extremes of thé environmental conditions for transport
fied in 4.5.1.1 a) and c) or at the extrémes of the environmental conditions for tr
ge specified by the manufacturer in‘their instructions for use, for 212 h.

Test conditions

Tests shall be carried out at ambient conditions [i.e. a temperature of (23 * 3
spheric pressure of 101,3 kPa].

Tests shall/be-carried out using either the medical gas for which the flow cont
ned or usingait’or nitrogen. Gases shall be clean, oil-free with a dew point of -48 °C at
sure.

Reference conditions

Ly of setting

eakage (see

1g tested for
bee C.6).

r transport
and storage
hnsport and

°C and an

rol device is
htmospheric

If a flow control device is tested with air or nitrogen instead of the medical gas for which it is intended,
the flows shall be corrected, to a temperature of 23 °C of and an atmospheric pressure of 101,3 kPa,
using the conversion coefficients given in Table C.1 and the flow of intended gas is equal to the flow of
test gas multiplied by the conversion coefficient.

©ISO

2023 - All rights reserved
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Table C.1 — Conversion coefficients

C.5 App4d

The resolut
value.

C.6 Test

Intended gas 2 Conversion coefficient
Test gas air Test gas nitrogen
Air 1 0,98
Oxygen 0,95 0,93
Nitrogen 1,02 1
Nitrous oxide 0,81 0,79
Carbon dioxide 0,81 0,79
Xenon 0,47 0,46
ratus

on and accuracy of all measuring test equipment shall be within +3 /%~ of the meas

method for mechanical strength (see 5.4)

C.6.1 Principle

Test sample
that can be
safety facto
cause any h

C.6.2 App
a) Pressur
b) Timing
C.6.3 Pro
a) Plug thd
b) Subject
c) Verifyt

C.7 Test

5 1 and 3 are subjected to an internal static pressure equivalent to the maximum pre;
oenerated by a medical gas pipeline system undersingle fault condition with an addit
- to ensure that if the outlet is blocked it can physically withstand such a pressure an
hrm.

aratus
e generator capable of producing-a-pressure >1 200 kPa.

device.

cedure
outlet and set the flow selector to the maximum indicated flow.
the test samplesito an inlet pressure of (1 200 + 10) kPa and hold for = 5 min.

hat the test'Samples meet the requirements in 5.4.

meéthod for leakage (see 5.5)

ured

sure
ional
d not

C.7.1 Principle

Test samples 1, 2 and 3 are tested to see if they leak internally, or externally to atmosphere, when
subjected to the rated inlet pressure P, at ambient environmental conditions.

Test samples 1 and 2 are further tested for leakage after being pre-conditioned according to C.2.

Test samples 1 and 3 are further tested for leakage following the mechanical strength test given in C.6.

C.7.2 Apparatus

a) Pressure generator capable of producing a pressure greater than the rated inlet pressure P;.

b) Timing device.

16
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c) Flow measuring device.

C.7.3 Procedure for internal leakage (see 5.5.1)

C.7.3.1 For samples 1, 2 and 3 at ambient conditions
a) Setthe flow selectors to off or zero.

b) Subject the test samples to an internal static pressure equal to the rated inlet pressure P; and hold
for =5 min.

C) eriry that the test samples meet the leakage requirements specified 1n s5..5.1.

C.7.3.2 Procedure for samples 1 and 2 after preconditioning
a) IPre-condition test samples 1 and 2 (see C.2).

b) Repeat the test procedure given in C.7.3.1.

C.7.3.3 Procedure for samples 1 and 3 after mechanical strength test

Following the mechanical strength test on samples 1 and 3 (see €6) repeat the test procedure given in
C.7.3{1.

C.7.4 Procedure for external leakage (see 5.5.2)

C.7.4.1 For samples 1, 2 and 3 at ambient conditions
a) Plug the outlet of the test samples.
b) $et the flow selector to the maximum graduated flow setting.

c) $ubject the test samples to an infernal static pressure equal to the rated inlet pressurg P; and hold
that pressure for =5 min.

d) Verify that the flow control device meets the leakage requirements specified in 5.5.2.

C.7.4.2 Procedure forsamples 1 and 2 after preconditioning
a) Pre-condition testsamples 1 and 2 (see C.2).

b) Repeat the test procedure given in C.7.4.1.

C.7.4.3 , Procedure for samples 1 and 3 after mechanical strength test

a) ‘nhjpr“r qnmplpq 1 and 3 to the mechanical qfrpngth test givenin C 6

b) Repeat the test procedure given in C.7.4.1.

C.8 Test method for accuracy of graduations (see 5.7)

C.8.1 Principle

The accuracy of each calibrated flow setting/graduation is verified by subjecting the flow control device
to a static internal pressure equal to the rated inlet pressure P; then checking that the actual flow
corrected to the reference conditions (see C.1.3) is within the accuracy tolerance specified.

©1S0 2023 - All rights reserved 17
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C.8.2 Apparatus

a) Pressur

e generator capable of producing a pressure greater than the rated inlet pressure P;.

b) Flow measuring device.

C.8.3 Pro

C.8.3.1 Pr

a) Subject

cedure

ocedure for samples 1, 2 and 3 at ambient conditions

the test samples to an internal static pressure equal to the rated inlet pressure P;.

b) Verifyt
correct

C.8.3.2 Py
a) Pre-con
b) Repeat
C.8.3.3 Py
a) Subject
b) Repeat

C.9 Test
in flow (s¢

C.9.1 Principle

Drift from 1
more than 3
and then te
ambient conf

hat the actual flow is within the tolerances specified in 5.7.2 for each calibrated flowx
bd to the reference conditions, if applicable, specified in C.4.

ocedure for samples 1 and 2 after preconditioning
dition test samples 1 and 2 (see C.2).

the test procedure given in C.8.3.1.

ocedure for samples 1 and 3 after mechanical strength tést
samples 1 and 3 to the mechanical strength test given.in €.6.

the test procedure given in C.8.3.1.

method for stability of indicated flow (see 5.8) and continuous increz
re 5.9)

he set flow is checked by setting a flow and then checking whether this has move
specified amount. The flowgontrol device is first tested when the flow selector is off]
sted at the minimum and\maximum calibrated settings to allow for different materij

aratus
e generator ¢apable of producing a pressure greater than the rated inlet pressure P;.
device.

ivrench.

ditions. The requirementfor a continuous increase in flow can be tested at the same ti

when

1S€

d by
Zero
ls at
me.

C.9.2 Appg
a) Pressur
b) Timing
c) Torque
d) Flowm

aSUTING deViTe-

C.9.3 Procedure for flowmeters samples 1, 2 and 3 under ambient conditions

a)

to the rated inlet pressure P;.

b)
‘)
d)
e)

calibrat

18

Set the flow selector to the mid position of the calibrated graduations and leave for >1 h.
Verify that the reading has not drifted by more than that specified in 5.8.

Repeat a) and b) but at the maximum calibrated graduation.

ed graduation.

© IS0 2023 - All rights res

Connect each test flowmeter sample to the pressure generator and supply an inlet pressure equal

Verify that the flow increases when the flow selector is moved from the minimum to the maximum
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