TECHNICAL ISO/TS
SPECIFICATION 17519

First edition
2019-06

Gas cylinders — Refillable
permanently mounted . composite
tubes for transportation

Bouteilles a gaz — Tubes compgsites rechargeables montés|de facon
permanente pour le transpoi't

Reference number
ISO/TS 17519:2019(E)

©1S0 2019


https://standardsiso.com/api/?name=d8a4930b7017401ed7648aefb1bd21a6

ISO/TS 17519:2019(E)

CUFYRIGHT FRUTECUCTED DUOCUMEN I

© 1S0 2019

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

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=d8a4930b7017401ed7648aefb1bd21a6

ISO/TS 17519:2019(E)

Contents Page
FOT@WOT .........oocccc e85 55858555555855 8 5555 \%
I O@UICEION ... vi
1 S0P ... 1
2 NOTIMATIVE FE@FEI@IICES ..........cco e 1
3 Terms and defiNITIONIS ... 3
4 Basis for the design requirements 4
4.1 General. ... 4
4.2 Design life ... 4
4.3 Design number of filling CYCLes ... \.+ 4
4.4 TeMPETature TANZE ... 4
4.4.1  Gas temperature K w4
442  Tube material temperature ... (b ............................................................ 4
4.5  Gas compatibility ... Vo N W 5
4.6 Prohibited gases \ 5
4.7 External environment ..., 5
5 CONFOIMUILY ...y 5
5.1 LOT3 0 T=) - S 5
5.2 Design documentation ... 5
521  General....s w5
5.2.2  Tube design verification.......... 5\\) ..... .5
5.2.3  Statement of design intent.....Zr...... .6
5.2.4  Fire protection............cc... \‘(\ ........... .8
5.2.5  Tube specification sheg%& .................... .8
5.3  Type approval ... B U 8
5.4  Assembly documentation ) P 8
6 Tube requirements.... (\JL‘ ........................................................................................................................................................ 8
6.1 Failure modes Nl 8
6.2 Materials......oti .8
6.2.1  Liner m%erials ...... .8
6.22 Co ite materials.. .9
6.2.3 al'end bosses....... -9
6.3 Design%ﬁiremems ........................................................................................................................................................................ 9
6.3.]%\ EST PIESSUIE ..o 9
6 Burst pressure and fibre stress ratios..... 9
Stress analysis
0%73.4 Openings............
% 6.3.5  Fire protection
?* 6.3.6  Flammable gas permeation.......
6%4 Construction and WOTrKMaNSHIP ...
U. 7. 1L |\ 2 B L =3 I U eSS
6.4.2  Liner and boss requirements
6.4.3  FIDTE WINAINE ettt
6.4.4  CUIING OF T@SINS .o
6.4.5  Neck threads
6.4.6  Autofrettage ...
6.4.7  Exterior environmental ProteCtion. .. ...
6.5 TYPE APPIOVAL PIOCEAULE. ...
6.5.1  General
0.5.2  PrOTOLYPE TOSES ..ottt
6.5.3  Change Of A@SIGI ...
6.6 BatCh teStS ..o

6.6.1  General requirements

© 1S0 2019 - All rights reserved iii


https://standardsiso.com/api/?name=d8a4930b7017401ed7648aefb1bd21a6

ISO/TS 17519:2019(E)

6.6.2  Required inspection and tests

6.7 Production tests and examinations..........
6.8 Batch acceptance certificate...............ccc.....
6.9 Failure to Meet teSt TEQUITEIMIENTS. ....cccc..ucroeerierieriieieeeiesesessese s
7 IVLATKIIIG ...t

7.1 GEIIETAL ...
7.2 Additional marking

721  General.....isiins

7.2.2  Positioning of additional markings......

7273 Letter size

8 Preparation for dispatch
9 Requirements for frames, mounting and fitting
9. GENETAL ..o
9. Frame materials
9. Interchangeable frames for intermodal SEervice ... e
9. Mounting frames for compressed gas service (non-intermodal)........... oy
9. Mounting frame testing
9. Mounting frames StatiC L0AAS ... S
9. Piping, valves, fittings and manifold COMPONENES ... N
9. Change Of deSIGIN........ccciiiiisreeiseses s b e
Annex A (normative) Test methods and Criteria.............@) N
Annex B ([informative) REPOTIT FOTTIIS ... e
Annex C (informative) Verification of stress ratios using straiff gauges..............nn
Annex D (informative) Manufacturer’s instructions for handing, use and inspection of tubes.......
Annex E (informative) Factor of safety (FS) for carbon fibre reinforced pressure tubes...............

Annex F (jnformative) Background regarding safety when transporting gas at high pressure
in Jarge tubes made of composite material

Bibliography ... oS e

44
46

iv © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=d8a4930b7017401ed7648aefb1bd21a6

ISO/TS 17519

Foreword

:2019(E)

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

This document provides a specification for the design, manufacture and initial inspection and testing of
composite tubes permanently mounted in a transport frame for worldwide usage. Current standards, such
as IS0 11515 and ISO 11119, do not address the interaction between the tubes and the transport frame.

This document aims to eliminate existing concerns about duplicate inspection and restrictions because
of the lack of International Standards and should not be construed as reflecting on the suitability of the
practice of any nation or region.

This document has been written so that it is suitable to be referenced in the UN Model Regulationstf).
This document addresses tubes of larger volume than previous documents.
This docujment is not applicable to on-board fuel cylinders in natural gas vehicles.

Annexes B to F are informative. Annex A is normative.
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TECHNICAL SPECIFICATION

ISO/TS 17519:2019(E)

Gas cylinders — Refillable permanently mounted
composite tubes for transportation

b)

d)
Th

3400 000 bar-l.

2

co
un

IS 30%,Plastics — Thermoplastic materials — Determination of Vicat softening temperature (

[SO—527-2, Plustics — DeterTination of tensiie properties — Part 2. 1eSt COnditions for 1o

gembly of permanently mounted composite tube(s) in a frame with associated compofients

Thf following deeuments are referred to in the text in such a way that some or all of the
stitutes réguirements of this document. For dated references, only the edition cited applies. For

rkmanship, manufacturing processes, examination and testing at time of manufdet
bes covered by the requirements of this document are:

of composite construction, permanently mounted in a transport frame and suitable fot
service conditions, designated as:

1) Type 3 — a fully wrapped tube with a seamless metallic liner and composite reinfor
both the cylindrical part and the dome ends; or

2) Type 4 — a fully wrapped tube with a non-load sharing liner and composite reinfor
both the cylindrical part and the dome ends.

with water capacities from 450 1 up to and including-30 000 I;

containing compressed gases but excluding:

1) liquefied gases,

2) dissolved gases, and

3) gases and gas mixtures whichareclassified for transport as toxic or oxidizing;
with working pressure up to 1(000 bar.

fis document does not address‘tubes with working pressure times water capacity (p x V)
Normative reférences

dated refepences, the latest edition of the referenced document (including any amendment

ction and

ire of an

specified

rement on

rement on

more than

ir content
5) applies.
VST)

extrusion plastics

Iding and

ISO 1496-3:1995, Series 1 freight containers — Specification and testing — Part 3: Tank containers for
liquids, gases and pressurized dry bulk

[SO 2808, Paints and varnishes — Determination of film thickness

ISO 4624, Paints and varnishes — Pull-off test for adhesion

ISO 7866:2012, Gas cylinders — Refillable seamless aluminium alloy gas cylinders — Design, construction
and testing

ISO 9227, Corrosion tests in artificial atmospheres — Salt spray tests

©lI
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ISO 9809-1, Gas cylinders — Refillable seamless steel gas cylinders — Design, construction and testing —
Part 1: Quenched and tempered steel cylinders with tensile strength less than 1 100 MPa

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

IS0 9809-3, Gas cylinders — Refillable seamless steel gas cylinders — Design, construction and testing —
Part 3: Normalized steel cylinders

ISO 10156, Gas cylinders — Gases and gas mixtures — Determination of fire potential and oxidizing ability
for the selection of cylinder valve outlets

ISO 10284, Gas cylinders — Terminology

ISO 10298, Gas cylinders — Gases and gas mixtures — Determination of toxicity for the selection of cylinfler
valve outlgts

ISO 11114-1, Gas cylinders — Compatibility of cylinder and valve materials with~\gas contents|—
Part 1: Metallic materials

ISO 1111442, Gas cylinders — Compatibility of cylinder and valve materials with gas.contents — Part 2: Npn-
metallic materials

ISO 11120:2015, Gas cylinders — Refillable seamless steel tubes of water capacity between 150 | qnd
3000 1 — Design, construction and testing

ISO 11439:2013, Gas cylinders — High pressure cylinders for the an~board storage of natural gas as a fuel
for automgtive vehicles

[SO 13341, Gas cylinders — Fitting of valves to gas cylinders
ISO 13769, Gas cylinders — Stamp marking

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

ISO 144584, Gas cylinders — Gas properties and associated classification (FTSC) codes
ASTM D522, Standard Test Methods for~Mandrel Bend Test of Attached Organic Coatings

ASTM D1808, Standard Test Method for Effect of Household Chemicals on Clear and Pigmented Organic
Finishes

ASTM D27%94, Standard Test Method for Resistance of Organic Coatings to the Effects of Rapid Deformatjon
(Impact)

ASTM D3170, Standard Test Method for Chipping Resistance of Coatings

ASTM D3418). Standard Test Method for Transition Temperatures and Enthalpies of Fusion dqnd
Crystallizatien of Polymers by Differential Scanning Calorimetry

ASTM D4814, Standard Specification for Automotive Spark-Ignition Engine Fuel

ASTM G154, Standard Practice for Operating Fluorescent Light Apparatus for UV Exposure of Nonmetallic
Materials

NACE/TM 0177-2016Y, Laboratory Testing of Metals for Resistance to Sulfide Stress Cracking and Stress
Corrosion Cracking in H2S Environments

INTERNATIONAL MARITIME ORGANIZATION. International Convention for Safe Containers, 1972

1) NACE standards are available from NACE International, PO Box 218340 Houston, Texas 77218-8340, U.S.A.
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3 Terms and definitions

For the purposes of this document, the terms and definitions in ISO 10286 and the following apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at https://www.iso.org/obp

3.1

aufofrettage

pre¢ssure application procedure which strains the metal liner past its yield strength suffieief]
permanent plastic deformation, and results in the liner having compressive stresses\and
haying tensile stresses when at zero internal gauge pressure

autofrettage pressure
préssure within the over-wrapped tube at which the required distributioncof stresses betwee
anfl the over-wrap is established

composite tube
tubbe made of resin-impregnated continuous filament wound over liner

3.

finished tubes

completed tubes which are ready for use, typical oftnormal production, complete with ide
mdrks and external coating including integral insulation specified by the manufacturer, but

te§t pressure
required pressure applied during a pressure test

wqrking pressure

t to cause
the fibres

h the liner

htification

free from

amless or
Composite

sefjtled pressure at uniform temperature of 15 °C

39
oxidizing gas
gas containing more than the equivalent of 30 bar partial pressure of oxygen

Note 1 to entry: See ISO 14456.

3.10
non-load sharing liner

non-metallic liner that has a burst pressure less than 5 % of the nominal burst pressure of the finished

composite tube

© IS0 2019 - All rights reserved
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3.11
load sharing liner

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

composite tube

3.12
permanently mounted composite tubes

tubes mounted in an [SO frame or tube trailer for transportation as a unit, such that tools are required

to remove them, and not intended to be transported or used outside of the ISO frame or tube trailer

3.13

settled pressure
pressure ¢f the contents of a pressure receptacle in thermal and diffusive equilibrium

3.14

polymer
large, chalin-like molecule made up of monomers, which are small molecules, andrcan be naturg
occurring|or synthetic

lly

Note 1 to entry: For use in this document, includes polymer mixtures, additives, plastics, and other non-metallic

materials quitable for use as a non-load sharing liner.

4 Basis$ for the design requirements

4.1 General

WARNING — The combination of pressure and volume up to 3 000 000 bar:l represents

substantial amount of energy that has to be taken into consideration with regard to the intend
service (¢.g. safety distances to be established in.case of an incident).

The requjrements specified in this clause are.pvovided as the basis for the design, manufacty
inspection, testing and approval of tubes that\are to be permanently mounted in a frame and used
transport|gases at ambient temperatures. Thetequirements do not include vacuum service.

4.2 Deygign life

Design lif¢ shall be specified by the' manufacturer and demonstrated by design prototype testing. T
minimum|design life shall be.15)years and the maximum design life shall be 30 years, except that
maximum design life for Type-3 tubes with carbon steel liners shall be 20 years.

4.3 Degign numbér-of filling cycles

Tubes shall be designed to be filled 750 times per year of design life.

4.4 Temperature range

4.4.1 Gas temperature

he
he

Tubes shall be designed to have a settled gas temperature of not less than -40 °C and not more than +65 °C.

NOTE Developed gas temperatures in the tubes during filling and discharge can vary beyond these limits.

4.4.2 Tube material temperature

Tubes shall be designed to be suitable for external exposure to temperatures from -40 °C to 82 °C.

Temperatures over +65 °C shall be sufficiently local, or of short duration, such that the bulk temperature

of gas in the tube does not exceed +65 °C.

4 © IS0 2019 - All rights reserved
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4.5 Gas compatibility

:2019(E)

Compatibility of the liner shall be demonstrated for the intended content for all pressure and
temperature ranges (e.g. by reference to ISO 11114-1, ISO 11114-2, reference to current use, or
verification of key properties following exposure).

Type 3 tubes with steel liners shall not carry CNG for which the chemical composition is not in
accordance with ISO 11439:2013, 4.5.

NO

TE See IS0 11120:2015, Clause 12 for additional guidance on requirements for embrittling gases.

4.t Prohibited gases

d gases as

festing as

subject to

ained and

inspector,

out under
n shall be

er to the

The tubes shall not be filled with oxidizing gas, with toxic gases, or with dissolved or.liquifie

specified in ISO 10156, ISO 10298 and ISO 14456.

4.7 External environment

Geperal compatibility with environmental fluids shall be demonstrated by conducting

specified in A.8.

5 [ Conformity

5.1 General

To|ensure that the tubes conform to the requirenieénts of this document, they shall be

ingpection and testing in accordance with Clauses 5,6, and 7.

Equipment used for measurement, testing andsexamination during production shall be main{

calibrated.

5.2 Design documentation

5.2.1 General

Type approval consists of:

a) | Tube design approval, comprising submissions of information by the manufacturer to the
as detailed in.5:2.2.

b) | Prototype.testing of the tube, in accordance with Annex A, comprising testing carried
the supenvision of the inspector. The tube material, design, manufacture and examinatid
showirto be satisfactory for the intended service by meeting the requirements of 6.5.

c) | Erame design approval, comprising submissions of information by the manufactury

. 2.5,

d) Prototype testing for the mounting frame. The mounting frame material, design, manufacture and
examination shall be proved to be adequate for its intended service by meeting the requirements of

Th

Clause 9.

e test data shall also document the dimensions and weights of each of the test tubes.

5.2.2 Tube design verification

De
a)

sign verification shall include a review of the:

statement of service, in accordance with the requirements of 5.2.3.1;

© IS0 2019 - All rights reserved
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b) design data, in accordance with the requirements of 5.2.3.2,5.2.3.3,5.2.3.4, and 5.2.3.5;

<)

fire protection, in accordance with the requirements of 5.2.4

provided by the manufacturer who can then request the inspector to provide a design conformance
report.

The title, reference number, revision number and dates of original issue and version issues of each
document shall be given.

523 S

NOTE

5.2.3.1

The statement of service shall include:

atement of dncign intent

all dijnensionsand tolerances, including key subcomponents (e.g. liners and bosses);

The purpose of this design statement is to provide guidance to the installers of tubes and users:

Statement of service

ement that the tube design is suitable for use in the service conditions/efined in Clause 4
rvice life of the tube;

ement of the design life;
ification for fire protection, such as the pressure relief deyicés, and insulation if provided;

cification for the support methods (i.e. boss or strap 'mount) and protective coatings
able;

ription of the tube design;

Cription of the filling/emptying interfaces, (e.g. threaded interfaces), with specifications
red;

Fence to operational controls required-for filling and emptying;

ement of the impact resistance level.

Tube drawings
and supporting documents shall include at least:
reference number;date of issue, and revision numbers with dates of issue if applicable;

rence to thissdecument (ISO/TS 17519:2019);

complete with tolerance of finished tubes;

for

if

as

all material specifications, including fibres, resins, and key subcomponents (e.g. bosses, Iliner),
complete with minimum mechanical or tolerance ranges, and heat treatment;

method of manufacture for subcomponents and overwrap, including key process specifications, the

er and type of strands used in the winding band, number of layers, and layer orientation;

test pressure and working pressure of the tube, and minimum burst pressure of the liner for Type

autofrettage pressure and approximate duration (if applicable);

maximum developed pressure at 65 °C for specific gas to be transported (if applicable);

s of the fire protection system and of any exterior protective coating;

a) astat
the se
b) astat
c) aspe
d) a spe
applid
e) ades
f) ades.
requi
g) arefe
h) astat
5.2.3.2
Drawings
a) atitle
b) arefe
<)
d) mass,
e)
f)
numb
g)
3 tubes;
h)
i)
j) detail
6
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the design life in years (minimum 15 years and maximum 30 years);

manufacturer’s recommended time in the fire if a thermally activated pressure relief device (PRD)
is not used (based on time to burst during qualification testing, see A.9.6 for acceptable results and

minimum time);

port details including thread form, sealing method, seal specification (0-ring specification if used),

and installation instructions;

water volume of finished tube with a stated acceptance tolerance;

5.2
A

de

list of intended contents 1f intended for dedicated gas service;

other data required for safe operational use.

.3.3 Frame drawings
hwings shall include at least:
a title, reference number, date of issue, and revision numbers with dates of issue if applic
areference to this document (ISO/TS 17519:2019);
all dimensions and tolerances;
mass, complete with tolerance of finished frames;
material specifications, complete with minimum ni€ehanical properties or tolerance ran

other data required for safe operational use.

.3.4 Stress analysis report

$tress analysis shall be carried (out so as to demonstrate that the frame can withstand

eloped from the loading prescribed in 9.5, and shall show a safety factor as appropriate:

strength;

offset yield strength;
for austenitic steels, a safety factor of 1,5 in relation to the 1 % offset yield strength;

for materials other than steel, design practices shall ensure a level of safety equivalen
established for steel.

At

1Y s 4] 1 h TS BN 111 I I |
dUIT SULITITIATITZIITE LT LAILUIALTU ST TS5TS SIIdIT UT PIrUviIucU.

5.2.3.5 Material property data

hble;

res;

tress analysis shall be carried out so.as to demonstrate that the tube meets the requirements of 6.3.3.

the forces

for steels having a cleartly defined yield point, a safety factor of 1,5 in relation to minignum yield

for steels with neclearly defined yield point, a safety factor of 1,5 in relation to the mininjum 0,2 %

t to those

A detailed description of the materials and material properties (with tolerances) used in the preparation
of the stress analysis report, including any modification of material properties caused by the tube
fabrication processes (e.g. heat treatment specification if applicable), including the hardness of the
metallic liner, shall be provided.

Test data from samples manufactured by filament winding (or an equivalent process, to be described)
shall be provided and shall at least include:

a)

glass transition temperature in case of thermoset resin (ASTM D3418);

© IS0 2019 - All rights reserved
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b) interlaminar shear strength of the cured composite material (ISO 14130); and

c) the suitability of the materials for service under the conditions specified in Clause 4.

5.2.4 Fire protection

The arrangement of the pressure relief and fire detection systems, and/or insulation if provided,
that protects the tube from sudden rupture when it is exposed to the tests described in A.9, shall be
specified. To pass the test, the tube shall meet the requirements of A.9.6.

5.2.5 Thbe specification sheet

A summary of the documents providing the information required in 5.2.2 shall be listed on a
specificatjon sheet for each tube design.

5.3 Type approval

An examplle of a type approval document is given in the Annex B.

5.4 Assembly documentation

The assembler permanently mounting the tube in the frame, the framé manufacturer and the tybe
manufactyirer can be separate companies. When more than one comipany is involved, responsibility ffor
the final product shall be agreed between the parties involved.

Where tupes are transported to the frame manufacturer or assembler, precautions shall be taken| to
avoid any|external impact on the tube. If it is suspected er’known that the tube has had an exterpal
impact, it|shall be inspected prior to assembly so as te énsure that its in-service use has not bgen
compromised.

6 Tube¢ requirements

6.1 Failure modes

The tube shall be designed to meet{the requirements described in A.1 and A.7, thereby demonstratjng
either a “lpakage-before-break” failire mode or the ability to cycle to test pressure a total of 3 times the
expected humber of pressure-¢ycles to be seen during the lifetime of the tube.

6.2 Materials

Materials|used shall \meet the service conditions specified in Clause 4. The design shall ensure that
incompatible materials do not come in contact with each other.

6.2.1 aner materials

6.2.1.1 Metal liners

Seamless steel liners shall conform to the chemical composition, heat treatment, tensile test, and impact
test requirements of ISO 9809-1, ISO 9809-2, ISO 9809-3 or ISO 11120, as appropriate for the steel used,
and shall meet the requirements of A.20, and A.21.

Seamless aluminium alloy liners shall conform to the requirements of ISO 7866 for chemical
composition, thermal treatment, tensile test, corrosion resistance (ISO 7866:2012, Annex A), and
sustained load cracking resistance (ISO 7866:2012, Annex B).

Liner burst pressure shall not be more than 30 % of the minimum design burst pressure of the
finished tube.

8 © IS0 2019 - All rights reserved
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6.2.1.2 Polymer liners

The polymeric material shall be compatible with the service conditions specified in Clause 4 and the
relevant requirements of ISO 11114-2.

6.2.2 Composite materials

6.2.2.1 Resins

Thermosetting or thermoplastic resins may be used. Examples of suitable matrix materials are
eppxy, modified epoxy, polyester and vinyl-ester, polyurethane thermosetting resin and pelyethylene,
polypropylene and polyamide thermoplastic.

The glass transition temperature of a thermosetting resin material used shall-be”determined in
ac¢ordance with the requirements of ASTM D3418 and checked against the test requirements/in 6.5.2.9.
ThE Vicat softening point of a thermoplastic resin material used shall be determined in accordance with
the¢ requirements of ISO 306.

6.2.2.2 Fibres

The structural reinforcing filament materials to be used shall bé«glass fibre, aramid fibre jor carbon
fibre or a combination of these fibres. If carbon fibre reinforcement’is used, the design shall agldress the
prevention of galvanic corrosion when it is in contact with métallic components of the tube.

The tube manufacturer shall retain:
a) | specifications for composite materials;
b) | the material manufacturer’s recommendations for storage, conditions and shelf life; and

c) | the fibre manufacturer’s written confirmation that each shipment conforms to the spe¢cification
requirements.

6.2.3 Metal end bosses

The metal end bosses connectedito the liner shall be of a material compatible with the service ¢onditions
specified in Clause 4 and meet'the relevant requirements of ISO 11114-1.

6.3 Design requireinents

6.3.1 Test pressure

Te$t pressure shall be 1,5 times working pressure.

6.3.2” \Burst pressure and fibre stress ratios

The composite over-wrap shall be designed for high reliability under sustained loading and cyclic
loading and these requirements shall be achieved by meeting or exceeding the composite reinforcement
stress ratio values given in Table 1.

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.

The burst ratio is defined as the minimum design burst pressure of the tube divided by the working
pressure.

© IS0 2019 - All rights reserved 9
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The tube manufacturer may choose to use the reference burst ratio in place of the minimum stress ratios.
In that case, the minimum burst ratio requirements shown in Table 1 shall apply in place of the stress
ratios. Verification, either by analysis or test, of the stress ratio used is required for each tube design.

NOTE1 For Type 3 tubes, the stress ratio is generally not linear with pressure and is not the same as the
burst ratio. The nonlinear behaviour is due to the yielding of the metallic liner during autofrettage and during
subsequent burst testing. The nonlinear behaviour is affected by the liner and composite thickness and modulus
of elasticity, by liner plastic behaviour and by autofrettage pressure.

When analysing tubes with hybrid reinforcement (two or more different fibres), calculation of the load
share between the different fibres is based on the different elastic moduli and cross-sectional area of
the fibres| e.g. calculate strains based on fibre areas and modulus, and from the resulting strain;gnd
the modulus for each fibre, calculate the stress in the fibre.

NOTE 2  |Confirmation with strain gages is possible.

The strenjgth of individual types of fibres used in hybrid construction may be verified by testing of
container§ reinforced with a single type of fibre. In a hybrid construction, the applicable stress ratio
requireménts shall be met in one of the two following ways.

a) Ifload sharing between the various fibre reinforcing materials is considered a fundamental part of
the d¢sign, each fibre shall meet the stated stress ratios.

b) Ifload sharing between fibres is not considered as a fundamental part of the design, then one of the
reinfqrcing fibres shall be capable of meeting the stress ratios'equirements even if all other fipre
reinfqrcing materials are removed.

Table 1 — Minimum burst ratios and stress ratios for tubes

Fibre type Minimum Minimum
stress ratio burst ratio
Glass 3,65 3,65
Aramid 3,10 3,10
Carbon 2,35 2,35

6.3.3 Stress analysis
A stress apalysis shall be performed.

The stregs analysis shall use suitable techniques to be able to establish the stress distributfon
throughout the tube. ForAype 3 designs, the analysis shall take account of nonlinear material behavigur
of the linelr including nantfacturing induced stresses (e.g. due to wind tension and autofrettage).

The presgures uséd)in the stress analysis shall be working pressure, test pressure and design bufrst
pressure. [For Type 3 tubes the stress analysis shall also take account of the autofrettage pressure gnd
zero presguréafter autofrettage.

NOTE Annex C gives examples of how the stress ratios can be verified using strain gauges.

The requirements shown in Table 1 shall be met.

6.3.4 Openings

Openings are only allowed in the end bosses or necks of liners, not through the composite laminate. End
bosses or necks of liners are only allowed on the longitudinal axis of the tube.

6.3.5 Fire protection

A bonfire test is required for all tube assemblies.

10 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=d8a4930b7017401ed7648aefb1bd21a6

ISO/TS 17519:2019(E)

A fire protection system shall be provided, and it shall meet the requirements of A.9. A fire protection
system either allows gas to escape from the tube(s) to prevent rupture, and/or provides insulation or
shielding such that the tube assembly will not rupture within 20 min. A fire protection system that
allows gas to escape shall be thermally activated, and not pressure activated.

6.3.6 Flammable gas permeation

If the tube is used for flammable gases, an assessment and/or test shall be prepared to evaluate the
effects of permeation to ensure that combustible mixtures will not be developed in the frame, with
consideration for gases, their flammability limits, and ventilation level of the frame area.

6.4 Construction and workmanship

6.4.1 General

The tube shall be manufactured from a liner over-wrapped with continuous$\filament winglings. The
fibres shall be applied under controlled tension during winding.

6.4.2 Liner and boss requirements

Liners and bosses shall meet the requirements of 5.2.3.2,5.2.3.4, 5:2.3.5, and 6.1, 6.2 and 6.3.

6.4.3 Fibre winding
Winding shall be applied under controlled conditions and’'meet the design requirements of 5.p.3.

If fubes are subjected to pre-stressing or fibre tensioning during winding (e.g. to actively dhange the
finpl stresses in the finished tube), pressure ini‘the tube and fibre tension during winding shall be
re¢orded.

6.4.4 Curing of resins

After winding is completed the composite shall be cured (if appropriate) using a controlled temperature
profile as specified in the fabrieation documents. The maximum curing temperature shall bg such that
the¢ mechanical properties of-all*the materials in the composite tube shall not be affected.

6.4.5 Neck threads

Infernal and exterfal'neck threads shall meet the requirements of the design specification|by means
of gauging (e.g. to\permit the use of a corresponding valve thus minimizing neck stresses following the
valve torqueing operation). Care shall be taken to ensure that neck threads are accurately tut, are of
full form and)free from any sharp profiles (e.g. burrs).

6.4.6" " Autofrettage

If tubes are subjected to an autofrettage operation, the autofrettage pressure and duration shall be
as specified in 5.2.3. Autofrettage pressure shall not deviate from the manufacturer’s specification by
more than 5 %.

A change in autofrettage pressure of more than +5 % shall be considered to be a change of design as
described in Table 3.

Autofrettage, if used, shall be carried out before the hydrostatic pressure test.
The autofrettage pressure shall meet the drawing requirements of 5.2.3.2.

The manufacturer shall establish a procedure for verifying the selection of the autofrettage pressure
used in regard to meeting stress ratio requirements.

© IS0 2019 - All rights reserved 11
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6.4.7 Exterior environmental protection

Where a coating (e.g. a metal spray coating) is an integral part of the tube (i.e. the coating has to be
applied in order for the tube to meet its design and test requirements) it shall be applied before the
prototype test programme is carried out. A coating that is an integral part of the design shall meet
the requirements of A.3. Where a coating is not an integral part of the tube (e.g. a coating applied for
appearances) it need not be applied before carrying out the prototype test programme.

6.5 Type approval procedure

651 G

Prototypdq
of normal

Results shall be reported. Prototype testing may be conducted using sub-scale unitsyas noted

each prot

carried oyt. If more tubes or liners are subjected to the tests than are required by this document,

results sh
652 P
6.5.2.1

6.5.2.1.1
The prot

may be c
liner if ap]

6.5.2.1.2

Type appr|

However,
than 2,5, 4

6.5.2.1.3

Material f

appropriate properties ofthe laminate.

The stress

NOTE

bneral

testing shall be conducted on each new design using finished tubes which are représentat|
production and complete with identification marks, except where subscales aré/permitt

btype test. The test tubes or liners shall be selected and the prototype tests detailed in 6.

hll be documented.
‘ototype tests
General

Tests required

ype tests to be carried out and the number of test’'objects are listed in Table 2. A single t
ducted on a single tube or liner, or, more than one test may be conducted on a single tube
bropriate.

Full diameter sub-scale tubes
oval testing may be conducted witha full scale diameter tube of shorter length.

Lhe L/D ratio of a sub-scale tibe’shall be greater than 2,5. If the full scale tube L/D ratio is |
full scale tube is required.

General sub-scale'tubes

roperties may,/be.demonstrated using a sub-scale tube of a size appropriate to determine

levels in.the sub-scale tube shall be the same as for a full scale tube.

General sub-scale tubes can be used for tests in 6.5.2.7, 6.5.2.9, and 6.5.2.10.
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Table 2 — Required prototype tests and number of test objects

Reference Test Subscale Type 3 Type 4 Requirement
description acceptedb Tubes Tubes
6.5.2.2.1 Material — Polymer 1 liner
liner
6.5.2.2.2 Material — Metal liners 1 liner —
and bosses .
Boss(es) |For Type 4 tubes, only related to
anlu haocc raatarial
6.$.2.2.3 Material — Resin 1 tube 1 tube y\(b
material A
6.5.2.3 Burst 2tubes | 2tubes . Oy v
6.5.2.4 Ambient temperature X 2 tubes 2 tubes |Atleast Itest unit shall be full
cycle scale.
6.5.2.5 Leak before burst (LBB) X 2tubes | 2tubes | &5
6.5.2.6 Bonfire 1 tube 1 tube Al test
6.5.2.7 Environmental X 1 tube 1 tuhéH |
6.5.2.8 Flaw tolerance X 1 tube 1 tube
6.5.2.9 High temperature creep X 1 tube 1 tube |Testrequired only when the
glass transition tempejrature of
the resin does not excged 102 °C.
6.$.2.10 Accelerated stress X 1 tube 1tube |Testrequired only when the tube
rupture is reinforced with glass fibre.
6.5.2.11 Extreme temperature X 1 tube 1 tube
pressure cycle
6.$.2.12 External loading AQ\V 1 frame 1 frame
6.5.2.13 Impacta X 1 tube 1 tube
6.$5.2.14 Boss torque X 1 tube
6.$.2.15 Permeation X 1 tube
6.5.2.16 Gas cycling and blow X 1 tube
down
6.$.2.17 High velocitysimpact X 1 tube 1 tube
(gunfire) test
a | Drop test is not reguired. The effect of external impact is included in this test and in the requirements fof the frame
(sqe Clause 9).
b [ Test that can Be done on subscale test specimens are marked “x” if specified condition in each test are fulfiljed.
6.3.2.2 . Material test for liners
6.3.22 1 Dnlymnr lners

The tensile yield strength and ultimate elongation of the liner material shall be determined using five
specimens which shall be tested in accordance with, and meet, the requirements of A.14.

If the polymer liner has a weld joint, five additional specimens taken from the liner in the weld section
shall be subjected to tensile test in accordance with the requirements of A.14. Either, each specimen
shall break outside of the weld joint or shall show ductility in the case of break at weld joint.

The liner softening temperature shall be determined in accordance with, and meet, the requirements

of A.15.

© IS0 2019 - All rights reserved
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6.5.2.2.2

Metal liners and bosses

The tensile properties of the metal in the finished liner shall be determined in accordance with, and
meet, the requirements of 6.2.1.1 and shall meet the requirements therein.

The impact properties of steel in a liner shall be determined in accordance with, and meet, the
requirements of 6.2.1.1.

If the upper limit of the specified tensile strength of steel in a liner exceeds 950 MPa, the steel from a
finished liner shall be tested in accordance with, and meet, the requirements of A.20. Liner or bosses

manufact

red in steel having a tensile strength exceeding 950 MPa shall not be used in embrittling

as

service.

Liners or
corrosion

Steel liney
specimen

6.5.2.2.3

The glass
requiremg
the tube 4
meets the
strength ¢
results ch

6.5.2.3

Two tubes
tube shall

Sub-scale

6.5.2.4

Two tubgd
requirem

One sub-s
addition, 4

6.5.2.5

Two tubes

metal bosses manufactured from aluminium alloys shall meet the requirements-of
tests and sustained load cracking tests described in 6.2.1.1.

s shall have an external coating to prevent corrosion, and a representativé\sample of lil
with coating shall pass the coating requirements of A.3.

Resin material

transition temperature of the resin material shall be determined in accordance with

ents of ASTM D 3418. Samples shall be taken from sufficientlocations (e.g. inside and outs
nd from an end dome) so as to be able to confirm that theé glass transition temperature (
manufacturer’s specification throughout the structurdl/composite. The interlaminar sh
f the resin material shall be determined in accordance:with the requirements of A.18 and

pcked for conformance to the manufacturers design specification.

Burst test

shall be hydraulically pressurized to failure in accordance with the requirements of A.6. T
meet the stress ratio and the burst ratio-requirements specified in Table 1.

tubes are not allowed.

Ambient temperature cycle\test

s shall be pressure \cycle tested at ambient temperature in accordance with f{
ents of A.7.

cale tube, as defined in 6.5.2.1.2, may be used in place of a full size tube for this test and
it least one fullsize tube shall be tested.

.eak-before-break (LBB) test

shall'be tested in accordance with, and meet, the requirements of A.1.

he

ner

he
de

()
bar
he

he

he

Sub-scale

6.5.2.6

tubes, as defined in 6.5.2.1.2, may be used in place of full size tubes for these tests.

Bonfire test

One tube shall be tested in accordance with, and meet the requirements of, A.9.

Sub-scale

6.5.2.7

tubes are not allowed.

Environmental test

One tube shall be tested in accordance with, and meet, the requirements of A.8.

A sub-scale tube, as defined in 6.5.2.1.3, may be used in place of a full size tube for this test.
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6.5.2.8 Flaw tolerance test
One tube shall be tested in accordance with, and meet the requirements of A.10.

A sub-scale tube, as defined in 6.5.2.1.2, may be used in place of a full size tube for this test.

6.5.2.9 High temperature creep test

In tube designs where the glass transition temperature of the resin does not exceed 102 °C
shall be tested in accordance with, and meet the requirements of A.11.

2019(E)

, one tube

A dub-scale tube, as defined in 6.5.2.1.3, may be used in place of a full size tube for this test:

6.5

Aqd

6.5

One tube shall be tested in accordance with, and meet the requirements of, A.2.

Aqd

6.5

Tu
Re
Cld

ol

.2.10 Accelerated stress rupture test

s test shall be conducted on tubes where glass or aramid fibre has a load-shaping applic
e shall be tested in accordance with, and meet the requirement of, A.12.

ub-scale tube, as defined in 6.5.2.1.3, may be used in place of a full size tube for this test.

.2.11 Extreme temperature pressure cycling test

ub-scale tube, as defined in 6.5.2.1.2, may be used in place of a full size tube for this test.

.2.12 External loads test

bes covered by the requirements of this docuinent are permanently mounted in a transp
quirements regarding the external loads.@rising from transporting the tubes are sp
use 9.

htion. One

prt frame.
ecified in

Tupes and their interface with theNtransport frame are to meet all loads arising |from the

requirements of 9.6.

6.3.2.13 Impact test

Onle tube shall be subjected to:

a) | aleak testin accordance with the requirements of A.4;

b) | a blunt impacttest in accordance with the requirements of A.22 followed by a 1 000 cycle ambient
pressure¢est in accordance with the requirements of A.7.

If e tube-fails before the specified number of cycles is reached, the failure mode shall be a leak and not

a rppture. Rupture of the tube shall constitute failure to meet the test requirements.

A subseale-tubeas-definredin 65212 maybeusedinplaceofafull size tubefor thistest

NOTE Caution is used when carrying out these tests as tubes have been subjected to conditioning that could

affect their pressure integrity.

6.5.2.14 Boss torque test
One tube shall be tested in accordance with, and meet the requirements of, A.17.

A sub-scale tube, as defined in 6.5.2.1.2, may be used in place of a full size tube for this test.

6.5.2.15 Permeation test

This test is applicable to Type 4 tubes only.

© IS0 2019 - All rights reserved
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One tube shall be tested in accordance with, and meet the requirements of, A.13.

A sub-scale tube, as defined in 6.5.2.1.3, may be used in place of a full size tube for this test.

6.5.2.16

This test i

Gas cycling and blow down test

s applicable to Type 4 tubes only.

One tube shall be tested in accordance with, and meet the requirements of, A.19. The length to diameter
ratio of the sub-scale shall be within #30 % of the full scale tube.

A sub-sca

6.5.2.17
One tube

A sub-sca

6.5.3 Change of design

A design
attributal
in Table 3

A pressur
new syste

equal or hiigher flow capacity than the original system used:

A change
compositg

type appr
For a char
For a char

For a char

e tube, as defined in 6.5.2.1.2, may be used in place of a full size tube for this test.

High velocity impact (gunfire) test
bhall be tested in accordance with, and meet the requirements of, A.23.

e tube, as defined in 6.5.2.1.2, may be used in place of a full size tube for this test.

change is any change in the selection of structural materialshor dimensional change
le to normal manufacturing tolerances. Tubes that have hada change of design, as identif
shall be tested in accordance with, and meet, the requirefments of Table 3.

e relief system can be changed from the system used in*type approval test procedures if
ms will detect and release pressure in equal or less time than the original system, and w|

in tube design does not require a new firecfest if the composite material specification g
wall thickness are maintained or increased compared to the structure used in the origi
pbval test programme.

ge in polymer liner material, the reguirements of 6.5.2.2.1 shall be met.
ge in metal liner or boss material, the requirements of 6.5.2.2.2 shall be met.

ge in resin material, therequirements of 6.5.2.2.3 shall be met.
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6.6 Batch tests

6.6.1 General requirements

Batch testing shall be conducted on each group of not more than 200 finished tubes having the same
nominal diameter, wall thickness, design, material of construction, manufacturing process and
specified properties (plus any tubes and liners required for destructive testing) representative of
normal production, complete with identification marks. The batch burst test and cycle test may be
conducted at the start of production of the batch, or during the batch.

If1
All

NO|
thd
pr
6.6

6.6

PSS than 200 tubes are produced 1n ONE year, at least one batch test has to be periormed,
test results shall be recorded.
TE The manufacturer is to ensure that the properties obtained during batch testing, especially for

burst test results, are representative when compared with those obtained duringythe prototype testing
gramme, for each design.

.2 Required inspection and tests

.2.1 Bursttest

Onle tube shall be subjected to a hydraulic burst test in accordance with, and meet the reqfiirements

of,

If 1
sh

6.6

A.6.

he burst pressure is less than the minimum design:burst pressure, the procedure specified in 6.9
1l be followed.

.2.2 Ambient pressure cycle test

Thiis test is not mandatory if the tube has,met the requirements of A.1 without leakage qr rupture

du

ing prototype testing.

Onfe tube shall be subjected to a ¢yclic fatigue test at ambient temperature in accordance|with, and

mq
Sp

6.4

For

a)
b)

et the requirements of, A.7. The tube shall not leak or rupture before being cycled for a tptal of the
bcified service life in years.multiplied by 750 cycles.

.2.3 General tests
one tube, liner or,witness sample representative of a finished tube as noted below:
check component and assembly dimensions against drawing requirements (see 5.2.3.2);

conduct.one tensile test on the polymer liner or witness sample in accordance with, and/ meet, the
requitements of A.14, or provide a material certificate of conformance from the polymef supplier.
The test results shall meet the requirements of the design (see 5.2.3.2);

d)

f)

conduct a test to determine the melt temperature of the polymer liner or witness sample in
accordance with the requirements of A.15, or, obtain a material certificate of conformance from the
polymer supplier. The test results shall meet the requirements of the design (see 5.2.3.2);

conduct one tensile test on a metal liner or witness sample, or boss, in accordance with the
requirements of 6.2.1.1, or, obtain a material certificate of conformance from the material supplier.
The test results shall satisfy the requirements of the design (see 5.2.3.2);

for steel liners, conduct three impact tests or witness sample in accordance with the requirements
of 6.2.1.1. The test results shall meet the requirements of 6.2.1.1 and the design documentation;

and when a protective coating is a part of the design, conduct a coating batch test on a tube in
accordance with, and meet, the requirements of A.16. Where the coating fails to meet the
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requirements of A.16, the batch shall be 100 % inspected so as to identify and remove similarly
defectively coated tubes. The coating on all defectively coated tubes may be stripped using a
method that does not affect the integrity of the composite wrapping and then recoated. The coating
batch test shall then be repeated.

All tubes or liners from a batch where a tube or liner has failed the batch test shall follow the procedures
specified in 6.9.

6.7 Production tests and examinations

Productiopm examinati i T T i ; nd
examinatjons performed to demonstrate compliance with this document shall be conducted\using
instruments calibrated before being put into service and thereafter according to an established
program.

Each tube|and/or liner shall be examined or tested:
a) tover|ify that the dimensions and mass of the completed tube are within desightolerances;

b) for metallicliners, to verify conformance to the specified surface finish with)special attention bejng
paid o deep-drawn surfaces and folds or laps in the neck or shoulder offorged or spun end closufes
or op¢nings;

c) to verify the markings;

d) by performing a hydraulic test to the test pressure of the finished tube in accordance with the
requifements of A.5, Test A or Test B;

e) for Tylpe 4 tubes only, by performing a leak test in acéordance with, and meet the requirements|of,
A.4 (if is recommended that the tube assembly be-inispected for leaks at time of first fill with the
intendled contents);

f) heat freated metallic liners and end bosses-shall meet the requirements of the manufacturgrs
specification [the hardness specification shall be as defined in material property data
(see §.2.3.5)] — this requirement is notyapplicable if the metallic material used is specified with a
hardrjess requirement and a hardness measurement is included in the material certificate;

g) the tybe and frame assembly\including all components (e.g. valves and pipework) exposed|to
working pressure in normal Service, shall be checked for leakage at the time of first fill to at lepst
nominal working pressure.

6.8 Batch acceptance)certificate

If the results of theteSts carried out in accordance with the requirements of 6.6 and 6.7 are satisfactdry,
the manufacturer-shall issue an acceptance certificate. An example of a report form that may be usedl is
given in Annex B.

6.9 Failure to meet test requirements

In the event that the tube or component fails to meet the test requirements, the cause of the failure shall
be determined.

If there is evidence of a fault in carrying out a particular test, or an error of measurement, the results
of the test are not valid. If the first test did not cause damage to the tube or component, such that the
test results would be compromised, it shall be retested. If the first test did cause damage to the tube or
component, a new tube or component shall be selected and tested.

If there is evidence that the original heat treatment is inadequate, one reheat treatment of metal liners
or bosses is allowed. Reheat treated metal liners or bosses shall meet strength test requirements of
6.2.1.1 for all metals, the impact requirements of 6.2.1.1 for steel, and the dimensional requirements
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of drawings (see 5.2.3.2) for liners and bosses. Reheat treated metal liners or bosses that pass all
required tests shall be considered as a new batch, and may be placed in service. If they do not meet
these requirements, they shall be rejected. Further heat treatment shall not be permitted.

If there is no evidence of a fault in carrying out a particular test, or an error of measurement, and no
evidence that the original heat treatment of metal liners or bosses is inadequate, then the cause of the
failure shall be attributed to a defective tube or component. If the cause of the failure is identified, all
tubes or components with similar defect shall be rejected. If the cause of the failure is not identified, all

tubes or components in the batch shall be rejected.

Tu
be
of

pa

Re
W41

tulbes or components that pass all required tests shall be considered as a new,batch, and may

in
sh

Re
an

Tu
is

ad
If

be
be

7.2

Th
ap

N

.2.1 General

hes or r‘nmpnnnnfc of batches from which defective tubes or r‘nmpnnnnfc have been rem

ved shall

considered as a new batch. They shall be subject to all tests required of a batch. If the reg
the batch are not met, all tubes or components in the new batch shall be rejected. If'the
sses the required tests, the tubes or components may be placed in service.

ected tubes or components that can be repaired may be repaired. The repdis process 9
itten repair specification. Repaired tubes or components shall pass all required tests,

1l be rejected and rendered unserviceable.

ected tubes or components that cannot be reheat treated or repaired shall not be placed
1 shall be rendered unserviceable.

Marking

General

bes shall be permanently and legibly markéd in accordance with ISO 13769. If an adhs

hesive label is unreadable.

he adhesive label is damaged or/lost-and the tube can be uniquely identified, the manufact
contacted and a new adhesive labél can be provided. The new label shall be of the same mz
attached to the tube in the same way as the original.

Additional marking

e following.information, where applicable, shall be permanently and legibly marked on the
ermanent;durable label on the surface or by a label embedded in the resin or under a glass f|

wheére'a tube is used for dedicated gas service:

lirements
hew batch

hall use a
Repaired
be placed

service. If a repaired tube or component fails a test, all tubes or components in the represented batch

in service

sive label

1sed, a separate permanent marking on the tube shall be applied so that it can be identified if the

urer shall
terial and

tube with
ibre layer:

d)

WARNING — THIS TURE SHALI BE FILLED ONIY WITH <<Named Gas(es)>>;

on all tubes:

WARNING — THIS TUBE SHALL BE USED ONLY WITH A <<Manufacturer Specified>> FIRE

PROTECTION SYSTEM; and
If fitting torque does not correspond to the values given in ISO 13341:

MAXIMUM FITTING TORQUE <<(manufacturer’s recommended torque)>> and

NOTICE — THIS TUBE IS TESTED FOR EXTERNAL IMPACT ENERGY <<manufacturer to specify

either 488 ] or 1 200 J>>.
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7.2.2 Positioning of additional markings

Additional markings (e.g. re-test dates, customer names) can be included in the main label or applied as
a secondary label securely affixed to the tube.

7.2.3 Letter size

All labels shall include letters not less than 6 mm high.

8 Pre

Prior to
fitting of
protectt
The mant
the prope
statement

Guidance

9 Requirements for frames, mounting and fitting

9.1 Ger

All tubes
strength
and 9.6. P

arranger;l[znt or the use of mounting features on the-end bosses.

Tubes sh
the axial
design of

Tube(s) m
marking f

The manulfacturer of an assembly in accordance with this document is responsible for providing a fi

complete
tightness.

Frames uj
service sh

9.2 Fra

ispatch, every tube shall be internally clean and dry. Tubes not immediately closed\by
valve or safety device (if applicable), shall have plugs, which prevent entry of moisture g
reads, fitted to all openings.

I handling, use and in-service inspection of the tube shall be supplied to.the purchaser. 1
of service shall be in accordance with the requirements of 5.2.3.1.

pn the content of the instructions is given in Annex D.

jeral

shall be permanently mounted in an appropriate frame or assembly that has suffici
hnd durability for its intended use, as demaonstrated by meeting the requirements of
ermanent mounting of a tube may include, but is not limited to, the use of a strap mount

1 not come in direct contact with ea¢h other when in service. The expansion of the tubes
ind transverse directions due to.-pressure or temperature change shall be addressed in
he mounting frame, with consideration for both growth and loading.

ounted in the frame shall-be*identified (e.g. tube identification and position) by installin
late permanently mountedto the frame.

hssembly, including the tubes, fittings, valves and manifold that has been tested for gas le
Leak tightness shall be verified before placing the assembly in service.

ed in intermodal service shall meet the requirements of 9.3. Frames not used in intermo
all meefithe requirements of 9.4.

me materials

he
nd

facturer’s statement of service and all necessary information and instructions to ensiire

he

bnt
D.5
ng

in
he

nal
h k-

Hal

The structural frame material shall be steel, steel alloy, stainless steel, or aluminium alloy. Protective
coatings may be applied. Protective coatings are recommended to reduce corrosion of the frame, and
should take into consideration the local operating environment. Potential for corrosion between the
frame and the boss for boss-mounted tubes should be considered. Non-structural panels and coverings

may be of

any material.

9.3 Interchangeable frames for intermodal service

Frames w

ith tubes for intermodal service (ship, rail, truck) shall meet:

a) therequirements of the International Convention for Safe Containers (CSC),

24
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b) the requirements of ISO 1496-3, including the frame tests identified in 9.5, and

c) theload requirements of 9.6.

9.4 Mounting frames for compressed gas service (non-intermodal)

Mounting frames with tubes permanently mounted for dedicated compressed gas transport service
shall meet:

a) The frame test requirements of ISO 1496-3 identified in 9.5 (but are not subject to requirements for

lopnaotlh azadil Loaioglby S JdTICN/CC n ot o) o d
TCITECIT, vy IO eI, TCTE TG ot T GO G At IS g ST, ottt

b) | The load requirements of 9.6.

Eafh mounting frame shall be designed to lessen the potential for loss of contentstdue to ah accident
indluding rollover. At a minimum, the design shall address all valves and pipingleomponent$ in direct
colnmunication with the contents (up to and including the first closed shufoff valve) that shall be
ingtalled:

—| within the envelope of the tube or end plug’;
—| within the frame; or

—| within a collision-resistant guard, protective device, or hotisSing.

9.5 Mounting frame testing

The frame shall be tested in accordance with ISO 1496=3:1995, with the loading requirements|reflecting
the¢ weight of the tubes, plumbing, and contained gases, per the following clauses:

a) | IS0 1496-3:1995, 6.3 — Test No. 2, Top Lift/-if lift points are provided;

b) | ISO 1496-3:1995, 6.4 — Test No. 3, Bottom Lift, if lift points are provided;
c) | ISO 1496-3:1995, 6.5 — Test Np: 4, External Restraint (Longitudinal);

d) | ISO 1496-3:1995, 6.6 — Test\No. 5, Internal Restraint (Longitudinal);

e) | IS0 1496-3:1995, 6.7 < Test No. 6, Internal Restraint (Lateral);

f) | 1SO 1496-3:1995,6.8— Test No. 7, Rigidity (Transverse);

g)| ISO 1496-3:1995; 6.9 — Test No. 8, Rigidity (Longitudinal);

h) | ISO 1496%3:1995, 6.11 — Test No. 10, Walkways (if applicable).

9.6

Thle-tdbe and mounting assembly shall be gble to withstand these sta separately, for a
minimum of 10 min in each direction, without release of the tubes from the frame or failure of a valve
or manifold line that would allow release of compressed gas:

a) aforce equal to two (2) times the weight of the tube(s) plus the maximum weight of the contents in
the forward direction of travel;

b) aforce equal to one (1) times the weight of the tube(s) plus the maximum weight of the contents in
the reverse direction of travel;

c) aforce equal to two (2) times the weight of the tube(s) plus the maximum weight of the contents
horizontally at 90 degrees to the direction of travel;
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d) a force equal to two (2) times the weight of the tube(s) plus the maximum weight of the contents
vertically downwards;

e) a force equal to one (1) times the weight of the tube(s) plus the maximum weight of the contents
vertically upwards.

These static loads shall be applied at the tube/frame interface points as appropriate, using suitable
loading methods such as:

a) application of load using tooling or equipment, or

b) applid

c) applig
loads

these loacd
points to {

9.7 Pipjing, valves, fittings and manifold components

Piping, vallves, fittings, and any manifolds shall be designed with a test pressure at least 1,5 times

working g

Piping, v4
extent po
be provid
Excess flqg

incorporaged.

Piping, va

Piping shg
have exp3
compositg

The pipin
waterin t

It is recommended that the plumbing assembly be inspected for leaks at time of first fill with

intended

9.8 C(Ch4

A change
attributal
the tubes

ation of load using actual tubes with contents to achieve the required loads, or

ation of load using a steel bar or tube, with added weights as required, to achieve the fequit
and

|s shall be reacted through the points where the frame would interface withlits mount
he chassis.

ressure of the tube. The burst pressure shall be at least 1,5 times the test pressure.

lves, fittings, and any manifolds that are pressurizedsduring transportation shall, to
5sible, be protected from damage that might occur during an accident. The protection n
bd, for example, by enclosing the components in a éabinet or by the use of shielding pan
w devices that limit the escape of compressed _gas in the event of an accident may also

1l be supported at sufficient intervals ta-limit loading due to shock and vibration. Piping sh
nsion loops or equivalent to limit leads due to loads caused by relative motion between
tubes.

b system and fire protection\system shall be designed so as to prevent the accumulation
he piping or other components that results in malfunction of the fire protection system.

ontents.

nge of design

of design/is any change in the selection of structural materials, dimensional change
le tomormal manufacturing tolerances, or change in the loading from the combined weigh
hnd'contained gases.

ed

ng

he

he

1ay
pls.
be

ves, fittings, and manifolds shall not extend'beyond the envelope of the transportation frame.

all
he

of

he

not
F of

Frames that have had a change of design shall be tested in accordance with, and meet, the requirements

of Table 4.
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Design
change

Stress
analysis

Top
lift

Bottom
lift

External
restraint

(long.)

Internal
restraint

(long.)

Internal
restraint
(1at.)

Rigidity
(trans)

Rigidity
(long)

Walkways

Static
loads

Material
strength
increase

Material
strength

d

Icdst

M
th
in

terial
ckness
‘rease

M
th
de

terial
ckness
crease

Ch
in

>5

ange
frame

lemgth

%

Ch
in
wi
>5

ange
frame
dth

%

Ch
in
he
>1

ange
frame
ight
D %

D+
in

crease
loading

In
in

Crease
load-
b >10 %

© IS0 2019 - All rights reserved

27


https://standardsiso.com/api/?name=d8a4930b7017401ed7648aefb1bd21a6

ISO/TS 1

7519:2019(E)

Annex A
(normative)

Test methods and criteria

A1l Le

Finished tjubes shall be pressure cycled by:

a) filling
b) cyclin
1) a
2) a
c) Thec

The numb
initiation.

Tubes shalll not leak or rupture for the first 10 cycles. Tubes,niay leak, but shall not rupture, betwg

10 cycles
intended y
have fully|

A.2 Extreme temperature pressure cycling test

Unless thd
finished t
a) condi
and 7|
met b
b) form
and ¢

c) fordg

K-before-break (LBB) test

the tube to be tested with a non-corrosive fluid (e.g. oil, inhibited water or glycel);
g the pressure in the tube between:

lower pressure not to exceed 10 % of the working pressure or a maximtum'30 bar;
 upper pressure not less than 150 % of working pressure;

cling rate shall not exceed 10 cycles per minute.

and three times the number of filling cycles (7250 cycles multiplied by specified number
rears in service). Tubes that do not leak or rupture after three times the number of filling cyd
met the requirements of this test.

tube should have an integral coating necessary for it to meet its design and test requiremer
bes, with the composite wrdpping free of any protective coating, shall be cycle tested by:

Fioning the tube for 48 h'atZero to 10 % of the working pressure, between a temperature 63
0 °C and 95 % or greater relative humidity (the intent of this requirement shall be deen
y spraying the tubé-with a fine spray or mist of water in a chamber held at 65 °C or higher)

iItipurpose gds service, maintaining a tube surface temperature of between 65 °C and 70

dicated gas service, maintaining a tube surface temperature of between 65 °C and 70 °C 3

er of cycles to failure shall be reported, along with the lpcation and description of the failyire

en
of
les

Its,

°C
ed

°C

ycling the pressure in the tube for 5 000 cycles, between 10 % of working pressure of a
maxifnum of 30"bar and 150 % of the working pressure;

nd

cyclin

gcthe pressure in the tube for 5 000 cycles at maximum developed pressure at 65 °C;

d) releasing the pressure and stabilizing the tube at a temperature of approximately 20 °C;

e) stabilize the tube and the contained pressurizing medium until the tube surface temperature is
between -40 °C and -50 °C. The hydraulic pressurizing medium external to the tube under test may
remain at ambient temperature. Once the tube has reached its equilibrium temperature, it shall be
pressure cycled by applying 5 000 cycles from a pressure less than 10 % of working pressure or
maximum 30 bar to 100 % of working pressure.

The tube surface temperature shall be maintained at between -40 °C and -50 °C by regulating the
environmental chamber and the pressure cycling frequency. The pressurizing fluid shall be selected to
ensure that it functions at the temperatures specified in the various tests.

During pr

28

essure cycling, the tube shall show no evidence of rupture, leakage or fibre unravelling.

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=d8a4930b7017401ed7648aefb1bd21a6

ISO/TS 17519:2019(E)

Following the completion of the test, the tube shall be hydrostatically pressured to failure in accordance
with the requirements of A.6 and achieve a minimum burst pressure of 85 % of the minimum design

burst pressure.

A.3 Coating tests

Coatings shall be evaluated by:

a)

b)

d)

f)

g)

A.

adhesion testing, in accordance with the requirements of 1ISO 4624, using method A or B as

at the specified thickness at -20 °C. Samples for the flexibility test shall be prepared-in a

impact resistance, in accordance with the requirements of ASTM D2794.“The coating ¢
temperature, but not less than -15 °C or higher than 40 °C, shall pass the forward impact
energy of 18 J;

chemical resistance, in accordance with the requirements of ASTM'P1308 except that:
1) the tests shall be conducted using the open spot test method and 100 h exposure
sulfuric acid solution (acid with a specific gravity of 1,219); and

2) 24 hexposure to a polyalkalene glycol (e.g. brake.flaid);

3) there shall be no evidence of lifting, blistering or softening of the coating;

4) the coatingadhesion shall achieve arating of3 when tested in accordance with the req
of ISO 4624;

being exposed for a minimum of 1 000h in accordance with the requirements of ASTM Q
a UVA 340 lamp. The coating shall exhibit no evidence of blistering. The coating adhes
tube shall achieve a rating of 3 when tested in accordance with the requirements of ISO
maximum gloss loss allowed i5.20 %;

being exposed to a salt spfay for a minimum of 1 000 h for a steel liner coating, and for a
500 h for other coatings;-in accordance with the requirements of ISO 9227. Undercuttin
exceed 2 mm at thescribe mark, there shall be no evidence of blistering of the coating anc
shall achieve a rating’of 3 when tested in accordance with the requirements of ISO 4624;

being exposed,-to a resistance to chipping test at room temperature in accordance
requirementsof ASTM D3170. The coating shall achieve a rating of 7A or better and thel
no exposufre of the substrate.

1 _Teak test

with the requirements of ASTM D522. The coating shall exhibit no visually apparént cracks;

licable. The coating shall exhibit an adhesion rating of either 4A or 4B, as applicable;
flexibility, in accordance with the requirements of ASTM D522, test method Bwitha 12,7 m;ln mandrel

ccordance

Py

t ambient
test at an

to a 30 %

llirements

154 using
ion to the
4624. The

minimum
b shall not
| adhesion

with the
e shall be

Finished tubes shall be leak tested by (an alternative acceptable method may be used such as bubble
testing using dry air or gas, or measurement of trace gases using a mass spectrometer, portable gas
detector, or other suitable technique):

a)

pressurizing the tubes with water or other suitable fluid to working pressure; and

b) with the tube having been pressurized for at least 15 min, carefully examining it for signs of leakage

(e.g. avisual indication or decrease in pressure).

Any leakage detected shall be cause for rejection.
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A.5 Hydraulic pressure test

A.5.1 General

Adequate
If leakage

safety precautions shall be taken while this test is being carried out.

occurs in the piping or fittings, the tubes shall be re-tested after repairing the leaks.

The test pressure tolerance shall be +3 % or +10 bar, whichever is the lower.

Pressure

auges with the appropriate level of accuracy shall be used

All intern

Alternatively, a pneumatic pressure test can be carried out provided that appropriate meastres

taken to
considera

Either tes

A.5.2 Te¢st A — Volumetric expansion test

The tube
tube grad

The test pressure shall be maintained in the tube for a minimum-of2 min or sufficiently longer so as

ensure co

If the test
the test.

Any tube

rejected and rendered unserviceable.

A.5.3 Te¢st B— Proof pressure test

When car

Increase t

The test pressure shall be nfaintained in the tube for at least 2 min with the tube isolated from

pressure
any leaka

If the test
the test.

Any tube
rendered

il surfaces of the tubes shall be dried (to ensure no free water) immediately after testing:
bnsure it is carried out safely and any energy released can be safely contained (which

bly more than in the hydraulic test).

E A or test B shall be carried out.

bhall be hydrostatically tested to 150 % of its working pressuré)Increase the pressure in
1ally and regularly until 150 % of working pressure is reached.

mplete expansion.

pressure cannot be maintained due to failure of:the test apparatus, it is permissible to rep

not meeting the defined rejection limit defined by manufacturer in the design data shall

Fying out the pressure test,a'suitable fluid (normally water) shall be used as the test mediy

ource, during which time there shall be no decrease in the recorded pressure or evidencs
e,

o}

pressure-eannot be maintained due to failure of the test apparatus, it is permissible to rep

which' exhibits a decrease in recorded pressure or evidence of leakage shall be rejected 4

he pressure in the tube(@nadually and regularly until 150 % of working pressure is reached.

hre
is

he

to

pat

be

m.

he
of

pat

nd

mserviceable

A.6 Burst test

The rate of pressurization shall not exceed 10 bar/s at pressures in excess of 80 % of the design burst
pressure. If the rate of pressurization at pressures in excess of 80 % of the design burst pressure
exceeds 3,5 bar/s, then either the tube shall be placed between the pressure source and the pressure
measurement device or there shall be a 5 s hold at the minimum design burst pressure.

The minimum required (calculated) burst pressure shall be no less than the value necessary to meet

the stress

30

ratio requirements. Actual burst pressure shall be recorded.
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Rupture may occur in either the cylindrical part of the tube or the dome. The test may be terminated
upon exceeding the minimum required burst pressure and required hold time without actually bursting
the tube.

A tube that has passed the minimum burst requirements without rupture, shall be rendered
unserviceable.
A.7 Ambient temperature cycle test

Pressure cycling shall be performed by:

a) | filling the tube to be tested with a non-corrosive fluid (e.g. oil, inhibited water or glycol);
b) | cycling the pressure in the tube between 10 % of the working pressure or maximum of 3p bar and:

1) 150 % of the working pressure for multipurpose gas service at a rate.not exceeding 10 cycles
per minute. Maximum pressurization rate shall be 27,5 bar/sec; or

2) maximum developed pressure at 65 °C for dedicated gas service at a rate not exceeding
10 cycles per minute. Maximum pressurization rate shall be 27,5bar/sec.

The tubes shall not fail by leakage or rupture before reaching the niumber of filling cycles defiped as the
specified service life in years multiplied by 750.

Tupes passing the test may be used in other qualification/or batch tests, but shall not be|placed in
sefvice.

Anly tubes not meeting the requirements in 6.5.2.4 shall be rejected and rendered unserviceable.

A.B Environmental test

A.8.1 General

Enyironmental testing shall be carried out on one finished tube in accordance with the requirements,
sequentially, of A.8.2 to A.8.5.

Th upper section of the tube.is to be divided into five distinct areas and marked for pendulym impact
preconditioning and fluid exposure. The five areas shall be nominally 100 mm in diameter.

While it might be convenient for testing, the five areas need not be oriented along a single line but they
shall not overlap.

A.8.2 Pendulum impact preconditioning

Th tubesshall be unpressurized during preconditioning.

Thie pendulum impact body shall be of steel and have the shape of an equilateral pyramid with a square
base, the summit and the edges being rounded to a radius of 3 mm. The centre of percussion of the
pendulum shall coincide with the centre of gravity of the pyramid and its distance from the axis of
rotation of the pendulum shall be 1 m.

The total mass of the pendulum referred to its centre of percussion shall be 15 kg. The energy of the
pendulum at the moment of impact shall be not less than 30 Nm and as close to that value as possible.

The tube shall be held in position by its end bosses or by the intended mounting brackets.

Each of the five areas shall be preconditioned by impact of the pendulum body summit at the centre of
the area.
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A.8.3 Environmental fluids exposure

Each marked area on the tube shall be exposed to one of these solutions:

a) Sulfuric acid: 19 % solution by volume in water;

b) Sodiu

m hydroxide: 25 % solution by weight in water;

c¢) Methanol/gasoline: 5/95 % concentration of M5 fuel meeting the requirements of ASTM D4814;

d) Ammonium nitrate: 28 % by weight in water; and

e) Wind

The tube
0,5 mm th
amount o
across its

NOTE
the test.

A.8.4 P

The tube
of its worl

a) form
b) for dg

for a total
not leak.

After pres
pressure
hold) to t}

A.8.5 Ag

To pass thie tests described in-A.8.2 to A.8.4, the residual burst pressure of the tube shall be no less th

1,8 times

A9 Bol

A9.1 G

chield washer fluid (50 % by volume solution of methyl alcohol and water).

shall be oriented with the exposure areas uppermost. A pad of glass wool apprioximat]
ick and between 90 and 100 mm in diameter is to be placed on the area to be tested. Apply|
the test fluid to be used to the glass wool sufficient to ensure that the pad isswetted eve
surface and through its thickness for the duration of the pressure cycle and pressure hold te

It is intended that the concentration of the fluid is not changed significantly~during the duratio

ressure cycle and pressure hold test

hall be hydraulically pressure cycled between a lower préessure of less than or equal to 10
xing pressure or a maximum 30 bar and an upper pressure of:

hltipurpose gas service tubes, 150 % times working pressure; or
dicated gas service tubes, a maximum developed-pressure at 65 °C,

of 3 000 cycles. The maximum pressurizatief’ rate shall be 27,5 bar per second. The tube sh

sure cycling, the tube shall be pressurized to 150 % of working pressure and held at t
le environmental fluids equals-48h.

‘ceptable results

Lhe working pressuré when tested in accordance with the requirements of A.6.

fire test

bneral

The bonfi

ely
an

hly
st.

of

%

all

nat

for a minimum of 24 h and until the elapsed exposure time (pressure cycling and pressiire

an

he

etest is designed to demonstrate that finished tubes, mounted in frame, complete with

fire protection system (e.g. tube valve, pressure relief system, fire detection system and/or integral
thermal insulation, if included in the design) specified in the design, will prevent rupture of the tube
when tested under the specified fire conditions.

For tubes not equipped with individual temperature-activated pressure relief devices (TPRD), a tube
without TPRD shall be exposed for fire until rupture (burst or leak) (minimum 20 min). Time to burst
shall be used for design of the pressure relief system of the integrated structure.

Precautions for a pressure wave and fragments from the tube and test facility shall be taken during fire

testing in
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the event that tube rupture occurs.

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=d8a4930b7017401ed7648aefb1bd21a6

ISO/TS 17519:2019(E)

A.9.2 Frame set-up

This test shall be performed with minimum of one tube mounted as intended in a frame, either
horizontally or vertically.

The frame shall be placed horizontally with the frame bottom supported approximately 100 mm above
the fire source.

If only one tube is mounted in the frame, but the pressure relieve system is intended to release gas from
multiple tubes through a common fire release system, additional tubes, remotely placed away from

th > pressure
relieve system for the total volume of the tubes to be vented.

Anly failure, during the test, of a valve, fitting or tubing that is not part of the intended priotectipon system
for|the design shall invalidate the result, the fault rectified, and the test repeated.

A

In
thd

pld

In
the

D.3 Fire source

Lhe case of horizontal mounted tubes, one fire source shall be used, 1,65\’ 1,65 m, placed
it is longitudinally half-way between the two PRDs with the greatést'distance between
ced under the longitudinal axis of tube(s).

the case of vertically mounted tubes, one fire source shall be used, and placed under the fra
centre of the fire source shall be under the centre line of the-tube. If PRDs are not providg

tulye, the fire shall be placed under a tube that is located furthest from the tube containing the

In
sh
md
tes
po
he

Anl
be

A

Tu
of
vel
md

Th

A

the case of a horizontally mounted tube having a firesafety system without a PRD, two fi
1l be used, one placed in the centre of the tube and one placed under the dome of one eng
y be used for the fire source provided it supplies uniform heat sufficient to maintain the
t temperatures until the tube is vented. The'selection of a fuel should take into considg
lution concerns. The arrangement of the fire shall be recorded in sufficient detail to ensut
ht input to the tube under test is reproduoible.

y failure or inconsistency of the firé.source during a test shall invalidate the result and the
repeated.

.4 Temperature andpressure measurement

be surface temperatures.shall be monitored by at least three thermocouples located along t
fhe horizontally meuhted tube closest to the fire source and spaced not more than 0,75 m
tically mountedubes, at least one thermocouple shall be located at the tube end closest to
re than one thérmocouple is used at each location, an average temperature at each location c3

ermocouple temperatures and the tube pressure shall be recorded every 30 s or less durin

D.5¢ General test requirements

nracciixrizad

wiarladng nyaccirrn it co s ncond

Th

ata point
them, and

me so that
bd on each
PRD.

e sources
|. Any fuel
specified
ration air
e that the

test shall

he bottom
apart. For
the fire. If
n be used.

Ig the test.

contents for dedicated service, and tested at working pressure.

it b +hd
itregener-with-the intended

The fire shall produce flame that impinges on the surface of the frame along a 1,65 m length of the tube
if horizontally mounted, or the tube end near the fire if vertically mounted, within one minute following
ignition.

Within 5 min of the fire being ignited, the temperature measured by at least one thermocouple on the
bottom of the tube shall be 2590 °C. This minimum temperature shall be maintained for the remainder
of the test.
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A.9.6 Acceptable results

The tube shall vent through the specified pressure relief system (PRD if applicable) or pass the bonfire
test without rupturing.

If the test is to be carried out on a tube in a frame without a PRD installed, the tube shall resist the fire
without leakage or rupture for the manufacturers recommended time but not less than 20 min followed
by a 20 min hold with the fire extinguished and thereafter be depressurized simulating the safe release
of gas after a fire event.

A.10 Composite flaw tolerance tests

One finish
the compd

The flawg
minimum

ed tube, complete with protective coating if integral to the design, shall have flaws cut i}
site of the tube sidewall in the longitudinal direction.

shall be greater than the visual inspection limits as specified by the manufacturer. A
the flaw length and depth shall be:

a) for tubes up to 0,6 m diameter, one flaw shall be 25 mm long and 1,25 mm,in depth and a secd

flaw {

hall be 200 mm long and 0,75 mm in depth; and

b) fort
seco

es of 0,6 m diameter and larger, one flaw shall be 130 mm lofig'and 2,5 mm in depth an
flaw shall be 1 000 mm long and 1,5 mm in depth.

The flawe[d tube shall then be pressure cycled between 10 % and-150 % of working pressure at ambi
temperature, initially for 3 000 cycles, then followed by additional cycles representing its specif

lifetime. H
developed

The tube
further te

All tubes

A.11Hig

One finish

or dedicated gas service, the flawed tube may instead be cycled between 10 % and maxim
pressure at 65 °C for the same number of cycles.

shall not leak or rupture within the first:32000 cycles, but may fail by leakage during
Kting up to its specified lifetime.

vhich are subjected to this test shall'be rendered unserviceable.

h temperature creep test

ed tube shall be heatedup“and hydraulically pressurized to 1,5 times working pressure 3

temperatyre of 100 °C and held-at.that temperature for not less than 200 h.

The tube
a) the hy
b) thele
c) the hy

hall meet the requirements of:
rdraulic expdnsion test described in A.5.2; and
hk test described in A.4; and

rdraulic pressure burst test described in A.6.

hto

ent
ed
1m

he

NOTE

I'ne pressure shall be actively managed during heating to avold overpressurization.

A.12 Accelerated stress rupture test — Glass or aramid fibre tubes only

One tube shall be preconditioned to working pressure and to a temperature of 65 °C and held at this
pressure and temperature for 1 000 h.

The tube shall then be pressured to burst in accordance with the procedure described in A.6, except
that the burst pressure shall exceed 85 % of the minimum design burst pressure.
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A.13 Permeation test

One finished tube shall be filled with the intended contents or suitable trace gas to working pressure,
placed in an enclosed sealed chamber at ambient temperature and monitored for permeation for 500 h.

The measured permeation rate shall not be more than equivalent to 6 Ncm3/h/1 hydrogen or to
0,25 Ncm3/h/1 for compressed natural gas.

NOTE1 The hydrogen permeation rate and unit is used in Regulation (EC) No 79/2009 for the type-approval
of hydrogen-powered motor vehicles. The compressed natural gas permeation rate is from 1SO 11439.

The measured permeation rate shall be recorded.

If 4 trace gas is used, correlation between the trace gas and hydrogen or compressednabural gas shall
be|provided.

NOTE 2  Correlation can be provided by analysis comparing permeability of gases, oriactual measurement on a
sulpscale vessel.
A.[14 Tensile properties of polymers

The tensile yield strength and ultimate elongation of polymer linerimaterial shall be determined
at +50 °C or lower in accordance with the requirements of ISO 527-2.

The test results shall demonstrate the ductile properties ofithe polymer liner material at temperatures
of +50 °C or lower by meeting the values specified by the-manufacturer.
A.[15 Softening temperature of polymers

Polymeric materials from finished liners or thérmoplastic matrix materials shall be tested in afcordance
with a method described in ISO 306.

The softening temperature shall be at least 100 °C.

A.16 Coating batch tests

A.16.1 Coating thickness

The thickness of the'coating shall be measured in accordance with the requirements of 1S0|2808 and
shall meet the requirements of the design.

A.16.2 Coating adhesion

The coating adhesion strength shall be measured in accordance with the requirements of 1SO|4624, and
shallFhave a minimum rating of 4 when measured using either test method A or B, as approprjate.

A.17 Boss torque test

The body of the tube shall be restrained against rotation and a torque of twice the valve or PRD
installation torque specified by the manufacturer shall be applied to each end boss of the tube. The
torque shall be applied firstin the direction of tightening a threaded connection, then in the untightening
direction, and finally again in the tightening direction.

The tube shall then be subjected to and pass a leak test in accordance with the requirements of A.4.
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A.18Resin shear strength

Resin materials shall be tested on a sample coupon representative of the composite overwrap in
accordance with the requirements of ISO 14130, or an equivalent standard.

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

A.19 Gas cycling and blow down test — Type 4 tubes only

Prior to cpnducting this test, tubes of this design shall have successfully passed the tests described
in A4 (legk test), A.6 (hydrostatic pressure burst test), A.7 (ambient temperature cycle test) and A}13

(permeation test).
One finished tube shall be cycle tested by:
a) filling the tube with either the intended gas contents or nitrogen;

b) cycling the pressure in the tube for 10 cycles, between 10 % of working pressure or maximum
bar aId working pressure, with either the intended contents or nitrogen:

The p

c) following the high pressure hold in the final cycle for 2 h, the gas shall be released freely|
atmogphere.

The blow

report. Arly system design change resulting in a faster blow~down rate (e.g. due to a larger orifice) sh

require a

The tube ghall then be subjected to a leak test in accordance with and meet the requirements of A.4.

Following| the completion of the test the tube shall be sectioned and the liner and liner/end b

interface

This test

Alternatively, if a tube completes 1 000filling cycles in accordance with the test procedure descril

above, wi

electrostdtic discharge, it is deemed to have passed the test.

A.20Sul

Testing shall be condureted in accordance with the requirements of NACE/TM 0177-2016, Method A.

Tests shall be conducted on a minimum of three tensile specimens with a gauge diameter of 3,81 1

machined

essure cycling rate shall provide at least a 2 h hold at the high pressure portion of the cyc

down rate (or equivalent orifice opening used) during the test shall be recorded in the

hew test.

nspected.
s deemed to be passed if there is no evidence of liner cracking or electrostatic dischary

fhout leaking, and witheut' appearance of growth of liner cracking or greater evidence

fide stress cracking test for steel

frem the wall of a finished tube or liner.

30
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The specimens shall be placed under a constant tensile load equal to 6U % 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 h.
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A.21Hydrogen embrittlement test

For tubes intended for use with hydrogen and having a steel liner or steel component exposed to the gas
and where the steel has a UTS value above 950 MPa, a hydrogen embrittlement test shall be carried out
in accordance with, and meet, the requirements of ISO 11114-4.

A.22 Blunt impact test

One empty tube shall be subjected to two impacts, one in each of the positions described below and
showmnin Figures A 2 and A2

a) | One impact shall be at the tube sidewall midway between the ends; and
b) | One impact shall be at an angle of 45° to strike the shoulder of the tube (mid arc length at the dome).
The impact can be conducted by dropping a suitable weight or by a pendulum impact.
The tube shall be secured so as to ensure that it does not move during impédet:

The impactor shall be made from steel bar and have a diameter of between 110 mm and 120 mm and
strjike the tube with an energy of either 488 ] or 1 200 J.

#9120
#2110

Key
1 | steel

Figure A.1 — Blunt impactor

L/2 ,

Figure A.2 — Blunt impact locations
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The impacted tube shall then be pressure cycled between 10 % and 150 % of working pressure at
ambient temperature, initially for 3 000 cycles, then followed by additional cycles representing its
specified lifetime. For dedicated gas service, the impacted tube may instead be cycled between 10 %
and maximum developed pressure at 65 °C for the same number of cycles.

The tube shall not leak or rupture within the first 3 000 cycles, but may fail by leakage during the

further te

sting up to its specified lifetime.

A tube passing the test at an energy level of 1 200 ] shall be identified as achieving Impact Resistance
Level 2, which shall be reported on the statement of service in 5.2.3.1 and on the label per 7.2.1. If the

tube does

not pass the blunt impnr‘f test atalevel of 1 200 L asecond tube shall be tested at an ene

level of 4§
Resistanc
7.2.1. A tu

All tubes

A.23 Hig
One tube

The tube
tube side
would als
piercing p
not more

The dimemsions of the entrance and exit openings shall béimeasured and recorded (if applicable).

After the
Paramete
— type

— Initia
— descr
— apprqg

The tube
passed th

8 ]. A tube passing the test at an energy level of 488 | shall be identified as achieving Irap
e Level 1, which shall be reported on the statement of service per 5.2.3.1 and on the label j
be that does not pass at an energy level of 488 ] shall not be approved.

which are subjected to this test shall be rendered unserviceable.

h velocity impact (gunfire) test
bhall be filled to working pressure with nitrogen or the intended cénfents.

shall be positioned in such a way that the point of impact,ofithe projectile shall be in

wall at a nominal angle of 45° with respect to the axis of-the tube and such that the bu
b exit through the tube side wall. Tubes shall be impacted by’a 7,62 mm (0,30 calibre) armo
rojectile (of length between 37 mm and 51 mm). The bullet shall be fired from a distance
han 45 m. The muzzle velocity of the bullet shall be f-excess of 750 m/s.

est, the tube shall be rendered unserviceable!
s to monitor and record:

f projectile;

pressure;

ption of failure;

ximate size of the entrance and exit openings (if applicable).

bhall remain in-one piece. If the tube is not penetrated by the bullet, then the tube shall h3
P test.

gy
act

per

he
let

of

ive
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asgociated with tube approval. Each report should be signed by the manufacturer.
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the¢ manufacturer’s authorized representative.
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U
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The manufacturer’s approval certificate should includésas a minimum:

a)
b)

‘)

d)
e)

f)
g)
h)

B.

B.[l General

ISO/TS 17519:2019(E)

Annex B
(informative)

Report forms

s annex provides guidance on the range of information to be included in the file of'docu

e tube manufacturer should maintain and keep a file of the approval certificates and
Cumentation.

ke manufacturer’s report should conform to the requirements of this annex and should be

report should be retained for not less than 15 years or for the ithtended life of the tube.

n request, the tube manufacturer should provide the/tibe purchaser with not less
rmation requested in the reports described in this annéx.

design drawings and calculations;

identification of tube material and certificate of analysis and result of any non-destructi
covering the material batches from which the particular tubes were made;

results of mechanical, chemical orsion-destructive tests carried out on the tube or the lin
over-wrap;

water capacity of each tubeiin litres (1);

results of the pressurg€ tests indicating (if applicable) that the volumetric expansion re
the tube is below thesstated maximum permitted;

minimum design'dnd actual tube wall thickness, liner and over-wrap;
actual tubé€ tare mass (kg); and

the test.data related to the relevant design approval requirements.

P Documentation file

mentation

technical

signed by

than the

ve testing

br and any

rorded for

B.2.1 General

The documentation file should include:

a)
b)

c)

d)

Approval certificate — an example of a suitable format is given in B.2.2;

Certificate of conformance — to be clear and legible. An example of a suitable format is given in B.2.3;

Report of chemical analysis of material for metallic tubes, liners or bosses — to include essential

elements, identification, etc.;

Report of mechanical properties of material for metallic tubes and liners — to report all tests

required by this document;
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e) Report of physical and mechanical properties of materials for non-metallic liners — to report all
tests and information required in this document;

f) Report of composite analysis — to report all tests and data required in this document;

g) Report of hydrostatic tests, periodic pressure cycling and burst tests — to report test and data
required in this document.
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