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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 wellas information about ISO's ad
World Trade Organization (WTO) principles in, the Technical Barriers to Trade
w.iso.org/iso/foreword.html.
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technically revised. The majn changes compared to the previous edition are as follows:

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 document has been writtenyso-that it is suitable to be referenced in the UN Model Regul

5 third edition cancels~and replaces the second edition (ISO 11119-1:2012), which

References updated:
7.1.3 Minimumibre stress ratios added.

8.5.8 Fife)resistance test. Changes to the procedure to make the test more consisten
criteria for tubes above 150 1 to be tested for 5 min.

enance are

ded for the
e with the

 subject of
. Details of
ion and/or

d does not

terms and
herence to
(TBT) see

littee SC 3,

ds body. A

ations!1].

has been

. Adding a

85.10 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

againstint

ernational 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 docu
testing of
regulations

TENT addTesses the general TeqUITENMents o design, ConsStruction and inittal tnspection
pressure receptacles of the Recommendations on the transport of dangerous goods:'M
developed by the United Nations[12],

and
hdel

Vi
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INTERNATIONAL STANDARD

ISO 11119-1:2020(E)

Gas cylinders — Design, construction and testing of
refillable composite gas cylinders and tubes —

Part 1:
Hoop wrapped fibre reinforced composite gas cylinders

a

Thi

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

Thi
NOT

NOTI
ISO

2

The
con
und

ISO
ISO

[d tubesup to 4501

Scope

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

type 2 composite hoop wrapped cylinders or tubes with a load-sharing metal liner and|
reinforcement on the cylindrical portion only;

water capacities up to 450 |;
the storage and conveyance of compressed or liquefied gases;

cylinders and tubes with composite reinforcement of carbon fibre, aramid fibre or glass

a minimum design life of 15 years.
5 document does not address the designgfitting, and performance of removable protectiv
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 referénces

following docutnents 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 3
ated references, the latest edition of the referenced document (including any amendmen

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

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

mixture thereof) within a matrix or steel wire to'provide circumferential reinforcement;

ction and

composite

fibre (or a

)

e sleeves.

ehicles and

bir content
pplies. For
[s) applies.

ISO
ISO
ISO

6508-1, Metallic materials — Rockwell hardness test — Part 1: Test method
6892-1, Metallic materials — Tensile testing — Part 1: Method of test at room temperature

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 — Vocabulary

[SO 10618,

ISO 11114-
Metallic mq

ISO 11114
contents —

[SO 13341,
ISO 13769,

ISO 14130,
by short-be

ASTM E13!
Scanning C

ASTM D72

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

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

b9, Standard test methods for tensile testing.of aramid yarns

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

autofrettdge
pressure ;1 e ] trict — - N 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
conjbination of fibres (including steel wire) and matrix

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

3.10
equivalent fibre
equiivalent wire

fibre (or wire) from the same material family and similar properties to a fibre (or wire) in a[previously
profotype tested cylinder

3.1

equivalent liner
liner of the same alloy family; and that has certified properties and performance so as to b¢ a directly
conjparable to a liner used injan already approved cylinder

3.1

eqyivalent matrix
resin matrix from the same chemical family and similar properties to the resin matrixy used in a
preyiously prototype tested cylinder

3.1
glass fibre
confinyous 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 that is used to bind and hold the fibres in place

3.18

thermoplastic

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

© IS0 2020 - All rights reserved 3
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3.19

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

3.21
working p

Pw
settled pre
3.22

ressure

ssure of a compressed gas at a reference temperature of 15 °C in a full gas cylinder

nominal outside diameter

diameter (
(e.g. +1 %)

3.23

glass tran
Tg
temperatu
material, a

4 Symb

pbl bur

Py bur

Pn tes

Pmax Ma

5 Inspe

To ensure {
accordancg
authorized

Equipment
calibrated

6 Mate

6.1 Line

f the cylinder specified by the manufacturer for the type approval including tolerar

Sition temperature

Fe where a polymer substrate changes from a rigid glassy materialto‘a soft (not mel
hd is usually measured in terms of the stiffness, or modulus

ols

st pressure of finished liner bar
st pressure of finished cylinder bar
pressure bar

kimum developed pressure at 65 °C  bar

ction and testing

with Clauses 6, 7, 8, and(9'by an inspection body (hereafter referred to as “the inspect
to do so. Example form(s of certificates that can be used are shown in Annexes A and B.

used for measurerent, testing, and examination during production shall be maintained
within a documénted quality management system.

rials

r materials

jces

ed)

hat the cylinders conform to'this document they shall be subject to inspection and testing in

)ru)

and

6.1.1 The liner materials shall conform in all relevant respects to the appropriate standard:

a)
b)

c)

seamless steel liners: ISO 9809-1, ISO 9809-2 or ISO 9809-3, as appropriate;
seamless stainless steel liners: ISO 9809-4;

seamless aluminium alloy liners: ISO 7866.

Relevant sections 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).

© IS0 2020 - All rights reserved
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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, and shall 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 Theliner shall be manufactured from a metal or alloy suitable for containing the gas in accordance
with ISO 11114-1. For compatibility with hydrogen see also ISO 11114-4.

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

6.2 Composite materials

6.2]1 The overwrap filament materials shall be carbon fibre or aramid fibrecor glass filjre (or any
mixture thereof) or steel wire.

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

6.213 The supplier of the filament material and the matrix system component materials or steel wire
shall provide documentation for the composite cylinder manufacturer to be able to identify fully the
bat¢h of materials used in the manufacture of each cylinder.

6.2/4 The materials used shall be of uniform_afid consistent quality. The composite cylinder
maiufacturer shall verify that each new batch of materials has the correct properties and is of §atisfactory
quality, and maintain records from which the batchiof materials used for the manufacture of each cylinder
can|be identified. A certificate of conformity frohithe 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

7.111 A hoop-wrapped composite gas cylinder shall comprise:

a) |an internal metal liner, which carries the total longitudinal load and a qubstantial
circumferential load;

b) |either a composite overwrap formed by layers of continuous fibres in a matrix or ajcomposite

overwran formed bv steel wire reinforcement:
r J T

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 fittings (e.g. neck rings).

© 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 minim

um fibre stress ratios shall be as follows:

— for glass: 3,0;

for can

The streng
containers
requireme

a) ifload

the de

ifload
reinfor
reinfor

b)

7.1.4‘ EX(
7.2 Desi

7.2.1 Th
documentd
7.2.3, and 7

7.2.2 Do
a)
b)
‘)
d)
e)

materti
dimen
proces
heat t1]

inspec

for arammid—3:6

bon: 2,4.

reinforced with a single type of fibre. In a hybrid construction, the applicable stress r
hts shall be met in one of the two following ways:

sharing between the various fibre reinforcing materials is considered\a fundamental pal
bign, each fibre shall meet the stated stress ratio requirements.

sharing between fibres is not considered as a fundamental part(of the design, then one of
cing fibres shall be capable of meeting the stress ratio requirements even if all other f
CiNg  aterials are removed.

mple forms of certificates are shown in Annexes A arid-B.
gn submission

b design submission for each new cylinder shall include a detailed drawing, along v
tion of the design including manufagturing and inspection particulars as specified in 7

fumentation for the liner shalkiniclude (but not be limited to):

al, including limits of chentical analysis;

bions, minimum thickness, straightness, and out-of-roundness, with tolerances;
s and specification of manufacture;

eatment, temperatures, duration, and tolerances;

tion procedures (minimum requirements);

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

htio

t of

the
bre

vith
2.2,

materi

f)

alproperties (mechanical properties requirements);

g)
h)

minimum design burst pressure;

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) fibreo
b) fibreo
€c) minim
6

r wire material, specification, and mechanical properties requirements;
r wire construction, strand geometry and treatment;

um composite thickness

© IS0 2020 - All rights reserved
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d) thermosetting matrix — specifications (including resin, curing agent and accelerator), and resin
bath temperature where applicable;

e) thermoplastic matrix system — main component materials, specifications and process
temperatures;

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

g) curing process, temperatures, duration, and tolerances.

7.214 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, in which case it shall not exceed 0,67 x p,);

f) |maximum developed pressure at 65 °C for specific dedicated gas(es), py.x

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) |tensioning of the fibre or wire at wrapping (where applicable);
k) |nominal mass of the finished comp@site cylinder, including tolerances;

1) |details of components which are permanently attached and form part of the qualified design (neck
rings, protective boots, etcy)-

7.3 Manufacturing

7.3{1 The liner shallbe 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 overwrapped ith layers
of cpntinuous fibres in a matrix or steel wire applied under controlled tension wrapping to develop the
desjgn.composite thickness as specified in 7.2.3.

Liners can be stripped and re-wound provided that the overwrap has not been cured. The liner shall
not be 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 a controlled
temperature profile as specified in the documentation 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 the documentation in 7.2.4. The manufacturer shall demonstrate the effectiveness
of the autofrettage by appropriate measurement technique(s) acceptable to the inspector.

© IS0 2020 - All rights reserved 7
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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.

8 Type

approval procedure

8.1 General requirements

Each new cylinder design shall be submitted by the manufacturer to the inspector. The type approval

Adin O D choll o o foaand o da tbho oo neicio oftbh ot camnota o ool o ol

tests detai
design or d

8.2 Prototype tests

8.2.1 A minimum of 30 cylinders of the new design shall be made available for ‘prototype test

Upon succ
qualificatig

8.2.2 If
cylinders s

In this casgq,

For a limitg

8.23 Th
be inspectse

and subject

824 Th
requiremel
8.2.5 Teg

d bao ciina filba £ aach
CUu 11l U.o O11IdIl 'UC t}bl lUl lll\/u, UITUuUCTI LIIv Jut}bl Vlolull Ul LIIC lAA\)P\,\,LUl, Ull calIll ll\,VV l,.ylll

e51gn variant.

bssful completion of all prototype tests, the remaining untested cylinders from the protot
n batch can be used for service.

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

the approval validity shall be limited to this batch only.

e batch of liners, prior to being wrapped, shalliconform to the design requirements and s
bd and tested in accordance with 9.1. Where~$pecified in Table 1, one liner shall be sele
ed to a burst test in accordance with 8.5:3.

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

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

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

irst test in aecerdance with 8.5.3;

br burst tést in accordance wi .5.4;

a) hydrat
accord
b) liner b
c) cylind
d) ambie
e)
f) resins
g)

th
cycletest, in accordance with 8.5.5;

der

ing.
ype

jent

hall be made to complete the prototype tests required, in addition to the production quantity.

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

hall
rted

bign

[, in

[t
envirobmental r‘yr‘]p test in accordance with 8 5 4-

hear strength in accordance with 8.5.13;

glass transition test in accordance with 8.5.14;

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

a)
b)

accordance with 8.5.8;

salt water immersion test, in accordance with 8.5.9 (mandatory for underwater applications);

high velocity impact (gunfire) test, in accordance with 8.5.7 (mandatory for military applications);

fire resistance test, if a pressure relief device is fitted to prevent failure in case of fire in service, in

© IS0 2020 - All rights reserved
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environmentally assisted stress rupture, in accordance with 8.5.11 (mandatory for cyli
load sharing glass or aramid fibre);

drop test for cylinders with test pressure less than 60 bar, in accordance with 8.5.12;

torque test in accordance with 8.5.10.

nders with

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 varlant approval Wlth a reduced set of tests (i.e. multiple

app
8.2

the
(8.5

8.2

apprroval certificate, a typical example of which is given in Annex A.

8.2
pre

8.3

8.3
doc

8.3
a ng

b)

d)

licable (see 8 4 8.4.2).

8 Tests can be combined such that one cylinder can be used for more than one test. F
cylinder burst test in the drop test (8.5.12) can be used to satisfy the requirement of th
.4).

9 If the results of the above prototype tests are satisfactory, the-nspector shall issy

10 After completion of the tests, the cylinders shall be destroyed or made incapable
Esure.

New design

1 This clause specifies when a composite cylinder is a new design for the purpo
Lment. Subclause 8.4 specifies when a compgsite cylinder is a design variant.

2 A new cylinder design requires fulktype approval testing. A cylinder shall be conside
w design compared with an existing-approved design if:

It is manufactured in a differentfactory. A relocation of a factory does not require a ne
design approval provided alllequipment and procedures remain the same as for the orig
approval.

It is manufactured byya process that is significantly different from the process used in
type approval. A significant change is regarded as one that would give rise to measurabl
the performance of the liner and/or finished cylinder. The inspector determines when

process or design or manufacture is significantly different from the original qualified dg

The nondinal outside diameter had changed more than 50 % from the qualified design.

A fibre of the same specification classification and mechanical properties, but with
linear density shall not be considered a new fibre type. Changes in the wrapping patte

be used as

r example,
e burst test

e a design

of holding

ses of this

‘ed to be of

w cylinder
inal design

the design
e change in
W change in
sign.

a different
rn shall be

1

1
LUllDluCl Uu LU UC d ucmsu vdl lallL LDCEZ U “l‘ L sl

e) The cylinder is manufactured with a new fibre type. A fibre shall be considered to be of a new fibre

type when:
1)
2)

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

the fibre is produced from a different precursor [e.g. polyacrylonitrile (PAN) o
carbon];

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

r pitch for

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

equivalent to the original design.
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g) 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 method of liner manufacture or design has changed to a significant extent.

EXAMPLE1 Itis manufactured in a different factory. A relocation of factory does not require a new cylinder
design approval provided all equipment and procedures remain the same as for the original design approval.

EXAMPLE 2  Itis manufactured from a material of different composition or composition limits from that used
in the original type tests.

1 PR . -1 1 P 11 . 1 .
EXAMPLE I TllC HIdLCTI4al PTOPCILICS dI'T UULSTUC UIIT OT'TZIIdTI UCSTEIT TTHITIILS.
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8.4 Design variants

8.4.1 For cylinders that are variants of another 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 items a) to 1).

a)
b)

c)
d)

f)
g)

h)

j)

k)

12

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

The nominal outside diameter has changed by 50 % or less.

The a

tofrettage pressure has changed by more than 5 % or 10 bar, whichever is the lower.

There

NOTE 1
approv|

The b4
and m

The m

There
submi
changg

When

Epoxy,
based
of inte]
higher]

When

Equiva
proces
propej
proper

Whers
manuf
fibre o

When

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 fonwhich de
bl has been given, it is not be deemed to be 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.

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

have been changes to the composite thickness outside the tolefances provided in the de
bsion or a change in the wrap pattern other than those~tiecessary to accommodate
s of diameter and/or length.

pquivalent matrix materials are used.

vinyl ester, and polyester systems are not 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 ha§’a glass transition temperature Tg equal t
than the system being replaced.

bquivalent overwrapping fibres or. wire are used.

lent fibres and wire are manufactured from the same nominal raw materials, using the s
s of manufacture and having.the same physical structure and the same nominal phys
ties, and where the average tensile strength and modulus is within +5 % of the fibre or y

a new equivalénd fibre or wire has been prototype tested for an existing design, all
hcturer's existing prototype tested designs are regarded as prototype tested with the
r wire without the need for any additional prototype testing.

hn equivalent liner is used:

1) equivalent liners are manufactured from the same nominal raw materials, using the s
prql: ¢ ; it st ot 1

Kign

pter

bign
the

Xy-
ents
D OI

hme
ical
Vire

ties in an approved cylinder design. Carbon fibres made from the same precursor can be
equivalent. Aramid, carbon(and glass fibres are not equivalent.

the
new

hme

strength and modulus is within +5 % of the approved cylinder design;

sile

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;

3) where a new equivalent liner has been prototype tested for an existing design, 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:
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D

when a cylinder design has only a different thread compared to an approved design, only the torque
test, in accordance with 8.5.10, 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 a second design variant approval with a reduced set of tests (i.e. multiple changes from an approved
design are not permitted). If a test has been conducted on a design variant (A) that falls within the design
change for a second variant (B), then the result for (A) can be applied to the new design variant (B) test
programme. However, design variant (A) cannot be used as the reference for determining the testing

required for any new design variant.

8.4]3 Where a design variant involves more than one parameter change, all the tests requirgd by those
parpmeter changes shall be performed once only.
8.4}4 The inspector shall determine the level of reduced testing if not defined in Table 1] but a fully

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

sha

8.4
and|

8.5

8.5

8.5

Wh
Thi
pre
30 9
pre
tim
the
If ¢

Wh
foll

Thd

Pre

All

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

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

Type approval test procedures and criteria
1 Proof pressure test

1.1 Procedure

bn carrying out the pressure test, a suitablefluid (normally water) shall be used as the te
5 test requires that the pressure in the gylinder be increased gradually and regularly ur
Esure, py, is reached. For cylinders up t6 150 1 the cylinder test pressure shall be held

with the cylinder isolated from the pressure source. For tubes of 150 1 and above, the cjy
ssure shall be held for at least 120 s'with the cylinder isolated from the pressure source.

b, there shall be no decrease,in the recorded pressure (other than due to temperature ¥
test medium) or evidence ofany leakage. Adequate safety precautions shall be taken duri

akage occurs in the piping or fittings, the cylinders shall be retested after repairing such

ere cylinders aressubjected to autofrettage, the hydraulic proof pressure test can ir
pw the autofrettage process.

+10

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

) bar, whichever i

ksure gauges with the appropriate accuracy shall be used.

nternal surfaces of cylinders shall be dried (to ensure no free water) immediately after t

bn variants

r materials

or composite materials to prove equivalency with approved materials from a previous type approval

5t medium.
til the test
for at least
linder test
During this
ariation of
Ing the test.

leakages.

hmediately

5 the lower.

esting.

Alternatively, a pneumatic pressure test can be used provided that appropriate measures are taken to
ensure safe operation and to contain any energy that can be released, which is considerably more 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
deformation after the cylinder is depressurized.

NOTE

Cracking of resin is not necessarily a sign of permanent deformation.

© IS0 2020 - All rights reserved
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8.5.2 Hydraulic volumetric expansion test

8.5.2.1 Procedure

When carrying out the pressure test, a suitable fluid (e.g. normally water) shall be used as the test
medium. This test requires that the pressure in the cylinder be increased gradually and regularly until
the test pressure, py, is reached. For cylinder up to 150 I the cylinder test pressure shall be held for at
least 30 s with the cylinder isolated from the pressure source. For tubes of 150 1 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 decrease in the recorded pressure or evidence of any leakage. Adequate

safety preg
If leakage

The total

volumetrig
expansion
for each cy

Where cyli
follow the

The limit deviation on attaining test pressure shall be (p;, + 3) % or (ph

All internal

8.5.2.2 (

The cylind
a)

b) there i
excess

there 4

- 1 111 e | | - ya ) de b=
dULIUILLS SIIdIT DT LARTITUUT IS LIIT LTS L.

ccurs in the piping or fittings, the cylinders shall be retested after repairing such leaka

S.

volumetric expansion of each cylinder under the test pressure, p;, and the\permanpent

(i.e. total expansion less permanent expansion) under test pressure shall then be establi
linder.

hders are subjected to autofrettage, the hydraulic volumetric expansion test can immedi
hutofrettage process.

*10

0 ) bar, whichever is the loy

surfaces of cylinders shall be dried (to ensure no freelwater) immediately after testing.

riteria
er shall be rejected if:
re leaks or failure to hold pressure;

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

8.5.3 Liner burst test

8.5.3.1 K

One liner s
The test shj

rocedure

hall be tested hydraulically to destruction by pressurizing at a rate of no more than 5 bg
a1l be carriedsout under ambient conditions.

ters that'shall be monitored and recorded are:

The para
a) burs:rressure;

b) thenu
c)

d)

expansion of the cylinder after the pressure is released shall be recorded. The elgstic

ed

ely

Ver.

) in

mbeér of pieces;

description of failure;

pressure—time curve or pressure—volume curve.

8.5.3.2 (Criteria

The minimum burst pressure, p,;, shall be 20,85 x p,, where p, is the cylinder design test pressure, and
shall be not less than the minimum burst pressure specified in the design submission (7.2.2). Failure
shall initiate in the liner side wall and the liner shall remain in one piece.

14
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8.5.4 Cylinder burst test

8.5.4.1 Procedure

Three cylinders shall be hydraulically tested to destruction by pressurizing at a rate of no more than
10 bar/s. The test shall be performed under ambient conditions. Prior to the commencement of the test,
it shall be ensured that no air is trapped within the system.

The parameters that shall be monitored and recorded are:

a) burst pressure;

b) [description of failure;

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

8.5/4.2 (Criteria

a) |The burst pressure shall exceed the minimum design burst pressure specified by the cylinder
manufacturer (see 7.2.4).

b) [The burst pressure, p;, for cylinders with carbon fibre reinforeement shall be not less than 1,67 x
py, where py is the test pressure.

c) |[The burst pressure, p,, for cylinders with aramid or glass fibre reinforcement shall be n¢t less than
2,00 x py,.

d) |For cylinders with test pressure <60 bar, the burst'pressure, p,,, shall be not less than 2[x p, of the
composite cylinder design.

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
labg¢l (see 10.2).

8.5/5.1.2 Procedure

Tw¢ cylinders)shall be subjected to a hydraulic pressure cycle test to test pressure, p;, for ynspecified
gas|service.or maximum developed pressure at 65 °C, p ., for the dedicated gas which has the greatest
developed pressure.

The Test shall be performed using a non-corrosive rluid under ambient conditions, subjecting the
cylinders to successive reversals at an upper cyclic pressure that is equal to the hydraulic test pressure,
py, or maximum developed pressure at 65 °C, p,,,.,, as appropriate.

The value of the lower cyclic pressure shall not exceed 10 % of the upper cyclic pressure but shall
have an absolute maximum of 30 bar. The frequency of reversals of pressure shall not exceed 0,25 Hz
(15 cycles per minute). The temperature on the outside surface of the cylinder shall not exceed 50 °C
during the test.

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

b) number of cycles achieving upper cyclic pressure;
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f)

8.5.5.1.3

minimum and maximum cyclic pressures;
cycle frequency;
test medium used;

mode of failure, if appropriate.

Criteria

Both cylinders shall withstand N pressurization cycles to test pressure, p;, or Ny pressurization

cycles to
Formulae

N=tx

where tis 1

The test sh|
sooner. In
this second

If the cylin
developed
the cylinde

aximum developed pressure, Pmax without fallure by burst or leakage, as determined V

1) and (2):
250

500

he number of years of design life, which shall be a whole number, noetless than 15.

all continue for a further N or Ny cycles, or until the cylinder fails\py leakage, whichever is
bither case, the cylinder shall be deemed to have passed thé test. However, if failure du
part of the test is by bursting, then the cylinder shall have failed the test (see Table 2).

pressure and achieves this level in the test, it shall not be necessary to limit the design lif
I.

Table 2 — Criteria for.ambient cycle test

ith

M

(2)

the
[ing

Her is designed to pass 12 000 hydraulic cycles to test pressure or 24 000 cycles to maxinjum

e of

First part Second part
0 toly N to 2N but 2N no more than 12 00(
Number of pycles
0.to Ny N4 to 2N4 but 2N4 no more than 24 000
No leakage/burst = Pass
Criteria No leakage or burst Leakage = Pass
Pass first part Burst = Fail
8.5.5.2 Hor cylinders witlytest pressure less than 60 bar

8.5.5.2.1

Procedure

Two cylinders shall be subjected to a hydraulic pressure cycle test to test pressure.

The test sh

Wl be performed using a non-corrosive fluid under ambient conditions, subjecting the cylindlers

to successive reversals at an upper cyclic pressure that is equal to the hydraulic test pressure, p,.

The value of the lower cyclic pressure shall not exceed 10 % of the upper cyclic pressure. The frequency
of reversals of pressure shall not exceed 0,25 Hz (15 cycles per minute). The temperature on the outside
surface of the cylinder shall not exceed 50 °C during the test.

The param

eters that shall be monitored and recorded are:

a) temperature of the cylinder;

b) number of cycles achieving upper cyclic pressure;

¢) minimum and maximum cyclic pressures;

16
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cycle frequency;
test medium used;

mode of failure, if appropriate.

5.2.2 Criteria

Both the 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 shall not be necessary to limit the design life of the cylinder.

8.5

8.5

Per
pro

8.5

Thd
(e.g
whd

Con
tem
intd
cha

The
and|

Con
cha

Sea

a)

6 Environmental cycle test

6.1 General

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

6.2 Procedure

cylinder to be tested shall be filled at the ambient atmosphleric pressure using a suitah
a non-corrosive fluid) such that its properties do not degrade from those at ambient te
n used at the test temperature extremes.

dition cylinder and contained pressurizing medium for 48 h at atmospheric 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«énvironmental 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
mber, which is capable of meeting the cylinder pressure cycling requirements.

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

Carry out the hot eycle 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<G s achieved. Cycle the internal pressure between 0,67 x p;, and less th
the working¢ressure (6,67 % of the test pressure) for 5 000 cycles using the external p1
mediumrsupplied at ambient temperature.

The ty¢ling frequency shall not exceed 5 cycles per minute.

removable

le medium
mperature

sure, at a
90 %. The
water in a

mperature

ronmental

bssure, and

bf between

an 10 % of
fessurizing

During the test, the cvlinder surface temperature shall be maintained at between 60 °

[ and 70 °C

b)

©IS

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

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

er internal

Carry out the cold cycle test phase starting the cylinder at ambient atmospheric temperature,
pressure, and humidity. Change the test chamber environment until a cylinder surface temperature
of between -50 °C and -60 °C is achieved. Cycle the internal less than 10 % of working pressure
(6,67 % of test pressure) and 0,67 x p; for 5 000 cycles using the external pressurizing medium

supplied at ambient temperature.

The cycling frequency shall not exceed 5 cycles per minute.

02020 - All rights reserved
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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 have been completed, release the cylinder internal
pressure and stabilize its temperature at approximately 20 °C.

c¢) Carry outa burst testin accordance with 8.5.4.

The parameters that shall be monitored and recorded are:

1y

the cylinder surface temperature throughout the test;

2) thete

3) thec

4) thenu
Pmax d)
5)

6)

the mi
the pr¢

7) thepa

8.5.6.3 (
a) The by
b) The by

c) Theby
8.5.7 Hij

8.5.7.1 (

This test ig

8.5.7.2 K

One cylind
contained.

WARNING

j

t chamber humidity;
inder pressurization medium used;

mber of pressure cycles completed (a complete cycle achieves the required testpressure,

b
himum and maximum cyclic pressures achieved for each test cycle;
bssure cycle frequency;

rameters specified in 8.5.4.

riteria
rst pressure, py, for cylinders with carbon fibre reinforcement shall be not less than 1,5
rst pressure, py, for cylinders with aramid fibre reinforcement shall be not less than 1,7

rst pressure, py, for cylinders with glass fibre reinforcement shall be not less than 1,7 x f
ph velocity impact (gunfire) test

feneral

mandatory for military applications and is optional for other uses.

rocedure

er shall be filed“to working pressure (0,67 x p;) with air or nitrogen or the gas tg

— Appropriate measures shall be taken to ensure safe operation and to contain

energy that can-be released.

e.g.

Ph-
2%

be

any

The cylind

brShall be positioned in such a way that the point of impact of the projectile is in the cylir

der

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 850 m/s. The bullet shall be
fired from a distance of 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 removal from the test site.

The parameters that shall be monitored and recorded are:

a)

type of projectile;
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b) initial pressure;
c) description of failure;

d) approximate size of the entrance and exit openings.

8.5.7.3 Criteria

The cylinder shall remain in one piece. If a cylinder is not penetrated by the above projectile, then the
cylinder passes the test.

8.5]8 Fire resistance test

8.5/8.1 General
The purpose of the test is to demonstrate that the cylinder design shall either
a) |notburst when exposed to a test fire when using a specified pressure relief device, or

b) [will withstand a minimum specified time in the test fire when a_pressure-relief device |s not to be
used in service.

Thip test is mandatory if pressure relief devices (PRDs) are fifted to prevent failure in cade of fire in
seryice and is optional for other uses. An optional fire resisparce test for cylinders that will be fitted
with thermal relief devices in service is shown in Annex D

8.5/8.2 Procedure

8.5)8.2.1 General
Tw¢ cylinders shall be fitted with either:
a) |the specified valves and PRDs intended for use; or

b) |ifa PRD is not intended to be used in service, then a suitable method for pressure releage after the
test has been completed issrfequired. This can include a remote-controlled 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. optipn a)], the
sperification of the valve and PRDs shall be marked on the design drawing and the approvaljcertificate.

The cylinder shall-be charged with either air or nitrogen or the gas intended for use to tlhe working
pregsure (0,67 % py,), or for LPG applications LPG filled to the maximum permissible filling rdtio.

Cylinders-less than or equal to 50 | water capacity shall be subjected to one horizontal and dne vertical
fire|testycylinders with a water capacity greater than 50 | shall be subjected to two horizontgl 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.

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 vertical or horizontal position as follows:

8.5.8.2.2 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.
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Surface temperatures shall be monitored by thermocouples located along the bottom of the cylinders
and spaced not more than 0,75 m apart and shielded from direct flame impingement with a metallic
shielding of a minimum 0,4 mm thickness.

A uniform fire source of 1,65 m length that is capable of enveloping the entire diameter of the cylinder
and producing a temperature of 590 °C or greater shall be used.

The cylinder shall be exposed to the fire until it has vented to a pressure less than 7 bar. After the test,
the cylinder shall be rendered unserviceable.

8.5.8.2.3

Vertical test

One cylind|
PRD), with
device sha
fire source
not more
described

Surface te

r shall be placed in an upright position (valve uppermost for cylinders with one yalye
the lowest part of the cylinder approximately 0,1 m from the top of the fire source.|The r
1 be shielded from direct flame impingement. For cylinders of 20 1 water capacity or les
1 m x 1 m shall be constructed. For cylinders having a water capacity greateh than 20 |
han 50 |, a fire source 1,65 m x 1,65 m shall be constructed and the cylinders oriente
ibove. The fire source shall be capable of producing a temperature of 590 °C or greater.

mperatures shall be monitored by thermocouples located at the fellowing places on

cylinder: f
thermoco

br a cylinder 30,5 cm length or less, one thermocouple at the ¢op of the cylinder and

and
plief
S,a
but
1 as

the
one

le at the base of the cylinder, which shall be shielded from diréct flame impingement with a

metallic shlielding of a minimum 0,4 mm thickness. For a cylinder with-alength greater than 30,5 cm
additional thermocouple shall be located at the mid-point of the cylinder’s sidewall. The cylinder s
be exposed to the fire until it has vented to a pressure less than Z:bar. After the test, the cylinder s

be rendereld unserviceable.

,an
hall
hall

The paramleters that shall be monitored and recorded are:

a) type apd characteristics of pressure relief device;

b) initial pressure;

c) locatign of leak;

d) temperature;

e) time.

8.5.8.3 (riteria

a) For cylinders intended)to be fitted with a specified pressure-relief devices the cylinder shall yent
through the pressure-relief devices. (This test shall be repeated if another design of pressure-r¢lief
devicelis specified'and used).

b) Cylindprswithout a specified pressure-relief device shall not burst during
1) afy eriod of 2 min from the start of the fire test for r‘y]inr‘]nrc up to 1501
ii) aperiod of 5 min from the start of the fire test for cylinders 150 1 and above.

Cylinders may leak through the cylindrical surfaces, or the pressure relief device may vent before
the periods identified above.

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.
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.9 Salt water immersion test

9.1 General

This test is mandatory for all cylinders intended for underwater applications and for cylinders using
steel wire reinforcement but is not required for other applications.

8.5

.9.2 Procedure

The cylmders shall be unpainted, but otherwise finished as for the intended application. The liner can

be
a)

b)

Rep

On
ina

The
1y
2)
3)
4)
5)

8.5

Immersion period.

Two closed unpressurized cylinders shall be immersed for a period of between 1 h an|
aqueous solution containing 35 g/1 of sodium chloride at a temperature notless than 20

not less than 22 h.
Drying period

The pressurized cylinders shall then be removed from the salt water and subjected
drying conditions in ambient atmosphere for not less than22 h.

During this drying-out period, the cylinders shall .be pressurized. The hydraulic pres
cylinder shall be increased to and maintained at 0,67 x p;, for not less than 2 h. Pressurg
be released.

eat the cycle consisting of these two periods;a) and b), 45 times.

fompletion of these tests, one of the twoGylinders shall be submitted to hydraulic pressu
ccordance with 8.5.4, and the other cylinder submitted to pressure cycling in accordance

parameters that shall be monitored and recorded are:
temperature of the solution;at least once a day;
filling pressure;

duration of immersion;

parameters specified in 8.5.4;

parameters specified in 8.5.5.

9.3<_Y‘Criteria

After 2 h the hydraulic pressure of the cylinder shall be increased to and maintained at (},

I ctetHfronrcorTosior dITy TIATIIeT thrat s inctuded irtie dESIEII subTisyion.

d 2 h in an
°C.

67 x py, for

to natural
sure of the

shall then

'e to burst,
with 8.5.5.

a)
b)

8.5.

8.5.

I'ne burst pressure, py, shall be notless than 1,6/ x p, oI the composite cylinder design.

The second cylinder shall satisfy the criteria for the ambient cycle test, 8.5.5.
10 Torque test

10.1 General

This test is only applicable to cylinders with taper threads.

© IS0 2020 - All rights reserved

21


https://standardsiso.com/api/?name=e07ba2c0e8633eb6e9dff3e40e118aee

1ISO 11119-1:2020(E)

8.5.10.2 Procedure

The body of the cylinder shall be held in such a manner as to prevent it rotating. The cylinder shall be
fitted with a corresponding valve or threaded plug and tightened to 110 % of the maximum torque
specified in ISO 13341 for the relevant liner material or as recommended by the manufacturer, where
[SO 13341 does not apply.

The parameters that shall be monitored and recorded are:

a) type of valve and plug material;

b) valving pr ocedure;
) applieE torque.
8.5.10.3 (riteria

The cylind¢r neck and threads shall remain within drawing and gauge tolerance.
8.5.11 Enyironmentally assisted stress rupture test

8.5.11.1 Hrocedure
This test shall be conducted only on cylinders where glass or aramid{fibre has aload-sharing applicatfion.

For a design life of up to 20 years, two cylinders shall be hydraulically pressurized to test presspre,
pp, and majntained at this pressure for 1 000 h. For a designdife equal to or greater than 20 years,|the
test shall :&111 for 2 000 h. The test shall be conducted at a*minimum temperature of 70 °C £ 5 °C and a
relative humidity greater than or equal to 95 %. Use of-@'water spray or suspending the cylinder ¢ver
water bathf meets the requirements of this test.

After this tlest, the cylinders shall be subjected tothe burst test (see 8.5.4).
The parameters that shall be monitored and recorded are:

a) tempefature and relative humidity‘at least twice a day;

b) cylinder pressure at least twice a-day;

c) burstpressure.

8.5.11.2 (riteria

The cylinder shall<ngt exhibit any visible deformation or loose fibres (unravelling) and the bfirst
pressure, f1,, shall:be equal to or greater than 100 % of the minimum burst level required in the byirst
test (see 8.b.4)forthe relevant fibre.

8.5.12 Drop test

8.5.12.1 General

This test is only applicable to cylinders with test pressure <60 bar.

8.5.12.2 Procedure

Two cylinders shall be filled with water to 50 % capacity and fitted with a steel or aluminium plug with
diameter no greater than the neck diameter, to protect threads and sealing surfaces.

Both cylinders shall be dropped twice, in each of the five positions shown in Figure 1, from a height
of 1,2 m on to smooth concrete surface or a protective steel plate of a minimum of 10 mm thickness.
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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.

One

The

cylinder shall be subjected to the burst testin 8.5.4.

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

Dimensions in metres

The

8.5

Firg
leve

Sec

8.5

Mat
acc
are

NOT

Figure 1 — Drop test

following parameters that shall be monitored and recorded are:
visual appearance after each drop — record positien and dimensions of impact damage
parameters specified in 8.5.4;

parameters specified in 8.5.5.

12.3 Criteria

t cylinder: burst pressure, py, shall be equal to or greater or equal to 100 % of the mini
1 required in the burst test(see 8.5.4) for the relevant fibre.

13 Resin shearstrength

rdance with [SO 14130 or an equivalent standard. This test shall be repeated when matri
changed:rom the matrix materials in the original design.

E Interlaminar shear testing should be conducted the same conditions using the same size te

bnd cylinder: the cylinder'shall satisfy the requirements of the ambient cycle test (see 8.1

rix materialsshall be tested on a sample coupon representative of the composite oy

mum burst

.5).

rerwrap in
k materials

bt specimen.

Following immersion for 24 h in boiling water, the composite shall have a minimum shear strength of
13,8 Mpa.

8.5.14 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.

©IS

02020 - All rights reserved

23


https://standardsiso.com/api/?name=e07ba2c0e8633eb6e9dff3e40e118aee

1ISO 11119-1:2020(E)

8.6 Failure of type approval tests

In the event of failure to meet test requirements, an investigation into the cause of failure and retesting
shall be performed in accordance with 9.5.

9 Batch inspection and testing

9.1 Liner

9.1.1 Ea¢h batch of Iiners shall be examined and dimensionally checked to ensure compliance

the design pecification. The inspections to be carried out in accordance with the manufacturer's gu4

assurance procedures are listed in a) to f):

a) visualfinspection of external and internal surface finish;

b) dimengions;

c) neck fplds. Interior folding in the liner neck area shall be prohibited. Smipoth gathering of
material in the neck in which there are no sharp rooted folds shall be allowed;

d) minimum wall thickness;

e) water fapacity;

f) thread conformity.

9.1.2 Iffinished cylinders are subjected to a hydraulic proof pressure test, then 100 % of liners (if't

are heat trpated) shall be subjected to hardness testing;after heat treatment in accordance with ei

ISO 6506-1 or ISO 6508-1 and shall achieve the limits spécified in 7.2.2.

If a finishe]
subjected
limits spec

9.1.3 Foy
mechanica
for the ling

vith
lity

the

hey
her

d cylinder is subjected to a hydraulig velumetric expansion test, then 5 % of liners shalll be

o hardness testing in accordance with either ISO 6506-1 or ISO 6508-1 and shall achieve
ified in 7.2.2.

heat treated liners, onediner from every batch of liners shall be tested to verify that
properties meet the mihimum design requirements in accordance with the relevant stang
r material (see Clausé€ 2). For cylinders above 10 | water capacity a representative coupor

heat treatnfent can be substititted.

9.1.4 Foy

non-heat treatéd liners, one liner from every batch of liners shall be tested in accordd

with the liner burst.tést (8.5.3) to verify that the mechanical properties meet the minimum de

requiremel

Lts.

the

the
ard
for

nce
Eign

9.15 Ar

certificate are SITOWIT ITT ATINEX B.

9.1.6

bcord of the tests performed shall be kept by the cylinder manufacturer. Suitable forms of

test

testing shall be performed in accordance with 9.2.

24

In the event of failure to meet test requirements, an investigation into the cause of failure and re-
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Failure of liner batch tests

1 If any of the test results are not satisfactory, and if the inspector is satisfied that this

was due to

an error in performing the test, a retest shall be authorized using the same liner or if that is not possible,
follow either a) or b).

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

are satisfactory the batch shall be accepted.

b) Where heat treatment has been shown to be inadequate, liners shall be subjected to re-treatment,

9.2
tim

9.2
the

9.3

9.3
strd

9.3
imp
ISO
doc

9.3

accepted. This re-treatment can be conducted only once.

2 Where heat treatment furnace records show that artificial ageing has been inadequate|
e at the ageing temperature shall be given.

3 If the test results, having allowed for retesting or reheat treatment, are not satisfacto
batch shall be rendered unserviceable.

Overwrap materials

additional

'y, liners in

1 Supplier's attestation of the material properties shall'serve as verification of compliance. The

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

2 If attestation is not available, each batch o filament materials shall be subje
regnated strand test in accordance with 1SQ\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.

3 Each batch of steel wire shall. be'subjected to a tensile test in accordance with ISO

equiivalent. The strength of the wire shall be not less than specified in the documentation liste

9.4

9.4

Composite cylinder

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

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

9.4
witl

2 Each bateh-of composite cylinders shall be examined and checked in order to ensure
1 the design¢standard. The inspections that shall be carried out in accordance with the man

quallity assurance procedures are:

visual inspection of external and internal surface finish;

rted to an
ramid and
ified in the

6892-1, or
din 7.2.3.

carried out

fompliance
ufacturer's

d)
€)
f)
g)

dimensions;
markings;
water capacity;
mass;
cleanliness;

fibre tension (where applicable).

9.4.3 The internal and external surfaces of the finished cylinder shall be free from defects and residues
from the manufacturing process 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
the documentation 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 cylind
service or
be in accor

1 shall be subjected to a hydraulic pressure cycle test to test pressure, py,, for unspecified
maximum developed pressure at 65 °C, p,,,,,, for dedicated gas service. The procedure
dance with 8.5.5, except that the test can be suspended, as appropriate to the design, afte

gas
hall
I:

12 00(
24 00(¢

Nor N
N

Ny

where

Cylinders 1
pressure, [
pressure, [
with a test
without faj

9.4.6 On

with 8.5.4.
NOTE ]

The burst
8.5.4 for th

9.5 Cylis

9.5.1 In

hydraulic cycles to test pressure;
cycles to maximum developed pressure; or

L cycles as determined by Formulae (3) and (4).

=t x 250 cycles to test pressure per year of design life
=t x 500 cycles to maximum developed pressure per year of design life

t is the number of years of design life.

vith a test pressure of 60 bar and above shall withstand N pressurization cycles to
I (up to a maximum of 12 000 cycles), or\Vy pressurization cycles to maximum develo

max
pressure below 60 bar shall withstand 12 000 pressurization cycles to test pressure

lure by bursting or leakage.
b cylinder per batch of finished cylinders shall be subjected to a burst test in accorda

he cylinder subjected goythe pressure cycle test (see 9.4.5) can be used for this test.

pressure, p,, shallpe in accordance with the criteria for the cylinder burst test specifie
e relevant fibre.

1der failure during type approval or batch testing

he event of failure to meet test requirements either during a production run (batch test

(3)

(4)

test
ped

(up to a maximum of 24 000 cycles), without failure by bursting or leakage. Cylindlers

Pn

nce

d in

or

when desigd

nHma annraval tacte da not alva caticfactory racultc n invuactigation into tha caicg of £01
pProvar—+ests+& SHe-SaeSractory-+e HY 1 1 1T

ure

Ty et o-TToT Uty O TV SOt Tt r o e o trre-cororoy e oot

and retesting 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
a)

or

26

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

the cause of failure shall be identified, and the procedure detailed in 9.5.4 or 9.5.5 shall be followed;
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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
unsgrviceable for holding gas under pressure.

10|Cylinder marking

10.1 General

Each finished composite cylinder which satisfies the requirements of this document shall be
permanently and legibly marked in accordance with ISO 13769 and ISO 7225 or as relevant, pxcept that
the[empty mass shall be the nominal mass.

Stamped markings shall be in a low stress area.

NOTE Different requirements can exist in certaifi-countries.
10.2 Additional markings

10.2.1 When applicable, the cylindepshall be permanently and legibly marked using a labfl which is
either attached to the cylinder surface, in the resin or under a glass fibre layer. The applicable information
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 HAS BEEN QUALIFIED WITH A<< named >>PRESSURE RELIEF
DEVICE” wheré a cylinder is approved with a specific pressure relief device (see 8.5.8);

c) |“Maxinium torque<<manufacturer's recommended torque>>", where fitting torqye does not
correspond to the values given in ISO 13341 or where the thread is not listed in ISO 13341.

d) |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.

e) 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.

© IS0 2020 - All rights reserved 27


https://standardsiso.com/api/?name=e07ba2c0e8633eb6e9dff3e40e118aee

1ISO 11119-1:2020(E)

Annex A
(informative)

Examples of design approval certificate

Design approval certificate — Hoop wrapped fibre reinforced composite gas cylinders and tubes

up to 450

Issued by (Relevant authority) on the basis of applying ISO 11119-1, Gas cylinders —Design, construction
and testing of refillable composite gas cylinders and tubes — Part 1: Hoop wrapped fibre' reinfofced
composite gas cylinders and tubes up to 450 L
APPIOVAL NO. i Date .o Bt e
Cylinder dgscription .....c.ccecvrnenenenennenes (Family of cylinders which has received type approval) ...........}......
Manufactufrer's drawing NO. ... e R ere e sne s sseenaferees
Design life}.............. Underwater ........c.oc.... Special torque .......cccocoevererenenns Pressure relief device ...........J......
Liner heat freatment ..........ccce...... DEtals v St e

Finished cylinder Liner Liner\ Boss Composite material

Capacity 1 Material Fibre(s)

Test pressure 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
CompPatiblg GASES ..o ek e s
Manufactufer or agent ........oee.. 02} (Name and address of manufacturer or his agent) ........ccueeeeveeeecfnene.
Type of aPPIroVaAl IIATK ....cviiiiiiriririririsn et e
Details of the-Tesults of the examination of the design for design approval are detailed in type appr¢val

test repor

All information can be obtained from .........c.ccceuuee. (Name and address of the approving body) ........c.ccceveen.
Date . ——————— Place ..o
SINALUTE .ot
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Annex B
(informative)

Specimen test reports

Verification bodies report on:

The manufacture of hoop wrapped fibre reinforced composite gas cylinders and tubes
INSPECTION DOAY .orereeeiirerereree s e re e
The INSPECtOr's MATK ...cccvvereiicrerrreeeere e ssesessssnessesesess B beessssnsnsesesssesses s
Cerfificate NO. ..ot se e e e s s sesnsn s e se e e
PlAGe ... DAte oo S e e
Cylinders Manufactured DY ... s sa s st snsnna et sssnsasnsns
MaNUFACTUTET'S MATK cvvvivicicicieiee s g e sesesesnssnsnse e sesnnas
Maquactured (0 ) (O SO ST TPV TTTTTTVTTVRTY VSRR
CONISIZNEA L0 ..t asss et se e et e bbb bbb bbb e b e b e b e b e b s e ae e s e e et e ne e sene st e nees
Quagntity ..ccceverereenene Overall size (MM) .....cococovderienee Outside diameter by ........ccccccevvveneneccceenefrenccnne, long
Serjal numbers .........ccoceuvenee. L0 J P T inclusive
Stapdard
Draing NO. .o Sy B e e
Datp of hydraulic PreSSUIe TEST ... e
TEST PreSSUTE (DA .o ettt bbb bbb et ne s
Water CAPACTEY (L) ki eeeueererereieeeire sttt s bt sesnsnenese et
(CET ST S Filling pressure (permanent) (Dar) ......cccceeeneennnenesreneseseessseseseeesessese s
Filling ratio (liquefied) (Dar) ..o
Magsof container (kg) Minimum ...................... MaAXIMUIN e Withouf valve
Minimum .....ccccocevveennee 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.

Glass Carbon Aramid
(0 LTSy =0 0 =l T RSP PPRRRRRON
Y01 0] 0] U= I o) 20O SOOI
impregnated with resin deSiZNated ... s
IMANULACTUTEA DY ettt bbb £ s nE £ £ bbb bbb bbb e b e R s e e e e e s

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

Filaments $trand strength and reinforcement were verified and found satisfactory.

Calculated

stress levels on the reinforcement filaments satisfy design requirements.

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

(see 8.5.2) [t the test pressure stated above.

The result

Each cylindler has been marked as required by ISO 11119-1, (Clause 10),

WE HEREE

For and on

of the batch pressure cycle and burst tests were satisfactory.

Y CERTIFY that each of the above cylinders meets, in full)the requirements of ISO 11119}1.

behalf of the manufacturer

30
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