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reword

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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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriamee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this document may be the
ent rights. ISO shall not be held responsible for identifying any or all such patent rightg
patent rights identified during the development of the document will.be'in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation of the voluntary nature of standardsythe meaning of ISO specific
ressions related to conformity assessment, as well.as information about ISO's adherg
[1d Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see w
foreword.html.
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technically revised. It also ingerporates the Amendment ISO 11119-2:2012/Amd.1:2014.

Thd

5 document was prepared by Technical Committee ISO/TC 58, Gas cylinders, Subcomn{
hder design.

feedback or questions on this documéent should be directed to the user’s national standa
plete listing of these bodies can be\found at www.iso.org/members.html.

5 third edition cancels and, replaces the second edition (ISO 11119-2:2012), which

main changes compared+to the previous edition are as follows:
References updated:
7.1.3 Minimumibre stress ratios added.

8.5.8 Drop Test. Addition of new alternative test for cylinders up to and including 50 1 wat
with.dedicated compressed gas service. Addition of alternative impact test for tubes 150

85.10 Fire resistance test. Changes to the procedure to make the test more consisten|

enance are

ded for the
e with the

 subject of
. Details of
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and above.

L. Adding a

criteria ror tubes above 15U I'to be tested 1or o min.

8.5.12 Torque Test is now only required for taper threads.

Alist of all parts in the ISO 11119 series can be found on the ISO website.
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Introduction

The purpose of this document is to provide a specification for the design, manufacture, inspection and
testing of cylinders for worldwide usage. The objective is to balance design and economic efficiency
against international acceptance and universal utility.

This document aims to eliminate the concern about climate, duplicate inspection and restrictions
currently existing because of lack of definitive International Standards and is not to be construed as
reflecting on the suitability of the practice of any nation or region.

—_—

This docurflenthias been WT1Tten so that It 1S Sulitable to be referenced in the UN Model Kegu1at10ns[ -

This docurpent addresses the general requirements on design, construction and initial inspectien pnd
testing of pressure receptacles of the Recommendations on the transport of dangerous goods: Mpdel
regulationd developed by the United Nations[12],
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Gas cylinders — Design, construction and testing of
refillable composite gas cylinders and tubes —

Part 2:
Fully wrapped fibre reinforced composite gas cylinders
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[d tubes up to 450 T wititToad-sharing metal liners

Scope

5 document specifies minimum requirements for the material, désign, constru

on both the cylindrical portion and the dome ends;
water capacities up to 450 |;
storage and conveyance of compressed or liquefied gases;

cylinders and tubes with composite reinforcement of carbon fibre, aramid fibre or glass
mixture thereof) within a matrix;

a minimum design life of 15 years.
5 document does not address the designgfitting, and performance of removable protectiv
5 document does not apply to cylindérs with welded liners.

E1 References to cylinders in this document include composite tubes if appropriate.
E2 1SO 11439 applies to cylinders intended for use as fuel containers on natural gas v
11623 covers periodic inspection and re-testing of composite cylinders.
Normative references

following decuments are referred to in the text in such a way that some or all of th
Stitutes requirements of this document. For dated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

3341, Textile glass — Yarns — Determination of breaking force and breaking elongation

kmanship, manufacturing processes, examination and testing at time of manufacture for:

ction and

type 3 fully wrapped cylinders or tubes with aload-sharing metal linerand composite reipforcement

fibre (or a

e sleeves.

ehicles and

Pir content
pplies. For
[s) applies.

ISO
ISO
ISO

6506-1, Metallic materials — Brinell hardness test — Part 1: Test method
6508-1, Metallic materials — Rockwell hardness test — Part 1: Test method

7225, Gas cylinders — Precautionary labels

ISO 7866, Gas cylinders — Refillable seamless aluminium alloy gas cylinders — Design, construction
and testing

IS0 9809-1, Gas cylinders — Design, construction and testing of refillable seamless steel gas cylinders and
tubes — Part 1: Quenched and tempered steel cylinders and tubes with tensile strength less than 1 100 MPa

© IS0 2020 - All rights reserved
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IS0 9809-2, Gas cylinders — Design, construction and testing of refillable seamless steel gas cylinders and
tubes — Part 2: Quenched and tempered steel cylinders and tubes with tensile strength greater than or
equal to 1 100 MPa

ISO 9809-3, Gas cylinders — Design, construction and testing of refillable seamless steel gas cylinders and
tubes — Part 3: Normalized steel cylinders and tubes

ISO 9809-4, Gas cylinders — Refillable seamless steel gas cylinders — Design, construction and testing —

Part 4: Stai
ISO 10286,

nless steel cylinders with an Rm value of less than 1 100 MPa

Gas cylinders — Terminology

[SO 10618,

ISO 11114-
Metallic mq

ISO 11114
contents —

[SO 13341,
ISO 13769,

ISO 14130,
by short-be

ASTM D72

ASTM E13!
Scanning C

3 Terms and definitions

For the pui
ISO and IE
ISO On

IEC El¢

3.1
aramid filj
continuouy

3.2

Carbon fibre — Determination of tensile properties of resin-impregnated yarn

1, Gas cylinders — Compatibility of cylinder and valve materials with gas content$ -— Pa
terials

L4, Transportable gas cylinders — Compatibility of cylinder and valve rhaterials with
Part 4: Test methods for selecting steels resistant to hydrogen embrittlement

Gas cylinders — Fitting of valves to gas cylinders
Gas cylinders — Stamp marking

Fibre-reinforced plastic composites — Determination of apparent interlaminar shear stref
pm method

b9, Standard test methods for tensile testing of aramid yarns

b6-08, Standard Test Method for Assignment of the'Glass Transition Temperatures by Differen
1lorimetry

poses of this document, the tersiand definitions in ISO 10286 and the following apply.

[ maintain terminological databases for use in standardization at the following addresse

line browsing platformtavailable at https://www.iso.org/obp

ctropedia: availableat http://www.electropedia.org/

re
filamen€s)of aramid laid up in tow form

autofrettage
pressure ;1 e— ] rict — - SR ffir .

't 1:

gas

gth

tial

172}

use

permanent plastic deformation, and results in the liner having compressive stresses and the fibres
having tensile stresses when at zero internal gauge pressure

3.3
batch

set of homogeneous items or material

Note 1 to entry: The number of items in a batch can vary according to the context in which the term is used.

© IS0 2020 - All rights reserved
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34

batch of liners

production quantity of up to 200 finished liners successively produced (plus units required for
destructive testing) of the same nominal diameter, length, thickness and design, from the same material
cast and heat treated to the same conditions of temperature and time

3.5

batch of finished cylinders
production quantity of up to 200 finished cylinders successively produced by the same manufacturing
process plus finished cylinders required for destructive testing, of the same nominal diameter, length,
thickness and design

3.6
builst pressure
highest pressure reached in a cylinder during a burst test

3.7
carpon fibre
confinuous filaments of carbon laid up in tow form

3.8
composite overwrap
conpbination of fibres and matrix

3.9
dedicated gas service
seryice in which a cylinder is to be used only with a specified gas or gases

from the same material family and similar properties to a fibre used in a previously] prototype

of the same alloy family, anid that has certified properties and performance so as to b¢ a directly

equivalent matrix
resin matrix from_the same chemical family and similar properties to the resin matriy used in a
preyiously prototype tested cylinder

3.1
glass fibre
conftinuous filaments of glass laid up in tow form

3.15
liner

inner portion of the composite cylinder, comprising a metallic vessel, whose purpose is both to contain
the gas and transmit the gas pressure to the fibres

3.16
matrix
material used to bind and hold the fibres in place

3.17

load-sharing liner

liner which has a burst pressure greater than or equal to 5 % of the nominal burst pressure of the
finished composite cylinder

© IS0 2020 - All rights reserved 3
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3.18

thermoplastic

plastics capable of being repeatedly softened by increase of temperature and hardened by decrease of
temperature

3.19

thermosetting

plastics that, when cured by the application of heat or chemical means, harden permanently into a
substantially infusible and insoluble product

3.20
working pressure

w
settled prejssure, in bar, of a compressed gas at a reference temperature of 15 °C in a full gas €ylindsg

—

3.21
nominal outside diameter
diameter of the cylinder specified by the manufacturer for the type approval jineluding tolerances
(e.g. 1 %)

3.22
glass trankition temperature
Tg
the tempeifature where a polymer substrate changes from a rigid glassy material to a soft (not melfed)
material, ahd is usually measured in terms of the stiffness, or modulus.

4 Symblols

Pyl burst pressure of finished liner bar
Py burst pressure of finished cylinder bar
Pn test pressure bar
Prmax maximum developed pressure at 65 °C bar

5 Inspdction and testing

To ensure that the cylinders-conform to this document, they shall be subject to inspection and testing in
accordance¢ with Clauses'6,/7, 8, and 9 by an inspection body (hereafter referred to as “the inspectpr”)
authorized to do so. Example forms of certificates that can be used are shown in Annexes A and B.

Equipment used forsmeasurement, testing, and examination during production shall be maintained and
calibrated within a documented quality management system.

6 Materials
6.1 Liner materials

6.1.1 The liner materials shall conform in all relevant respects to the appropriate standard:
a) seamless steel liners: ISO 9809-1, ISO 9809-2 or ISO 9809-3, as appropriate;
b) seamless stainless steel liners: ISO 9809-4;

c) seamless aluminium alloy liners: ISO 7866.

4 © IS0 2020 - All rights reserved
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Relevant clauses are those covering materials, thermal treatments, neck design, construction and
workmanship, and mechanical tests. This excludes the design requirements since these are specified by
the manufacturer for the design of the composite cylinder (see 7.2.2).

6.1.2 The materials used shall be of uniform and consistent quality. The composite cylinder
manufacturer shall verify that each new batch of materials has the correct properties and is of satisfactory
quality. They shall also maintain records so that the cast of material and the heat treatment batch (where
applicable) used for the manufacture of each cylinder can be identified.

6.1.3 The liner shall be manufactured from a metal or alloy suitable for the gas to be contained in
accprdance with [SO 11114-1. For compatibility with hydrogen see ISO 11114-4.

6.1/4 When a neck ring is provided, it shall be of a material compatible with that of lthe cylinder, and
shall be securely attached by a method appropriate to the liner material.

6.2 Composite materials
6.2{1 The overwrap materials shall be carbon fibre or aramid fibre orlass fibre or any mixtfire thereof.

6.2)2 The matrix shall be a polymer suited to the application; enivironment, and intended life of the
profuct.

6.2)3 The supplier of the filament material and the matrix system component materials sHall provide
sufﬂicient documentation for the composite cylinder manufacturer to be able to identify fully the batch of
matlerials used in the manufacture of each cylinder.

6.2/4 The materials used shall be of uniform and consistent quality. The composite cylinder
manufacturer shall verify that each new batchiof materials has the correct properties and is of §atisfactory
quiity, and maintain records from which.the batch of materials used for the manufacture of each cylinder
can|be identified. A certificate of conformity from the material manufacturer is considered acdeptable for
the purposes of verification.

6.2)5 Batches of materials.shall be identified and documented.

7 |Design and manufacture
7.1 General

7.1{1 Aftype 3 fully-wrapped composite gas cylinder with load-sharing liner shall comprise

a) |dminternal metal liner, which carries part of the longitudinal and circumferential load;

b) acomposite overwrap formed by layers of continuous fibres in a matrix;
c) an optional external protection system.

Where necessary, care shall be taken to ensure that there is no adverse reaction between the liner and
the reinforcing fibre by the application of a suitable protective coating to the liner prior to the wrapping
process.

7.1.2 Cylinders shall be designed with one or two openings along the central axis only. Threads shall
extend completely through the neck or have sufficient threads to allow full engagement of the valve.

The cylinder can also include additional parts (e.g. neck rings, bases).

© IS0 2020 - All rights reserved 5
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7.1.3 The cylinders shall be designed for high reliability under sustained load and cyclic loading.
Therefore, it is necessary to take account of the properties of the individual composite fibres and to
establish their respective minimum fibre stress ratios.

The fibre stress ratio is defined as the fibre stress at calculated design minimum burst pressure divided
by the fibre stress at 2/3 test pressure.

The minimum fibre stress ratios shall be as follows:

— for glass: 3,6;

for aramid—3:1;

— for carpon: 2,4.

The strengith of the individual types of fibres used in hybrid construction may be verified by testing of

containers|reinforced with a single type of fibre. In a hybrid construction, the applicable stress rptio

requirements shall be met in one of the two following ways:

a) ifload[sharing between the various fibre reinforcing materials is considered\a fundamental paft of
the design, each fibre shall meet the stated stress ratio requirements.

b) ifloadsharing between fibres is not considered as a fundamental partof the design, then one offthe
reinfofcing fibres shall be capable of meeting the stress ratio requirements even if all other fjbre
reinforcing materials are removed.

7.1.4 Examples of certificates are shown in Annexes A and B.

7.2 Design submission

7.2.1 The design submission for each new design, of cylinder shall include a detailed drawing, along

with documentation of the design including manufacturing and inspection particulars as detailegl in

7.2.2,7.2.3)and 7.2.4.

7.2.2 Dofumentation for the liner shalkiriclude (but not be limited to):

a) material, including limits of chientical analysis;

b) dimenpions, minimum thickness, straightness, and out-of-roundness, with tolerances;

c) process and specificatipn of manufacture;

d) heat trleatment, temperatures, duration, and tolerances;

e) inspection procedures (minimum requirements);

f) material-properties including minimum mechanical properties and hardness ranges, where
applicable;

g) minimum design burst pressure;

h) dimensional details of valve threads and any other permanent features.

7.2.3 Documentation for the composite overwrap shall include (but not be limited to):

a)
b)

c)

fibre material, specification, and mechanical properties requirements;

minim

um composite thickness;

thermosetting matrix: specifications (including resin, curing agent and accelerator), and resin bath
temperature where applicable;

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=80940e7a3f47c9d6dc96fe18df7848a6

1ISO 11119-2:2020(E)

d) thermoplastic matrix system: main component materials, specifications and process temperatures;

e) overwrap construction including the number of strands used, number of layers, layer orientation,
and tensioning of the fibre at wrapping (where applicable);

f) curing process, temperatures, duration, and tolerances, where applicable.

7.2.4 Documentation for the composite cylinder shall include (but not be limited to):

a) nominal water capacity, in litres, under ambient conditions;

b) [dimensions with tolerances

c) |list of intended contents, if intended for dedicated gas service;

d) |testpressure, p;;

e) |working pressure, p,, (if applicable), that shall not exceed 0,67 x p;;

f) |maximum developed pressure at 65 °C for specific dedicated gas(es)p .«
g) |minimum design burst pressure;

h) |design life in years, although cylinders with a test pressure of less than 60 bar shall have a non-
limited design life;

i) |autofrettage pressure and approximate duration (where applicable);
j) |nominal mass of the finished composite cylinderificluding tolerances;

k) |details of components which are permanentlyattached and form part of the qualified design (neck
rings, protective boots, etc.).

7.3| Manufacturing

7.3]1 The liner shall be manufactured in accordance with the manufacturer's design (see 7.4.2) and the
Intdrnational Standard for the relevant metallic material (as listed in 6.1.1).

7.3]2 The composite cylinder shall be fabricated from a load-sharing liner fully overwrapped with
laygrs of continuous fibresin a matrix applied under a controlled tension to develop the designl composite
thidkness specified ir7.2.3.

Lingrs can be stripped and re-wound provided that the overwrap has not been cured. The liner shall
notjbe overwrapped if it has been damaged or scored by the stripping process.

7.3{3_~After wrapping is completed the composite shall be cured (if appropriate) using af controlled
temjperature profile as specified in 7.2.3. The maximum temperature shall be such that the mechanical
properties of the liner material are not adversely affected.

7.3.4 If cylinders are subjected to an autofrettage operation, the autofrettage pressure and duration
shall be as specified in 7.2.4. The manufacturer shall demonstrate the effectiveness of the autofrettage by
appropriate measurement technique(s) acceptable to the inspector.

7.3.5 If cylinders are subjected to a prestressing or fibre tensioning during wrapping in order to
actively change the final stresses in the finished cylinder, the level of stress shall be as specified in the
documentation in 7.2.4 and levels of stress of tensioning shall be recorded or monitored.

© IS0 2020 - All rights reserved 7
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8 Type

approval procedure

8.1 General requirements

Each new cylinder design shall be submitted by the manufacturer to the inspector. The type approval
tests detailed in 8.2 shall be performed, under the supervision of the inspector, on each new cylinder
design or design variant.

8.2 Prototype tests

821 A llqinimum of 30 cylinders of the new design shall be made available for prototype testing.

Upon succg
qualificatig

8.2.2 If
cylinders s
In this casd

For a limitq

8.2.3 Th
be inspecte

Lt
environmental cyclefest, in accordance with 8.5.6;

n batch can be used for service.

hall be made to complete the prototype tests required, in addition to the production qua
, the approval validity is limited to this batch only.

e batch of liners, prior to being wrapped, shall conform tothie design requirements and g
d and tested in accordance with 9.1.

e composite material(s), prior to the cylinders being wrapped, shall conform to the de
1ts and shall be tested in accordance with 9.3.

ts for a new cylinder design shall be supervised by an inspector and shall consist of:

lic proof pressure test, in accordance with 8.5.1 or, hydraulic volumetric expansion tes
ance with 8.5.2;

urst test, in accordance with'8.5.3;

br burst test, in accordafice with 8.5.4;

temperature cycletest, in accordance with 8.5.5;

st, in accordance with 8.5.7;

Impact.test, in accordance with 8.5.8;

8.2.4 Th
requiremel
8.2.5 Teg
a) hydrat
accord
b) liner b
c) cylind
d) ambie
e)
f) flaw te
g) drop/i
h) high v

bssful completion of all prototype tests, the remaining untested cylinders from the prototype

for special applications, the total number of cylinders required is less than 30, sufficjent

ity.

bd design change (design variant), in accordance with Table 1, a réduced number of cylindlers
shall be selected by the inspector.

hall

bign

[, in

locity impact (gunfire) test, in accordance with 8.5.9;

8.2.6 Tests that are optional depending upon the design and intended use of the cylinder are:

a)
b)

<)

fire resistance test, in accordance with 8.5.10;

salt water immersion test, in accordance with 8.5.11 (mandatory for underwater uses);

with load sharing glass or aramid fibre;

torque

test, in accordance with 8.5.12.
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8.2.7 For approval of a design variant as specified in 8.4, it is only necessary to carry out the tests as
stated in Table 1 under supervision of the inspector. A cylinder approval by a reduced series of tests
shall not be used as a basis for a second design variant approval with a reduced set of tests (i.e. multiple
changes from an approved design are not permitted), although individual test results can be used as
applicable (see 8.4.2).

8.2.8 Tests can be combined such that one cylinder can be used for more than one test. For example,
the cylinder burst test in the drop/impact test (8.5.8) can be used to satisfy the requirement of the burst
test (8.5.4).

8.2/9 Ifthe results of the above prototype tests are satisfactory, the inspector shall issue a gygpe approval
cerfificate, a typical example of which is given in Annex A.

8.2]10 After completion of the tests, the cylinders shall be destroyed or made_ineapable|of holding
pregsure.

8.3 New design

8.3]1 This clause specifies when a composite cylinder is a neWw design for the purpokes of this

docpment. Subclause 8.4 specifies when a composite cylinder is a design variant.

8.3)2 A new cylinder design requires full type approval testing. A cylinder shall be considered to be of

a ngw design compared with an existing approved design.if:

a) [Itis manufactured in a different factory. A relegation of a factory does not require a nqw cylinder
design approval provided all equipment and procedures remain the same as for the origfinal design
approval.

b) [It is manufactured by a process that istsignificantly different from the process used in|the design
type approval. A significant change i§-regarded as a change that would have a measurable change in
the performance of the liner and/ex finished cylinder. The inspector shall determine wh¢n a change
in process or design or manufacture is significantly different from the original qualified|/design.

c) |The nominal outside diameter has changed more than 50 % from the qualified design.

d) |A fibre of the same-specification classification and mechanical properties, but with fa different
linear density shall-not be considered a new fibre type. Changes in the wrapping pattgrn shall be
considered to beag'design variant [see 8.4.1 g)].

e) |The cylindetis manufactured with a new fibre type. A fibre shall be considered to be of p new fibre

type whent

1) , thefibre is of a different classification (e.g. glass, aramid or carbon);

2) the fibre is produced from a different precursor [e.g. polyacrylonitrile (PAN) of pitch for
carbon];

3) the fibre is not equivalent [see 8.4.1 i)] to the fibre in the original design

f) The matrix materials (i.e. resin, curing agent, accelerator) are different and not chemically

g)

equivalent to the original design (e.g. a change from an epoxy to a polyester).

The test pressure has increased more than 60 % from the qualified design.

8.3.3 A cylinder shall also be considered to be of a new design compared with an existing approved
design if the liner method of manufacture or design has changed to a significant extent.

EXAMPLE 1

It is manufactured in a different factory. A relocation of a factory does not require a new cylinder

design approval provided all equipment and procedures remain the same as for the original design approval.
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EXAMPLE 2
in the original type tests.

EXAMPLE 3

It is manufactured from a material of different composition or composition limits from that used

The material properties are outside the original design limits.

8.4 Design variants

8.4.1 For cylinders similar to an approved design, a reduced type approval testing programme is
required as specified in Table 1. A cylinder shall be considered to be a design variant if changes are
limited to the following:

a)
b)

‘)
d)

f)
g)

h)

j)

10

The ng
The nd

minal length of the cylinder has changed by more than 5 %.

minal outside diameter has changed by 50 % or less.

The adtofrettage pressure has changed by more than 5 % or 10 bar, whichever is thellower.

There

NOTE
approv

The b4
and m

The m

There
submi

When

Epoxy,
based
of inte|
higher]

When

Equiv3
of man
and w
approy
carbor

Whers
manuf]
fibre W

s a change in the design test pressure up to and including 60 %.

Where a cylinder is to be used and marked for a lower test pressure.than that for which de
b1 has been given, it is not deemed to be of a new design or design variant.

se profile and/or base thickness of the liner has changed relative to the cylinder diam
nimum wall thickness and outside the tolerances provided in'the design submission.

nimum wall thickness of the liner has changed by morethan 5 %.

have been changes to the composite thickness outside the tolerances provided in the de
bsion.

pquivalent matrix materials are used.

vinyl ester, and polyester systems are 1ot chemically equivalent to each other, but two ep
systems would be considered chemically equivalent as long as the minimum requireme
rlaminar shear testing are achieved and has a glass transition temperature Tg equal t
than the system being replaced, When equivalent overwrapping fibres are used.

bquivalent overwrapping(fibres are used.

lent fibres are manufagtured from the same nominal raw materials, using the same pro
ufacture and havingthe same physical structure and the same nominal physical proper

Kign

pter

bign

Xy-
ents
D Or

Cess
ies,

ed cylinder design. Carbon fibres made from the same precursor can be equivalent. Ara
and glass fibres are not equivalent.

a new_equivalent fibre has been prototype tested for an existing design, then all
hcturer’s existing prototype tested designs are regarded as prototype tested with the

here the averagé-tensile strength and modulus is within +5 % of the fibre properties illan

id,

the
hew

rithout the need for any additional prototype testing.

When an equivalent liner is used:

1) equivalent liners are manufactured from the same nominal raw materials, using the same
process of manufacture and having the same physical structure and where the average tensile
strength and modulus is within +5 % of the approved cylinder design;

2) the equivalent liner material shall be subjected to the material tests specified in 9.1.3 and the
liner burst test specified in 8.5.3 and in both cases shall meet the minimum requirements
specified in 7.2.2;
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3) where a new equivalent liner has been prototype tested for an existing design, then all the
manufacturer’s existing prototype tested designs are regarded as prototype tested with the

new liner without the need for any additional prototype testing.

When the cylinder thread has changed:

When a cylinder design has only a different thread compared to an approved design, only the

torque test, in accordance with 8.5.12, shall be performed.

8.4.2 A cylinder approval by a reduced series of tests (a “design variant”) shall not be used as a basis

for

des
req

(B)
test

8.4
par

8.4

second design variant approval with a reduced set of tests (j.e. multiple changes from a
gn are not permitted). If a test has been conducted on a design variant (A) that falls witliin
lirements for a second variant (B), then the result for (A) can be applied to the new deg
test programme. However, design variant (A) cannot be used as the reference for|deter]
ing required for any new design variant.

3 Where a design variant involves more than one parameter change allithe tests requir
hmeter changes shall be performed once only.

4 The inspector shall determine the level of reduced testing if not defined in Table 1,

approved design shall always be used as a reference for the new design variant (i.e. new desi

sha

8.4
and

I not be approved by reference only to a previous design varidant).

5 Annex C is an example of a certificate that can be used to document the testing of line

n approved
the testing
ign variant
mining the

bd by those

but a fully
on variants

I materials

or composite materials to prove equivalency with approved materials from a previous type approval
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8.5 Type approval test procedures and criteria
8.5.1 Proof pressure test

8.5.1.1 Procedure

When carrying out the pressure test, a suitable fluid shall be used as the test medium. This can include
liquids such as water or oil and gases such as air or nitrogen). This test requires that the pressure in
the cylinder be increased gradually and regularly until the test pressure, p;, is reached. For cylinders
up to 150 I the cylinder test pressure shall be held for at least 30 s with the cylinder isolated from the
pregsure source. For tubes of 150 I and above, the cylinder test pressure shall be held for at|least 120 s
with the cylinder isolated from the pressure source. During this time, there shall be no dgectlease in the
recprded pressure (other than due to temperature variation of the test medium) on'evid¢nce of any
lealtage. Adequate safety precautions shall be taken during the test.

If leakage occurs in the piping or fittings, the cylinders shall be re-tested afterrepairing such leakages.

Where cylinders are subjected to autofrettage, the proof pressure test can immediately|follow the
autpfrettage process.
Thelimit deviation on attaining test pressure shall be test pressuref{yp,, + 3) % or (ph+18) bar Jwhichever

is the lower. Pressure gauges with the appropriate accuracy shall be used.
All Internal surfaces of cylinders shall be dried (to ensurexo free water) immediately after testing.

Altgrnatively, a pneumatic pressure test can be used provided that appropriate measures afe taken to
enslire safe operation and to contain any energy thatcan be released, which is considerablylmore than
in the hydraulic test.

8.5]1.2 Criteria

The cylinder shall be rejected if there are leaks, failure to hold pressure or visible permanent
def¢rmation after the cylinder is depressurized.

NOTE Cracking of resin is notinecessarily a sign of permanent deformation.
8.5{2 Hydraulic volumetric expansion test

8.5]2.1 Procedure

When carrying-out the pressure test, a suitable fluid (normally water) shall be used as the tept medium.
Thip test requires that the pressure in the cylinder be increased gradually and regularly unptil the test
prepsure,.py, is reached. For cylinders up to 150 I the cylinder test pressure shall be held for at least
30 § with'the cylinder isolated from the pressure source. For tubes of 150 1 and above, the cylinder test
pregsure shall be held for at least 120 s with the cylinder isolated from the pressure source. Puring this
time there shall be no decrease in the recorded pressure or evidence of any leakage. Adequate safety
precautions shall be taken during the test.

If leakage occurs in the piping or fittings, the cylinders shall be re-tested after repairing such leakages.

The total volumetric expansion of each cylinder under the test pressure, p;, and the permanent
volumetric expansion of the cylinder after the pressure is released shall be recorded. The elastic
expansion (i.e. total expansion less permanent expansion) under test pressure shall then be established
for each cylinder.

Where cylinders are subjected to autofrettage, the hydraulic volumetric expansion pressure test can
immediately follow the autofrettage process.
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The limit d

+10

eviation on attaining test pressure shall be (p;, + 3) % or (ph 0

All internal surfaces of cylinders shall be dried (to ensure no free water) immediately after testing.

8.5.2.2 Criteria

The cylinder shall be rejected if:

a) there are leaks or failure to hold pressure;

)bar, whichever is the lower.

b) therei
excess

8.5.3 Liner burst test

8.5.3.1 K

One liner s
The test shj

s permanent expansion (i.e volumetric expansion after the pressure has been release
of 5 % of the total expansion.

rocedure

hall be tested hydraulically to destruction by pressurizing at a rate of no more than 5 b4
all be carried out under ambient conditions.

The para
a) burs‘:rressure;

b) thenu
<)

d)

descrij

8.5.3.2 (

The burst
submissiof

8.5.4 Cy

8.54.1 K

Three cylinders shall be tesfed hydraulically to destruction by pressurizing at a rate of no more t

10 bar/s. T
it shall be 4

pressure—time curve or pressure—volume curve.

ters that shall be monitored and recorded are:

mber of pieces;

btion of failure;

riteria

(7.2.2). Failure shall initiate in the'liner side wall and the liner shall remain in one piece
inder burst test

rocedure

he test shallbe‘earried out under ambient conditions. Prior to the commencement of the 1
nsured thap#o air is trapped within the system.

The para

a) burs

|

t pressure;

ters.that shall be monitored and recorded are:

ressure, py, shall be notless than theminimum design burst pressure specified in the deg

—

gn

han
est,

b) description of failure;

c) pressure-time curve or pressure-volume curve.

8.5.4.2 (Criteria

a)

manufacturer (see 7.2.4).

b)
where

c)

14

py, is the test pressure.

© IS0 2020 - All rights rese

The burst pressure shall exceed the minimum design burst pressure specified by the cylinder

The burst pressure, p,, for cylinders with carbon fibre reinforcement shall be not less than 2,0 x p;,

The burst pressure, py, for cylinders with aramid fibre reinforcement shall be not less than 2,1 x p;,.
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d) The burst pressure, p,, for cylinders with glass fibre reinforcement shall be not less than 2,4 x p,.
8.5.5 Ambient cycle test
8.5.5.1 For cylinders with test pressure equal to or greater than 60 bar

8.5.5.1.1 General

Where a cylinder is intended for use only with one or more specific gases, the design can be designated
for dedicated gas use. The gases permitted in the cylinder shall be identified clearly on the cylinder
labgl (see 10.2). Cylinders tested to test pressure, p;, or maximum developed pressure, p 3.} shall have
a splecified design life from 15 years to non-limited life.

8.5/5.1.2 Procedure
Tw¢ cylinders shall be subjected to a hydraulic pressure cycle test to either:
a) [test pressure, p;, for unspecified gas service; or

b) |maximum developed pressure at 65 °C, p,,,.., for the dedicated gaswhich has the greatest developed
pressure;

The test shall be carried out using a non-corrosive fluid sinder ambient conditions, subjecting the
cylinders to successive reversals at an upper cyclic pressure which is equal to the hydraulic test
prepsure, p;, or maximum developed pressure at 65 °C, py,)y, s appropriate.

The value of the lower cyclic pressure shall not exCeed 10 % of the upper cyclic pressur¢, but shall
have an absolute maximum of 30 bar. The frequency of reversals of pressure shall not excded 0,25 Hz
(15|cycles per minute). The temperature on thé&outside surface of the cylinder shall not eyceed 50 °C
durjng the test.

The parameters that shall be monitored'and recorded are:
a) [the temperature of the cylinder;

b) |number of cycles achievingupper cyclic pressure;

c) |minimum and maximumy’cyclic pressures;

d) |cycle frequency;

e) |test mediunrused;

f) |mode offailure, if appropriate.

8.5J5,1.3" Criteria

Both cylinders shall withstand N pressurization cycles to test pressure, p,, or Ny pressurization
cycles to maximum developed pressure, p,,,.., without failure by burst or leakage, as determined with

Formulae (1) and (2):

— N pressurization cycles to test pressure, p;, or
— Ny pressurization cycles to maximum developed pressure, p,.,.
where

N =tx 250 1
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Ny=1tx500 (2)

where t is the number of years of design life, which shall be a whole number, not less than 15.

The test shall continue for a further N or Ny cycles, or until the cylinder fails by leakage, whichever
is the sooner. In either case, the cylinder shall be deemed to have passed the test. However, if failure
during this second part of the test is by burst, then the cylinder shall have failed the test (see Table 2).

If the cylinder is designed to pass 12 000 hydraulic cycles to test pressure or 24 000 cycles to maximum
developed pressure, and achieves this level in the test it is not necessary to limit the design life of the
cylinder.

Table 2 — Criteria for the ambient cycle test

First part Second part
OtoN N to 2N but 2N no morejthan 12 000
Numbef of cycles 0to Ny N4 to 2N, but 2N4 no more than 24 000

No leakage/burst = Pass

Criteria No leakage or burst Lleakage = Pass

Pass first part Burst = Fail

8.5.5.2 Hor cylinders with test pressure less than 60 bar

8.5.5.2.1 |Procedure
Two cylinders shall be subjected to a hydraulic pressuré€’cycle test to test pressure.

The test shall be performed using a non-corrosive fluid under ambient conditions, subjecting|the
cylinders fo successive reversals at an upper,<cyclic pressure which is equal to the hydraulic fest
pressure, fy,.

The value ¢f the lower cyclic pressure shall not exceed 10 % of the upper cyclic pressure. The frequgncy
of reversalp of pressure shall not exceed 0,25 Hz (15 cycles per minute). The temperature on the outfide
surface of the cylinder shall not exeeed 50 °C during the test.

The follow|ng parameters shaltbe monitored and recorded:
a) the terperature of the)cylinder;
b) numbdr of cycles\dchieving upper cyclic pressure;

¢) minimum aftd'maximum cyclic pressures;

d) cycle freguency:

e) test medium used;

f) mode of failure, if appropriate.

8.5.5.2.2 (Criteria

Both cylinders shall withstand 12 000 pressurization cycles to test pressure, p;. If the cylinder is

designed to pass 12 000 hydraulic cycles to test pressure and achieves this level consistently in the test
it is not necessary to limit the design life of the cylinder.
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6 Environmental cycle test

6.1 General

Perform the tests in this clause in an environmental chamber. One cylinder, without paint or removable
protective coating and/or casing shall be tested.

8.5.

6.2 Procedure

The cylinder to be tested shall be filled at the ambient atmospheric pressure using a suitable medium

(e.g
whd

Con
tem
intd
cha

Thd
and|

Con
cha

Sea

a)

b)

d I10OII-COI'T UbiVl;' f}ulb‘l) buL}l l.hdl. iLb lJl Upb‘l Liﬁb L‘lU 100 dcgl dL‘lb‘ f[ OIIl LhUbU dl dlll‘l)iﬁllL L
n used at the test temperature extremes.

dition cylinder and contained pressurizing medium for 48 h at atmospheri¢ pres
perature between 60 °C and 70 °C and at a relative humidity greater than or,equal to
nt of this requirement can be met by spraying with a continuous fine spray-or mist of]
mmber held between 60 °C and 70 °C.

n install the cylinder to be tested in an environmental chamber capable of meeting the te
humidity requirements for the test.

nect the cylinder to be tested to a source of pressure, mounted externally to the env
nber, which can meet the cylinder pressure cycling requizenients.

the cylinder in the environmental test chamber and fellow a) to c).

Carry out the hot cycle test phase starting with the,cylinder at ambient temperature, pr
humidity. Change the test chamber environment until a cylinder surface temperature

60 °C and 70 °C is achieved. Cycle the internal pressure between 0,67 x p; and less th
the working pressure (6,67 % of the test préssure) for 5 000 cycles using the external p1
medium supplied at ambient temperatuse.

The cycling frequency shall not exceed 5 cycles per minute.

During the test, the cylinder surface temperature shall be maintained at between 60 °
(e.g. by regulating the environmental chamber parameters and the pressure cycling freq

mperature

sure, at a
90 %. The
water in a

mperature
ronmental
bssure, and
bf between

an 10 % of
fessurizing

[ and 70 °C
juency).

Once the required nurmiber of pressure cycles has been completed, release the cylinder internal

pressure and stabilize)its temperature at approximately 20 °C.

Carry out the ¢old cycle test phase starting the cylinder at ambient atmospheric te

mperature,

pressure and humidity. Change the test chamber environment until a cylinder surface te
of between, <50 °C and -60 °C is achieved. Cycle the internal less than 10 % of worki
(6,67 %<0of test pressure) and 0,67 x p; for 5 000 cycles using the external pressurizi
supplied at ambient temperature.

The cycling frequency shall not exceed 5 cycles per minute.

mperature

r]]g pressure

g medium

)

During the test, the cylinder surface temperature shall be maintained at between -50 °C

and -60 °C

(e.g. by regulating the environmental chamber parameters and the pressure cycling frequency).

Once the required number of pressure cycles has been completed, release the cylind
pressure and stabilize its temperature at approximately 20 °C.

Carry out a burst test in accordance with 8.5.4.

The parameters that shall be monitored and recorded are:

1y
2)

the cylinder surface temperature throughout the test;

the test chamber humidity;
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3) thecyl

inder pressurization medium used;

4) the number of pressure cycles completed (a complete cycle achieves the required test pressure, e.g.

Pmax d)

)’

5) the minimum and maximum cyclic pressures achieved for each test cycle;

6) the pressure cycle frequency;

7) the parameters specified in 8.5.4.

8.5.6.3 (

a) The by
b) The bu
c) Theby

8.5.7 FI3

8.5.7.1 K

Two cylind
of the cylin
thick cutte
surface of 1
of the cuttg

A second ti1
cylindrical
Figure 1.

One cylind

The other
shall be 0,6

The parameters that shall be menitored and recorded are:

Fiteria
rst pressure, p,, for cylinders with carbon fibre reinforcement shall be not less thaf 1,7

rst pressure, py, for cylinders with aramid fibre reinforcement shall be not less than 1,9

rst pressure, py, for cylinders with glass fibre reinforcement shall be not léssthan 2,2 x p,.

w test

rocedure

ers shall be tested. One longitudinal flaw shall be cut inte_each cylinder, in the mid-leq
drical wall of the cylinder in accordance with Figure 1s The flaw shall be made with a 1
I to a depth equal to at least 50 % of the composite thigkness (t) (measured from the out
he finished cylinder), but no greater than 2,5 mm deep, and to a length between the cen
br equal to five times the composite thickness (t).

ansverse flaw of the same dimensions shall®@e cut into each cylinder in the mid-length of
wall approximately 120° around the circumference from the other flaw in accordance

er shall be subjected to the bursttest specified in 8.5.4.

ylinder shall be subjected toithe pressure cycling test in 8.5.5, but the upper cyclic press
7 x py, and the test shall besuspended after 5 000 cycles if the cylinder has not failed.

sions of flaws;
hperature ofthe cylinder;

r of cycles/achieving upper cyclic pressure;

mrand maximum cyclic pressures;

Ph-
Py

gth
mm
bide
[res

the
vith

ure

a) dimen
b) the ter
c) numbsd
d) minim|
e)
f)
g)
18

cycle frequency;
test medium used;

mode of failure, if appropriate.
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= St
o 839 2
“~ — /
& 3
B
Key
1 [flaw, 1 mm wide
wrap
3 |liner

Figure 1 — Flaw test procedure

8.5]7.2 Criteria
Firdt cylinder: Bupstpressure, p;, shall be greater than or equal to 1,33 x p,.

Secpnd cylindép~The cylinder shall withstand atleast 1 000 pressure cycles to 0,67 x p;, withqut leakage.
If the cylinder/fails by leakage after 1 000 cycles, it shall be deemed to have passed the test. However, if
failyire during this second half of the test is by burst, then the cylinder shall have failed the test.

8_5}8 Dron /imnacf test

T OoPY ) o TTEDT

8.5.8.1 General

The test procedure in 8.5.8.2 shall be used for cylinders up to and including 50 1 water capacity with
unspecified gas service and cylinders with dedicated liquefied gas service. The test procedure in 8.5.8.4
shall be used for cylinders over 50 1 water capacity with unspecified gas service. The test procedure in
8.5.8.3 is an alternative test for cylinders up to and including 50 1 water capacity used in designated
compressed gas service.

The test procedure in 8.5.8.5 is an alternative to 8.5.8.4 for tubes of 150 1 water capacity and above.
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Where a cylinder is intended for use only with one or more specific gases, the design can be designated
for dedicated gas use. The gases permitted in the cylinder shall be identified clearly on the cylinder

label (see 10.2).

8.5.8.2 For cylinders up to and including 50 1 water capacity with unspecified gas service and
cylinders with liquefied gas service

8.5.8.2.1

Procedure

Two cylinders shall be filled with water to 50 % capacity and fitted with a steel or aluminium plug with

diameter

T

greater than the neck diameter, to protect threads and sealing surraces.

Both cylindlers shall be dropped twice, in each of the five positions shown in Figure 2, from a-miffimum

height of 1
thickness.
points on t

One cylind
The other

,2 m, onto a smooth concrete surface or a protective steel plate of a minimum of 10
The drop surface shall be sufficiently flat so that the difference in level betyvéén any
he surface is no more than 2 mm.

er shall be subjected to the burst test specified in 8.5.4.

ylinder shall be subjected to the pressure cycling test specified in‘8:5.5.

The paramieters that shall be monitored and recorded are the following:

a) visual

pppearance after each drop: record position and dimensiohs of impact damage;

mm
fwo

b) para:[ters specified in test 8.5.4;

c) paramkters specified in test 8.5.5.

o

%

Figure 2 — Drop test

8.5.8.2.2 | Criteria

First cylinder: burst pressure, p;, shall be equal to or greater than 100 % of the minimum burst level
required in the burst test (see 8.5.4).

Second cylinder: the cylinder shall satisfy the requirements of the ambient cycle test (see 8.5.5).

8.5.8.3 For cylinders up to and including 50 1 water capacity with dedicated compressed gas
service

8.5.8.3.1 Procedure

Two cylinders shall be fitted with a steel or aluminium plug with diameter no greater than the neck
diameter, to protect threads and sealing surfaces.
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Both cylinders shall be dropped twice, in each of the five positions shown in Figure 1, from the
calculated drop height on to a smooth concrete surface or a protective steel plate of a minimum of
10 mm thickness. The drop surface shall be sufficiently flat so that the difference in level between any
two points on the surface is no more than 2 mm.

The drop height, h, shall be calculated as per Formula (3):
h=1,2+ (0,6 x V/m) 3)

where

V  is the water volume of the cylinder in litres;

m is the weight of the empty cylinder in kilograms.

Ong cylinder shall be subjected to the burst test in 8.5.4.

The other cylinder shall be subjected to the pressure cycling test in 8.5.5.

The following parameters that shall be monitored and recorded are:

a) |visual appearance after each drop: record position and dimensipns of impact damage;
b) [parameters specified in 8.5.4;

c) |parameters specified in 8.5.5.

8.5/8.3.2 Criteria

Firdt cylinder: burst pressure, p;, shall be equalto or greater than 100 % of the minimum [burst level
reqpired in the burst test (see 8.5.4).

Secpnd cylinder: the cylinder shall satisfy~the requirements of the ambient cycle test (see 8.5.5).

8.518.4 For cylinders over 50 1 water capacity

8.5/8.4.1 Procedure

Ondg or more empty cylinders, with sealing device to protect threads and sealing surfaces, sHall be drop
tesfed at ambient temperature. The surface onto which the cylinders are dropped shall bg a smooth,
horjzontal concretejpad or flooring.

Onq cylinder-shall be dropped in a horizontal position with the lowest point of the cylinfler no less
than 1,8 mabove the surface onto which it is dropped. One cylinder shall be dropped verticplly on one
end|at a §ufficient height above the floor or pad so that the potential energy is 1 220 |, but the height of
thellower end shall in no case be greater than 1,8 m. One cylinder shall be dropped at a 45°|angle onto
a domefrom-a height such that the centre of gravity is-at 1.8 m-However,if the lower ends less than
0,6 m from the ground, the drop angle shall be changed to maintain a minimum height of 0,6 m and a
centre of gravity of 1,8 m. The cylinder(s) shall be allowed to bounce on the concrete pad or flooring
after the initial impact. No attempt shall be made to prevent this secondary impacting, but the cylinder
can be prevented from toppling during the vertical drop test.

After completion of the drop the cylinder(s) shall be subjected to cycle testing at 2/3 of the test pressure,
py, for 12 000 cycles.

8.5.8.4.2 Criteria

The cylinders shall withstand 3 000 pressurization cycles to 2/3 of the test pressure, p;, without failure
by burst or leakage. The test shall continue for a further 9 000 cycles, or until the cylinder fails by leakage,
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whichever is the sooner. In either case, the cylinder shall be deemed to have passed the test. However, if
failure during this second part of the test is by burst, then the cylinder shall have failed the test.

8.5.8.5 For tubes over 150 | water capacity

8.5.8.5.1

Procedure

One or more empty tubes, with sealing device to protect threads and sealing surfaces, shall be impact
tested at ambient temperature.

One empty
a)

b) oneat

one to

See Figure

The impac

The tube s
from a steg

Two levels

Test one —
in Figure 3

Test two

positions iglentified in Figure 3.

After comy
py, for 12 0

8.5.8.5.2

The tubes
failure by
lifetime, o}
deemed to
the tube sh

A tube pas
level 2, wh
not pass th

tube passinfg thetest at an energy level of 488 ] shall be identified as achieving impact resistance lev

which shal

tubeandifrecessaryasecondempty tube;shattbesubjectedtotwoimpacts:
strike the tube on one end;

an angle of 45° to strike the shoulder of the tube (mid arc length at the dome).
3.

can be conducted by dropping a suitable weight or by a pendulum impact.

hall be secured to ensure it does not move during the impact. Theimpactor shall be m
1 bar and have a diameter of between 110 and 120 mm.

of impact are permitted.

an impactor with a potential energy of 1 200 ] shall sttike the tube at the positions identi

- (if necessary) an impactor with a potential énergy of 488 ] shall strike the tube at

letion of the drop the tube(s) shall be subjected to cycle testing at 2/3 of the test press
00 cycles.

Criteria

shall withstand 3 000 pressurisation cycles at maximum developed pressure p,,,,, with
burst or leakage. The test shall continue for additional cycles representing its speci

until the tube fails/by.leakage, whichever is the sooner. In either case the tube shal
have passed the test; However, if failure during this second part of the test is by burst, {
all have failed the+test.

sing the testat an energy level of 1 200 ] shall be identified as achieving impact resistd
ich shall.befreported in the qualification report and on the label (see 10.2). If the tube
e bluntdimpact test at this level, a second tube shall be tested at an energy level of 488
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beyreported on the qualification report and on the label (see 10.2). A tube that does not pass
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a) Example of impactor

Figure 3-— Impact test for tubes above 1501

8.5]9 High velocity impact (gunfire) test

8.5/9.1 Procedure

Ong cylinder shall*be filled to the working pressure (0,67 x p;) with air or nitrogen or thg gas to be
confained.

WARNING — Appropriate measures shall be taken to ensure safe operation and to c¢ntain any

endrgy-that can be released.
The\_m_l?n'b_ﬁ_h_m_ﬁh_ﬁ—ﬁ'rh—ﬂ_rcy Inder shall be positioned 1n such a way that the point of impact of the projectile 1s in the cylinder

side wall at a nominal angle of 90°.

Cylinders with diameter of above 120 mm shall be impacted by a 7,62 mm (0,3 calibre) armour-piercing
projectile (of length between 37 mm and 51 mm) with a nominal speed of about 850 m/s. The bullet
shall be fired from a distance no more than 45 m. The cylinder shall be safely vented before removal
from the test site.

Cylinders with diameter of 120 mm and below shall be impacted by a 5,6 mm armour-piercing projectile
(or similar) with a nominal speed of 850 m/s. The bullet shall be fired from a distance of no more than
45 m. The cylinder shall be safely vented before removing from the test.
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Alternatively, a non-armour-piercing projectile may be used provided that the projectile penetrates
at least one cylinder side wall. The dimensions of the entrance and exit openings are measured and
recorded.

The parameters that shall be monitored and recorded are:
a) type of projectile;
b) initial pressure;

c) description of failure;

d) approyimate size of the entrance and exit openings.

8.5.9.2 (riteria

The cylindgr shall remain in one piece. If a cylinder is not penetrated by an armour piercing projectile,
then the cyflinder will have passed the test.

If a non-afimour piercing projectile is used, then the cylinder sidewall shall(be penetrated, and|the
cylinder shall remain in one piece.

8.5.10 Fixne resistance test

8.5.10.1 General
The purpose of the test is to demonstrate that the cylinder design shall either
a) notbufst when exposed to a test fire when using a specified pressure relief device, or

b) will wlthstand a minimum specified time in the-test fire when a pressure-relief device is not tp be
used i service.

This test i§ mandatory if pressure relief devices (PRDs) are fitted to prevent failure in case of fire in
service andl is optional for other uses. An optional fire resistance test for cylinders that will be fifted
with thernjal relief devices in service is'shown in Annex D.

8.5.10.2 Hrocedure

8.5.10.2.1| General

Two cylinders shall be fittéd with either:

a) thevalves and\PRDs intended for use (if known); or

b) if a PRD is not intended to be used in service then a suitable method for pressure release affter
the tedt'tias been completed is required for safety purposes. This can include a remote-controfled
valve, or a suitable valve fitted with a bursting disc or thermal relief device. If the test is conducted
with the PRDs and valve intended for use in service [i.e. option a)], the specification of the valve and
PRDs shall be marked on the design drawing and the approval certificate.

The cylinders shall be charged with air or nitrogen, or the gas intended for use to the working pressure
(0,67 x py), or for LPG applications LPG filled to the maximum permissible filling ratio.

Cylinders less than or equal to 50 | water capacity shall be subjected to one horizontal and one vertical
fire test. Cylinders with a water capacity greater than 50 1 shall be subjected to two horizontal fire tests.

Any fuel can be used for the fire source provided it supplies uniform heat sufficient to maintain
the specified test temperatures until the cylinder is vented. The selection of a fuel should take into
consideration pollution concerns.
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Timing of the test starts when a thermocouple reaches 590 °C and at least two thermocouples must
register a minimum temperature of 590 °C for the remainder of the test. The cylinders shall be tested in

the

8.5.

vertical or horizontal position as follows:

10.2.2 Horizontal test

One cylinder shall be placed in a horizontal position with the centre of the fire at the mid-point of the
cylinder and with the lowest part of the cylinder approximately 0,1 m from the top of the fire source.
The relief device shall be shielded from the direct flame impingement.

Sur

e cylinders

and|
shie

Au
and|

The
the

8.5

One
PRI}
dev|
fire
not
des

Sur

ace temperatures shall he monitared hy thermacouples located along the hottom of th
spaced not more than 0,75 m apart and shielded from direct flame impingement with
lding of a minimum 0,4 mm thickness.

hiform fire source of 1,65 m length that is capable of enveloping the entire diarheter of t
producing a temperature of 590 °C or greater shall be used.

cylinder shall be rendered unserviceable.

10.2.3 Vertical test

cylinder shall be placed in an upright position (valve uppermost for cylinders with one
), with the lowest part of the cylinder approximately 0,1<m from the top of the fire sourcg
ice shall be shielded from direct flame impingement. ¥or cylinders of 20 |1 water capacit
source 1 m x 1 m shall be constructed. For cylindersthaving a water capacity greater th
more than 50 |, a fire source 1,65 m x 1,65 m shall be constructed, and the cylinders
Cribed above. The fire source shall be capable of producing a temperature of 590 °C or gr

cyli

der: for a cylinder 30,5 cm length ordess, one thermocouple at the top of the cylind

thermocouple at the base of the cylinder,which shall be shielded from direct flame impingen
mefallic shielding of a minimum 0,4 mm-thickness. For a cylinder with a length greater than
addfitional thermocouple shall be located at the mid-point of the cylinder’s sidewall.

The

a metallic

he cylinder

cylinder shall be exposed to the fire until it has vented to a pressure lessithan 7 bar. Affer the test,

p valve and
. The relief
y or less, a
an 20 | but
briented as
bater.

face temperatures shall be monitored by thermocouples located at the following places on the

er and one
hent with a
80,5 cm, an

cylinder shall be exposed-fo-the fire until it has vented to a pressure less than 7 bar. Affer the test,

thelcylinder shall be rendered-unserviceable.

The parameters that shallbe monitored and recorded are:

a) [type and characteristics of pressure relief device;

b) |initial pressure;

c) |locationof leak;

d) |[témperature;

e) time.

8.5.10.3 Criteria

a) For cylinders intended to be fitted with a specified pressure-relief device, the cylinders shall vent
through the pressure-relief devices. (This test shall be repeated if another design of pressure-relief
device is specified and used). Cylinders may also leak through the cylinder wall, other surfaces or
devices (e.g. the valve).

b) Cylinders without a specified pressure-relief device shall not burst during
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ii) aperiod of 5 min from the start of the fire test for cylinders 150 1 and above.

Cylinders may vent through the pressure relief device or leak through the cylinder wall or other
surfaces.

c) For cylinders with test pressure below 60 bar and intended to be used to transport liquefied
flammable gases (e.g. LPG), the cylinder shall not rupture during a period of 20 min. The gas may
vent through the pressure-relief devices, the cylinder wall or other devices (e.g. valve) at any stage

of the test.
8.5.11 Sa]t water immersion test
8.5.11.1 (eneral
This test i$ mandatory for all cylinders intended for underwater applications, but is not,tequired for
other applications.
8.5.11.2 HRrocedure
The cylindprs shall be unpainted, but otherwise finished as for the intended. application. The liner|can
be painted|or protected from corrosion in any manner that is included in the design submission.
a) Immerfsion period
Two cl‘fsed unpressurized cylinders shall be immersed for a\period of between 1 h and 2 h ip an
aqueots solution containing 35 g/1 of sodium chloride at a temperature not less than 20 °C.

After 2
not les|

b) Drying

The pi
drying

During
cylind
be rele

Repeat the

On comple
with 8.5.4.

h the hydraulic pressure of the cylinder shall hé\increased to and maintained at 0,67 x p
5 than 22 h.

period

essurized cylinders shall then be rémoved from the salt water and subjected to nat
conditions in ambient atmosphete-for not less than 22 h.

this drying-out period, the\eylinders shall be pressurized. The hydraulic pressure of
T shall be increased to ard)maintained at 0,67 x p, for not less than 2 h. Pressure shall t
ased.

cycle consisting of‘these two periods, a) and b), 45 times.

[ion of these tésts, one of the two cylinders shall be submitted to the burst test in accordd
The other eylinder shall be submitted to pressure cycling in accordance with 8.5.5.

The paramjeters that’shall be monitored and recorded are:

1) the teq]

hperature of the solution, at least once a day;

for

iral

the
hen

nce

2) filling pressure;

3) duration of immersion;

4) param

5) param

eters specified in test 8.5.4;

eters specified in test 8.5.5.

8.5.11.3 Criteria

a) The burst pressure, p,, shall be not less than the burst pressure in 8.5.4 for the relevant fibre.

b) The second cylinder shall satisfy the criteria for the ambient cycle test, 8.5.5.
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8.5.12 Torque test

8.5.12.1 General

This test is only applicable to cylinders with taper threads.

8.5.12.2 Procedure

The body of the cylinder shall be held in a manner to prevent it rotating. The cylinder shall be fitted with
a corresponding valve or threaded plug and tightened to 110 % of the maximum torque recommended
in I"G 1334‘1 fUl l.hﬁ I UlUlelL hllt‘l ITIdLC1T ld‘l Ol d5'1 ULUI[I[IIUIIL‘[BL‘[ ‘U_y L}lt‘ llldlludeLul CI Wht!l ISO 1334‘1

does not apply.

The parameters that shall be monitored and recorded are:
a) [type of valve and plug material;
b) [valving procedure;

c) |applied torque.

8.5]12.3 Criteria

The cylinder neck and threads shall remain within drawingand gauge tolerance.
8.5]13 Environmentally assisted stress rupture test

8.5]13.1 Procedure
Thi} test shall be conducted only on cylinders where glass or aramid fibre has aload-sharing gpplication.

For|a design life of up to 20 years, two\eylinders shall be hydraulically pressurized to tesft pressure,
Py, find maintained at this pressure fort 000 h. For a design life equal to or greater than 2() years, the
test shall run for 2 000 h. The test shall be conducted at a minimum temperature of 70 °C 4 5 °C and a
reldtive humidity greater than or.equal to 95 %. Use of a water spray or suspending the cylinder over
watler bath meets the requirements of this test.

Aftér this test, the cylinders shall be subjected to the burst test (see 8.5.4).
The parameters thatshall be monitored and recorded are:

a) |temperaturesand relative humidity at least twice a day;

b) |cylinder'pressure at least twice a day;

c) |bufstpressure.

8.5.13.2 Criteria

The cylinder shall not exhibit any visible deformation or loose fibres (unravelling) and the burst
pressure, py, shall be greater than or equal to 100 % of the minimum burst level required in the burst
test (8.5.4) for the relevant fibre.

8.5.14 Resin shear strength

Matrix materials shall be tested on a sample coupon representative of the composite overwrap in
accordance with ISO 14130 or equivalent. This test shall be repeated when matrix materials are
changed from the matrix materials in the original design.

NOTE Interlaminar shear testing should be conducted the same conditions using the same size test specimen.
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Following immersion for 24 h in boiling water the composite shall have a minimum shear strength of
13,8 Mpa.

8.5.15 Glass transition temperature

The glass transition temperature of the matrix materials shall be tested in accordance with
ASTM E1356 - 08 or an equivalent standard. This test shall be repeated when matrix materials are
changed from the matrix materials in the original design.

The matrix materials shall meet the minimum glass transition temperature specified by the cylinder
manufacturer

8.6 Failure of type approval tests

In the evenlt of failure to meet test requirements, an investigation into the cause of failure.and re-tesfing
shall be carried out in accordance with 9.5.

9 Batch inspection and testing
9.1 Lindr

9.1.1 Eagh batch of liners shall be examined and dimensionally <hecked to ensure compliance With
the design fpecification. The inspections to be carried out in accotdance with the manufacturer's qudlity
assurance procedures are listed in a) to f):

a) visualfinspection of surface finish;
b) dimengions;

c) neck fplds: interior folding in the liner neckarea shall be prohibited. Smooth gathering of|the
material in the neck in which there are nosharp rooted folds shall be allowed;

d) minimum wall thickness;
e) water fapacity;

f) thread conformity.

9.1.2 If flnished cylinders7are subjected to proof test, then 100 % of liners (if they are heat treated)
shall be sybjected to hardness testing after heat treatment in accordance with either ISO 6506-1 or
ISO 6508-1 and shall aghieve the limits specified in 7.2.2.

If finished|cylindér*is subjected to volumetric expansion pressure test, then 5 % of liners shal| be
subjected o hardness testing after heat treatment in accordance with either ISO 6506-1 or ISO 65(8-1
and shall afphiéve the limits specified in 7.2.2.

9.1.3 For heat treated liners, one liner from every batch of liners shall be tested to verify that the
mechanical properties meet the minimum design requirements and according to the relevant standard
for the liner material (see Clause 2). For cylinders above 10 | water capacity, a representative coupon for
heat treatment can be substituted.

9.1.4 For non-heat-treated liners, one liner from every batch of liners shall be tested in accordance
with the liner burst test (8.5.3) to verify that the mechanical properties meet the minimum design
requirements.

9.1.5 Arecord of the tests carried out shall be kept by the cylinder manufacturer. Suitable forms of test
certificate are shown in Annex B.
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9.1.6 In the event of failure to meet test requirements, an investigation into the cause of fail

test

9.2

ing shall be carried out in accordance with 9.2.

Failure of liner batch tests

9.2.1 If any of the test results are not satisfactory, and if the inspector is satisfied that this
an error in performing the test, a re-test shall be authorized using the same liner or if that is not possible,
follow either a) or b).

ure and re-

was due to

a) The testin question shall be repeated on a liner or test ring from the same batch, and if the results

b)

9.2
tim

9.2
the

9.3

9.3
strd

9.3
imp
ISO
doc

9.4

9.4

in afcordance with thisdocument. An example form of certificate is shown in Annex B.

9.4
des

assuyirance procedures are:

a)

are satisfactory the batch shall be accepted.

Where heat treatment has been shown to be inadequate, liners shall be subjected'to Te
and re-tested in accordance with 9.1.2 and 9.1.3. If the results are satisfactory the bat
accepted. This re-treatment can be conducted only once.

2  Where heat treatment furnace records show artificial ageing has jbeen inadequate
b at the ageing temperature shall be given.

batch shall be rendered unserviceable.

Overwrap materials

ngth of fibres shall be not less than specified in\the documentation listed in 7.2.3.

2 If attestation is not available, each™batch of filament materials shall be subje
regnated strand test in accordance with ISO 3341 for glass fibre, ASTM D7269 for 4
10618 for carbon fibre, or equivalent. The strength of fibres shall be not less than sped
limentation listed in 7.2.3.

Composite cylinder

1 The inspector shall certify that the design, manufacture, inspection, and testing were

gn standatd. The inspections that shall be carried out in accordance with the manufactur

visual inspection of external and internal surface finish;

treatment,
ch shall be

additional

3 Ifthe testresults, having allowed for re-testing or re-heat tredtment, are not satisfactojry, liners in

1 Supplier’s attestation of the material propegties shall serve as verification of compliance. The

rted to an
ramid and
ified in the

carried out

2 Each bateh-of composite cylinders shall be examined and checked to ensure complianice with the

br's quality

b)
‘)
d)
e)
f)

dimensions;
markings;
water capacity;
mass;

cleanliness.

9.4.3 The internal and external surfaces of the finished cylinder shall be free from defects and residues
from the manufacturing process (e.g. swarf, resin) which would adversely affect the safe working of the
cylinders.
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NOTE See IS0 9809-1, ISO 9809-2, ISO 9809-3 and ISO 7866 for guidance on possible defects in metallic liners.

9.4.4 Each completed cylinder shall be subjected to either a hydraulic proof test (in accordance with
8.5.1) or a volumetric expansion test (in accordance with 8.5.2) at the design test pressure specified in
7.2.4 as specified in the manufacturer's quality assurance procedures:

9.4.5 A pressure cycling test shall be conducted on no less than one finished cylinder per five batches
(a maximum of 1 000 pieces produced sequentially). The cylinder to be tested shall be selected at
random from the five batches. If the cylinder fails the test, all five batches shall not be released until the

investigation carried out in accordance with 9.5 is completed.

The cylindpr shall be subjected to a hydraulic pressure cycle test to test pressure, p;, for unspgeified
gas servic¢ or maximum developed pressure at 65 °C, p,, ., for dedicated gas service. Theprocedure
shall be in|accordance with 8.5.5, except that the test can be suspended, as appropriate tothe dedign,
either after:
— 12 004 hydraulic cycles to test pressure;
— or 24 (00 cycles to maximum developed pressure; or
— Nor N} cycles as determined by Formulae (3) and (4):
N £ t x 250 cycle/year of design life (3)
Ny t x 500 cycle/year of design life 4)
wherel|t is the number of years of design life.
Cylinders ith test pressure of 60 bar and above shall withstand N pressurization cycles to fest
pressure, ff;,, (up to a maximum of 12 000 cycles),cor N4 pressurization cycles to maximum developed
pressure, g, (up to a maximum of 24 000 cyeles), without failure by burst or leakage. Cylinders with
test pressyre below 60 bar shall withstand 32-000 pressurization cycles to test pressure, p;, without
failure by hurst or leakage.
9.4.6 Ong cylinder per batch of finished cylinders shall be subjected to a burst test in accordgnce
with 8.5.4.
NOTE The cylinder subjectédto the pressure cycle test (see 9.4.5) can be used for this test.
The burst pressure, p,, shall be in accordance with the criteria for the cylinder burst test specified in
8.5.4 for thle relevant fibre.
9.5 Cylinder{ailure during type approval or batch testing
9.5.1 In the“event-offailureto-meettestrequirements-eitherduringaproductionrun{batch-test) or

when design type approval tests do not give satisfactory results, an investigation into the cause of failure
and re-testing shall be carried out.

9.5.2

If there is evidence of a fault in carrying out a test, or an error of measurement, a second test

shall be performed on the same cylinder, if possible. If this is not possible then a second test shall be
performed on a cylinder selected at random from the batch. If the results of this test are satisfactory, the
first test shall be ignored.

9.5.3

If the test has been carried out in a satisfactory manner, either:

a) the cause of failure shall be identified, and the procedure detailed in 9.5.4 or 9.5.5 shall be followed;

or
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b) the batch shall be rejected and made unserviceable.

9.5.4 If the cause of failure is identified, the defective cylinders can be reclaimed by an approved
method or shall be rejected. All cylinders from the batch represented by the failed cylinder shall be tested
and the passed and failed cylinders shall be separated into two batches. The failed test shall be repeated
with the quantities required in 8.5.4 or 8.5.5 (as applicable) for both batches. For failures found during
100 % batch testing, only the repaired cylinders need to be re-tested. If one or more tests prove even
partially unsatisfactory, all the cylinders of the batch(es) covered by the tests shall be rejected.

9.5.5 Alternatively the cause of failure can be investigated and if this is identified the defective cylinders
in the batch shall be removed from the batch and the failed test shall be repeated with thd quantities
reqpired in 8.5.4 or 8.5.5 (as applicable) for the original batch.

9.5)6 If a batch fails the second series of tests, the batch of cylinders shall be scrapped and rendered
unserviceable for holding gas under pressure. The manufacturer shall ensure that' the cylindlers do not
enter service.

10|Cylinder marking

10.1 General

Each finished composite cylinder which satisfies the requirement of this document shall be pgrmanently
and| legibly marked in accordance with ISO 13769 and 1SQ*7225, or as relevant, except that| the empty
mags shall be the nominal mass.

NOTE Different requirements can exist in certain.countries.
10.2 Additional marking

10.2.1 When applicable, the cylindeinshall be permanently and legibly marked using a lpbel which
is ejther attached to the cylinder surface, within the resin or under a glass fibre layer. The] applicable
infdrmation to be included on the label is dependent upon cylinder use, but shall be selected from:

a) |“WARNING — FILL THIS-CYLINDER ONLY WITH<< Named Gas(es) >>" where a cylinfler is to be
used for dedicated gas, service;

b) [“WARNING —THIS CYLINDER MUST BE USED WITH A<< Named >>PRESSURE RELIEF
DEVICE” whetréd cylinder is approved with a specific pressure relief device (see 8.5.10)

c) |“Maximum torque<< (manufacturer’s recommended torque) >>" where fitting torqlie does not
correspond to the values given in ISO 13341 or where the thread is not listed in ISO 133{1;

d) [“This tube has impact resistance level 1 (or 2)”

As appropriate, for cylinders above 150 1 where it is approved with a specific energy for the impact
test (see 8.5.8).

e) details of components that are permanently attached to the cylinder and form part of the qualified
design (neck rings, protective boots, etc.) with instructions that they shall not be removed at
periodic inspection;

f) other additional markings such as re-test dates, customer names, etc.

10.2.2 All labels shall be clearly marked with letters of height not less than 3 mm.
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Annex A
(informative)

Examples of design approval certificate

Design approval certificate — Composite gas cylinders and tubes with non-load-sharing

Issued by

and testing of refillable composite gas cylinders and tubes — Part 2: Fully wrapped fibre' reinfo
comporsite gas cylinders and tubes up to 450 L with load-sharing metal liners

elevant authority) on the basis of applying ISO 11119-2, Gas cylinders —Design, construction

Approval No.

Cylinder descrif)tion

Manufactyrer's drawingnNo. o
Design lifg

Underwater

Liner heat{treatment

etails

‘ced

Finished cylinder Liner Liner | Boss Composite material
Capacity 1 Material Fibre(s)
Test pressuyre bar Minimum thickness, mm Fibre(s) tensile MPa
strength
Diameter mm Minimum yield strength; MPa Fibre(s) modulus GPa
Length mm Minimum tensile.strength, Matrix components
MPa
Thread Elongation; % Shear strength MPa
Compatible gases
Manufactyrer oragent 5 (Name and address of manufacturer or his agend |
Type of approvalmark |

Details of
Approval 1

Fhe results of the examination of the design for design approval are detailed in Type
est Report

Date

Signature
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Annex B
(informative)

Specimen test reports

Verification bodies report on:

The manufacture of fully wrapped fibre reinforced composite gas cylinders and tjibes with
mefal liners
INSPECTION DOAY ettt ne s P a bbb es
The INSPECLOr'S MATK ..o s s e s he s s s s s s e s e esesssssenenenenes
CeTfifiCate NO. ..o s kst st ses st bn s sesenns s
Plage oo s DAte ooy e |
Cylinders manufactured DY ... sde Yt e
Manufacturer's Mark ... Sl
Maquactured FOT o R s
(000} 0 5§74/ T=T6 I o T OO oYU TPTTRPUTTT! ISR
Qugntity ....cccovrevernne Overall size (Mm) .....5{0 vecererennen. Outside diameter by ......ccovvvrercnenecnenec e long
Serjal numbers ........cccccovnenenee L0 RPN 0 AT inclusive
Stapdard
DIraWing NO. .o bbb e
Datp of hydrauliC PreSSUTEITEST ...ovicirrerereeieierereeei e e
TEST PIreSSUIE (DAL . et n e s ne s snenens |enessnen e nenenis
WAt CAP AT Y] ettt ettt
(CETS ST Filling pressure (permanent) (Dar) .......cccooernnrrrrrensssenesse e freseneseseseseens
Filling ratio (liquefied) (Dar) ...
Mass of container (kg) Minimum ..........ccceuene. MaXIMUIN oo Without valve
Minimum .......ccoceveveenne MaXIMUIN oo With valve
NOTE Items in parentheses below refer to the clauses of this document.

Each liner was produced by over-wrapping a seamless liner with resin-impregnated filament
reinforcement.

Liner material designated as .............. was supplied by ............ and the analysis was within the
required limits.

Each liner was produced by an approved process. The results of the mechanical tests have been found
satisfactory (see 9.1.3).
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Overwrap was applied by wrapping under controlled tension.

designated
supplied by

impregnate

Glass Carbon Aramid

d With resin deSIiZNAted ... s

MANUFACTUIFEA DY .ovvvvoivreeteesiesiisiecsses et sse bbb s s s bbb bbb bbb s s s s s b s s sasssnssnes 0

Identified Ip

Filaments §

Calculated|stress levels on the reinforcement filaments satisfy design requirements.

y package number and cured after wrapping to the manufacturer's standard.

trand strength and reinforcement were verified and found satisfactory.

Each cylindler was subjected to a hydraulic proof pressure test (see 8.5.1) or volumetric expansion fest

(see 8.5.2) ft the test pressure stated above.

The result

Each cylindler has been marked as required by ISO 11119-2, (Clause/20.

of the batch pressure cycle and burst tests were satisfactory.

WE HERERY CERTIFY that each of the above cylinders meets, in-full, the requirements of ISO 11119}2.

For and on|behalf of the manufacturer
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