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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.

tHS€6 O—6GEYVE1OP b GO CHTEH a11o hose—trtended v, i v vy "3‘ efratreée are
the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor the
bes of ISO documents should be noted. This document was drafted in accordande\with the
es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

The procedy
described i
different ty
editorial ru

Attention is|drawn to the possibility that some of the elements of this document may‘be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patentrights. Detalils of
any patent rjights identified during the development of the document will be in thé)Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade npme used in this document is information given for the conyvenience of users and doefs not
constitute ah endorsement.

For an explanation on the meaning of ISO specific terms and\expressions related to conformity
assessment)| as well as information about ISO’s adherence to*the WTO principles in the Technical
Barriers to Trade (TBT) see the following URL: Foreword - Supplementary information

The commifttee responsible for this document is ISOAFC 58, Gas cylinders, Subcommittee $C 2,
Cylinder fittjngs.
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Introduction

Flexible hose assemblies are used to transfer industrial and medical gases into cylinders, bundles and
trailers and also to supply such gases to user equipment.

There is a range of existing International Standards to be used for specific applications or hose
construction:

— IS0 14113 which covers hoses made with internal rubber or plastics tubing and used to supply gases
to customers for welding applications;

ISO 114113 and ISO 21969 cover only specific customer applications and“are intended
accordingly, while ISO 10380 is general in its approach.

The purposes of this International Standard are:

intended to be connected at filling pressure to cylindersjcylinder bundles or trailers f]

f

q

f
1

dssemblies for filling centres, flexible hose assemblies for all customer applications),

SO 21969 which covers hoses with an internal corrugated metallic liner and used to suj
ases to customers;

bply medical

SO 10380 which covers hoses with internal corrugated metallic liner for all applicatiopns including

on-industrial and medical gases.

o provide the specification and testing requirements forchigh pressure flexible hosg

illing and emptying gas at production sites and also where the customer is connectin
he cylinder valve, e.g. a cylinder to manifold connection

o cover the applications not described by the' above International Standards, (f

o specify a new range of testing requirements which will more effectively evaluate ]
lexible hose assemblies to remain safe irr operation. These test requirements replace th
eliance on having a high ratio betwleen rated pressure and burst pressure.

to be used

assemblies
pr use when
o directly to

exible hose

he ability of
b traditional
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INT

ERNATIONAL STANDARD ISO 16964:2015(E)

Gas cylinders — Flexible hoses assemblies —

Sp

1

ecification and testing

Scope

This Internatlonal Standard provides specification and testlng requlrements for hlgh pressure flexible

ies to flexible hose assemblies with rated pressures up to 1 000 bar for use in\the

range of —-40° C to +65° C.

This|International Standard is not applicable to:

NOT

450 bar) for customer use (see ISO 14113);

lhigh pressure flexible hose assemblies for use with medical gas systems for custon
1SO 21969);

low pressure hose assemblies for use with medical gases, for customer use (see ISO 53

fubber and thermoplastic low pressure hose assemblies for welding, cutting and relatg
for customer use (see ISO 3821 or ISO 12170);

flexible hose assemblies for cryogenic applications (see ISO 21012);
flexible hose assemblies for liquid petreleum gas (LPG).

B Flexible hose assembly designs.which pass the type test approval test described in this

Standard can have a lower ratio of burst'pressure to rated pressure than stated in other standards.

2
The

indigpensable for its-application. For dated references, only the edition cited applies. F

Normative references

following documents;-in whole or in part, are normatively referenced in this documnj

referfences, the latestiedition of the referenced document (including any amendments) appl

ISO 148-1, Metallic materials — Charpy pendulum impact test — Part 1: Test method

ISO 1402, Rubber and plastics hoses and hose assemblies — Hydrostatic testing

r use when
al Standard
emperature

fubber and plastics flexible hose assemblies for welding, cutting and related processes up to 45 MPa

her use (see

$9);

d processes

International

ent and are
or undated
es.

ISO 10286, Gas cylinders — Terminology

[SO 10380, Pipework — Corrugated metal hoses and hose assemblies

ISO 14113:2013, Gas welding equipment — Rubber and plastics hose and hose assemblies for use with

indu

strial gases up to 450 bar (45 MPa)

[SO 21969:2009, High-pressure flexible connections for use with medical gas systems

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 10286, ISO 1402, ISO 14113,
[SO 10380, ISO 21969 and the following apply.

© ISO 2015 - All rights reserved
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3.1

:2015(E)

rated pressure

PR

rated pressure of a hose assembly is equal to: PR = 1,25 PW, PW being the working pressure of the
cylinder as defined in ISO 10286

Note 1 to entry: National and international design codes for pressure systems can specify a higher value of
rated pressure.

Note 2 to entry: When cylinders are filled or emptied, the gas temperature could be higher than 15 °C. This is the
reason why the rated pressure is higher than the cylinder working pressure.

3.2
burst pressg
highest preg

4 Requil
4.1 Prod

4.1.1 Stre

Each flexibl
at least equ
sign of leak
in unaccept
a pneumatiq
measures sh

4.1.2 Lea

The flexible
nitrogen or

4.2 Type

4.2.1 Gen

All test sampples shall beemanufactured to the same design, material specification and from the

batch of raw
manufactur

ure
sure reached in a flexible hose assembly during a burst test

rfements
iction pressure tests

ngth test

e hose assembly shall first be subjected to a strength testusing oil-free water at a pre;
bl to 1,5 times the rated pressure, PR, for a minimum»of 3 min. There shall be no v
hge, permanent deformation or other sign of failure. Where hydraulic testing would 1
hble contamination of the flexible hose assembly; the hydraulic test may be replacg

test using a compatible medium such as dry\oil-free air or nitrogen. Appropriate s
all be taken to protect personnel and equipfnent during testing.

K test

hose assembly shall be leak tested by pressurizing at PR with compressed dry oil-fre
pther test gases. The leak rate shall be less than 6 cm3/h.

tests

eral

' material. Records of the tests performed are to be retained by the flexible hose asse
a

To carry ou
length of hoEe between end fittings be 1 000 mm unless otherwise specified.

the tests described in this International Standard, it is recommended that the nor

sure
sible
esult
d by
hfety

e air,

bame
mbly

ninal

Before being type tested, all sample flexible hose assemblies shall be subjected to production pressure
tests as specified in 4.1.

For hoses to be used in hydrogen or helium service, the leak test in 4.1.2 shall be carried out using helium.

Tests shall be performed at ambient temperature.

4.2.2 Burst pressure test (3 samples per type)

The flexible hose assembly complete with safety cable and clamps (if applicable), is to be hydraulically
pressurized until burst occurs. The pressurization rate shall be adjusted at the beginning of the test to
be approximately constant and to reach the burst pressure in not less than 1 min.

© ISO 2015 - All rights reserved
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The burst pressure of the flexible hoses assemblies shall not be less than 3 x PR for a value of PR less
than 480 bar and [(2 x PR) + 480] bar for a value of PR greater than or equal to 480 bar.

If compliance is required with ISO 21969:2009, 6.2.3, a 5 min hold step at 3 x PW, where PW is the
working pressure, should be performed.

NOTE For acetylene service, hose with a higher burst pressure can be necessary in order to pass the

decomposition test described in 4.2.5 for acetylene flexible hose assemblies. The minimum burst pressure for
this type of hose is to be stated by the hose manufacturer.

4.2.3 Pressure cycle test (3 samples per type)

4.2.3.1 General

The flexible hose assembly complete with safety cable and clamps (if applicable) shall’be supmitted to a
hydrpulic pressurization endurance test from a nominal atmospheric pressure {5 bar maxinum) to the
PR at a frequency of no more than 30 cycles per minute.

A pre¢ssure cycle consists of a pressure increase starting from a pressuremot more than 5 bar to PR and
a prgssure decrease from PR back to the start condition.

This|endurance test shall not apply to acetylene flexible hose assemblies because the donstruction
of thiese hoses is designed to resist extremely high pressure and stress compared to acetylene’s low
worKing pressure PW.

4.2.3.2 General requirement

It shpll be checked that the entire flexible hose assembly is exposed to a pressure cycle where the
maxijmum pressure is the rated pressure (PR) agd the minimum of each pressure cycle is npo more than
5 bat. The flexible hose assemblies shall not leak or burst during the test:

— (ategory A: 5 000 pressure cycles foriflexible hose assemblies dedicated to non-filling ppplications
guch as customer installations. This applies to flexible hose assemblies with metallic and non-
metallic liners.

— (ategory B: 50 000 pressure-cycles for flexible hose assemblies with non-metallic linefs dedicated
to filling centres.

4.2.3.3 Specific requirements for metallic hoses used in filling centres

The pressure cycle test shall be performed on hose assemblies with a maximum of 50 000 cycles. No
failure should oteur before 10 000 cycles.

A simple leak'is accepted above 10 000 cycles, but in such cases the life of the hose shall be limited
propprtionally to its performance in this hydraulic pressure cycling test.

HosesTiotabte to pass the 10000 Pressure cycies Minimui TequiTement, but demonstrating by this
test a non-hazardous failure mode, can be used in service following risk assessment provided that the
risk assessment includes as a minimum:

— the definition of a specific application;

— the mode of failure of the hose and any mitigation;
— the associated risk created by the escape of gas;
— the protection of personnel.

Following such risk assessment the life span for the hose can be determined (e.g. use for a given time or
until the flexible hose assembly leaks).

© IS0 2015 - All rights reserved 3
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If the test has been completed before any leak has been detected (e.g. after 50 000 cycles) then the
flexible hose assembly shall be pressurized at PR with compressed dry oil-free air or nitrogen to check
for leaks. The leak rate shall be less than 6 cm3 /h. For hoses to be used in hydrogen or helium service,

the leak test shall be carried out using helium.

4.2.4 Oxy

gen compatibility test (3 samples per type)

This test shall be performed for all oxygen applications. Follow the procedure given in
1SO 21969:20009, 6.2.4.

4.2.5 Ace yh—\np rnmpaﬁhilify test ('2 cnmplpc)

This test ghall be performed for all acetylene applications. Follow the procedure~given in
ISO 14113:2013, 7.1.2.

Flexible hosg assemblies passing this test should be marked “C2H2".

4.2.6 Gas|material compatibility

All materials in contact with the gases shall be compatible within the“intended pressure| and
temperatur¢ range of the gas application. Use for guidance the requirements of ISO 11114-1f and
[SO 11114-2|as applicable.

4.2.7 Test of the safety cable (2 samples)

4.2.7.1 Ge¢neral

This test shpll be performed if the flexible hose assembly is equipped with a safety cable. For spfety
reasons, it i recommended to perform this test in a.cage to protect personnel. The hose and the fable
shall be fixgd between horizontal fixed points which are separated by a distance equal to 75 % df the
length of th¢ hose so that the hose has a gentle bend and is not tight between the fixed points.

4.2.7.2 Test1

The flexible| hose assembly is severed_by drilling a hole at mid length on one side without damaging
the safety cable or disturbing the-clamps. The diameter of the drilled hole shall be equal to 80 % qf the
internal norpinal diameter (D) en the flexible hose assembly. Air or nitrogen is admitted at PR |via a
quick openihg valve into the-hose through one of the end fittings. The gas supplied is cut off not less
than 10 s after opening. Théjcable and its fixings shall be intact and the clamps shall have remainged in
their original positions ‘efrthe hose. Their location is recorded before and after testing. A movement
of £ 2,5 cm along the-hose is accepted. The clamps shall remained fixed on the cable but their location
might be different:

4.2.7.3 Test2

A similar test is performed if the safety cable is secured to the hose end fittings. In this case the flexible
hose assembly is severed by drilling the same size hole as test 1 but immediately adjacent to the end
fitting at the opposite end of the hose to where the test gas is admitted .The same acceptance criteria as
in test 1 shall be used.

If the safety cable is designed to be anchored separately to the hose end fitting the test is performed
with the same requirements and acceptance criteria as above but with the end adjacent of the drilling
plugged and not anchored.

4.2.8 Additional tests (see Annex A)

These tests are part of the type tests when listed as mandatory in the following subclauses.

© ISO 2015 - All rights reserved
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4.2.8.1 Kink test (1 sample) (see A.1)

This testis mandatory for non-metalliclined flexible hose assemblies except when other kink prevention
safety measures are in place (e.g. external spring protection).

NOTE This test is normally performed by the hose manufacturer, and not necessarily by the hose assembly
manufacturer.

With the flexible hose assembly configured with a single loop midway along its length, and with one
end connection secured, a longitudinal tensile force shall be applied to the opposite end to create a
localized bend and flattening. The tensile force is increased until the cross section of the hose becomes
oval and the shortest cross sectional dimension is 75 % of the original external diameter. This force
shall|be recorded. Upon completion a hydraulic pressure of PR shall be applied and thérg shall be no
leakage evident.

4.2.8.2 Side impact test (1 sample) (see A.2)

This|test is mandatory for non-metallic lined flexible hose assemblies with\copper alloys|or with low
impdct strength material end fittings except when other side impact prevention safety megsures are in
place (e.g. external spring protection).

The flexible hose assembly is fixed as specified in A.2.3.3. The jmpact energy is created with a knife
edge|[impact tool to determine the absorbed energy for failur€yAny rupture or crack is glassed as a
failure. This test shall be repeated at the other extremity (if/different) to find the weakgst side. The
imp4dct energies of both ends should be recorded.

4.2.8.3 Tensile pull test (1 sample)

This|test is mandatory for non-metallic lined (flexible hose assemblies except when other tensile
prevention safety measures are in place (e.g. safety wire designed to take the load).

The flexible hose assembly should be capable of withstanding a longitudinal pull force of 2|670 N while
in a non-pressurized state without pulling out of separating from the hose.

4.2.8.4 Fatigue cycling test under pressure (cyclic bending test)
This|test shall be performed‘with metallic lined hoses at low pressure (e.g. 10 bar).

In addition, this test isfandatory, and performed at the relevant bending radius, for all type of flexible
hose|assembly at PR where the hose is subjected in service to cyclic bending under pressureg.

For the procedureirefer to U-bend cyclic test given in ISO 10380.

4.2.8.5 Torsion test (see A.3)

In priiciple all risk of torsion of all types of flexible hose assemblies should be avoided.

This test is mandatory for non-metallic lined flexible hose assemblies except when used with other
torsion prevention safety measures e.g. swivel joints.

Flexible hose assemblies can be subjected to torsion during use, causing the hose liner potentially to
be damaged (e.g. connection and disconnection to cylinders, mis-handling of equipment while flexible
hose assembly is connected).

Upon completion of torsion test, the flexible hose assembly should be removed from the test rig.
Then perform:

a) avisual inspection of the test piece and end connections for surface damage;

b) apneumatic test to PR to detect leakage (no more than 6 cm3/h);

© IS0 2015 - All rights reserved 5
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c) ahydrostatic burst test as specified in 4.2.

4.2.8.6 Permeability test

This test may be used for applications such as high pressure hydrogen and helium in non-metallic lined
hoses.

In this case, it is recommended to follow a procedure similar to the one given in ISO 11119-3.

5 Marking

The flexiblg hose assemblies complying with this International Standard shall be marked with the
following aga minimum:

“ISO 16964” and “A” or “B” as a reference to the appropriate category (see 4.2.3.2);

— “PR” followed by the value of PR and the unit (e.g. PR 250 bar);
— year andl month of manufacture (production test date);

— batch nfimber;

— manufafturer part number;

— manufafturer identification;

— mark fo[ hydrogen compatibility “H” (if applicable, see 4.2(6);

— mark for acetylene service “C2H2” (if applicable, see 4:2.5).

6 © IS0 2015 - All rights reserved
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Annex A
(normative)

Examples of Kink test, side impact test and torsion te

Kink test

st

A.l.

A typical set up of test apparatus is shown in Figure A.2 and shall consist of:

a)

b)

c) 1

A.1.]

The
and ]

Aty
A.1.]

A.1.3

WAR
debr
prot

A.1.3

A.1.3

number of test cycles completed.

Apparatus

test rig base incorporating a fixed and moveable skid. Each skid shall’have a pi
quivalent end connection to suit the flexible hose assembly to be tested fitted to it.

n actuator (e.g. hydraulic) able to apply a longitudinal load via a.fmoveable skid with
ose assembly under test installed.

\ means (e.g. mechanical or digital counter) able to record the load, the pulling fq

P Test pieces

kink test shall be carried out mid length of the flexible hose assembly under test (se
igure A.3).

ical test piece is shown in Figure A.1.

B Test

.1 The test shall be condueted under ambient test area conditions.

NING — Kink test is potentially dangerous as test samples could fracture or brg¢
is. For this reason, tests are performed in a suitable location with operators give
pction, (e.g. personal protective equipment and screen guards).

.2 The flexibte hose assembly shall not be pressurized during the kink test.

.3 Sécure one end of the flexible hose assembly under test to the fixed part of the tes

aloo

shall{be&Jattached to the moving part of the test fixture. The flexible hose assembly shall b

formed in the centre of the test piece (see Figure A.2). The free end of the flexible ho

be clamp or

the flexible

rce and the

e Figure A.2

pak causing
n adequate

t fixture and
se assembly

e supported

between side panels to ensure a localized bend strain is achieved and the loop remains approximately
vertical during flexing.

A.1.3.4 A longitudinal load shall be applied to the flexible hose assembly under test and the load
shall be increased until the cross section of the hose has become oval and the shortest cross sectional

dime

nsion is 75 % of the original external diameter.

A.1.3.5 The corresponding load shall be recorded and the flexible hose assembly shall be subjected
to a hydraulic pressure test at PR and there shall be no evidence of leakage. The flexible hose assembly
should then be subjected to a burst test (see 4.2.2).
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Dimensions in millimetres
1000

T — . —

Figure A.1 — Test piece sample

CHRIT ) EE:D

~
i IO ED ?d:l 2

Key
1 diametey of the flexible

2 fixed point

3 ameansfto apply the load

Figure A.2 — Test apparatus andset up (or equivalent)

Figure A.3 — Test apparatus

8 © IS0 2015 - All rights reserved
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A2

A2,

Aty
a)

b)

A2,

The

connlection shall be tested one after the other.

Aty

A.2.

A.2.3.1 The test shall be conducted under ambient test area conditions.

WARNING — Impact testing is potentially dangerous .as‘test samples could fractur
causiing debris. For this reason, the test is performed-.in suitable location with oper
appropriate personal protective equipment (PPE) and screen guards.

A.2.3.2 The flexible hose assembly shall not be pressurized during the side impact test.

A.2.3.3 Secure one end connection of flexible hose assembly to be tested in the test 3
shown in Figure A.4 by securely clamping-the ferrule. The impact point of the impactor sha
on the side of the end connection on the-centre line of the hose. It shall not be on the ferru

flexi

connfection of the flexible hose assembly under test.

A.2.3.4 The flexible hoseassembly end connection shall not show any signs of fracture, or g
the test impact of 15 ] has'been applied.

A.2.3

asse

to be| tested.

A.2.3.6"“Repeat the test as described in A.2.3.1 to A.2.3.4.

ISO 16964:2015(E)

Side impact test

1 Apparatus
pical set up of test apparatus is shown in Figure A.4 and shall consist of:

An impact tester (e.g. a Charpy impact tester or equivalent) meeting the requ

irements of

[SO 148-1and incorporating gauge or digital readout to record the impact results. The impact tester

used shall be capable of producing a force of 15 .

A V-notch or U-notch impactor (or equivalent).

2 Test pieces

gide impact test shall be performed on each of the flexible hose assembly end connectio

pical test piece is shown in Figure A.1.

B Test

le hose assembly is additionally reinforced (see Figure A.5). Apply an impact load of 15

mbly, it shall.be removed from the test apparatus and rotated to allow the opposite end

ns. Each end

'e or break
ators using

pparatus as
1 be directly
e where the
] to the end

lamage after

.5 Once the’test has been completed successfully on one end connection of the flexible hose

| connection

© ISO 2015 - All rights reserved
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Figure A.5 — Impact point on flexible hose assembly

A.3 Torsion test

A.3.1 Apparatus

A typical set up of test apparatus is shown in Figure A.6 and shall consist of:

a) Atestrigbase incorporating a fixed part and a movable part. The movable part rotates around the
long axis of the flexible hose assembly under test. Both parts shall have pipe clamps or equivalent
end connections to suit the flexible hose assembly to be tested.

b) Anactuator (e.g. hydraulic) capable of turning the rotatable part through + 90° from the vertical axis.

10 © IS0 2015 - All rights reserved
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