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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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main task of technical committees is to prepare International Standards. Draft I
lards adopted by the technical committees are circulated to the member.'bodieg

1t rights. ISO shall not be held responsible for identifying any or all’such patent rights.

11439 was prepared by Technical Committee ISO/TC 58, Gas cylinders, Subcomn
der design.

ed. In addition to editorial improvements, the principal technical difference between
nd editions is the clarification and alteration of the {€hange of Design” requirements fo

ives, Part 2.

hternational
for voting.

cation as an International Standard requires approval by at least 75 % @f’the member bodies
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nittee SC 3,
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Introduction

Cylinders for

the on-board storage of fuel for natural gas vehicle service are required to be light-weight, at

the same time maintaining or improving on the level of safety currently existing for other pressure vessels.

Owners or users of cylinders designed to this International Standard should note that the cylinders are
designed to operate safely if used in accordance with specified service conditions for a specified finite
service life only. The expiry date is marked on each cylinder and it is the responsibility of owners and
users to ensure that cylinders are not used after that date, and that they are inspected in accordance
with the manufacturer’s instructions.

Users of this

with performing certain tests.

International Standard are encouraged to consider the environmental impacts assocjated

Vi
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INTERNATIONAL STANDARD

ISO 11439:2013(E)

Gas cylinders — High pressure cylinders for the on-board
storage of natural gas as a fuel for automotive vehicles

1

Scope

This International Standard specifies minimum requirements for light-weight refillable gas cylinders
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ded oty for the om-board Storage of BT Pressure CoMpressed matural gas as a tuet fo
les to which the cylinders are to be fixed. The service conditions do not cover externall
grise from vehicle collisions, etc.
International Standard covers cylinders of any seamless steel, seamless aluminium 4
llic material construction, using any design or method of manufacture suitable for t
ce conditions. This International Standard does not cover cylinders of stainless steel. Al
lard uses 200 bar as a reference working pressure, other working pressures can be us

ders covered by this International Standard are designated Type.1, Type 2, Type 3 and

Normative references

following documents, in whole or in part, are normatively referenced in this documnj
pensable for its application. For dated referencés; only the edition cited applies. |
ences, the latest edition of the referenced document (including any amendments) appl

148-1, Metallic materials — Charpy pendulumimpact test — Part 1: Test method
06, Plastics — Thermoplastic materials‘== Determination of Vicat softening temperature

b27-2, Plastics — Determination-of-tensile properties — Part 2: Test conditions for m
sion plastics

808, Paints and varnishes'Determination of film thickness

506-1, Metallic materials — Brinell hardness test — Part 1: Test method

892-1, Metallic materials — Tensile testing — Part 1: Method of test at room temperatun
866, Gas cylinders — Refillable seamless aluminium alloy gas cylinders — Design, constructio
227, Corrqsion tests in artificial atmospheres — Salt spray tests

712, Non-destructive testing — Qualification and certification of NDT personnel

automotive
badings that

lloy or non-
he specified
Ithough this
bd.

Type 4.

ent and are
For undated
es.

(VST)
oulding and

e

n and testing

9809-1, Gas cylinders — Kejlllable seamless steel gas cylinders — Design, construction a

Part 1: Quenched and tempered steel cylinders with tensile strength less than 1 100 MPa

d testing —

IS0 9809-2, Gas cylinders — Refillable seamless steel gas cylinders — Design, construction and testing —
Part 2: Quenched and tempered steel cylinders with tensile strength greater than or equal to 1 100 MPa

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

ISO 14130, Fibre-reinforced plastic composites — Determination of apparent interlaminar shear strength
by short-beam method

ISO 15403-1, Natural gas — Natural gas for use as a compressed fuel for vehicles — Part 1: Designation
of the quality
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ISO/TR 15403-2, Natural gas — Natural gas for use as a compressed fuel for vehicles — Part 2: Specification
of the quality

ISO 15500-13, Road vehicles — Compressed natural gas (CNG) fuel system components — Part 13: Pressure
relief device (PRD)

ASTM D522-93a, Standard Test Methods for Mandrel Bend Test of Attached Organic Coatings

ASTM D1308-87, Standard Test Method for Effect of Household Chemicals on Clear and Pigmented
Organic Finishes

ASTM D2794-93, Standard Test Method for Resistance of Organic Coatings to the Effects of Rapid
Deformation (Impact)

ASTM D3170-87, Standard Test Method for Chipping Resistance of Coatings
ASTM D3359, Standard Test Methods for Measuring Adhesion by Tape Test

ASTM D3418, Standard Test Method for Transition Temperatures of Polymers by Differential Scampning
Calorimetry

ASTM G154:2006Y, Standard Practice for Operating Fluorescent Light Apparatus for UV Exposure of
Nonmetallic|Materials

NACE/TM (177-96, Laboratory Testing of Metals for Resistance to<{Sulfide Stress Cracking and SJtress
Corrosion Crlacking in H2S Environments

3 Terms and definitions

For the purposes of this document, the following terms-and definitions apply.

31
authorized|inspection body
authorized Inspection body, approved or recognized by the regulatory authority of the user country,
for the supefvision of construction and testing of cylinders used for the on-board storage of naturgl gas

3.2
autofrettage
pressure application procedure wsed in manufacturing composite cylinders with metal liners, which
strains the liner past its yield point sufficient to cause permanent plastic deformation

3.3
autofrettage pressure
pressure within the‘overwrapped cylinder at which the required distribution of stresses betweeh the
liner and th¢ overwrap is established

34
batch - composite cylinders

group of not more than 200 cylinders plus cylinders for destructive testing, or if greater, one shift of
successive production of cylinders, successively produced from qualified liners having the same size,
design, specified materials of construction and process of manufacture

3.5

batch - metal cylinders/liners

group of not more than 200 cylinders/liners plus cylinders/liners for destructive testing, or if greater,
one shift of successive production of metal cylinders/liners, successively produced having the same
nominal diameter, wall thickness, design, specified material of construction, material cast, process of
manufacture, equipment for manufacture and heat treatment, and conditions of time, temperature and
atmosphere during heat treatment

1) Mostrecent version is ASTM G154-12a, 2012.
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3.6

batch - non-metallic liners

group of not more than 200 liners plus liners for destructive testing, or if greater, one shift of successive
production of non-metallic liners, successively produced having the same nominal diameter, wall
thickness, design, specified material of construction and process of manufacture

3.7
burst pressure
highest pressure reached in a cylinder during a burst test

3.8

compeosite €Y Hinder
cylmT:ier made of resin-impregnated continuous filament wound over a metallic or non-metpllic liner

3.9
destroyed
cylinder in a state of alteration which makes it physically unusable for its purpasé

3.10
finished cylinders
completed cylinders which are ready for use, complete with identifieation marks and extefrnal coating
incl%ing integral insulation and/or protection as specified by the manufacturer on the desfign drawing
for the cylinder

3.11
liney
inner portion of the composite cylinder, comprising of danetallic or non-metallic vessel

3.12
manufacturer
person or organization responsible for the design, fabrication and testing of the cylinders

3.13
overwrap
reinforcement system of filament.and resin applied over the liner

3.14
pre-stress
process of applying autofrettage or controlled tension winding

3.15
servjce life
life, in years, duting which the cylinders can be used in accordance with the standard servide conditions

3.16
settledpressure
gas greSsure when a given settled temperature is reached

3.17
settled temperature
uniform gas temperature in the cylinder after the dissipation of any heat caused by filling

3.18
test pressure
required pressure applied during a pressure test

3.19
type 1 design
an all metal cylinder

© IS0 2013 - All rights reserved 3
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type 2 design
a hoop wrapped cylinder with a load sharing metal liner and composite reinforcement on the
cylindrical part only

3.21

type 3 design
a fully wrapped cylinder with a load sharing metal liner and composite reinforcement on both the
cylindrical part and dome ends

3.22

type 4 desi
a fully wra
cylindrical

3.23
working pr
settled pres
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Except whe

:,ll
pped cylinder with a non-load sharing liner and composite reinforcement on hot
art and dome ends

essure
sure of a fully filled cylinder at a uniform temperature of 15 °C

e conditions
ral

dard service conditions

'd service conditions specified in this clause *are provided as the basis for the dd
b, inspection, testing and approval of cylindéers that are to be mounted permanent
used to store natural gas at ambient tempetdtures for use as a fuel on the vehicles.

rice life

life for which cylinders are safe shall be specified by the cylinder manufacturer on the
service conditions specifiediherein. The maximum service life shall be 20 years.

mum pressures

tional Standard is based upon a working pressure of 200 bar settled at 15 °C for natur4
h a maximum filling pressure of 260 bar. Other working pressures may be accommod
the pressure)by the appropriate factor (ratio); e.g. a 240 bar working pressure systen
sures to bexmultiplied by 1,20. See also Annex E.

e pressures have been adjusted in this way, the cylinder shall be designed to be suitabl

a)

d pressy

lIl the

sign,
y on

basis

1 gas
lated
1 will

b for:

ire-of 200 bar at a settled temperature of 15 °C;

b) amaximum pressure shall not exceed 260 bar, regardless of filling conditions or temperature.

4.3 Design number of filling cycles

Cylinders shall be designed to be filled up to 1 000 times per year of service.

4.4 Temperature range

4.4.1 Settled gas temperature

Settled temperature of gas in cylinders, which may vary from a minimum of -40 °C to a maximum of +65 °C.

© ISO 2013 - All rights reserved
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4.4.2 Cylinder temperatures

Cylinders shall be designed for service conditions involving temperatures of between -40 °C and +82 °C.
Cylinder material temperatures over +65 °Care expected to be sufficiently local, or of short enough duration,
that the temperature of gas in the cylinder never exceeds +65 °C, except under the conditions of 4.4.3.

4.4.3 Transient temperatures

Developed gas temperatures in the cylinders during filling and discharge may vary beyond the limits of 4.4.1.

4.5 _Gas composition

4.5.1 General

Cylirlders shall be designed to tolerate being filled with natural gas meeting the {pecification
of ISP 15403-1 and ISO/TR 15403-2, and either of dry gas or wet gas as described in 4.5.2 or 4.5.3,
respectively. Methanol and/or glycol shall not be deliberately added to the natural gas.

NOTH Where it is suspected that wet-gas conditions may exist, it has begnfound that a minimyim of 1 mg of
compressor oil per kg of gas has prevented the corrosion of steel cylinders.

4.5.2 Dry gas

Watgr vapour shall be limited to less than 32 mg/m3 (i.eja pressure dewpoint of -9 °C [at 200 bar).
Consgftituent maximum limits shall be:

Hydrpgen sulfide and other soluble sulfides 23 mg/m3
Oxygen 1 % (volume frjaction)
Hydrpgen, when cylinders are manufactured front a steel with an ultimate 2 % (volume frjaction)

tensile strength exceeding 950 MPa

4.5.3 Wetgas

For gas that has a higher water content than that of dry gas, constituent limits shall be:

Hydrpgen sulfide and othetsoluble sulfides 23 mg/m3 maximum

Oxygen 1 % (volume fraction) maximum

Carb¢n dioxidé 3 % (volume fraction) maximum

Hydrpgen 0,1 % (volume fraction) maximum
Compressoroil 1 mg/kg patural gasminimum (see Note 4.5.1)

4.6 External surfaces

It is not necessary for cylinders to be designed for continuous exposure to mechanical or chemical
attack (e.g. leakage from cargo that may be carried on vehicles or severe abrasion damage from road
conditions). However, cylinder external surfaces shall be designed to withstand inadvertent exposure
to mechanical or chemical attack consistent with their installation being carried out in accordance with
the instructions to be provided with the cylinder.

Mechanical or chemical attack may result from environments such as:

a) water, either by intermittent immersion or road spray;

© IS0 2013 - All rights reserved 5


https://standardsiso.com/api/?name=d3224e656422f3944b746cd5a265023e

ISO 11439

:2013(E)

salt, due to the operation of the vehicle near the ocean or where ice-melting salt is used;
ultraviolet radiation from sunlight;

impact of gravel;

solvents, acids and alkalis, fertilizers;

automotive fluids, including petrol, hydraulic fluids, battery acid, glycol and oils;

exhaust gases.

Inspeg

Evaluation ¢
the country

To ensure f
to inspectio

tion and testing

f conformity can be carried out in accordance with the relevant regulations recognizg
[ies) where the cylinders are intended to be used.

n and testing in accordance with Clauses 7, 8, 9, or 10 and Annex A as appropriate t

construction. This shall be carried out by an authorized inspection body, heréafter referred to ag

Inspector”, 1

ecognized in the countries of use. The Inspector shall be competentforinspection of cylin

pproval procedure

ral
al consists of two parts:

ipproval, comprising submission of information by the manufacturer to the Inspect
in 6.3.

pe testing, comprising testing cdrried out under the supervision of the Inspector
" material, design, manufacture'and examination shall be proved to be adequate for
d service by meeting the requirements of the prototype tests specified in 7.5, 8.5, 9.5 or

and Annex A, as appropriate for theparticular cylinder design.

shall also document the dimensions, wall thicknesses and weights of each of the test cylin

approval

igns shall be:‘approved by the Inspector. Information shall be submitted by the manufac
st to the(Ihspector for approval, and shall include:

nt of sérvice, in accordance with 6.3;

ed by

hat cylinders are in conformance to this International Standard, they“shall be subject

b the
“the
ders.

pr, as

The
their
10.5,

ders.

furer

design data-in-accordance-with-6-4-

6 Typed

6.1 Gene

Type approy

a) design
detailed

b) prototy|
cylindel
intende

The testdatd

6.2 Type

Cylinder de{

with a requg

a) statemd

b)

<)

d)

e) specific

f)

6

manufacturing data, in accordance with 6.5;

fracture performance and NDE defect size, in accordance with 6.6;

ation sheet, in accordance with 6.7;

additional supporting data, in accordance with 6.8.
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Statement of service

The purpose of the statement of service is to guide users and installers of cylinders as well as to inform
the Inspector. The statement of service shall include:

a) astatement that the cylinder design is suitable for use in the service conditions defined in Clause 4

b)

‘)
d)

e)

f)
g)

6.4

for the service life of the cylinder;
a statement of the service life;

the minimum periodic inspection requirements;

specification for the pressure relief devices, and insulation if provided;

specification for the support methods, protective coatings and any other items r
ot provided;

3 description of the cylinder design;

gny other information and instructions necessary to ensure the safe us¢ and inspection off

Design data

6.4.1 Drawings

Drawings shall include, as a minimum:

a)

b)
‘)

fitle, manufacturer, reference number, date of issue, and revision numbers with datd
jpplicable;

feference to this International Standard and the cylinder type;

3ll cylinder dimensions complete with-tolerances, including details of end closure shapg
4nd neck threads;

yvater capacity and mass (including any permanentattachments), complete with tolerance,

material specifications,smechanical properties (including tolerances where applical

equired but

the cylinder.

s of issue if

'S, openings,

of cylinders;

le) and, for

lesign burst

6.4.3 Material property data

A description of the materials and tolerances of the material properties used in the design shall be
provided. Test data shall also be presented characterizing the mechanical properties and the suitability
of the materials for service under the conditions specified in Clause 4.

© IS0 2013 - All rights reserved
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protection

The arrangement of pressure relief devices, and insulation if provided, that will protect the cylinder
from sudden rupture when exposed to the fire conditions in A.15 shall be specified. Test data shall
substantiate the effectiveness of the specified fire protection system.

NOTE

A manufacturer may specify alternative PRD locations for specific vehicle installations.

6.5 Manufacturing data

Details of fabrlcatlon processes non- destructlve examinations, productlon tests and batch tests shall be

provided. Pj hsion
and speed for controlled tension winding, curmg times and temperatures and autofrettage procequres
shall be specified.

Surface finish, thread details, acceptance criteria for ultrasonic examination (or equivalent)| and
maximum Igt sizes for batch tests shall also be specified.

6.6 Fracture performance and non-destructive examination (NDE)-defect size

The manufdcturer shall specify the maximum defect size for non-destructive examination that will
ensure leak [before break (LBB) fracture performance, and will prevent failure by leakage or ruptyre of
the cylinder| during its service life. The maximum defect size shall beyestablished by a method suiftable
to the desigh.

NOTE An example of a suitable method is given in Annex C.

6.7 Specification sheet

A summary of the documents providing the informagion required in 6.2 shall be listed on a specificption
sheet for ea¢h cylinder design. The title, reference number, revision numbers and dates of original jssue
and version |ssues of each document shall be givefiyAll documents shall be signed or initialled by the igsuer.
6.8 Additional supporting data

Additional data that would supporthe‘application may be provided.

6.9 Typelapproval certificate

If the result$ of the type approval according to 6.1 and the prototype testing according to 7.5, 8.5, 9.5 or
10.5, and Annex A, as appropriate to the particular cylinder design, are satisfactory, the Inspector(shall
issue a test fype approval certificate.

NOTE AT example of a type approval certificate is given in Annex D.

7 Requirements for type 1 metal cylinders

7.1 General

This International Standard does not provide design formulae, nor list permissible stresses or strains,
but requires the adequacy of the design to be established by appropriate calculations and demonstrated
by testing to show that cylinders shall pass the materials, design qualification, production and batch

tests specifi

ed.

The design shall ensure a “leak-before-break” failure mode during normal service.

© ISO 2013 - All rights reserved
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7.2 Materials

7.2.1 General requirements

Materials used shall be suitable for the service conditions specified in Clause 4. The design shall not have
incompatible materials in contact with each other.

7.2.2 Controls on chemical composition

7.2.2.1 Steel

Stee% shall be aluminium- and/or silicon-killed. The chemical composition of all steels shalllbe declared
and dlefined at least by:

a) the carbon, manganese, aluminium and silicon contents in all cases;

b) the chromium, nickel, molybdenum, boron and vanadium contents, and that of any other alloying
¢lements intentionally added.

The gulfur and phosphorus content in the cast analysis shall not exceedithe values given in [Table 1.

Table 1 — Maximum sulfur and phosphorus limits

sulfur 0,010:% by mass
phosphorus 0,020 % by mass
sulfur + phosphorus 0,025 % by mass

7.2.2.2 Aluminium

Alunminium alloys may be used to producé-cylinders provided that they meet all requirements of this
Intennational Standard and have maximum lead and bismuth contents not exceeding 0,003|%.

NOTH A list of registered alloyssis maintained by the Aluminium Association Inc.2) and can bd found under
the “International Registration Records”, entitled “International Alloy Designations and Chemicall Composition
Limits for Wrought Aluminiumsand’Wrought Aluminium Alloys”.

7.3 | Design Requirements

7.3.1 Test pressure

The minimumtest pressure used in manufacture shall be 1,5 times working pressure.

7.3.2 ~Burst pressure

The minimum burst pressure shall be not less than 2,25 times working pressure.

7.3.3 Stress analysis

The stresses in the cylinder shall be calculated for the working pressure, test pressure and design burst
pressure. The calculations shall use suitable analysis to establish stress distributions to justify the
minimum design wall thicknesses.

2) Aluminum Association Inc., 900 19th Street N.W,, Washington D.C., 20006-2168, USA.

© IS0 2013 - All rights reserved 9
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7.3.4 Maximum defect size

The maximum defect size at any location in the metal cylinder such that the cylinder meets pressure
cycling and LBB requirements, shall be specified.

The allowable defect size for NDE shall be determined by an appropriate method, e.g. as described in Annex C.

7.3.5 Openings

The centre line of openings shall coincide with the longitudinal axis of the cylinder.

7.3.6 Fire[protection

The cylindey design shall be protected with pressure relief devices. The cylinder, its materials, pre;
relief devicgs (PRD) and any added insulation or protective material shall be designed colléctivg
ensure adequate safety during fire conditions in the test specified in A.15. A manufactyrer may sp|
alternative PRD locations for specific vehicle installations in order to optimize safety consideratio

Pressure relief devices shall conform to ISO 15500-13.

sure
ly to
ecify

7.3.7 Attachments

When anecKring, footring or an attachment for supportis provided, it shall be of material compatiblelwith
that of the cylinder and shall be securely attached by a method other than welding, brazing or soldeting.
7.4 Consfruction and workmanship

7.4.1 End|closure

Each cylindpr shall be examined for thickness and.surface finish before end forming operationg are
carried out.[The base ends of aluminium cylindeks shall not be sealed by a forming process. The|base
ends of stedl cylinders that have been closedby forming shall be NDE inspected or equivalent fafter
closure. Metal shall not be added in the pracess of closure at the ends.

7.4.2 Heat treatment

After end fqrming the cylinders(shall be heat treated to the hardness range specified for the dgsign.
Localized he¢at treatment shallnet be used.

7.4.3 Neck threads

Threads shall be ‘clean cut, even, without surface discontinuities, to gauge and confori to
Internationpl Standards.

7.4.4 Extéeriorenvirommentalprotection

Exterior protection may be provided. Examples of exterior protection methods are:

a)

b) aprotective coating (e.g. organic coating, paint); if exterior coating is part of the design as specified
by the manufacturer the requirements of A.9 shall be met.

a surface finish giving adequate protection (e.g. metal sprayed on to aluminium, anodizing); or

Any coatings applied to cylinders shall be such that the application process does not adversely affect the
mechanical properties of the cylinder. The coating shall be designed to facilitate subsequent in-service
inspection and the manufacturer shall provide guidance on coating treatment during such inspection in
order to ensure the continued integrity of the cylinder.
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7.4.5 Traceability

Materials of construction affecting cylinder performance, as determined by the manufacturer, shall be
traceable to the extent required to recall cylinders, if necessary.

7.5 Prototype testing procedure

7.5.1 General requirements

Prototype testing shall be conducted on each new design, on finished cylinders that are representative
of nqrmal production and complete with permanent identification marks The test cylinders shall be
seledted and the prototype tests specified in 7.5.2 (and detailed in Annex A) verified by the Inspector.
If mdre cylinders are subjected to the tests than are required by this International Standarg, all results
shalllbe documented.

7.5.1 Prototype tests

7.5.2.1 Tests required

The Inspector shall select the necessary cylinders for testing and verify:

a) the tests specified in 7.5.2.2 or 7.5.2.3 (material tests) on ohe)cylinder;

b) fthe test specified in 7.5.2.4 (hydrostatic pressure burstitest) on three cylinders;
c) the testspecified in 7.5.2.5 (ambient temperatureptessure cycling test) on two cylinddrs;
d) the testspecified in 7.5.2.6 (LBB test) on three'cylinders;

e) the test specified in 7.5.2.7 (bonfire test)-on one or two cylinders, as appropriate;

f) the test specified in 7.5.2.8 (penetration test) on one cylinder.

7.5.1.2 Material tests for steel cylinders

a) Tensile test

Steel from a finished cylinder shall meet the requirements of the tensile testin A.1.
b) Impacttest

Steel from a finishied cylinder shall meet the requirements of the impact test in A.2.

c) $ulfidestress cracking resistance test

a finished

If thg upper limit of the specified tensile strength for the steel exceeds 950 MPa, the steel fro
cylindersha he require s-of the sulfide stresscracking resistance testin-A.3

7.5.2.3 Material tests for aluminium alloy cylinders

a) Tensile test

Aluminium alloy from a finished cylinder shall meet the requirements of the tensile test in A.1.

b) Corrosion tests

Aluminium alloy from a finished cylinder shall meet the requirements of the corrosion tests in A.4.

c) Sustained load cracking tests
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Aluminium alloy from a finished cylinder shall meet the requirements of the sustained load cracking
tests in A.5.

7.5.2.4 Hydrostatic pressure burst test

Three representative cylinders shall be hydrostatically pressurized to failure in accordance with A.12.
The cylinder burst pressures shall exceed the minimum burst pressure calculated by the stress analysis
for the design, and shall be at least 2,25 times working pressure. The fracture shall initiate in the
cylindrical part of the cylinder, and the cylinder shall remain in one piece.

7525 A

Two cylinders shall be pressure cycled at ambient temperature in accordance with A.13. The-cylinders
shall not fai] before reaching the specified service life in years multiplied by 1 000 cycles. Cylinderg that
complete the test shall be destroyed.

7.5.2.6 Leak-before-break (LBB) test

Three cylindlers shall be tested in accordance with A.6.

7.5.2.7 Banfire test

One or two ¢ylinders, as appropriate, shall be tested in accordance with A.15.

7.5.2.8 Penetration test

One cylinder shall be tested in accordance with A.16.

7.5.3 Change of design

A design change is a dimensional change not attributable to normal manufacturing tolerances, or any
change in the selection of structural materials;'Design changes may be qualified through a reduced test
programme} Changes of design specified.in Table 2 shall require only the prototype testing as spe¢ified
in the table.
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Table 2 — Change of design for type 1 cylinders

devige

Design change Type of test
. Pressure cycling
Hy(:)‘;:’:stf tic at ambient tem- LBB Bonfire Penetration
perature
Clause
A12 A.13 A.6 A.15 A.l6
Metallllc gyllnder X X X X X
material
Dianpeter change
<20% X X
Dianjeter change
> 20M% X X X X X
Length change
<50% X &
Lenglth change
> 501% X X Xa
Working pressure X X
chanige < 20 %b
Domg shape X X Xc
Opening size X X
Prespure relief X

d  Materials tests are also required.

a  Testonly required when length increases.

¢ (nly required for non-ISO 9809-1 designs.

b (nly when thickness change proportional to diameter and/or pressure change.

7.6 | Batch tests

7.6.1 General requirements

Batch testing shall be_tonducted on finished cylinders that are representative of normal production
and are complete)with permanent identification marks. The cylinders required for testing shall be
randpmly selected from each batch. I[f more cylinders are subjected to the tests than are requiired by this
IntennationalStandard, all results shall be documented. Heat treated samples shown to be representative
of finishedcylinders may also be used.

Cylinders qualified in accordance with ISO 9809-1, ISO 9809-2, ISO 9809-3 or ISO 7866 are not required

to perform the pressure cycling test described in 7.6.2.2.

7.6.2 Required tests

7.6.2.1 Batch tests

Tests shall be carried out on each batch of cylinders:

a) onone cylinder, one hydrostatic pressure burst test in accordance with A.12.

b) ona further cylinder, or a heat treated witness sample representative of a finished cylinder:

1) acheck of the critical dimensions against the design (see 6.4.1);

© IS0 2013 - All rights reserved
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2) one tensile test in accordance with A.1; the test results shall satisfy the requirements of the

des

ign (see 6.4.1);

3) for steel cylinders, three impact tests in accordance with A.2; the test results shall satisfy the

req

uirements specified in A.2;

4) forsteelcylinderswithaspecified tensile strength exceeding 1 100 MPa, each new cast of material
shall meet the requirements of the sulphide stress cracking test in A.3. A sample of material
from each cast may be heat treated and tested by the steel supplier or cylinder manufacturer,

pro

vided that the samples have the same strength values specified in the cylinder design.

5) when.a protective coating is a part of the dpcign a coating batch test in accordance with

24.

Wh

rei

may be stripped and recoated. The coating batch test shall then be repeated.

All cylinder

the procedul

b represented by a batch test and which fail to meet the specified requirements shall f
Ires specified in 7.9.

7.6.2.2 Prjessure cycling test

A pressure
frequency d

a) initially

service

b) ifon 10
the defi

leaks o

cycles),

c¢) ifon 10
7.6.2.2a
(minim
batches

d) should
from th
frequen|

e) should
require
shall be
product]
or 7.6.2

pfined as:

life in years, with a minimum 15 000 cycles;

hition of a minor design change, see 7.5.3), noxie of the pressure cycled cylinders in 7.6.

of production;

more than three months’have expired since the last pressure cycle test, then a cyl
e next batch of production shall be pressure cycle tested in order to maintain the red
cy of batch testing\in' 7.6.2.2b) or 7.6.2.2¢);

iny reduceddrequency pressure cycle test cylinder in 7.6.2.2b) or 7.6.2.2¢) fail to meq
d number_ofpressure cycles (minimum 22 500 or 30 000 pressure cycles, respective
necessary/to repeat the batch pressure cycle test frequency in 7.6.2.2a) for a minimum
ion batches to re-establish the reduced frequency of batch pressure cycle testing in 7.6.
2¢).

ere the coating fails to meet the requirements of A.24, the batch shall be 100 % inspéeted to
ove cylinders with similar defective coatings. The coating on all defectively coated-cylinders

llow

cycling test shall be carried out on finished cylinders in accordance with A.13 at { test

one cylinder from each batch shall be pressure cycled for a total of 1 000 times the spe¢ified

sequential production batches of a design family<(i.e. similar materials and processes wlithin

P.2a)

ruptures in less than 1 500 cycles multiplied by the specified life in years (minimum 22 500
the pressure cycle test may be reduced tgone cylinder from every five batches of produdtion;

sequential production batches of adesign family, none of the pressure cycled cylindgrs in
leaks or ruptures in less than 2 000 cycles multiplied by the specified service life in years
m 30 000 cycles), the pressure cycle test may be reduced to one cylinder from every 10

nder
uced

t the
y), it
of 10
D.2b)

Should any cylinder in 7.6.2.2a), 7.6.2.2b) or 7.6.2.2c) fail to meet the minimum cycle life requirement
of 1 000 cycles multiplied by the specified service life in years (minimum 15 000 cycles), the cause of
failure shall be determined and corrected following the procedures in 7.9. The pressure cycle test shall
then be repeated on an additional three cylinders from that batch. Should any of the three additional
cylinders fail to meet the minimum pressure cycling requirement of 1 000 cycles multiplied by the
specified service life in years, the batch shall be rejected.

14
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7.7 Tests on every cylinder

Production examinations and tests shall be carried out on each cylinder produced in a batch, either
during manufacture or after completion, as appropriate:

a) by NDE in accordance with Annex B or proven equivalent method to verify that the maximum defect
size does not exceed the size specified in the design as determined in accordance with 7.3.4. The
NDE method shall be capable of detecting the maximum defect size allowed;

b) toverifythatthe critical dimensionsand mass ofthe completed cylinders are within design tolerances;

c)

d) {o verify the permanent identification marks;

e) by hardness tests of heat treated cylinders in accordance with A.8; the valueS'thus determined shall
be in the range specified for the design;

f) by hydrostatic test of finished cylinders in accordance with A.11. If volumetric expansion test is
¢hosen, the manufacturer shall establish the appropriate limit of pérmanent expansion for the test
pressure used, but in no case shall the permanent expansion exceed 10 % of the tota] volumetric
e¢xpansion measured under the test pressure;

g) by leak testing of cylinders with base ends formed by spinning. Typical testing procedpres include
the pneumatic leakage test where the bottom end should be clean and free from all moisture on
the test pressure side. The inside area of the cylinder bottom surrounding the closure should be
gubjected to a pressure equal to at least 2/3 timgS'the test pressure of the cylinder forla minimum

f 1 min. This area should be not less than 20 min in diameter around the closure and at least 6 % of
the total bottom area. The opposite side shotilld be covered with water or another suitgdble medium
gnd closely examined for indication of leakage. Cylinders that leak should be rejected. Other test
procedures include a low pressure pnetimatic test, and a helium leak test.

7.8 | Batch acceptance certificate

Ifthq results of batch testing according to 7.6 and 7.7 are satisfactory, the manufacturer and the Inspector

shallfsign an acceptance certificate.

NOTH An example of ah_acceptance certificate (referred to as a “Report of Manufacture and [Certificate of

Confgrmance”) is givenin Annex D.

7.9 | Failure to‘meet test requirements

In thle eventeffailure to meet test requirements, re-testing or re-heat treatment and re-festing shall

be cdrriedyout:

a) ifthereisevidence of a faultin carrying out a test_or an error of measurement. a further test shall
be performed; if the result of this test is satisfactory, the first test shall be ignored;

b) ifthe test has been carried out in a satisfactory manner, the cause of test failure shall be identified.

If the failure is considered to be due to the heat treatment applied, the manufacturer may subject all the
cylinders implicated by the failure to a further heat treatment, i.e. if the failure is in a test representing
the prototype or batch cylinders, test failure shall require re-heat treatment of all the represented
cylinders prior to re-testing.

Whenever cylinders are re-heat treated, the minimum guaranteed wall thickness shall be maintained.

Only the relevant prototype or batch tests needed to prove the acceptability of the new batch shall be
performed again. If one or more tests prove even partially unsatisfactory, all cylinders of the batch shall
be rejected and not placed in service.
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If the failure is due to a cause other than the applied heat treatment, all defective cylinders shall be
either rejected or repaired by an approved method. Provided that the repaired cylinders pass the test(s)

required for

the repair, they shall be re-instated as part of the original batch.

8 Requirements for type 2 hoop-wrapped cylinders

8.1 General

This International Standard does not provide design formulae nor list permissible stresses or strains,
but requires the adequacy of the design to be established by appropriate calculations and demonstrated

by testing tp show that cylinders shall pass the materials, design qualification, production and Ipatch
tests specified in this International Standard.

During pres
composite 0

The design {
8.2 Mate

8.2.1 Gen

Materials uf
that incomp

All composi
8.2.2 Con

8.2.2.1 Sty

Steels shall |
and defined

a) the car}

surization, this type of cylinder design exhibits behaviour in which the displacenrents ¢
verwrap and the metal liner are superimposed.

hall ensure a “leak-before-break” failure mode during normal service.
rials

eral requirements

ed shall be suitable for the service conditions specifiediin Clause 4. The design shall er
atible materials are not used in the construction of the'cylinder.

'e materials shall be stored in accordance with the material manufacturers’ requiremsg
trols on chemical composition

pel

be aluminium- and/or silicon-killed. The chemical composition of all steels shall be dec
at least by:

on, manganese, aluminfum, and silicon contents in all cases;

b) the chr¢mium, nickel, molybdenum, boron and vanadium contents, and that of any other allg

element

s intentionally added.

The sulfur and phosphefus content in the cast analysis shall not exceed the values given in Table 3

Table 3 — Maximum sulfur and phosphorus limits

sulfur

0,010 % by mass

phosphorus 0,020 % by mass

0,025 % by mass

sulfur + phosphorus

8.2.2.2 Aluminium

fthe

sure

nts.

ared

ying

Aluminium alloys may be used to produce cylinders provided they meet all requirements of this
International Standard and have maximum lead and bismuth contents not exceeding 0,003 %.

16
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8.2.3 Composite materials

8.2.3.1 Resins

The material for impregnation may be thermosetting or thermoplastic resins. Examples of suitable
matrix materials are epoxy, modified epoxy, polyester and vinyl ester thermosetting plastics, and
polyethylene and polyamide thermoplastic material.

The glasstransitiontemperature of the resin material shall be determined inaccordance with ASTM D3418.

8.2.3.2 Fibres

Strugtural reinforcing filament material types shall be glass fibre, aramid fibre or carboffibyre. If carbon
fibre| reinforcement is used, the design shall incorporate means to prevent galvanic-¢orrjosion of the
metdllic components of the cylinder.

The fibre manufacturer shall certify that the fibre material properties conform to the mapufacturer’s
specifications for the fibre.

8.3 | Design requirements

8.3.1 Test pressure

The minimum test pressure used in manufacture shall be 1,5times working pressure.

8.3.2 Burst pressures and fibre stress ratios
The inetal liner shall have a minimum burst pressure of 1,3 times working pressure.

The minimum burst pressure shall be not le€ss than the values given in Table 4. Stress rat{o is defined
as the stress in the fibre at the specified'minimum burst pressure divided by the stress in the fibre at
workKing pressure.

The burst ratio is defined as the burst pressure of the cylinder divided by the working presgure.
The §tress ratio calculationssshall at least take into account:

a) 4n analysis method-with capability for nonlinear materials (special purpose computer{program or
finite element analysis program);

b) ¢orrect modellihg of the elastic-plastic stress-strain curve for a known liner material;

c) ¢orrect modelling of the mechanical properties of composite materials;

d) ¢alctldtions at autofrettage pressure, zero pressure after autofrettage, working pressure, and
mutimum burst pressure;

e) account for the pre-stresses from winding tension;

f) the minimum burstpressure, chosen such thatthe calculated stress at minimum burst pressure divided
by the calculated stress at working pressure meets the stress ratio requirements for the fibre used;

g) consideration of the load share between the different fibres based on the different elastic moduli of
the fibres when analysing cylinders with hybrid reinforcement (two or more different fibres). The
stress ratio requirements for each individual fibre type shall be in accordance with the values given
in Table 4.

Verification of the stress ratios may also be performed using strain gauges.

NOTE An acceptable method is outlined in Annex F.
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Table 4 — Minimum burst values and stress ratios for type 2 cylinders (with a working

pressure of 200 bar)
Burst Pressure
Fibre Type Stress Ratio
(bar)
Glass 2,75 500a
Aramid 2,35 470
Carbon 2,35 470
Hybrid B

8.3.3 Stre

The stresse
pressure, te
taking into

For designs
shall fall sha
stress, the tq
consequent

8.3.4 Maximum defect size

The maximy
and LBB red
defect size 4

The allowab

8.3.5 Ope

The centre |

8.3.6 Fire

The cylinde
relief device
adequate s
alternative |

a  Minimum burst pressure. In addition, calculations shall be performed in accordance

with 8.3.2 to confirm that the minimum stress ratio requirements are also met.
b

Stress ratios and burst pressures shall be calculated in accordance with 8.3.2.

ss analysis

5 in the composite and in the liner after pre-stress shall be calculated for 0 bar, wo
bt pressure and design burst pressure. The calculations shall use suitable analysis techn

using autofrettage to provide pre-stress, the limits within-which the autofrettage pre;
1l be calculated and specified. For designs using controlled tension winding to provids

pre-stress in the liner shall be calculated.

m defect size at any location in the metal linéer such that the cylinder meets pressure cy
uirements, shall be specified. The NDEmethod shall be capable of detecting the maxi
llowed.

nings

ine of openings shall(coincide with the longitudinal axis of the cylinder.

protection

 design shall-be protected with pressure relief devices. The cylinder, its materials, pre{
s and any,added insulation or protective material shall be designed collectively to er
fety iduring fire conditions in the test specified in A.15. A manufacturer may sp|
PRDYocations for specific vehicle installations in order to optimize safety consideratio

\ccount nonlinear material behaviour of the liner when establishing stress distributions.

rking
ques

sure
pre-

bmperature at which it is performed, the tension requited in each layer of composite and the

cling
mum

e defectsize for NDE shall be determiined by an appropriate method, e.g. as described in Anipex C.

sure
sure
ecify

Pressure rel

ief devices shall conform to ISO 15500-13.

8.4 Construction and workmanship

8.4.1 General

The composite cylinder shall be manufactured from a liner overwrapped with continuous filament
windings. Fibre winding operations shall be computer or mechanically controlled. The fibres shall be
applied under controlled tension during winding. After winding is complete, thermosetting resins shall

be cured by

18

heating, using a predetermined and controlled time-temperature profile.
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8.4.2 Liner

The manufacture of a metallic liner shall meet the requirements given in 8.2, 8.3.2 and either 8.5.2.2
or 8.5.2.3 for the appropriate type of liner construction. Each liner shall be examined for thickness and
surface finish before end forming operations are carried out. The base ends of aluminium liners shall
not be sealed by a forming process. The base ends of steel liners that have been closed by forming shall
be NDE inspected or equivalent. Metal shall not be added in the process of closure at the ends.

8.4.3 Neck threads

Threads shall be clean cut, even, without surface discontinuities, to gauge and conform to
Intefnational Standards.

8.4.4 Overwrap

8.4.4.1 Fibre winding

The cylinders shall be manufactured by a fibre winding technique. During winding th¢ significant
varigdbles shall be monitored within specified tolerances and documefited in a winding record. These
varigdbles can include but are not limited to:

a) {ibre type including sizing;
b) mmanner of impregnation;
c) (inding tension;

d) vinding speed;

e) Iumber of rovings;

f)

g) type of resin and composition;

and width;

h) tlemperature of the resin;
i) tlemperature of the liner;

j)  yinding angle.

8.4.4.2 Curingofthermosetting resins

If a thermosetting resin is used, the resin shall be cured after filament winding. During th¢ curing, the
curing cycle(i.e. the time-temperature history) shall be documented.

The maXimum curing time and temperature for cylinders with aluminium alloy liners shall be below the
time and temperature that adversely affect metal properties.

8.4.4.3 Autofrettage

Autofrettage, if used, shall be carried out before the hydrostatic pressure test. The autofrettage pressure
shall be within the limits established in 8.3.3.

8.4.5 Exterior environmental protection
The exterior of cylinders shall meet the requirements of A.14. Exterior protection may be provided by using:
a) asurface finish giving adequate protection (e.g. metal sprayed on to aluminium, anodizing); or

b) the use of a suitable fibre and matrix material (e.g. carbon fibre in resin); or
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<)

a protective coating (e.g. organic coating, paint); if exterior coating is part of the design, the
requirements of A.9 shall be met; or

d) acovering impervious to the chemicals listed in A.14.

Any coatings applied to cylinders shall be such that the application process does not adversely affect the
mechanical properties of the cylinder. The coating shall be designed to facilitate subsequent in-service
inspection and the manufacturer shall provide guidance on coating treatment during such inspection to

ensure the continued integrity of the cylinder.

8.4.6 Traceability

Materials of
traceable to

8.5 Protd

8.5.1 Gen

Prototype ti
of normal p
shall be selg
Inspector. I

all results shall be documented.

8.5.2 Prof

8.5.2.1 T

The Inspect

construction affecting cylinder performance, as determined by the manufacturer; shx
the extent required to recall cylinders, if necessary.

type testing procedure

eral requirements

bsting shall be conducted on each new design, on finished cylinders that are represent]
Foduction and complete with permanent identification marks."The test cylinders or |
cted and the prototype tests specified in 8.5.2 (and detailed in Annex A) verified b
more cylinders are subjected to the tests than are requitéd by this International Stan

otype tests

sts required

pr shall select the necessary cylinders orliners for testing and verify:

1l be

ative
iners
y the
Hard,

a) the testp specified in 8.5.2.2 or 8.5.2.3 (material tests), as appropriate, on one liner;

b) the test|specified in 8.5.2.4 (hydrostatic pressure burst test) on one liner and three cylinders;
c) the test|specified in 8.5.2.5 (ambient temperature pressure cycling test) on two cylinders;

d) the test|specified in 8.5.2.6°(1:BB test) on three cylinders;

e) the test|specified in 85:2:7 (bonfire test) on one or two cylinders as appropriate;

f) the test|specified.if’8.5.2.8 (penetration test) on one cylinder;

g) the test|specified in 8.5.2.9 (environmental test) on one cylinder;

h) the test|specified in 8.5.2.10 (flaw tolerance test) on one cylinder;

i) the testspecified in 8.5.2.11 (high temperature creep test), where appropriate, on one cylinder;
j) the test specified in 8.5.2.12 (accelerated stress rupture test), on one cylinder;

k) the test specified in 8.5.2.13 (extreme temperature pressure cycling test) on one cylinder;

1) the test specified in 8.5.2.14 (resin shear strength test) on one sample coupon representative of the

compos

ite overwrap.

8.5.2.2 Material tests for steel liners

a)

20

Tensile test
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from a finished liner shall meet the requirements of the tensile test in A.1.
mpact test

from a finished liner shall meet the requirements of the impact test in A.2.

c) Sulfide stress cracking resistance test

If the upper limit of the specified tensile strength for the steel exceeds 950 MPa, the steel from a finished

liner

8.5.2.3 Material tests for alumininm nllny liners

shall meet the requirements of the sulfide stress cracking resistance test in A.3.

a)
Alunf
b)
Aluny
c |
Alun

8.5.2

8.5.2
press

8.5.2
cylin
stres|
tom

8.5.2

Two

mini
mult
year
desti
failu

8.5.2

Tensile test

jinium alloy from a finished liner shall meet the requirements of the tensile testin A.1.
Lorrosion tests

linium alloy from a finished liner shall meet the requirements of the(cdrrosion tests in
ustained load cracking tests

jinium alloy from a finished liner shall meet the requirements-efthe sustained load crackir
.4 Hydrostatic pressure burst test

4.1 One liner shall be hydrostatically pressurized to failure in accordance with A.1
ure shall exceed the minimum burst pressure specified for the liner design.

der burst pressures shall exceed the.spécified minimum burst pressure and that calcy

pet the stress ratio requirements‘of 8.3.2.

.5 Ambient temperature pressure cycling test

cylinders shall be pressure cycled to failure at ambient temperature in accordance with|
mum of 45 000 cyeles. The cylinders shall not fail before reaching the specified service|
plied by 1 000-cyeles. Cylinders exceeding 1 000 cycles multiplied by the specified s¢
5 shall fail byleakage and not by rupture. Cylinders which do not fail within 45 000 cyj
oyed. Cylinders exceeding 45 000 cycles are permitted to fail by rupture. The numbej
e and the location of the failure initiation shall be recorded.

.6-_‘Leak-before-break (LBB) test

A.4.

1g testin A.5.

. The burst

4.2 Three cylinders shall be hydrostatically pressurized to failure in accordance with A.12. The

lated by the

s analysis for the design, in accordanée with Table 4, and in no case be less than the valyie necessary

A.l3,ortoa
life in years
brvice life in
cles shall be
of cycles to

Thre

e cylinders shall be tested in accordance with A.6.

8.5.2.7 Bonfire test

One or two cylinders as appropriate shall be tested in accordance with A.15.

8.5.2.8 Penetration test

One cylinder shall be tested in accordance with A.16.

8.5.2.9 Environmental test

One cylinder shall be tested in accordance with A.14.
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8.5.2.10 Flaw tolerance tests

One cylinder shall be tested in accordance with A.17.

8.5.2.11 High temperature creep test

In designs where the glass transition temperature of the resin does not exceed 102 °C, one cylinder shall

be tested in

accordance with A.18.

8.5.2.12 Accelerated stress rupture test

One cylinde

- shall be tested in accordance with A.19.

8.5.2.13 Extreme temperature pressure cycling test

One cylinde

8.5.2.14 Reg

Resin matern

8.5.3 Cha

A design ch
attributable
materials. I}
specified in

A fibre matse

- shall be tested in accordance with A.7.

sin shear strength test

ials shall be tested in accordance with A.26.

hge of design

ange is any change in the selection of structural materials, or a dimensional chang
to normal manufacturing tolerances, or any change in-the selection of coatings or struc
esign changes may be qualified through a reduced test programme. Changes of d
Table 5 shall require only the prototype testing as specified in the table.

rial shall be considered to be of a new fibré type when:

e is of a different classification, e.g. glass; aramid, carbon; or

- carbon; or

iinal fibre modulus, specified by the fibre manufacturer, differs by more than + 5 %
ined in the prototype tested design; or

iinal fibre strengtl;“specified by the fibre manufacturer, differs by more than + 5 %
ined in the prototype tested design.

brial shall be-considered to be a new resin type when:

h is of a-different classification, e.g. thermosetting or thermoplastic; or

a) the fibr
b) the fibr

pitch fo
c) the nonj

that def
d) the nonj

that def]
A resin mat
e) theresi
f) theresiy

1 isofadifferent type of same classification of resin, e.g. epoxy, polyester, polyethylene, polya

e not
tural
bsign

e is produced from a different precursor (starting material), e.g. polyacrylonitrile (RAN),

from

from

mide.

8.6 Batch tests on liners and cylinders

8.6.1 General requirements

Batch testing shall be conducted on liners, and on finished cylinders that are representative of normal
production and are complete with permanent identification marks. The cylinders and liners required
for testing shall be randomly selected from each batch. If more liners or cylinders are subjected to the
tests than are required by this International Standard, all results shall be documented.

8.6.2 Required tests

8.6.2.1 Liner tests

22
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a) onone liner, one hydrostatic pressure burst test in accordance with A.12.

b) ona further liner, or heat treated sample representative of a liner:

1) acheck of the critical dimensions against the design (see 6.4.1);

9:2013(E)

2) one tensile test in accordance with A.1; the test results shall satisfy the requirements of the
design (see 6.4.1);
3) three impact tests in accordance with A.2; the test results shall satisfy the requirements

specified in A.2;

All 1

procgdures specified in 8.9

8.6.2

a)

If the
shall

b)

All c
proc

] for steelliners with a specilied tensile strength exceeding 1 100 MPa, each new cas
shall meet the requirements of the sulphide stress cracking test in A.3. A sample

ners represented by a batch test that fails to meet the specified requirements sha

.2 Cylinder tests

n one cylinder, one hydrostatic pressure burst test in accordance with A.12.

be followed.
n a further cylinder:
) acheck of the critical dimensions againstthe design (see 6.4.1);

) when a protective coating is a part ofithe design, a coating batch test in accordand
Where the coating fails to meet the requirements of A.24, the batch shall be 100 %
remove similarly defectively epated cylinders. The coating on all defectively coat
may be stripped using a method that does not affect the integrity of the composi
then recoated. The coating batch test shall then be repeated.

bdures specified in 8.9

of material
of material

from each cast may be heat treated and tested by the steel supplier or cylinder manufacturer,
provided that the samples have the same strength values specified in thecylinder flesign.

1 follow the

burst pressure is less than the minimum calculated burstpressure, the procedures sp¢cified in 8.9

e with A.24.
nspected to
ed cylinders
te wrapping

ylinders represented by-a‘batch test that fails to meet the specified requirements shalll follow the
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Table 5 — Change of design for type 2 cylinders

Type of test
Pressure
Design Hydr_o- cyclllllg at Bon- | Penetra- Environ- |Flaw tol- High Stress
change static LBB | ambient fire tion mental erance tempera- | rup- |Torque
g burst temper- ture creep | ture
ature
(A.12) | (A.6) (A.13) (A.15) (A.16) (A.14) (A17) (A.18) (A.19) | (A.28)
Fibre manu- X X X
facturer
Metallic
liner mate- X X X X X X X X X r\:b
rial e nQ
. %
Fibre mate-
Fo X X X X X X X X (bcbx
. Wy
51231“ mate- X X X X X'\'\ X
o\
Diameter %\J
change X X Xc i\\
<20% & ©
Diameter ) O
change X X X X X \\Q X
>20% QO
Length %]
change X Xa \\.Q
<50% o 7)$
=

Length D)
change X X Xa \.O
>50 % LSE
Working C)\ )
pressure o,
change X X @
<20 %P C g)
Dome shape X Xd RN
Opening X \‘OX
size (\%
Coating Q:/ X
change ,\?*
Pressure \% X
relief device e
Thread %\ X

a  Testonly required when length increases.

b Only when thickness change proportional to diameter and/or pressure change.
¢ Onlyrequired if diameter decreases.

d  Only required for non-ISO 9809-1 designs

e Materials tests are also required.
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8.6.2.3 Pressure cycling test

Additionally, a pressure cycling test shall be carried out on finished cylinders in accordance with A.13

ata

a)

b)

d)

8.7

Production examinations and tests shall be carried out on all liners and cylinders producec

Each

a)

b)
‘)

d)

test frequency defined as:

initially, one cylinder from each batch shall be pressure cycled for a total of 1 000 times the specified
service life in years, with a minimum 15 000 cycles;

ifon 10 sequential production batches ofa design family (i.e. similar materials and processes within the
definition of a minor design change, see 8.5.3), none of the pressure cycled cylinders in a) above leaks

L:In8623b)or8623c)

Shoufld any cylinder in 8.6.2.3a), 8.6.2.3b) or 8.6.2.3¢) fail to meet the minimum cycle life req
100
of 8.9
that
requ

or ruptures in less than 1 500 cycles multlphed by the spec1f1ed llfe in years (mlmmum 22500 cycles)
e 3 educed toone = production;

if on 10 sequential production batches of a design family, none of the pressure cycled
.6.2.2a) leaks or ruptures in less than 2 000 cycles multiplied by the specified Service
(minimum 30 000 cycles) then the pressure cycle test may be reduced to one cylinder fr|
Ibatches of production;

ghould more than 3 months have expired since the last pressure cycle-test, then a cylin
Eext batch of production shall be pressure cycle tested in order to maintain the reduce
f batch testing in 8.6.2.2b) or 8.6.2.2¢);

q

ghould any reduced frequency pressure cycle test cylinder,ifi8.6.2.3b) or 8.6.2.3¢) fail
fequired number of pressure cycles (minimum 22 500 or 30°000 pressure cycles, respeq
it shall be necessary to repeat the batch pressure cycletest frequency in 8.6.2.3a) for a
10 production batches in order to re-establish the reduced frequency of batch pressure

cycles multiplied by the specified service life in years (minimum 15 000 cycles), the r¢
shall be met. The pressure cycle test shall'then be repeated on an additional three cy
batch. Should any of the three additional cylinders fail to meet the minimum pres
rement of 1 000 cycles multiplied-by;the specified service life in years, the batch shall

Tests on every liner andcylinder

that the maximum defect size does not exceed the size specified in the design as de
gccordance 'with 8.3.4.The NDE method shall be capable of detecting the maximum size

q

o verify-that the critical dimensions and mass of the liners are within design tolerancs

liner shall be examined either during manufacture or after completion, as appropriate:

cylinders in
life in years
om every 10

Her from the
d frequency

to meet the
tively), then
minimum of
Cycle testing

juirement of
pquirements
inders from
sure cycling
be rejected.

in a batch.

Iby NDE of metallieliners in accordance with Annex B or demonstrated equivalent method to verify

termined in
allowed;

S;

o-verify conformance to specified surface finish with special attention to deep-drawn §

urfaces and

folds or laps in the neck or shoulder of forged or spun end enclosures or openings;

by hardness tests of metallic liners in accordance with A.8 carried out after the final heat treatment.

The values thus determined shall be in the range specified for the design;

Each cylinder shall be examined either during manufacture or after completion, as appropriate:

e)

f)
g)

© IS0 2013 - All rights reserved

to verify that the critical dimensions and mass of the completed cylinders and overwrapping are

within design tolerances;

to verify the permanent identification marks;

by hydrostatic test of finished cylinders in accordance with A.11. The manufacturer shall establish
the appropriate limit of permanent expansion for the test pressure used, but in no case shall the
permanent expansion exceed 5 % of the total volumetric expansion measured under the test pressure;
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h) by leak testing of cylinders with base ends formed by spinning. Typical testing procedures include
the pneumatic leakage test where the bottom end should be clean and free from all moisture on
the test pressure side. The inside area of the cylinder bottom surrounding the closure should be
subjected to a pressure equal to at least 2/3 times the test pressure of the cylinder for a minimum
of 1 min. This area should be not less than 20 mm in diameter around the closure and at least 6 % of
the total bottom area. The opposite side should be covered with water or another suitable medium
and closely examined for indication of leakage. Cylinders that leak should be rejected. Other test
procedures include a low pressure pneumatic test, and a helium leak test.

8.8 Batch acceptance certificate

If the resulfs of batch testing according to 8.6 and 8.7 are satisfactory, the manufacturer angl the
Inspector shall sign an acceptance certificate.

NOTE An example of an acceptance certificate (referred to as a “Report of Manufacture and\Certificpte of
Conformancq”) is given in Annex D.

8.9 Failure to meet test requirements

8.9.1 Liners

In the event| of failure of a liner to meet the test requirements, re-testing or re-heat treatment and re-
testing shall be carried out:

a) iftherelis evidence of a fault in carrying out a test, or an error’of measurement, a further test|shall
be performed; if the result of this test is satisfactory, thefifst test shall be ignored;

b) ifthe tept has been carried out in a satisfactory manner, the cause of test failure shall be identified.

1) If the failure is considered to be due to the heat treatment applied, the manufacturer{ may
subject all the liners implicated by the failure to a further heat treatment; however if the failure
occpirs sporadically in a test applied toévery liner, then only those liners which fail the test[shall
regpire re-heat treatment and re-testing.

— |Whenever liners are re-heat treated, the minimum guaranteed wall thickness shgll be
maintained.

— | Only the relevant prototype or batch tests needed to prove the acceptability of thel new
batch shall be performed again. If one or more tests prove even partially unsatisfactory, all
liners of the batch shall be rejected, and not placed in service.

2) Ifthe failure isidue to a cause other than the heat treatment applied, all defective liners shall be
either rejected or repaired by an approved method. Provided that the repaired liners pags the
test(s) reguired for the repair, they shall be re-instated as part of the original batch.

8.9.2 Cylihders

In the event of failure of a cylinder to meet test requirements, re-testing or re-heat treatment and re-
testing shall be carried out:

a) if there is evidence of a fault in carrying out a test, or an error of measurement, a further test shall
be performed; if the result of this test is satisfactory, the first test shall be ignored;

b) ifthe test has been carried out in a satisfactory manner, the cause of test failure shall be identified.

All defective cylinders shall be either rejected or repaired by an approved method. Provided that the repaired
cylinders pass the test(s) required for the repair, they shall be re-instated as part of the original batch.
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9 Requirements for type 3 fully-wrapped cylinders

9.1

General

This International Standard does not provide design formulae nor list permissible stresses or strains,
but requires the adequacy of the design to be established by appropriate calculations and demonstrated
by testing to show that cylinders shall pass the materials, design qualification, production and batch

tests

specified in this International Standard.

During pressurization, this type of cylinder exhibits behaviour in which the displacements of the
composite overwrap and the liner are superimposed. Due to different techniques of manufacture, this

Inten
befol

9.2

9.2.1

Mate
that

9.2.2

9.2.2

Steel

national Standard does not give a definite method for design. The design shall ens
e-break” failure mode during normal service.

Materials

General requirements

rials used shall be suitable for the service conditions specified in €lause 4. The design
ncompatible materials are not in contact.

Controls on chemical composition

.1 Steel

s shall be aluminium- and/or silicon-killed. The chemical composition of all steels shall

and dlefined at least by:

a)

b) t
[{

The {

9.2.2

he carbon, manganese, aluminium, and silicon contents in all cases;

he chromium, nickel, molybdenumyboron and vanadium contents, and that of any ot
tlements intentionally added.

ulfur and phosphorus contentin the cast analysis shall not exceed the values in Table

Table 6 — Maximum sulfur and phosphorus limits

sulfur 0,010 % by mass
phosphorus 0,020 % by mass
sulfur + phosphorus 0,025 % by mass

.2 «x Aluminium

ure a “leak-

shall ensure

be declared

her alloying

o

Alurt

I H L Jd & pa | Laad idad £l £ 11 H
ITITUIIT ClllUyD 1ua_y T uUustu tu }JIUUL{LC \,_yuuuc13 }JlUVl\,lCu Llle ITICTTU dll lCLlullClll

nts of this

International Standard and have maximum lead and bismuth contents not exceeding 0,003 %.

NOTE

A list of registered alloys is maintained by the Aluminium Association Inc.3) and can be found under

the “International Registration Records”, entitled “International Alloy Designations and Chemical Composition
Limits for Wrought Aluminium and Wrought Aluminium Alloys”.

3) Aluminum Association Inc., 900 19th Street N.W,, Washington D.C., 20006-2168, USA.
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9.2.3 Composite materials

9.2.3.1 Resins

The material forimpregnation may be thermosetting or thermoplasticresins. Examples of suitable matrix
materials are epoxy, modified epoxy, polyester and vinyl ester thermosetting plastics, and polyethylene
and polyamide thermoplastic material. The glass transition temperature of the resin material shall be

determined

in accordance with ASTM D3418.

9.2.3.2 Fibres

Structural r
fibre reinfor
components

The manufa
manufactur
certification
certify that {

9.3 Desig

9.3.1 Test

The minimul

9.3.2 Bur

The minimy
as the stres
working pre

The burst rd
The stressr

a)

an analj
finite el

binforcing filament material types shall be glass fibre, aramid fibre or carbon fibre. If¢g
cement is used the design shall incorporate means to prevent galvanic corrosion ef me
of the cylinder.

cturer shall keep on file the published specifications for composite materials, the mat
br’s recommendations for storage, conditions and shelf life and the material manufacty
thateach shipment conforms to said specification requirements. The fibre manufacturer
he fibre material properties conform to the manufacturer’s specifications for the produ

n requirements

pressure

m test pressure used in manufacture shall be 1,5 times working pressure.

5t pressures and fibre stress ratios

m burst pressure shall not be less than-the values given in Table 7. Stress ratio is de
5 in the fibre at the specified minimum-burst pressure divided by the stress in the fil
ssure.

tio is defined as the burst pressure of the cylinder divided by the working pressure.
ptio calculations shall include:

sis method with capability for nonlinear materials (special purpose computer progra
pment analysis prognam);

modelling of the)elastic-plastic stress-strain curve for a known liner material;
modelling-of the mechanical properties of the composite materials;

ions atrautofrettage pressure, zero pressure after autofrettage, working pressure

rbon
tallic

erial
rer’s
shall
ct.

fined
re at

m or

and

minimu|m burst pressure;

for the pre-stresses from winding tension;

the minimum burst pressure, chosen such that the calculated stress at minimum burst pressure divided

by the calculated stress at working pressure meets the stress ratio requirements for the fibre used;

consideration of the load share between the different fibres based on the different elastic moduli of

the fibres when analysing cylinders with hybrid reinforcement (two or more different fibres). The
stress ratio requirements for each individual fibre type shall be in accordance with the values given

of the stress ratios may also be performed using strain gauges.

An acceptable method is outlined in Annex F.

b) correct
c) correct
d) calculaf
e) account
f)
g)

in Table 7.
Verification
NOTE
28
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orking

9.3.3

A str
detel

The 1
aften
The (

be c3

9.3.4

The maximum defect size at any location in thesmetal liner such that the cylinder meets preg

and |
defed
e.g. 3

9.3.5
The

9.3.6

The (
relie

Table 7 — Minimum burst values and stress ratios for type 3 cylinders (withaw
pressure of 200 bar)
. . Burst Pressure
Fibre type Stress Ratio
Bar

Glass 3,65 700 a
Aramid 3,10 600
Carbon 2,35 470
Hybrid b
a  Minimum burst pressure. In addition, calculations shall be performed in accordance
with 9.3.2 to confirm that the minimum stress ratio requirements are also met.
b Stress ratios and burst pressures shall be calculated in accordance with 9.3.2.

Stress analysis

'mination of the stresses in liners and fibres of composite designs.

tresses in the tangential and longitudinal direction of the cylindér in the composite an
pre-stress shall be calculated for 0 bar, working pressure,test pressure and design buj

Iculated.

Maximum defect size

LBB requirements, shall be specified. The' NDE method shall be capable of detecting th
t size allowed. The allowable defect'size for NDE shall be determined by an appropri
s per Annex C.

Openings

fentre line of openings shdll coincide with the longitudinal axis of the cylinder.

Fire protection

ylinder desigh-shall be protected with pressure relief devices. The cylinder, its materig
[ devices,and any added insulation or protective material shall be designed collective

adequate safety during fire conditions in the test specified in A.15. A manufacturer
alterpative’PRD locations for specific vehicle installations to optimize safety consideration

Pressure relief devices shall conform to ISO 15500-13

ess analysis shall be performed to justify the minimum design wall thigknesses. It shalll include the

] in the liner
st pressure.

alculations shall use suitable analysis taking into accounthonlinear material behaviou]Lr of the liner
when establishing stress distributions. The limits within which the autofrettage pressure s

all fall shall

sure cycling
e maximum
ate method,

1S, pressure
ly to ensure
may specify

b.

9.4

Construction and workmanship

9.4.1 General

The composite cylinder shall be manufactured from a liner overwrapped with continuous filament
windings. Fibre winding operations shall be computer or mechanically controlled. The fibres shall be
applied under controlled tension during winding. After winding is complete, thermosetting resins shall
be cured by heating, using a predetermined and controlled time-temperature profile.
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9.4.2 Liner

The manufacture of a metallic liner shall meet the requirements specified in 9.2, 9.3.2 and either 9.5.2.2
or 9.5.2.3 for the appropriate type of liner construction. Each liner shall be examined for thickness and
surface finish before end forming operations are carried out. The base ends of aluminium liners shall
not be sealed by a forming process. The base ends of steel liners that have been closed by forming shall
be NDE inspected or equivalent. Metal shall not be added in the process of closure at the ends.

9.4.3 Neck threads

Threads shall be clean cut, even, without surface discontinuities, to gauge and conform to
Internationpl Standards.

9.4.4 Overwrap

9.4.4.1 Fibre winding

The cylinders shall be manufactured by a fibre winding technique. During winding the signifficant
variables shall be monitored within specified tolerances and documented in‘awinding record. These
variables cajn include but are not limited to:

a) fibre type including sizing;

b) manner|of impregnation;

c¢) winding tension;

d) winding speed;

e) numberof rovings;

f) band width;

g) type of resin and composition;
h) temperature of the resin;

i) temperature of the liner;

j)  winding angle.

9.4.4.2 Curing of thermoSetting resins

If a thermogetting resin is used, the resin shall be cured after filament winding. During curing, the
curing cycle (i.e, the time-temperature history) shall be documented.

The maximymZeuring time and temperature for cylinders with aluminium alloy liners shall be beloy the
time and temperature that adversely affect metal properties.

9.4.4.3 Autofrettage

Autofrettage, if used, shall be carried out before the hydrostatic pressure test. The autofrettage pressure
shall be within the limits established in 9.3.3. The compressive stress in the liner at zero pressure shall
not cause the liner to buckle or crease.
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9.4.5 Exterior environmental protection

The exterior of cylinders shall meet the requirements of the acid environment test described in A.14.
Exterior protection may be provided by using:

a)

b)
‘)

d)

Any

a surface finish giving adequate protection to metal bosses (e.g. metal sprayed on to aluminium,
anodizing); and/or

the use of a suitable fibre and matrix material (e.g. carbon fibre in resin); and/or

a protective coating (e.g. organic coating, paint); if exterior coating is part of the design, the
requirements of A.9 shall be met; and/or

4 covering impervious to the chemicals listed in A.14.

foatings applied to cylinders shall be such that the application process does notadversgly affect the

mechanical properties of the cylinder. The coating shall be designed to facilitaté subsequent in-service
insp¢ction and the manufacturer shall provide guidance on coating treatment/during such inhspection to

ensufe the continued integrity of the cylinder.

9.4.4 Traceability

Materials of construction affecting cylinder performance, as detefmined by the manufactyrer, shall be

tracgable to the extent required to recall cylinders, if necessary:
9.5

9.5.1 General requirements

Prototype testing procedure

Protptype testing shall be conducted on each new design, on finished cylinders that are representative
of ndrmal production and complete with permanent identification marks. The test cylindgrs or liners
shall| be selected and the prototype teststspecified in 9.5.2 (and detailed in Annex A) vetrified by the
Inspector. If more cylinders or liners-are subjected to the tests than are required by this Ihternational

Stang¢lard, all results shall be documented.
9.5.2 Prototype tests

9.5.2.1 Tests required

In tHe course of the)type approval, the Inspector shall select the necessary cylinders ¢r liners for

testing and verifys

tthe testsispecified in 9.5.2.2 or 9.5.2.3 (material tests), as appropriate, on one liner;

the'test specified in 9.5.2.4 (hydrostatic pressure burst test) on three cylinders;

the test specified in 9.5.2.5 (ambient temperature pressure cycling test) on two cylinders;

the test specified in 9.5.2.6 (LBB test) on three cylinders;

the test specified in 9.5.2.7 (bonfire test) on one or two cylinders as appropriate;

the test specified in 9.5.2.8 (penetration test) on one cylinder;

the test specified in 9.5.2.9 (environmental test) on one cylinder;

the test specified in 9.5.2.10 (flaw tolerance test) on one cylinder;

the test specified in 9.5.2.11 (high temperature creep test), where appropriate, on one cylinder;

the test specified in 9.5.2.12 (accelerated stress rupture test), on one cylinder;
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specified in 9.5.2.13 (extreme temperature pressure cycling test) on one cylinder;

ite overwrap;

specified in 9.5.2.15 (impact damage test) on at least one cylinder.

9.5.2.2 Material tests for steel liners

a) Tensile test

Steel from a

finished r‘y]indnr orlinershall meetthe rnnlnirnmnnfc ofthe tensile testin A1

the test specified in 9.5.2.14 (resin shear strength) on one sample coupon representative of the

b) Impact
Steel from a
c) Sulfide

If the upper
liner shall n

fest
finished liner shall meet the requirements of the impact test in A.2.
btress cracking resistance test

limit of the specified tensile strength for the steel exceeds 950 MPa, the)steel from a fin
eet the requirements in A.3.

9.5.2.3 Material tests for aluminium alloy liners

a) Tensile
Aluminium
b) Corrosi
Aluminium
c) Sustain

Aluminium 3

9.5.2.4 Hy

Three cylin

fest

hlloy from a finished liner shall meet the requirements of the tensile test in A.1.

b tests

hlloy from a finished liner shall meet the requirements of the corrosion tests in A.4.
bd load cracking tests

lloy from a finished liner shall megt the requirements of the sustained load cracking tests i

rdrostatic pressure burst-{est

lers shall be hydrostatieally pressurized to failure in accordance with A.12. The cyl

burst press

for the desig

stress ratio

9.5.25 A

Two cylinde
or to a mini

years multiptited by

res shall exceed the'specified minimum burst pressure established by the stress ana
n, in accordance-with Table 7, and in no case be less than the value calculated to mesd
equirements0f\9:3.2.

bient témperature pressure cycling test

shed

nder
lysis
t the

A13,

rs shall'be pressure cycle tested to failure at ambient temperature in accordance with
am of 45 000 cycles. The cylmders shall not fall before reachlng the spec1f1ed service li

ife in
e life

in years shall fail by leakage and not by rupture. Cylmders Wthh do not fail within 45 000 cycles shall
be destroyed. Cylinders exceeding 45 000 cycles are permitted to fail by rupture. The number of cycles
to failure and the location of the failure initiation shall be recorded.

9.5.2.6 Le

ak-before-break (LBB) test

Three cylinders shall be tested in accordance with A.6.

9.5.2.7 Bonfire test

One or two cylinders as appropriate shall be tested in accordance with A.15.
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9.5.2.8 Penetration test

One cylinder shall be tested in accordance with A.16.

9,5.2.9 Environmental test

One cylinder shall be tested in accordance with A.14.

9.5.2.10 Flaw tolerance tests

One cylinder shall be tested in accordance with A.17.

9.5.2.11 High temperature creep test

In designs where the glass transition temperature of the resin does not exceed 1022°C; one cylinder shall
be tested in accordance with A.18.

9.5.2.12 Accelerated stress rupture test

One ¢ylinder shall be tested in accordance with A.19.

9.5.2.13 Extreme temperature pressure cycling test

One ¢ylinder shall be tested in accordance with A.7.

9.5.2.14 Resin shear strength

Resiip materials shall be tested in accordance with,A.26.

9.5.2.15 Impact damage test

One (or more) finished cylinders shalt'be impact damage tested in accordance with A.20.

9.5.3 Change of design

A depign change is any change in the selection of structural materials, or a dimensionall change not
attriputable to normal manufacturing tolerances, or any change in the selection of coatings ar structural
matdrials. Design changes may be qualified through a reduced test programme. Changes of design
specified in Table 8shall require design qualification testing as specified in the table.

A fibre material\shall be considered to be of a new design when:

a) the fibreis of a different classification, e.g. glass, aramid, carbon;

b) thefibre is produced from a different precursor (starting material), e.g. polyacrylonjtrile (PAN),
pitch for carbon;

c) the nominal fibre modulus, specified by the fibre manufacturer, differs by more than + 5 % from
that defined in the prototype tested design;

d) the nominal fibre strength, specified by the fibre manufacturer, differs by more than + 5 % from
that defined in the prototype tested design.

A resin material shall be considered to be a new resin type when:
e) theresinis of a different classification, e.g. thermostetting or thermoplastic

f) theresinisofadifferenttype of same classification of resin, e.g. epoxy, polyester, polyethylene, polyamide.
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Table 8 — Change of design for type 3 cylinders

Type of test

Pressure

. High
Hydro- cycling at Penetra- | Environ- | Flaw tol- | tempe- Stress Impact

static | LBB | ambient | Bonfire . rup-
tion mental | erance | rature damage
burst tempe- ture

cree
rature p

(A12) | (A.6)| (A.13) | (A.15) | (A.16) | (A.14) | (A.17) | (A.18) | (A.19) | (A.20) | (A.28)

Design

change Torque

Fibre
manu- X X X X
facturer

o
Metal- )\D
lic liner X X X X X X X X X X~
materiald .

Fibre
material

X
Resin X X X X X
material Cp
Diameter =
change X X Xc
<20 % <'3<<
Diameter N
change X X X X X xg\\\} X
>20% %)
Length \%\
change X Xa 3}
<50 % O
Length \O
change X X Xa ) C\)jr X
>50 % N

Working .
pressure §&\
change X X O

<20 %b Q

Dome G
shape X X E N

0 .

Opening | x| x| Q¥
Coati S

S X
Pressure é\~‘

relief
device

Thread X

(¢

a  Testonly required when length increases.
b Only when thickness change proportional to diameter and/or pressure change.
¢ Onlyrequired if diameter decreases.

d  Materials tests are also required.
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9.6 Batch tests on liners and cylinders

9.6.1 General requirements

Batch testing shall be conducted on liners, and on finished cylinders that are representative of normal
production and are complete with permanent identification marks. The cylinders and liners required for
testing shall be randomly selected from each batch. If more cylinders or liners are subjected to the tests
than are required by this International Standard, all results shall be documented. Where defects are
detected in overwrapping before any autofrettage or hydrostatic pressure testing, the overwrapping
may be completely removed and replaced.

9.6.7 Liner tests

On afliner, or heat treated sample representative of a finished liner:

a) 4 check of the critical dimensions against the design (see 6.4.1);

b) o¢ne tensile test in accordance with A.1; the test results shall satisfy the requirements g

see 6.4.1);
c) for steel liners, three impact tests in accordance with A.2;-the test results shall
fequirements specified in A.2;
d) for steel liners with a tensile strength exceeding 1100 MP4d, each new cast of material s}

fequirements of the sulphide stress cracking test in A.3vA sample of material from each|
Eeat treated and tested by the steel supplier or cylinder manufacturer, provided that
ave the same strength values specified in the cylinder design.

All liners represented by a batch test that fails;to meet the requirements specified sha
procgdures specified in 9.9.

f the design

satisfy the

all meet the
cast may be
the samples

1 follow the

e with A.24.
nspected to
bd cylinders
te wrapping

.13 at a test

9.6.3 Cylinder tests
a) In one cylinder, one hydrostatic pressure burst test in accordance with A.12.
b) ¢n a further cylinder:

1) acheck of the critical dimensions against the design (see 6.4.1);

2) when a protectiVe coating is a part of the design, a coating batch test in accordand
Where thelcoating fails to meet the requirements of A.24, the batch shall be 100 %
remove. Similarly defectively coated cylinders. The coating on all defectively coat
may be stripped using a method that does not affect the integrity of the composi
thenrécoated. The coating batch test shall then be repeated.

c) 4 pressure cycling test shall be carried out on a finished cylinder in accordance with A

nnnnnnnnnn dafinand oo

oty Tt tras,

iy
specified service life in years, with a minimum 15 000 cycles;

2)

initially, one cylinder from each batch shall be pressure cycled for a total of 1 000 times the

if on 10 sequential production batches of a design family (i.e. similar materials and processes

within the definition of a minor design change, see 9.5.3), none of the pressure cycled cylinders

in 9.6.3c)1) leaks or ruptures in less than 1 500 cycles multiplied by the specified

life in years

(minimum 22 500 cycles) then the pressure cycle test may be reduced to one cylinder from

every five batches of production;

3)

if on 10 sequential production batches of a design family, none of the pressure cycled cylinders

in 9.6.3c)1) leaks or ruptures in less than 2 000 cycles multiplied by the specified service life
in years (minimum 30 000 cycles) then the pressure cycle test may be reduced to one cylinder

from every 10 batches of production;
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should more than 3 months have expired since the last pressure cycle test, then a cylinder from

the next batch of production shall be pressure cycle tested in order to maintain the reduced
frequency of batch testing in 9.6.3¢)2) or 9.6.3¢)3);

5)

should any reduced frequency pressure cycle test cylinder in 9.6.3c)2) or 9.6.3c)3) fail to

meet the required number of pressure cycles (minimum 22 500 or 30 000 pressure cycles,
respectively), then it shall be necessary to repeat the batch pressure cycle test frequency in
9.6.3a) for a minimum 10 production batches in order to re-establish the reduced frequency of
batch pressure cycle testing in 9.6.3b) or 9.6.3c).

Should any cylinder in 9.6.3¢)1, 9.6.3c)2), or 9.6.3c)3) fail to meet the minimum cycle life requirement

of 1 000 cydt

failure shall
then be rep
cylinders fa
specified se

9.6.4 Cyli

All cylinder
procedures

9.7 Tests

9.7.1 Gen

Production

9.7.2 Line

Each liner shall be examined either during manufacture or after completion, as appropriate:

il to meet the minimum pressure cycling requirement of 1 000 cycles multiplied b

leaaliad Lo £l afiod H lLifa s L - 1. 000 1 el
ICOS uuuuyucu U_y LIIC DPCLIIICU SCIT VILU TIIT 111 _ycalo l_llllllllllulll 1J UUU \,y\,lCDJ, LIic va
be determined and corrected following the procedures in 9.9. The pressure cycle tést
bated on an additional three cylinders from that batch. Should any of the three@ddit
Fvice life in years, the batch shall be rejected.

hder failures

5 represented by a batch test that fails to meet the requirements'specified shall folloy
specified in 9.9.

on every liner and cylinder

eral

bxaminations and tests shall be carried out on all"liners and cylinders produced in a b4

I tests

se of
shall
ional
 the

v the

tch.

erify
ed in
d;

5 and

nent;

a) by NDE|of metallic liners in accordance with Annex B or demonstrated equivalent method to
that thg maximum defect size does‘not exceed the size specified in the design as determin
accordance with 9.3.4.The NDE method shall be capable of detecting the maximum size allows

b) to verify that the critical dimensions and mass of the liners are within design tolerances;

c) toverify conformance to-spécified surface finish with special attention to deep-drawn surface
folds or|laps in the ne€k ot shoulder of forged or spun end enclosures or openings;

d) by hardpess tests-of'metallic liners in accordance with A.8 carried out after the final heat treatr
the valyes thus'determined shall be in the range specified for the design.

9.7.3 Cylipder tests

Each cylinder shall be examined either during manufacture and/or after completion, as appropriate:

a)

within design tolerances;

b)
‘)

to verify the permanent identification marks;

to verify that the critical dimensions and mass of the completed cylinders and overwrapping are

by hydrostatic test of finished cylinders in accordance with A.11. The manufacturer shall establish

the appropriate limit of permanent expansion for the test pressure used, but in no case shall the
permanent expansion exceed 5 % of the total volumetric expansion measured under the test pressure.

d)

by leak testing of cylinders with base ends formed by spinning. Typical testing procedures include

the pneumatic leakage test where the bottom end should be clean and free from all moisture on
the test pressure side. The inside area of the cylinder bottom surrounding the closure should be
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subjected to a pressure equal to at least 2/3 times the test pressure of the cylinder for a minimum
of 1 min. This area should be not less than 20 mm in diameter around the closure and at least 6 % of
the total bottom area. The opposite side should be covered with water or another suitable medium
and closely examined for indication of leakage. Cylinders that leak should be rejected. Other test
procedures include a low pressure pneumatic test, and a helium leak test.

Batch acceptance certificate

If the results of batch testing in accordance with 9.6 and 9.7 are satisfactory, the manufacturer and the
Inspector shall sign an acceptance certificate.

NOTH An example of an acceptance certificate (referred to as a “Report of Manufacture and [Certificate of

Confgrmance”) is given in Annex D.

9.9

9.9.1 Liners

Failure to meet test requirements

In the event of failure of a liner to meet test requirements, re-testing or.fezheat treatment and re-testing

shall|be carried out:

a)

b)

9.9.2 Cylinders

if there is evidence of a fault in carrying out a test, or an error of measurement, a further test shall
e performed; if the result of this test is satisfactory, the first test shall be ignored;

if the test has been carried out in a satisfactory manfép, the cause of test failure shall be identified.

1) If the failure is considered to be due to the\heat treatment applied, the manufacturer may
subject all the liners implicated by the failure to a further heat treatment; however [f the failure
occurs sporadically in a test applied to every liner, then only those liners which fail the test shall
require re-heat treatment and re-testing.

— Whenever liners are re-heat treated, the minimum guaranteed wall thicknpss shall be
maintained.

— Only the relevant prototype or batch tests needed to prove the acceptability of the new
batch shall be performed again. If one or more tests prove even partially unsatjsfactory, all
liners of the batch shall be rejected, and not placed in service.

2) Ifthe failure isdUe to a cause other than the heat treatment applied, all defective lipers shall be
either rejected or repaired by an approved method. Provided that the repaired lir;IIers pass the
test(s) required for the repair, they shall be re-instated as part of the original batch.

In the eVent of failure of a cylinder to meet test requirements, re-testing shall be carried our:

a)

b)

if there is evidence of a fault in carrying out a test, or an error of measurement, a further test shall
be performed; if the result of this test is satisfactory, the first test shall be ignored;

if the test has been carried out in a satisfactory manner, the cause of test failure shall be identified.
All defective cylinders shall be either rejected or repaired by an approved method. Provided that
the repaired cylinders pass the test(s) required for the repair, they shall be re-instated as part of the
original batch.
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10 Requirements for type 4 fully-wrapped composite cylinders

10.1 General

This International Standard does not provide design formulae nor list permissible stresses or strains,
but requires the adequacy of the design to be established by appropriate calculations and demonstrated
by testing to show that cylinders shall pass the materials, design qualification, production and batch

tests specifi

ed in this International Standard.

The design shall ensure a “leak-before-break” failure mode.

10.2 Mate

10.2.1 Gen

Materials us
that incomp

10.2.2 Resi

The materid
matrix mat
polyethylen

Theglasstrg

10.2.3 Fibr

Structural r
fibre reinfo

rials

eral requirements

ed shall be suitable for the service conditions specified in Clause 4. The design shall er
atible materials are not in contact.

ns

1l for impregnation may be thermosetting or thermoplastie resins. Examples of sui
brials are epoxy, modified epoxy, polyester and vinyl estér thermosetting plastics
e and polyamide thermoplastic material.

nsitiontemperature oftheresinmaterial shallbe determined inaccordance with ASTM D

(5N

pinforcing filament material types shall be glass fibre, aramid fibre or carbon fibre. If ca
‘cement is used the design shall incorporate a means of preventing galvanic corrosi

metallic components of the cylinder.

The manufa
manufactur
certification
certify that {

10.2.4 Plag

The polyme

10.2.5 Met
The metal b

cturer shall keep on file the published specifications for composite materials, the mat
er’s recommendations for sterage, conditions and shelf life, and the material manufacty
that each shipment conformsto said specification requirements. The fibre manufacturer
he fibre material properties conform to the manufacturer’s specifications for the produ

tic liners

Fic material Shall be compatible with the service conditions specified in Clause 4.

hl bosses

psses connected to the non-metallic liner shall be of a material compatible with the se

sure

kable
and

8418.

rbon
bn of

erial
rer’s
shall
ct.

rvice

conditions s

L 1 £21 4
PELIHICTU T LIdUST F.

10.3 Design requirements

10.3.1 Test pressure

The minimum test pressure used in manufacture shall be 1,5 times working pressure.

10.3.2 Burst pressures and fibre stress ratios

The minimum burst pressure shall be not less than the values given in Table 9. Stress ratio is defined
as the stress in the fibre at the specified minimum burst pressure divided by the stress in the fibre at
working pressure.
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The burst ratio is defined as the burst pressure of the cylinder divided by the working pressure.

For type 4 designs, the stress ratio is equal to the burst ratio.

For designs using hybrid reinforcement (two or more different fibres), the load share between the
different fibres based on the different elastic moduli of the fibres shall be considered in the analysis.
The stress ratio requirements for each individual fibre type shall be in accordance with the values given
in Table 9.

Verification of the stress ratios may also be performed using strain gauges.

NOTE An acceptable method is outlined in Annex F.

10.3

A st
the ¢

Table 9 — Minimum burst values and stress ratios for type 4 cylinders (with.a'wj|
pressure of 200 bar)
Burst Préssure
Fibre type Stress Ratio

bar
Glass 3,65 730
Aramid 3,10 620
Carbon 2,35 470
Hybrid a
a  Stressratios and burst pressures shall be calculated.in accordance with 10.3.2.

3 Stress analysis

ess analysis shall be performed to justify.the minimum design wall thicknesses. It §

orking

hall include

letermination of the stresses in fibres of tomposite designs. The stresses in the tapgential and

longitudinal direction of the composite_cylinder shall be calculated. The pressures use

calcy
shall

10.3

Oper]

lations shall be 0 bar, working pressure, test pressure and design burst pressure. The
use suitable analysis techniques tg-establish stress distribution throughout the cylind

4 Openings

ings are permitted in, the end bosses only. The centre line of openings shall coinci

longitudinal axis of the cylinder.

10.3

The
relie

5 Fire protection

ylinder désign shall be protected with pressure relief devices. The cylinder, its materig

F devices*dand any added insulation or protective material shall be designed collective

adequaté safety during fire conditions in the test specified in A.15. A manufacturer
alterpative PRD locations for specific vehicle installations in order to optimize safety consi

bd for these
calculations
er.

de with the

1S, pressure
ly to ensure
may specify
Herations.

Pressure relief devices shall conform to ISO 15500-13.

10.4 Construction and workmanship

10.4.1 General

The composite cylinder shall be manufactured from a liner overwrapped with continuous filament
windings. Fibre winding operations shall be computer or mechanically controlled. The fibres shall be
applied under controlled tension during winding. After winding is complete, thermosetting resins shall
be cured by heating, using a predetermined and controlled time-temperature profile.
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10.4.2 Neck threads

Threads shall be clean cut, even, without surface discontinuities, to gauge and conform to
International Standards.

10.4.3 Curing of thermosetting resins

The curing temperature for thermosetting resins shall be atleast 10 °C below the softening temperature
of the plastic liner.

10.4.4 Exterior environmental protection

The exterior]

a)

a surfad
anodizi

b)
‘)

the use

a prote
require

d)

Any coating
mechanical
inspection a
ensure the

10.4.5 Traq

Materials of
traceable to

10.5 Protd

10.5.1 Gen

Prototype t{
of normal p
shall be selg
Inspector. I

of cylinders shall meet the requirements of A.14. Exterior protection may be provided by

e finish giving adequate protection to metal bosses (e.g. metal sprayed on ¢ alumir
hg); and/or

bf a suitable fibre and matrix material (e.g. carbon fibre in resin);and/ or

Ctive coating (e.g. organic coating, paint); if exterior coating is“part of the design
ments of A.9 shall be met; and/or

a covering impervious to the chemicals listed in A.14.

5 applied to cylinders shall be such that the applicationprocess does not adversely affeq
properties of the cylinder. The coating shall be desighed to facilitate subsequent in-se
nd the manufacturer shall provide guidance on codting treatment during such inspecti
ontinued integrity of the cylinder.

reability

construction affecting cylinder performance, as determined by the manufacturer, sh:
the extent required to recall cylinders, if necessary.

type testing procedure

eral

esting shall be conducted on each new design, on finished cylinders that are represent
Foduction and<emplete with permanent identification marks. The test cylinders or 1
cted and the/prototype tests specified in 10.5.2 (and detailed in Annex A) verified b
more cykinders or liners are subjected to the tests than are required by this Internat|

Standard, alll results:shall be documented.

10.5.2 Prot

sing:

lium,

, the

t the
rvice

on to

11 be

ative
iners
y the
ional

otype tests

10.5.2.1 Te

sts required

In the course of the type approval, the Inspector shall select the necessary cylinders or liners for
testing and verify:

a)

b) the test
c) thetest
d) thetest
e) thetest
40

the tests specified in 10.5.2.2 (material tests), on one liner;

specified in 10.5.2.3 (hydrostatic pressure burst test) on three cylinders;
specified in 10.5.2.4 (ambient temperature pressure cycling test) on two cylinders;
specified in 10.5.2.5 (LBB test) on three cylinders;

specified in 10.5.2.6 (bonfire test) on one or two cylinders as appropriate;
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f) the test specified in 10.5.2.7 (penetration test) on one cylinder;

g) the test specified in 10.5.2.8 (environmental test) on one cylinder;

h) the test specified in 10.5.2.9 (flaw tolerance test) on one cylinder;

i) the test specified in 10.5.2.10 (high temperature creep test), where appropriate, on one cylinder;

j)  the test specified in 10.5.2.11 (accelerated stress rupture test), on one cylinder;

k) the test specified in 10.5.2.12 (extreme temperature pressure cycling test) on one cylinder;

D

q
m)

n)

p)

10.5

The
softe

10.5

Thre)
burs

for the design, in accordance with Table 9;and in no case less than the value necessary to me|

ratio

10.5

Two
orto
year
in ye|
be dg
to fa

10.5

1 de b o - - 10 .2 129 L - 1 b dala). 1
IIT LCSL DPCLUICU I 1VU.0.4.10 U CS1IT SIITdAl SUI Cllsl.ll) Ull UIIT bdllll}lc LUulJUll lClJl CSCII
omposite overwrap;

he test specified in 10.5.2.14 (drop test) on at least one cylinder;
he test specified in 10.5.2.15 (boss torque test) on one cylinder;
he test specified in 10.5.2.16 (permeation test) on one cylinder;

he test specified in 10.5.2.17 (natural gas cycling test) on one cylinder.

2.2 Material tests for plastic liners

fensile yield strength and ultimate elongation shall bé.determined in accordance wit
ning temperature shall be determined in accordancéwith A.23.

2.3 Hydrostatic pressure burst test

e cylinders shall be hydrostatically pressurized to failure in accordance with A.12.
[ pressures shall exceed the specified minimum burst pressure established by the sty

requirements of 10.3.2.

2.4 Ambient temperature pressure cycling test

cylinders shall be pressure cycle tested at ambient temperature in accordance with A.]
a minimum of 45 00Q ¢ycles. The cylinders shall not fail before reaching the specified s
s multiplied by 1 00@cycles. Cylinders exceeding 1 000 cycles multiplied by the specifie
ars shall fail by.leakage and not by rupture. Cylinders which do not fail within 45 000
stroyed. Cylinders exceeding 45 000 cycles are permitted to fail by rupture. The num
lure and the-location of the failure initiation shall be recorded.

2.5, Leak-before-break (LBB) test

rative of the

h A.22. The

'he cylinder
ess analysis
et the stress

| 3 to failure,
ervice life in
] service life
cycles shall
ber of cycles

Thre

e cvlinders shall be tested in accordance with A.6.

10.5.2.6 Bonfire test

One or two cylinders as appropriate shall be tested in accordance with A.15.

10.5.2.7 Penetration test

One cylinder shall be tested in accordance with A.16.

10.5.2.8 Environmental test

One cylinder shall be tested in accordance with A.14.

© ISO

2013 - All rights reserved

41


https://standardsiso.com/api/?name=d3224e656422f3944b746cd5a265023e

ISO 11439

:2013(E)

10.5.2.9 Flaw tolerance tests

One cylinder shall be tested in accordance with A.17.

10.5.2.10

High temperature creep test

In designs where the glass transition temperature of the resin does not exceed 102 °C, one cylinder shall

be tested in

10.5.2.11

accordance with A.18.

Accelerated stress rupture test

One cylinde

10.5.2.12

One cylinde

10.5.2.13

Resin matern

10.5.2.14

One (or morj

10.5.2.15

One cylinde

10.5.2.16

One cylinde

10.5.2.17

One cylinde

10.5.3 Cha

A design ch
change in th

Design charj
Table 10 sh4

- shall be tested in accordance with A.19.

Extreme temperature pressure cycling test

- shall be tested in accordance with A.7.

Resin shear strength

ials shall be tested in accordance with A.26.

Impact damage test

e) finished cylinders shall be impact damage tested in-accordance with A.20.

Boss torque test

- shall be tested in accordance with A.25.

Permeation test

- shall be tested for permeation in accordance with A.21.

Natural gas cycling test

- shall be tested in accordance with A.27.

hge of design

inge is, a dimensional change not attributable to normal manufacturing tolerances, o
e selection 0f coatings or structural materials.

ges, may be qualified through a reduced test programme. Changes of design specifi
llrequire design qualification testing as specified in the table.

- any

bd in

Either a fibre material change or a fibre manufacturer change shall be considered to be of a new design

and require

a)
b)

full qualification when:

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

pitch for carbon; or

0)
that def

d)
that def

42

ined in the prototype tested design; or

ined in the prototype tested design.

the fibre is produced from a different precursor (starting material), e.g. polyacrylonitrile (PAN),

the nominal fibre modulus, specified by the fibre manufacturer, differs by more than £ 5 % from

the nominal fibre strength, specified by the fibre manufacturer, differs by more than £ 5 % from
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Fibre materials that are within the above limits are considered equivalent fibres and are eligible for the
reduced test programme described in Table 10. Note that a change in fibre material does notrequire tests
that evaluate the performance of plastic liners, e.g. permeation testing and natural gas cycle testing.

A resin material shall be considered to be a new resin type when:
e) the resinis of a different classification, e.g. thermosetting or thermoplastic;

f) theresinisofadifferenttype ofsame classification of resin, e.g. epoxy, polyester, polyethylene, polyamide.
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10.6 Batch tests

10.6.1 General requirements

Batch testing shall be conducted on finished cylinders that are representative of normal production and
are complete with permanent identification marks. The cylinder(s) and liner(s) required for testing shall
be randomly selected from each batch. If more cylinders are subjected to the tests than are required by

this

10.6,2 Required tests

10.6{2.1 Burst test

On ohe cylinder, one hydrostatic pressure burst test in accordance with A.12.

If th
109

10.6{2.2 Materials tests

On ohe cylinder, or liner, or sample representative of a finished«ylinder:

a)
b)

c)

d)

10.6{2.3 Pressure cyclingtest

A pressure cyclingtest shall be carried out on finished cylinders in accordance with A

freq
a)

b)

International Standard, all results shall be documented.

¢ burst pressure is less than the minimum calculated burst pressure, the*procedures
shall be followed.

4 check of the critical dimensions against the design (see.6.4.1);

one tensile test of the plastic liner in accordance;with A.22; the test results shall
fequirements of the design (see 6.4.1);

the softening temperature of the plastic liner¢shall be tested in accordance with A.23, g
fequirements of the design;

yhen a protective coating is a part ofthe design, a coating batch test in accordance with
the coating fails to meet the requirements of A.24, the batch shall be 100 % inspecte
gimilarly defectively coated cylifiders. The coating on all defectively coated cylind
gtripped using a method that.dees not affect the integrity of the composite wrapping th
The coating batch test shall then be repeated.

ency defined/as follows:

initially,~on’ one cylinder from each batch the end boss shall be torque tested in acco
.25. Bhe cylinder shall then be pressure cycled for a total of 1 000 times the specifiec
in,years, with a minimum 15 000 cycles. Following the required pressure cycling, the c

specified in

satisfy the

nd meet the

A.24. Where
d to remove
ers may be
en recoated.

13 at a test

rdance with
| service life
ylinder shall

eléak tested in accordance with the method described in A 10;

if on 10 sequential production batches of a design family (i.e. similar materials an

d processes

within the definition of a minor design change, see 10.5.3), none of the pressure cycled cylinders
in 10.6.2.2a) leaks or ruptures in less than 1 500 cycles multiplied by the specified life in years
(minimum 22 500 cycles) then the pressure cycle test may be reduced to one cylinder from every

five batches of production;

if on 10 sequential production batches of a design family, none of the pressure cycled
10.6.2.2a) leaks or ruptures in less than 2 000 cycles multiplied by the specified service
(minimum 30 000 cycles) then the pressure cycle test may be reduced to one cylinder fr
batches of production;

© IS0 2013 - All rights reserved

cylinders in
life in years
om every 10

47


https://standardsiso.com/api/?name=d3224e656422f3944b746cd5a265023e

1SO 11439:2013(E)

d) should more than 3 months have expired since the last pressure cycle test, then a cylinder from the
next batch of production shall be pressure cycle tested in order to maintain the reduced frequency
of batch testing in 10.6.2.2b) or 10.6.2.2c);

e) should any reduced frequency pressure cycle test cylinder in 10.6.2.2b) or 10.6.2.2c) fail to meet the
required number of pressure cycles (minimum 22 500 or 30 000 pressure cycles, respectively), then
it shall be necessary to repeat the batch pressure cycle test frequency in 10.6.2.2a) for a minimum of
10 production batches in order to re-establish the reduced frequency of batch pressure cycle testing
in 10.6.2.2b) or 10.6.2.2¢);

f) Ifa cyhnder de51gn has passed the leak before break test (A 6) w1th0ut leaklng, and 1f on 10

: y S jthen
the freq ency ofpressure cycllng test may be reduced toone every one every 20 productlon batches,
and at l¢ast one every 6 months.

Should any dylinderin 10.6.2.2a), 10.6.2.2b), or 10.6.2.2¢) fail to meet the minimum cycle liferequirement

of 1 000 cyqles multiplied by the specified service life in years (minimum 15 000 cycles), the cayse of

failure shalllbe determined and corrected following the procedures in 10.9. The pressure cycle test|shall
then be repeated on an additional three cylinders from that batch. Should any ©fjthe three additjonal

cylinders fafil to meet the minimum pressure cycling requirement of 1 000.'cycles multiplied b

specified se

Fvice life in years, the batch shall be rejected.

10.6.2.4 Fajilure to meet batch test requirements

All cylinder

5 or liners represented by a batch test that fails togueet the requirements specified

y the

shall

follow the procedures specified in 10.9.

10.7 Tests|on every cylinder

Production gxaminations and tests shall be carried put on all cylinders produced in a batch.

Each cylind¢r shall be examined during manufactire and/or after completion, as appropriate:

a) by inspgction of liners to verify that.the maximum defect size present is smaller than theg size
specifield in the design;

b) to verifly that the critical diménsions and mass of the completed cylinder and of any linerf and
overwrapping are within design tolerances;

c) toverify conformance té'specified surface finish;

d) to verify the permanent identification marks;

e) by hydrostatic test of finished cylinders in accordance with A.11. The manufacturer shall define
the appropriate limit of elastic expansion for the test pressure used, but in no case shall the elastic

expansilon ofany cylinder exceed the average batch value by more than 10 %;

f)

by leak t

est in accordance with A.10.

10.8 Batch acceptance certificate

If the results of batch testing according to 10.6 and 10.7 are satisfactory, the manufacturer and the
Inspector shall sign an acceptance certificate.

NOTE

Conformance”) is given in Annex D.

48
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10.9 Failure to meet test requirements

In the event of failure to meet test requirements re-testing shall be carried out:

a) ifthere is evidence of a fault in carrying out a test, or an error of measurement, a further test shall
be performed; if the result of this test is satisfactory, the first test shall be ignored;
b) ifthe test has been carried out in a satisfactory manner, the cause of test failure shall be identified.

1) All defective cylinders shall be rejected or repaired by an approved method. Provided that the
repaired cylinders pass the test(s) required for the repair, they shall be re-instated as part of
the original batch.

2) The new batch shall be retested. All the relevant prototype or batch tests needed fo prove the
acceptability of the new batch shall be performed again. If one or more tests prove eyen partially
unsatisfactory, all cylinders of the batch shall be rejected, and not placed in service.

11 Marking

On ehch cylinder the manufacturer shall provide clear, permanent markings not less than|
MarK
low gtress stamps used on the thickened ends of type 1 and 2 deSigns, or any combination

ing shall be made either by labels incorporated into resin coatings, labels attached

6 mm high.
by adhesive,
thereof. For

composite cylinders, permanent markings may be achieved by-ise of a printed label encapsulated either

by placing it under the resin or by covering it with a permanent transparent layer. Multip,
allowed and should be located such that they are not obsc¢uped by mounting brackets.

Each

a)
b)

The period between the dispatch date arddthe expiry date shall not exceed the specified ser
expiry date may be applied to the cylinder at the time of dispatch, provided that the cylinde
stordd in a dry location without internal pressure;

‘)
d)
e)
f)

g)
h)
i)
j)

cylinder conforming to this International Standatd shall be marked with at least:
the words “CNG ONLY”;
tthe words “DO NOT USE AFTER XX/XXXX?%, where XX/XXXX identifies the month and ye

manufacturer’s identification;
¢ylinder identificatioh (a serial number unique for every cylinder);
yorking pressureZand temperature;

feference tathis International Standard, “ISO 11439:2013”, along with cylinder type and
fegistration'number (if applicable);

the words “Use only a manufacturer-specified PRD”;

wihan labhalc on 0o andtho o £ Aty Joid 43 €3 4!

le labels are

ar of expiry.

yice life. The
s have been

rertification

A PETECE P-TE P P= X E 2L L PPoF S PG TR FE LR 221 ZV-C 7] fact arlcidantifi oo
v aotrsar C oSt a armyot ot mataa o ot T ana o Trararattar O s Aot at

on an exposed metal surface to permit tracing in the event that the label is destroyed;
date of manufacture (month and year);

any additional markings as required by the Inspector of the country(ies) of use.

on stamped

The markings shall be placed in the listed sequence but the specific arrangement may be varied to match
the space available. An acceptable example is:

CNG ONLY
DO NOT USE AFTER 03/2029

Manufacturer’s name/Manufacturer’s serial number

© IS0 2013 - All rights reserved
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200 bar/15 °C

[SO 11439:2013 type 2 (registration no.)

“Use only manufacturer-specified PRD”

Manufacture date 03/2013

12 Preparation for dispatch

Prior to dispatch from the manufacturer’s shop, every cylinder shall be internally clean and dry.
Cylinders n¢t immediately closed by the fitting of a valve, and safety devices if applicable, shall|have

plugs which
(e.g. oil-conf

internal pregsure shall not exceed 3 bar.

The manufa
proper hand

NOTE Guiidance on the content of the instructions is given in Annex G.

50

prevent entry of moisture and protect threads, fitted to all openings. A corrosion inhibitor
aining) shall be sprayed into all steel cylinders and liners prior to dispatch. Any applied

cturer’s statement of service and all necessary information and instructions to ensurg the
ling, use and in-service inspection of the cylinder shall be supplied to_the purchaser.
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Annex A
(normative)

Test methods and criteria

Tensile tests for steel and aluminium cylinders and liners

A ter
liner
steel
surfd

The {
The {

Fors
at led

sile test shall be carried out on material taken from the cylindrical part of the finisheq
using a rectangular test piece shaped in accordance with the method described\in IS
and ISO 7866 for aluminium. The two faces of the test piece representing the inside
ce of the cylinder shall not be machined.

ensile test shall be carried out in accordance with ISO 6892-1.
ensile strength shall meet the manufacturer’s design specifications.

teel cylinders and liners, except for designs in compliance with"¥SO 9809-2, the elonga
st 14 %.

For dluminium alloy cylinders and liners of type 1 or type 2:¢enstruction, the elongation shd

12 %.

For 4
spec

NOTH
cases|

A2

The i
or lin]

The
The
shall

luminium alloy liners of type 3 construction, theelongation shall meet the manufacty
fications.

Attention is drawn to the method of measurement of elongation described in ISO 6892-1,
where the tensile test piece is tapered, resulting in a point of fracture away from the middle of the|
Impact test for steel cylinders and steel liners

mpact test shall be carried put on material taken from the cylindrical part of the finis
er on three test pieces in accordance with ISO 148-1.

mpact test pieces shall be taken in the directions given in Table A.1 from the wall of

10 m|

be machined-allover (on six faces). If the wall thickness does not permit a final test pi
, the widthshall be as near as practicable to the nominal thickness of the cylinder wal

taken in the transverse direction shall be machined on four faces only, the inner and oute

cyli

er wallshall be unmachined.

The impact values shall be not less than those specified in Table A.1.

| cylinder or
D 9809-1 for
and outside

kion shall be

11 be at least

rer’s design

articularly in

gauge length.

hed cylinder

the cylinder.

hotch shall be pérpendicular to the face of the cylinder wall. For longitudinal tests the test piece

ece width of
. Test pieces
r face of the

A3

Sulfide stress cracking test for steel

Except as identified in this clause, testing shall be conducted in accordance with Method A - NACE
Standard Tensile Test procedures, as described in NACE Standard TM0177. Tests shall be conducted on
a minimum of three tensile specimens with a gauge diameter of 3,81 mm machined from the wall of a
finished cylinder or liner. The specimens shall be placed under a constant tensile load equal to 60 % of
the specified minimum yield strength of the steel, immersed in a solution of distilled water buffered with
0,5 % (mass fraction) sodium acetate trihydrate and adjusted to an initial pH of 4,0, using acetic acid. The
solution shall be continuously saturated at room temperature and pressure with 0,414 kPa hydrogen
sulfide (balance nitrogen). The tested specimens shall not fail within a test duration of 144 hours.

© IS0 2013 - All rights reserved 51
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Table A.1 — Impact test acceptance values

A.4 Corr

Corrosion td

A.5 Susts:

The resistat

A.6 Leak

Three finisH

not exceeding 10 cycles per minute in accordance with A.13.

Cylinder diameter, > 140 <140
mm
Direction of testing Transverse Lonr{iltludl-
Width of test piece, 3t05 >5t075 |>75t010| 3to10
mm
Test temperature, -50 -50
°C
Impact strength, ]/ [Mean of three 30 35 40 60
cm?2 test pieces
Individual 24 28 32 48
test piece

psion tests for aluminium

sts for aluminium alloys shall be carried out in accordance with.Anhex A of ISO 7866.

lined load cracking (SLC) tests for aluminium

ice to SLC shall be carried out in accordance with Annéx B of ISO 7866.

-before-break (LBB) test

ed cylinders shall be pressure cycled between 20 bar and 1.5 x working pressure, at 3

b shall either fail by leakage or exceed 45 000 pressure cycles.

yInders, with the composite wrapping free of any protective coating, shall be cycle testg

me temperature pressure cycling

n for 48 h at zero-pressure, 65 °C or higher, and 95 % or greater relative humidity. The i
equirement shall be deemed met by spraying with a fine spray or mist of water in a cha
b5 °C;

atically-pressurize for 500 cycles multiplied by the specified service life in years bet)
nd 26(0:bar at 65 °C or higher, and 95 % or greater relative humidity;

rate

bd:

htent
mber

ween

nthe cylinder and fluid at - 40 °C or lower as measured in the fluid and on the cylinder suj

face;

All cylinder
A.7 Extr
Finished c
a) conditid

of thisr

held at {
b) hydrost

20 bar 3
c) conditid
d)

pressurize from 20 bar to 200 bar for 500 cycles multiplied by the specified service life in years

at - 40 °C or lower. Adequate recording instrumentation shall be provided to ensure the minimum
temperature of the fluid is maintained during the low temperature cycling.

The pressure cycling rate of b) shall not exceed 10 cycles per minute. The pressure cycling rate of d) shall
not exceed 3 cycles per minute unless a pressure transducer is installed directly within the cylinder.

During this pressure cycling, the cylinder shall show no evidence of rupture, leakage or fibre unravelling.

Following pressure cycling at extreme temperatures, cylinders shall be hydrostatically pressured to
failure in accordance with A.12, and achieve a minimum burst pressure of 85 % of the minimum design
burst pressure. For type 4 designs, prior to the hydrostatic burst test the cylinder shall be leak tested in
accordance with A.10.

52
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A.8 Brinell hardness test

Hardness tests shall be carried out on the parallel wall of each cylinder or liner in accordance with
ISO 6506-1 at the rate of one test per metre length of parallel wall. The test shall be carried out after the
final heat treatment and the hardness values thus determined shall be in the range specified for the design.

A.9 Coating tests

Coatings shall be evaluated using:

a) ontesting in accordance with A e_The coating
¢hall exhibit an adhesion rating of either

b) Flexibility, in accordance with ASTM D522-93, using test method B with a 12,7 miim(0,5{in) mandrel
3t the specified thickness at - 20 °C. Samples for the flexibility test shall be prepared in accordance

ith ASTM D522-93. There shall be no visually apparent cracks.

c) Impactresistance,in accordance with ASTM D2794-93. The coating atroom temperatufe shall pass
3 forward impact test of 18 ] (13,3 ft lbs).

d) Chemical resistance, in accordance with ASTM D1308-87, except'that the tests shall be conducted
1sing the open spot test method and 100 h exposure to a 30°% sulfuric acid solution (pattery acid

ith a specific gravity of 1,219) and 24 h exposure to a pelyalkalene glycol (e.g. brake fluid). There
¢hall be no evidence of lifting, blistering or softening of the*coating. The adhesion shall meet a rating
¢f 3 when tested in accordance with ASTM D3359.

e) Minimum 1 000 h exposure, using a UVA lamp:ifi"accordance with ASTM G154:2006/ There shall
be no evidence of blistering and adhesion shallimeet a rating of 3 when tested in accordance with
ASTM D3359. The maximum gloss loss shalkbe 20 %.

f)  Minimum 500 h exposure in accordance:with [SO 9227. Undercutting shall not exceed [2 mm at the
jcribe mark, there shall be no evidetice of blistering and adhesion shall meet a rating of 3 when
lested in accordance with ASTM B3359.

g) Resistance to chipping at ropin temperature, in accordance with ASTM D3170-87
|The coating shall have arating of 7A or better, and there shall be no exposure of the sybstrate.

A.1QLeak test

Type|4 designs shall-be leak tested by (or an alternative acceptable to the Inspector in the coyntry of use):

a) thoroughly’drying the cylinders;

b) pressurizing the cylinders to working pressure with dry air or nitrogen containing a ddtectable gas
ﬂ)uch as helium.

Any leakage detected shall be cause for rejection.

Leakage is the release of gas through a crack, pore, un-bond or similar defect. Permeation through the
wall in conformance to A.21 is not considered to be leakage.

A.11 Hydrostatic pressure test

Any internal pressure applied after autofrettage, and prior to the hydrostatic pressure test, shall not
exceed 90 % of the hydrostatic test pressure.

Either a volumetric expansion test or a proof pressure test shall be performed.

© IS0 2013 - All rights reserved 53
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The volumetric expansion test shall be performed by hydrostatically pressuring the cylinder to at least
1,5 times working pressure. In no case shall the test pressure exceed the autofrettage pressure. The
pressure shall be maintained for 30 s and sufficiently longer to ensure complete expansion. If the test
pressure cannot be maintained due to failure of the test apparatus, it is permissible to repeat the test at
a pressure increased by 7 bar. No more than 2 such repeat tests shall be carried out.

The proof pressure test shall be performed by increasing the hydrostatic pressure in the cylinder
gradually and regularly until the test pressure, at least 1,5 times working pressure, is reached. The
cylinder test pressure shall be maintained for at least 30 s to establish that there are no leaks.

Any cylinders not meeting the defined rejection limit for the volumetric expansion test, or leaking during
the proof pr

i 4 Lalll 3 o pa A | 4 |
SOoUlI T LLOL, SIIAdIT UT'1 CJCLLCU dllu UcTotl u_ycu.

A.12 Hydrnostatic pressure burst test

The rate of
pressure. If
3,5 bar/s, eif]
device, or th|
be less than

bressurization shall not exceed 14 bar/s at pressures in excess of 80 % oflthe design |
he rate of pressurization at pressures in excess of 80 % of the design burst pressure exd
her the cylinder shall be located between the pressure source and the pressure measure
ere shall be a 5 s hold at the minimum design burst pressure, or the(pressurization rate
3,5 bar.

burst
eeds
ment
shall

The minimumrequired (calculated) burst pressure shallbe atleast the mitimum burst pressure spegified

for the design, and in no case less than the value necessary to meet¢he’stress ratio requirements| The

burst pressure shall be recorded. Rupture may occur in either the gylindrical region or the dome r¢gion

of the cylinder.

A.13 Ambjent temperature pressure cycling

Pressure cygling shall be performed by:

a) filling the cylinder to be tested with a non-corrosive fluid such as oil, inhibited water or glycol

b) cycling the pressure in the cylinder between 20 bar and 1,3 times working pressure at a rate not
exceedihg 10 cycles per minute.

The numbery of cycles to failure shall be reported, along with the location and description of the failure

initiation, iffapplicable.

A.14 Environmental test

A.14.1 General

This test is applicable to types 2, 3, and 4 cylinders only.

A.14.2 Cylinder set-up and preparation
One cylinder shall be tested, including coating if applicable.

The upper section of the cylinder shall be divided into 5 distinct areas and marked for pendulum impact
preconditioning and fluid exposure (see Figure A.1). The areas shall be nominally 100 mm in diameter.
While convenient for testing, the areas need not be oriented along a single line, but shall not overlap.

Although preconditioning and fluid exposure is performed on the cylindrical portion of the cylinder, all
of the cylinder, including the domed sections, shall be as resistant to the exposure environments as the
tested areas.
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Figure A.1 — Cylinder orientation and layout of exposure areas

A.14.3 Pendulum impact preconditioning

The jmpact body shall be of steel and have the shape of a pyramid with equilateral triangle
squafe base, the summit and the edges being rounded to a radius of 3 mm. The centre of perc

pen
of th

pendulum at the moment of impact is not less than 30 Nm and is as close to that'value as po

Duri
mou
of th
prec

A.14
Each
a)
b)
c)

q
q

q

1

d) 4

e)

Whe
wool
area
even
conc

\

A.14

$ulfuric acid - 19 % solution by volume in water;
$odium hydroxide - 25 % solution by weight'in water;

% % Methanol/95 % gasoline - gasoline concentration of M5 fuel meeting the requ

ulum shall coincide with the centre of gravity of the pyramid; its distance from the axi
e pendulum shall be 1 m. The total mass of the pendulum shall be such that the impact ¢

hg pendulum impact, the cylinder shall be held in position by the énd bosses or by {
nting brackets. Each of the five areas identified in Figure A.1 shallbe preconditione
e pendulum body summit at the centre of the area. The cylindér shall be un-pressuj
bnditioning.

4 Environmental fluids for exposure

marked area is to be exposed to one of five solutions.'The five solutions are:

\STM D4814;
Ammonium nitrate - 28 % by weight in water;
Vindshield washer fluid (50 % by volume solution of methyl alcohol and water).

h exposed, the test samiple shall be oriented with the exposure area uppermost. A
approx. 0,5 mm thick and between 90 and 100 mm in diameter shall be placed on t
Apply an amount of the test fluid to the glass wool sufficient to ensure that the p3
ly across itsisurface and through its thickness for the duration of the test, and to ens
entration ofthe fluid is not changed significantly during the duration of the test.

.5 Pressure cycle and pressure hold

faces and a
1ssion of the
s of rotation
nergy of the
bsible.

he intended
d by impact
ized during

irements of

pad of glass
he exposure
1d is wetted
ure that the

The

ylinder shall be hydraulically pressure cycled between less than or equal to 20 bar ang

| 260 bar for

a total of 3 000 cycles. The maximum pressurization rate shall be 27,5 bar per second. After pressure
cycling, the cylinder shall be pressurized to 260 bar and held at that pressure a minimum of 24 hours
and until the elapsed exposure time (pressure cycling and pressure hold) to the environmental fluids

equa

Is 48 hours.

A.14.6 Acceptable result

The cylinder shall be burst tested in accordance with A.12, except that the burst pressure shall be no less

than

© ISO

1,8 times the working pressure.
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A.15 Bonfire test

A.15.1 General

The bonfire test is designed to demonstrate that finished cylinders, complete with the fire protection
system (cylinder valve, pressure relief devices and/or integral thermal insulation) specified in the
design, will prevent the rupture of the cylinder when tested under the specified fire conditions.

Pressure relief devices shall conform to ISO 15500-13.

Precautions

shall be taken during fire testing in the event that cylinder rupture occurs.

A.15.2 Cylilnder set-up

The cylinde
fire source.
impingemer
be in direct

Any failure
for the desig

A.15.3 Fird

A uniform f
across its ef
heat sufficig
fuel should 1
in sufficient

Any failure

A.15.4Te

Surface tem
the cylinder
shall be use
in contact W

measuring less than 25 mm_sguiare. Thermocouple temperatures and the cylinder pressure shg

recorded at

A.15.5 Gen

The cylinde
positionatw

anerature and pressure measurements

I shall be placed horizontally with the cylinder bottom approximately 100 mm-abov
Metallic shielding of a minimum 0,4 mm thickness shall be used to prevén{-direct f
t on cylinder valves, fittings, and/or pressure relief devices. The metallicishielding sha
rontact with the specified fire protection system (pressure relief devices.or cylinder v

Huring the test of a valve, fitting or tubing that is not part of the intefided protection sy
n shall invalidate the result.

source

re source of 1,65 m length shall provide direct flame inpingement on the cylinder su

nt to maintain the specified test temperatures unfil the cylinder is vented. The selectio
ake into consideration air pollution concerns. The arrangement of the fire shall be recq
detail to ensure that the rate of heat input:t@’the cylinder is reproducible.

br inconsistency of the fire source duringla test shall invalidate the result.

eratures shall be monitore@\by at least three thermocouples located along the bottg
and spaced not more than 0,75 m apart. Metallic shielding of a minimum 0,4 mm thicK
1 to prevent direct flamé impingement on the thermocouples. The metallic shielding sh
ith the thermocouples) Alternatively, thermocouples may be inserted into blocks of 1

intervals of every .30 s or less during the test.

eral test requirements

 shall be pressurized to working pressure with natural gas and tested in the horiz
orKing pressure and, ifa thermally activated PRD is not used, also at 25 % of working pres

e the
lame
I not
hlve).

stem

rface

tire diameter width. Any fuel may be used for the fire source provided it supplies uniform

h of a
rded

m of
(ness
h1l be
netal
11 be

bntal
sure.

Immediately following ignition, the fire shall produce flame impingement on the surface of the cyl

along the 1,65 m length of the fire source and across the cylinder diameter width.

nder

Within5minofignitionthetemperature onatleastonethermocoupleshallindicateatemperature=590°C.
This minimum temperature shall be maintained for the remainder of the test. If the temperature of
590 °C is not reached within 5 min but the cylinder vents within 5 min and the condition of A.15.6 is
fulfilled the test shall be considered as acceptable.

For cylinders of length 1,65 m or less, the centre of the cylinder shall be positioned over the centre of
the fire source.
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