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Foreword

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

ISO

collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization.

The

described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘neg

..... i her—matntenance are
ded for the

different types of ISO documents should be noted. This document was drafted in acéordapce with the

editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh ‘patent rights. Details of

any

on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any

constitute an endorsement.

For

patent rights identified during the development of the document willbe in the Introdug¢tion and/or

frade name used in this document is information given for the-éonvenience of users gnd does not

in explanation of the voluntary nature of standards;, the meaning of ISO specifi¢ terms and

exprgssions related to conformity assessment, as well ‘as’information about 1SO’s adhefence to the
World Trade Organization (WTO) principles in the Techtiical Barriers to Trade (TBT), see wiww.iso.org/

iso/fpreword.html.

This|document was prepared by Technical ISO/FE’58, Gas cylinders, Subcommittee SC 3, Cylinder design.

This|second edition cancels and replaces théefirst edition (ISO 11515:2013), which has been technically
reviged. It also incorporates the Amendment, ISO 11515:2013/Amd.1:2018. The main changes are as

follows:

Any

complete listing of these bodies can be found at www.iso.org/membershtml. |

the references have been updated;
g resin shear strength tést was added to the document and to Tables 2, 3 and 4,
in 8.5.10, fire resistance test, the procedure has been changed to make the test more cqnsistent;

the criteria in 8.5.10.3 has been revised;

in 8.5.15,gas cycle test, a new procedure has been added for the test to have a lowefr number of
¢ycles butwith a significant hold time at pressure.

feedback or questions on this document should be directed to the user’s national standprds body. A
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Introduction

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

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

This docum

ont has heen written so that it is snitable to be referenced in the UN Maodel Rpgu]nfinnc[l],

Composite {
element gas
not include
torsional/b¢
tube are cor

ubes can be used alone or in batteries to equip trailers or skids (ISO modules) orf mu
containers (MEGCs) for the transportation and distribution of gases. This document
consideration of any additional stresses that can occur during service or, fransport
bnding stresses). However, it is important that the stresses associated with*'mountin
sidered by the assembly manufacturer and the tube manufacturer.

tiple
does
(e.g.
o the

Vi
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INTERNATIONAL STANDARD ISO 11515:2022(E)

Gas cylinders — Refillable composite reinforced tubes
of water capacity between 450 1 and 3000 1 — Design,
construction and testing

1 Scope

This| document specifies the minimum requirements for the materials, design, conStfuction and
performance testing of

— Type 2 hoop-wrapped composite tubes,
— Type 3 fully-wrapped composite tubes, and
— Type 4 fully-wrapped composite tubes

with|water capacities between 450 1 and 3 000 I for storage and conveyance of compressed or liquefied
gase$ with test pressures up to and including 1 600 barD and a design life of at least 15 yeafs.

This|document is applicable to expected service temperatures/sbéetween —-40 °C and +65 °C.

NOTH Type 4 tubes manufactured and tested to this documefit are not intended to contain toxi¢, oxidizing or
corrgsive gases.

This|document is applicable to tubes with composite reinforcement of carbon fibre or aramid fibre or
glasq fibre (or a mixture thereof) in a matrix.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
consfitutes requirements of this'\document. For dated references, only the edition cited |applies. For
unddted references, the latest edition of the referenced document (including any amendmepts) applies.

ISO 306, Plastics — Thernmioplastic materials — Determination of Vicat softening temperaturq (VST)
[SO §27-1, Plastics — Determination of tensile properties — Part 1: General principles

ISO $27-2, Plastics=— Determination of tensile properties — Part 2: Test conditions for moulding and
extrysion plastics

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

ISO 4624:2016, Paints and varnishes — Pull-off test for adhesion

ISO 6506-1, Metallic materials — Brinell hardness test — Part 1: Test method
ISO 6508-1, Metallic materials — Rockwell hardness test — Part 1: Test method
ISO 7225, Gas cylinders — Precautionary labels

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

IS0 9227:2017, Corrosion tests in artificial atmospheres — Salt spray tests

[SO 9712, Non-destructive testing — Qualification and certification of NDT personnel

1) 1bar=0,1 MPa=105Pa; 1 MPa=1N/mm?Z

©1S0 2022 - All rights reserved 1
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IS0 9809-1, Gas cylinders — Design, construction and testing of refillable seamless steel gas cylinders and
tubes — Part 1: Quenched and tempered steel cylinders and tubes with tensile strength less than 1 100 MPa

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

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

ISO 10286, Gas cylinders — Vocabulary

[SO 10618,

ISO 11114-1
Metallic mat]

ISO 11114-2
Non-metallid

ISO 11120, (
Design, cons

ISO 13341,
ISO 13769, ¢

ISO 14130, A
by short-beaq

ASTM D522

ASTM D130
Finishes

ASTM D234
Their Lamin

ASTM D279
(Impact)

ASTM D317
ASTM D726

ASTM E135
Scanning Ca

ASTM G154

[arbon fibre — Determination of tensile properties of resin-impregnated yarn

erials

materials

Fas cylinders — Refillable seamless steel tubes of water capacity between 150 | and 300
{ruction and testing

fas cylinders — Fitting of valves to gas cylinders
as cylinders — Stamp marking

‘ibre-reinforced plastic composites — Determinatio,of apparent interlaminar shear str¢
m method

Standard Test Methods for Mandrel Bend Testof Attached Organic Coatings
[8, Standard Test Method for Effect of Household Chemicals on Clear and Pigmented Or,

4, Standard Test Method for Shaort-Beam Strength of Polymer Matrix Composite Material
ites

1, Standard Test Method(forResistance of Organic Coatings to the Effects of Rapid Deform

), Standard Test Method for Chipping Resistance of Coatings
D, Standard Test"Methods for Tensile Testing of Aramid Yarns

b, Standard Test Method for Assignment of the Glass Transition Temperatures by Differd
orimetry

Gas cylinders — Compatibility of cylinder and valve materials with gas contents'=- Pqrt 1:

, Gas cylinders — Compatibility of cylinder and valve materials with gas contents — Pqrt 2:

) | —

ngth

janic

5 and

ntion

ntial

Standard Practice for Operating Fluorescent Ultraviolet (UV) Lamp Apparatus for Expost

ire of

Non-metallic Materials

3 Terms

and definitions

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

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

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

IEC Electropedia: available at https://www.electropedia.org/

© IS0 2022 - All rights reserved
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aramid fibre
continuous filaments of aramid laid up in tow form, used for reinforcement

3.2
auto

frettage

pressure application procedure which strains the metal liner (3.18) past its yield point sufficient to
cause permanent plastic deformation, and results in the liner having compressive stresses and the

fibre

3.3
batc
seto

Note

3.4
batc

s having tensile stresses when at zero internal gauge pressure

y |

f homogeneous items or material

1 to entry: The number of items in a batch can vary according to the context in which the-term

h of load-sharing liners

quarlftity of liners (3.18) of the same nominal diameter, length, thickness and design, made
from| the same material cast (heat) and processed in the same heat,treatment equipﬁgent (i.e. a
contjnuous furnace process or a single furnace charge) using the sanie heat treatment para

3.5
batc

h of non-load sharing liners

quantity of non-load sharing liners of the same nominal diameter, length, thickness and d
succe¢ssively and subjected to the same continuous manufaeturing process

3.6
batc

h of metal bosses

quantity of metal bosses of the same nominal diameter, length, thickness and design, made
from|the same material cast (heat) and processed in the same heat treatment equipment us

heat

3.7
batc

treatment parameters

h of composite tubes

quarftity of up to 200 finished ‘tubes (3.24) successively produced (plus finished tubes 1
destfuctive testing), of the satne'nominal diameter, length, thickness and design

Note
mate

3.8

1 to entry: The batch{(8.3) of finished tubes can contain different batches of liners, fibres and
Fials.

burst pressure

high

3.9
carb

st pressure reached in a tube (3.24) or liner (3.18) during a burst test

is used.

successively

eters

esign, made

successively
ng the same

required for

matrix (3.21)

on fibre

continuous filaments of carbon laid up in tow form, used for reinforcement

3.10

composite overwrap
combination of fibres and matrix (3.21) used to reinforce the tube (3.24), including any barrier or
protective layers that are a permanent part of the design

3.11
dedi

cated gas service

service in which a tube (3.24) is used only with specified gas or gases

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=ee0085c3ac98f2b81fe74250ca7e222d

ISO 11515:2022(E)

3.12

equivalent fibre

fibre from the same material family and similar properties to a fibre used in a previously prototype
tested tube (3.24)

3.13

equivalent liner

liner (3.18) manufactured from the same nominal raw materials, using the same process of manufacture
and having the same physical structure and the same nominal physical properties (within +5 %) of the
approved liner design

3.14
equivalent matrix
resin matrixy (3.21) from the same chemical family and similar properties to the resin matrik'vsed in a
previously grototype tested tube (3.24)

3.15
exterior copting
layers of malterial applied to the tube (3.24) as protection or for cosmetic purposes

Note 1 to entfy: The coating can be transparent or opaque.

3.16
glass fibre
continuous filaments of glass laid up in tow form, used for reinforcement

3.17
leak
escape of gals at a rate greater than 5 x 10~3 mbar-l/s throfigh a defect rather than permeation

3.18
liner
inner portign of the composite tube (3.24), whase purpose is both to contain the gas and transmf{t the
gas pressure to the fibres

3.19
load-sharing liner
liner (3.18) that has a burst pressure-(3.8) greater than or equal to 5 % of the nominal burst pressyre of
the finished|composite tube (3.24)

3.20
non-load-sharing liner:
liner (3.18) that provides-no load sharing for the finished composite tube (3.24)

3.21
matrix
material that'iSused to bind and hold the fibres in place

3.22
minimum design burst pressure
minimum burst pressure (3.8) specified by the manufacturer

3.23

representative composite tube

shorter tube (3.24) with the same nominal diameter, and manufactured using the same materials and
manufacturing technique, and using a representative wrapping pattern (same number of strands and
same number of layers) so as to represent an equivalent stress compared to a full-scale prototype

3.24
tube
transportable pressure receptacle with a water capacity exceeding 150 |

4 © IS0 2022 - All rights reserved
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3.25
tubing
hollow cylindrical body of metal or other material, used for conveying or containing liquids or gases

3.26

Type 2 tube

hoop-wrapped tube (3.24) with a load-sharing liner (3.19) and composite reinforcement on the
cylindrical portion only

3.27
Type 3 tube
fullyrwra
indrica

——with—a—ford-strar Ha—tHrer—3- ard—eomposite—reinforeement on both
d dome ends

| portion an

Type¢ 4 tube
fully|wrapped tube (3.24) with a non-load-sharing liner (3.20) and compositéyeinforcement on both
cylindrical portion and dome ends

3.29
glass$ transition temperature
T,

g
temperature where a polymer substrate changes from a rigid glassy material to a soft (not melted)
matgrial, usually measured in terms of the stiffness, or modulus

4 S$ymbols

), burst pressure of the finished tube bar
D, test pressure bar
Pnax ~ Maximum developed pressuré at 65 °C bar
D working pressure bar
E notch length mnp
T notch depth mm
S tube nominal wall thickness mnp
w notch-width mnp
T, glass transition temperature °C
N pressurization cycles to test pressure —
Ny pressurization cycles to maximum developed pressure —
y number of years of design life —
t nominal composite thickness —
L length of tube m
ny viscosity of gas 1 U centipoise
n, viscosity of gas 2 u centipoise

© IS0 2022 - All rights reserved 5
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flow rate of gas 1 ACM/h

(actual cubic meters/

hour)

flow rate of gas 2 ACM/h

Inspection and testing

To ensure that the tubes conform to this document, they shall be subject to inspection and testing in
accordance with Clauses 6,7, 8 and 9.

Tests and e
using instry
programme

NOTE Of
where the tu

6 Mater

6.1 Liner

6.1.1 Load-sharing liner materials shall conform in all relevant respects to the approp

Internationd
a) seamleqd
b) seamleqd

Relevant se
workmansh|
manufactur

6.1.2 The
specified pr
treatmentb
of conformd
verification

6.1.3 The
accordance

6.1.4 Wh{
be securely

ments calibrated before being put into service and thereafter according to an establ

her requirements can apply in relevant national or regional regulations of the,céuntry (coun
pes are intended to be used.

als

materials

11 Standards:
s steel liners: ISO 9809-1, 1SO 9809-2, ISO 9809-3 or ISO 11120, as appropriate;
s aluminium alloy liners: ISO 7866.

ctions are those covering material$)-thermal treatments, neck design, constructiorn
ip and mechanical tests. Design requirements are excluded since these are specified b
br for the design of the composite-tube (see 7.2.2).

composite tube manufacturer shall verify that each new batch of materials has
pperties and qualities and shall maintain records so that the cast of material and the
htch where applicable,used for the manufacture of each tube can be identified. A certif
nce, from the liner“material manufacturer is considered acceptable for the purpos

liner shallybe manufactured from a metal or alloy suitable for the gas to be contain
with 1SO<11114-1, if applicable.

kaminations performed to demonstrate conformity to this document shall be COIldlIlCted

shed

tries)

riate

and
y the

the
heat
icate
es of

ed in

na’/neck ring is provided, it shall be of a material compatible with that of the tube and

shall

attached by a method appropriate to the liner material.

6.1.5 Non-load-sharing liner materials shall conform in all relevant respects to the appropriate
standards, as follows:

a)

The liner (including metal boss) shall be manufactured from a material suitable for the gas to be

contained in accordance with ISO 11114-1 and ISO 11114-2 or demonstrated and documented by
suitable testing.

b)

requirements of this document.

Metal bosses that are attached to a non-load sharing liner shall fulfil the type approval testing

The tensile yield strength and ultimate elongation of plastic liner material shall be determined at

-50 °C in accordance with ISO 527-2. The test results shall demonstrate the ductile properties of

© IS0 2022 - All rights res
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the plastic liner material at temperatures of =50 °C or lower by meeting the values specified by the

manufacturer.

d) Polymeric materials from finished liners shall be tested in accordance with a method described in

ISO 306. The softening temperature shall be at least 100 °C.

6.2 Composite overwrap

6.2.1 The overwrap filament materials shall be carbon fibre or aramid fibre or glass fibre (or any

mixture thereof).

NOTH Glass fibre reinforced composite tubes can be susceptible to chemical attack and degrjadation after

being in contact with aggressive acids (e.g. battery acid).

6.2.2 The resin matrix shall be a thermosetting or thermoplastic polymer suitéd to the
envifonment and intended life of the product, for example, epoxy or modified‘€poxy with
anhydride curing agent, vinyl esters and polyesters.

application,
An amine or

6.2.3 The supplier of the filament material and the resin matrix system component mdterials shall

provfde documentation for the composite tube manufacturer to be-able to identify fully
matdrials used in the manufacture of each tube.

the batch of

6.2.4 The composite tube manufacturer shall verify thatieach new batch of materials hag the correct

propgrties and is of satisfactory quality, and shall maintain records from which the batch
used|for the manufacture of each tube can be identified{A certificate of conformance from
mantifacturer is considered acceptable for the purposes of verification.

of materials
the material

6.2.3 The batches of materials shall be identified, documented and supplied to the inspedtor.

6.2.6 The manufacturer shall ensure@hat there is no adverse reaction between the li

ner and the

reinforcing fibre, for example, by thef@pplication of a suitable protective coating to the line prior to the

wrapping process (if necessary).

7 Design and manufacture
7.1 | General

7.1.1 A Type.Z:composite tube shall comprise:

a) an internal metal liner with one or two openings along the central axis only, which c3rries all the

lrngitudinal load and part of the circumferential load;

b) the liner designed to withstand a burst pressure greater than 0,85 of the test pressure of the

finished tube.

c) acomposite overwrap formed by layers of continuous fibres in a matrix along the parallel portions

of the tube sidewall;

d) an optional exterior coating to provide external protection; when this is an integral part of the

design it shall be permanent.

7.1.2 A Type 3 composite tube shall comprise:

a) an internal metal liner with one or two openings along the central axis only, which ca
the longitudinal and circumferential load;

© IS0 2022 - All rights reserved
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b) acomposite overwrap formed by layers of continuous fibres in a matrix;

c) an optional exterior coating to provide external protection. When this is an integral part of the

design i

t shall be permanent.

7.1.3 A Type 4 composite tube shall comprise:

a) aninternal non-load-sharing liner with one or two openings along the central axis only;

b) metallic boss(es) for thread connections, where these are part of the design;

c) acomp
d) an opti
design i

7.2 Design submission

7.2.1 The

documentation of the design including, manufacturing and inspection particulars as detailed in |
7.2.3 and 7.4.4.

The design yubmission can cover a design family of composite tubes of'the same diameter and pre;j
with different cylindrical lengths from 2x the diameter and up to:5* the length of the represent]

composite t

7.2.2 Doc

a) material details, including limits of chemical analysis;

b) dimens

€) process

d) heat-trdatment, temperatures, duration and tolerances, where applicable;

e) inspect

f) materij:roperties (including’hardness for Type 2 and Type 3 tubes);

g) minim
h) dimens

i) method

7.2.3 Doc

site overwrap formed hy ]nynrc of continuous fibresin a matrix;

nal exterior coating to provide external protection; when this is an integral pant'd
[t shall be permanent.

design submission for each new design of tube shall include a detailed’drawing, along

Ibe and with a water capacity between 450 1 and 3 0001

hmentation for either the liner or metal boss(es);or both, shall include:

ons, minimum thickness, straightness‘and out of roundness with tolerances;

and specification of manufacture;

on procedures (minimum requirements);

design burstpressure (for Type 2 and Type 3 tube liners);
onal details’of valve threads;

of sealing boss to liner for Type 4 tubes.

f the

with
7.2.2,

sure
ative

1mentation for the compaosite overwrap shall include:

a) fibre material, specification and mechanical properties requirements;

b) minimu

m composite thickness;

c) resin system - main components and resin bath temperature where applicable;

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

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

f) overwrap construction including the number of strands used, number of layers, and layer
orientation;

© IS0 2022 - All rights res
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curing process, temperatures, duration and tolerances.

7.2.4 Documentation for the composite tube shall include:

a)
b)
‘)
d)
e)
f)

g)
h)
i)
j)
k)
1)

m)

7.3

7.3.1] The liner and metal bosses, where incorporated, shall be manufactured in accorda
manfifacturer’s design (see 7.2.2)!

7.3.2 The composite tube‘shall be fabricated from a load-sharing or non-load-sharing
wrapped with layers of.continuous fibres in a matrix, applied under controlled condition
the design composite thiekness.

Liners can be stripped and re-wound provided that the overwrap has not been cured. Th
not He over-wrapped if it has been damaged or scored by the stripping process.

7.3.3 After winding is completed the composite shall be cured (if appropriate) using
temperature profile as specified in 7.2.3. The maximum temperature shall be such that the

rEiac aftha T as s ot ni o]
prop I'UICO UL LIIC IITIICT TITdlL T Idrdriov iijut dauvel le‘y dITCCLlC U,

water capacity in litres;
dimensions, minimum thickness, straightness and out of roundness with tolerances;
list of intended contents if intended for dedicated gas service;

working pressure, p,,, which shall not exceed 2/3 of the test pressure;

est pressure, py;

llowable range of elastic expansions and permanent expansions, if appropriate, fo
hen volumetric expansion test is used (see 9.5.4);

aximum developed pressure at 65 °C for specific dedicated gas(es), p,,. 5
inimum design burst pressure;
esign life in years (15 years or more);
utofrettage pressure and approximate duration, where applicable;
ensioning of the fibre at winding, where applicable;
ass and manufacturing tolerance;

etails of components which are permanently attached and form part of the qualified
ings, protective boots etc.).

Manufacturing

" the design

Hlesign (neck

hce with the

liner, over-
5 to develop

e liner shall

h controlled
mechanical

gy ot o Aol o060 A

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

7.3.5

nd duration

If tubes are subjected to a pre-stressing or fibre tensioning during winding to actively change

the final stresses in the finished tube, the level of stress shall be as specified in 7.2.4 and levels of stress
of tensioning shall be recorded or monitored.
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8 Type approval procedure

8.1 General

The design submission of each new design of composite tube shall be submitted by the manufacturer to
the inspector. The type approval tests detailed in 8.2 shall be carried out on each new design or design
variant under the supervision of the inspector.

8.2 Prototype tests

8.2.1 A sufficient number of tubes shall be made available from a single batch to complet
prototype t¢sting or testing of the design variant.

NOTE A
failure.
8.2.2 The

design requ

8.2.3 The
conform to {

8.2.4 The
to the desig
the inspectd
that the tes
shows that {
test describ

ditional tubes from the same prototype batch can be made available in case of ¢est”equip

inspector shall verify that the batch of liners, prior to being wrapped, conforms t
rements and are inspected and tested in accordance with 9.1 or 93,.as appropriate.

inspector shall verify that the composite material(s), prior,to“the tubes being wraj
he design requirements and are tested in accordance with 9:4.

h submission and are tested in accordance with 9.5: Except for the cases identified in §
r shall supervise the tests shown in Table 1. An¥A” in the relevant column of Table 1 s
L is required for the appropriate tube category. An “0O” in the relevant column of Taj
he test is required for particular designs, nydterials and uses. The relevant clause for
bs when the test is required.

Table 1 — Prototype testing for new designs

b the

ment

b the

bped,

inspector shall verify that all tubes in the batch produced for new design approval confform

NOWS
ble 1
each

Design 1

ests with subclause number

Type 2 Type 3 Type 4

8.5.2 Hydray

lic proof pressure test, or
. . - A A
lic volumetric expansion test

urst test

8.5.5 Tube bprst test

lee

5.6 Ambient temperatur€)cycling test

8.5.7 Enviro

e e e

hmental cyeling test

Ico

5.

o]

Flaw tg

st

8.5.9 Blunt impact test

8.5.10 Fire rLQiQan(‘P test

> (> (> > > >

> | >

8.5.11 Neck strength test

8.5.12 Leak test

8.5.13 Accelerated stress rupture test

8.5.14 Permeability test

8.5.15 Gas cycling test

S RN RoN R e - e o= e e -8 e 2

~

ey

a

Tubes bei

b

A: all tube designs tested

0 : only required for particular designs, materials and uses

ng used for other tests may be used.

Coating tests can be carried out on sections/domes of tubes as appropriate.

10
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Table 1 (continued)

Design tests with subclause number Type 2 Type 3 Type 4

8.5.16 Coatings test? (where applicable)b 0 0 0

8.5.17 Salt spray test 0 0 0

8.5.18 Acid environment test 0 0 0

8.5.19 Vacuum test — — 0

8.5.20 High velocity impact (gunfire) test 0 A A

8.5.21 Glass transition temperature test A A A

8.5.22 Resinshearstrengthtest A A A

Key

A': al] tube designs tested

O : o1fly required for particular designs, materials and uses

a2 Tubes being used for other tests may be used.

b (oating tests can be carried out on sections/domes of tubes as appropriate.

8.2.5 For variations in design from the new design tube as specified in 8.4, it is only ecessary to

carry out the tests as prescribed in Tables 2 to 4 as appropriate. A tube approval obtained by a reduced

serigs of tests shall not be used as a basis for a second design/¥ariant approval with a reduced set of
testd| (i.e. multiple changes from an approved design are not permitted) although individua] test results

can e used as applicable (see 8.4.2).

8.2.6 If the results of the verifications and tests agcording to 8.2.2, 8.2.3 and 8.2.4 as modified by

8.2.4 are satisfactory, the inspector shall issue a type approval certificate. A typical example of such an

apprpval certificate is given in Annex A.

8.2.7 After completion of the tests the tubes shall be destroyed or made incapable of holdipg pressure.

8.3 | New design

8.3.1 This subclause specifies when a composite tube is a new design for the purppses of this

document. Subclause 8.4 specifies when a composite tube is a design variant.

8.3.2 A new tube désign requires full type approval testing. A tube shall be considered tq be of a new

design compared to.an existing approved design if the following applies.

a) is manufactured in a different factory. A relocation of a factory does not require a new|tube design
dpprovalprovided all materials, equipment and procedures remain the same as for |the original
designiapproval.

b) stranufacturec ' Ttissig o< differe 5 epre sedin the design
type approval A significant change is regarded asa change that would have a measurable change
in the performance of either the liner or the finished tube, or both. The inspector shall determine
when a change in process or design or manufacture is significantly different from the original
qualified design.

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

d) The composite overwrap materials are significantly different from the qualified design, for
example, different resin system or fibre type.

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

©1S0 2022 - All rights reserved 11
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8.3.3 Atube shall also be considered to be of a new design compared to an existing approved design if
the following applies.

a) The liner manufactured from a material of different composition or composition limits from that
used in the original type tests.

b) The liner material properties are outside the original design limits.
8.4 Design variants

8.4.1 Fortubessimilarto an approved design, a reduced tvpe approval testing programme is allowed.
A tube shall|be considered to be a design variant if the following applies.

a) The outkide diameter has changed by 50 % or less.
b) The autpfrettage pressure has changed by more than 5 %.

c) Either the base profile or the base thickness of the liner, or both, has changed relative to the|tube
diametdr and minimum wall thickness.

d) There i§ a change in the design test pressure up to and including 60 %.Where a tube will be fused
and marked for a lower test pressure than that for which the desigri.approval has been given, it is
not deemed to be of a new design or design variant.

e) When changes in diameter or pressure are made, the structural wall elements shall operate gt the
same, of lower nominal stress levels as the original design'(€.g. if pressure or diameter increase,
the wall thickness has to increase proportionally).

f) The minimum composite thickness has changed by mere than 5 % for reasons other than a change
in test gressure or diameter.

g) The minimum wall thickness of the liner has changed by more than 5 %.
h) When efjuivalent matrix materials are uSed:

1) New matrix materials are equivalent if they are from the same chemical family (epoxy, finyl
est¢r or polyester) and the minimum requirements of interlaminar shear testing are achieved
and the new matrix materialhas a T, equal to or higher than the system being replaced.

Epdxy, vinyl ester and.polyester systems are not chemically equivalent to each other.

2) Where a new equivalent matrix material has been prototype tested for an existing design,|then
all the manufactiirer’s existing prototype tested designs are regarded as prototype tested|with
thenew matrix material without the need for any additional prototype testing.

i) When efuivalent overwrapping fibres are used:

1) Equivalentfibres—are-manufacturedfromthesame neminalraw—materials—using—the-Same
process of manufacture and having the same physical structure and the same nominal physical
properties, and where the average tensile strength and modulus is within +5 % of the fibre
properties in an approved tube design. Carbon fibres made from the same precursor can be

equivalent. Aramid, carbon and glass fibres are not equivalent.

2) Where a new equivalent fibre has been prototype tested for an existing design, then all the
manufacturer’s existing prototype tested designs are regarded as prototype tested with the
new fibre without the need for any additional prototype testing.

j) When an equivalent liner is used:

1) Equivalent liners are manufactured from the same nominal raw materials, using the same
process of manufacture. They have nominal physical properties that are within £5 % of physical
properties in the approved tube design and fulfil the requirements of the relevant standard.

12 © IS0 2022 - All rights reserved
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2) Where a new equivalent liner has been prototype tested for an existing design, then all the
manufacturer’s existing prototype tested designs are regarded as prototype tested with the
new liner, without the need for any additional prototype testing.

k) When a Type 4 tube design has only a different thread compared to an approved design, the neck
strength test, in accordance with 8.5.11, shall be carried out.

1) The design or the boss material or method of joining the neck boss to the liner has changed.

8.4.2 A tube approval by a reduced series of tests (a design variant) shall not be used as a basis for
a second design variant approval with a reduced set of tests (i.e. multiple changes from an approved
design are not permitted]. 1T a test has been conducted on a design variant (A) that 1alls within the
testihg requirements for a second variant (B) then the result for (A) can be applied|to the new
design variant (B) test programme. However, design variant (A) cannot be used as the reference for
determining the testing required for any new design variant.

8.4.3 Where a design variant involves more than one parameter change, all the tests [required by
thos¢ parameter changes shall be performed once only.

8.4.4 The inspector shall determine the level of reduced testing ifnot defined in Tables|2, 3 or 4 for
the dppropriate tube category, but a fully approved design shall@lways be used as a referjence for the
new [design variant (new design variants shall not be approved by reference only to a preyious design
varignt).

©1S0 2022 - All rights reserved 13
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8.5 Type approval test procedures and criteria

8.5.1 General

The manufacturer can conduct more than one of the type approval tests on a particular tube with the
agreement of the inspector.

Each completed tube shall be subjected to either a hydraulic proof test (in accordance with 8.5.2) or a
volumetric expansion test (in accordance with 8.5.3) at the design test pressure specified in 7.2.4.

8.5. Hvdraulic proof pressure test

8.5.2.1 Procedure

as the test
rly until the
ube isolated
pressure or

Wheh carrying out the pressure test, a suitable fluid (e.g. normally water) shall-be used
medjum. This test requires that the pressure in the tube be increased gradually and regula
test pressure, py, is reached. The test pressure shall be held for at least 2 min with the t
from| the pressure source, during which time there shall be no decreasé in the recorded
evid¢nce of any leakage. Adequate safety precautions shall be taken during the test.

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

+10

0 rer is lower.

The
Pres

eviation limit on attaining test pressure shall be: (p,43)% or (p,
bure gauges with the appropriate accuracy shall be used:

) bar whichej

All ipternal surfaces of tubes shall be dried (to ensurecthat there is no free water) imme
testipg.

e tubes are subjected to autofrettage, the hydraulic proof pressure test may be
bdiately follow, the autofrettage process:

Hiately after

Whe
imm

part of, or

8.5.2.2 Criteria

The b are visible

pern

fube shall be rejected if there are leaks, if it has failed to hold pressure or if therg
lanent deformation after the\tube is depressurized.

NOTH Cracking of resins not necessarily a sign of permanent deformation.

8.5.3 Hydraulic volumetric expansion test

8.5.3.1 Procedure

Whe
This

h carrying out the pressure test, a suitable fluid (normally water) shall be used as the t
testwrequires that the pressure in the tube to be increased gradually and regularly

pres

est medium.
ntil the test

bure, p,, is reached. The tube test pressure shall be held for at least 2 min with the t

ibe isolated

from the pressure source, during which time there shall be no decrease in the recorded pressure or
evidence of any leakage. Adequate safety precautions shall be taken during the test.

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

+10

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

Pressure gauges with the appropriate accuracy shall be used.

) bar whichever is lower.

All internal surfaces of tubes shall be dried (to ensure that there is no free water) immediately after
testing.

The total volumetric expansion of each tube under the test pressure, p;, and the permanent volumetric
expansion of the tube after the pressure is released shall be recorded. The elastic expansion (i.e. total
expansion less permanent expansion) under test pressure shall be established for each tube.
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Where tubes are subjected to autofrettage, the hydraulic volumetric expansion pressure test may be
part of or immediately follow the autofrettage process.

8.5.3.2 Criteria

The tube shall be rejected if either:

a) there are leaks or failure to hold pressure; or

excess of 5 % of the total expansion.

it shows a permanent expansion (i.e. volumetric expansion after the pressure has been released) in

b)

NOTE Cy
8.5.4 Ling
8.5.4.1 Gg

This testis |

8.5.4.2 Pi

One tube lit
shall be cari

Parameters
a)
b)
c)
d)

burst pi
number
descrip

pressur

8.54.3 (jy

For Type 2 {
pressure, p;|
submission

For Type 3 t

in the design submission (see 7.2.2). Failure shall initiate in the liner side wall and the liner shall re

in one piece

acking of resin is not necessarily a sign of permanent deformation.
1 burst test

tneral

equired for liners in Type 2 and Type 3 tubes.

ocedure

er shall be tested hydraulically to destruction at a rate.of wo more than 10 bar/s. The
ied out under ambient conditions.

to monitor and record are:
essure;

of pieces;

[ion of failure;

e/time curve.

iteria

ubes, the liner burst/ppressure shall be equal to or greater than 0,85 of the tube desigr
and shall be not less;than the minimum liner design burst pressure, specified in the d
[see 7.2.2). Failuteyshall initiate in the liner side wall and the liner shall remain in one J

Ibes, the burstpressure shall be not less than the minimum design burst pressure, speq

» test

) test
psign
iece.
ified
main

8.5.5 Tub

e‘burst test

8.5.5.1 Procedure

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

Parameters

to monitor and record are:

a) burst pressure;

b) description of failure;

C) pressur

18

e/time curve or pressure/volume curve.
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8.5.5.2 Criteria

8.5.5.2.1 Type 2 tubes

The burst pressure, p,, for tubes with carbon fibre reinforcement shall be equal to or greater than the
minimum design burst pressure and not less than the test pressure, p;, x1,67 of the composite tube
design.

The burst pressure, p,, for tubes with aramid fibre reinforcement, or a mixture of fibres where aramid
is the main structural component, shall be equal to or greater than the minimum design burst pressure
and shall be not less than the test pressure, p;, x2,0 of the composite tube design.

The purst pressure, p,, for tubes with glass fibre reinforcement, or a mixture of fibres where glass fibre
is th¢ main structural component, shall be equal to or greater than the minimum desighbufst pressure
and ghall be not less than the test pressure, p;, x2,0 of the composite tube design.

Failure shall initiate in the tube side wall and the tube liner shall remain in one*piece.

8.5.53.2.2 Type 3 and Type 4 tubes

The burst pressure, p,, for tubes with carbon fibre reinforcement shall be equal to or gredter than the
minimum design burst pressure and shall be not less than the testpressure, p;, x 2,00, of the composite
tube|design.

The burst pressure, py, for tubes with aramid fibre reinforeement, or a mixture of fibres where aramid
is th¢ main structural component, shall be equal to or greater than the minimum design bufst pressure
and ghall be not less than the test pressure, p;, x 2,10:0f the composite tube design.

The burst pressure, p,, for tubes with glass fibregeinforcement, or a mixture of fibres confaining glass
fibre|as the main structural component, shallbe equal to or greater than the minimum design burst
pressure and shall be not less than the test préssure, p;,, x 2,43 of the composite tube design.

8.5.4 Ambient cycle test

8.5.4.1 General

Where a tube is intended-for-use only with one or more specific gases the design can bg designated
for dedicated gas use. The-gases permitted in the tube shall be identified clearly on the tube label (see
10.2). It is recommendedthat no air is trapped within the system prior to the test.

8.5.4.2 Procedure

Two tubes shall be subjected to a hydraulic pressure cycle test to test pressure, p;, for ungpecified gas
service @rymaximum developed pressure at 65 °C, p,,.., for the dedicated gas which has fhe greatest
deve|oped pressure.

The test shall be carried out using a non-corrosive fluid under ambient conditions, subjecting the tubes
to successive reversals at an upper cyclic pressure that is equal to the hydraulic test pressure, p;, or
maximum developed pressure at 65 °C, p,,., as appropriate. For a tube with two openings, the pressure
sensor shall be fitted at the opposite end from the pressurization inlet.

The value of the lower cyclic pressure shall not exceed 10 % of the upper cyclic pressure but shall have
an absolute maximum of 30 bar. The frequency of reversals of pressure shall not exceed 5 cycles per
min. The temperature on the outside surface of the tube shall not exceed 50 °C during the test.

Parameters to monitor and record are:
a) temperature of the tube;

b) number of cycles achieving upper cyclic pressure;
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¢) minimum and maximum cyclic pressures;
d) cycle frequency;
e) test medium used;

f) mode of failure, if appropriate.

8.5.6.3 Criteria

The tubes shall withstand N pressurization cycles to test pressure, p;, or Ny pressurization cycles to

maximum d vn]npnr‘ pressure,p , without failure hy burstor ]nnl(ngn

Max
where
Ny x P50 cycles per year of design life;
Ny y = p00 cycles per year of design life;

y  isthe number of years of design life; y shall be a whole number which is-hot less than 15 years.

The test shall continue to a total of 24 000 cycles or 48 000 cycles as,shown in Table 5, or until the|tube
fails by leakage, whichever is the sooner. In either case, the tube shall be deemed to have passefl the
test. However, if failure during this second part of the test is by bubsting, then the tube shall have failed
the test.

Table 5 — Criteria for ambient cycle test

First part of the test Second part of the test
OtoN N to 2N but 2N no more than 24 000
Number of dycles
0to Ng N4 to 2Ny but 2Ny no more than 48 000
No leakage/burst equals a pass
Criteria No leakage or burst Leakage equals a pass
Pass first part Burst equals a fail

8.5.7 Envjronmental cycle\test

8.5.7.1 Ge¢neral

When the yacuum>test (see 8.5.19) is performed, the vacuum-tested tube shall be used for the
environmerftal cyele test. When the vacuum test is not performed, a warning shall be permangntly
marked on the tube label (see 10.2).

The tests in 8.5.7 will be performed in an environmental chamber.

8.5.7.2 Procedure

One tube, as-wrapped and without paint or removable protective coating on the composite material,
shall be tested as follows. Alternatively, a representative tube can be tested with the same diameter as
the prototype tube but with a cylindrical length of at least twice the diameter of the tube to be tested.
Wrapping pattern of the subscale tube shall be representative of the prototype tube.

Condition the tube and contained hydraulic pressurizing medium for 48 h at atmospheric pressure, at
a temperature between 60 °C and 70 °C and at a relative humidity greater than or equal to 90 %. The
intent of this requirement can be met by spraying with a fine spray or mist of water in a chamber held
between 60 °C and 70 °C.
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The hydraulic pressurizing medium external to the tube under test shall commence the cycle testing at
ambient temperature. Hydraulically apply 5 000 cycles from a pressure less than 10 % of the working
pressure to 2/3 of the test pressure, p;. The temperature on the outside surface of the tube shall be
maintained at between 60 °C and 70 °C by regulating the environmental chamber and the cycling
frequency. The cycling frequency shall not exceed 10 cycles/min.

Release the pressure and stabilize the tube at 20 °C approximately.

Stabilize the tube and the contained pressurizing medium until the temperature is between -40 °C and
=50 °C. The hydraulic pressurizing medium external to the tube under test shall commence the cycle
testing at ambient temperature. Apply 5 000 cycles from a pressure less than 10 % of working pressure
tO 2/’3 Uf thC tcot lJl coouryg, [Jh. Thc tubc D}\ill tClllPCl atul C Dhq}} bC ulqiutqiucd at bUtVVCCl _40 OC and
-50 PC by regulating the environmental chamber and the cycling frequency. The fluid|ghall also be
seledted to ensure that it functions at the temperatures specified in the various cycle tests.

Release the pressure and stabilize the tube at approximately 20 °C.

Type|4 tubes shall be subjected to the leak test (see 8.5.12).

On cpmpletion of these tests, the tube shall be subjected to the burst test(see 8.5.5).
Parameters to monitor and record are:

a) tlemperatures during each part;

b) humidity during the first part of test;

c) fest medium used;

d) number of cycles, achieving upper cyclic pressiire, at each stage;

e) Il

f) ¢ycle frequency;

inimum and maximum cyclic pressures;

g) parameters specified in 8.5.5.

8.5.7.3 Criteria
Type 4 tubes shall pass the Jeak test (8.5.12).

The burst pressure, pgpshall be not less than 85 % of the minimum design burst pressure.
8.5.8 Flaw test

8.5.8.1 . General

This toct ic roauiroad for all Tune 2 and Tune 4 tuhogs
TEO T IO T eI e T Oy P ooy pPE T Tor

One tube shall be tested in accordance with the requirements of 8.5.8.2.

A representative tube can be tested with the same diameter as the prototype tube but with a cylindrical
length of at least twice the diameter. Wrapping pattern of the subscale tube shall be representative of
the actual tube.

8.5.8.2 Procedure

One longitudinal flaw is cut in the mid-length of the cylindrical wall of the tube. The flaw shall be made
with a cutter blade width of 1 mm to 3 mm to a depth equal to 20 % of the nominal composite thickness,
t, and to a length between the centres of the cutter equal to five times the composite thickness (see

Figure 1).
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Key

1 wrap

2 liner

a 1 mm wi

The tube sh|
shall be 2/3
failed.

The flawed
Parameters
a) dimens
b) temper3

c) number

0,2

_7ﬁ‘_
%Qﬁ
\
B7\\E
#

de.
Figure 1 — Flaw testprocedure

all be subjected to the ambient cycle test specified in 8.5.6, but the upper cyclic prej
of the test pressure, p;, and the test'shall be suspended after 3 000 cycles if the tube ha

fube used for the cycle testispermitted to be used for the burst test in 8.5.5.
to monitor and record are:

ons of flaws;

iture of the tube;

of cycles’achieving upper cyclic pressure;

d) minimu[n and'maximum cyclic pressures;

e) cyclefr

auencyr:
crererreyy

f) test medium used;

g) mode of failure, if appropriate.

At the completion of the test, the tube shall be made unserviceable.

8.5.8.3 (Criteria

sure
S not

The composite tube shall withstand 3 000 pressure cycles to 2/3 of the test pressure, p;, without

leakage or b

22

urst.
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8.5.9 Bluntimpact test

8.5.9.1 Procedure

For Type 2 tubes, one empty tube, and if necessary, a second empty tube, shall be subjected to two
impacts:

a) one at the tube sidewall midway between the ends;

b) one at the termination of the overwrap near the domes.

i b T - | Ml
to two impacts:

For Type3d-andByped tubesonecmpbrtubeandifnecessaryasecondcmpbytubeshall be subjected

a) o¢ne at the tube sidewall midway between the ends;

b) Ine at an angle of 45° to strike the shoulder of the tube (mid arc length at the dome).
See Higure 2.

The fmpact can be conducted by dropping a suitable mass or by a pendulum impact.

The tube shall be secured to ensure it does not move during the,impact. The impactor shall be made
from|a steel bar and have a diameter of between 110 mm and 120 mm.

In test one, an impactor with a potential energy of 1 200 ] shall strike the tube at the positions identified
abovg.

In telst two (if necessary), an impactor with a potential energy of 488 ] shall strike the|tube at the
positions identified above.

The {ube shall then be subjected to the appropriate ambient cycle test as described in 8.5.6
Parameters to monitor and record are:

a) yisual appearance after each impact - record the position and dimensions of the impacdt damage;
b) parameters specified in 8.5:6:

L/2 %I Ig—l

\1
8120 R
o110
L
a) Type 2 tubes b) Example of impactor
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L/2 ,
\
L
c) Type 3 and Type 4 tubes
Key
1 steel bar
L  length of tube
Figure 2 — Blunt impact test procedure
8.5.9.2 (iiteria
The tubes shall withstand 3 000 pressurization cycles at maximum developed pressure, p_.,, without
failure by Hurst or leakage. The test shall continue for_additional cycles representing its spegified
lifetime, or juntil the tube fails by leakage, whichever is;the sooner. In either case, the tube shgll be
deemed to Have passed the test. However, if failure duking this second part of the test is by burst,[then
the tube shgll have failed the test.
A tube pass|ng the test at an energy level of 1:200 | shall be identified as achieving impact resistance
level 2, whidh shall be reported in the qualificdtion report and on the label (see 7.2.1).
If the tube does not pass the blunt impact test at this level, a second tube shall be tested at an energy

level of 488
resistance 14

A tube that

NOTE In|
the customen

8.5.10 Fird

bvel 1, which shall bereported on the qualification report and on the label (see 7.2.1).
Hoes not pass at anrenergy level of 488 ] shall not be approved.

cases where@titbe passes the Level 1 test but fails the Level 2 test, the manufacturer can iy
that a risk agsessment can be needed, depending on the intended application.

resistance test

8.5.10.1 Gemneral

The purpose of the test is to demonstrate that the tube design shall either:

a) notburst when exposed to a test fire when using a specified pressure relief device (PRD); or

]. A tube passing the test at an energy level of 488 | shall be identified as achieving imppact

form

b) withstand a minimum specified time in the test fire when a PRD is not to be used in service; the
minimum specified time shall not be less than 5 min.

This test is intended to demonstrate the performance of a single tube in a fire. If a tube or multiple
tubes are used in a system, and particularly if a PRD is not used, the performance of the fire protection
of the system as a whole in preventing a tube rupture should be considered by the responsible system
designer (e.g. the MEGC or trailer designer).
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8.5.10.2 Procedure

8.5.10.2.1 Set-up 1: Tube fitted with the specified valves and PRDs to be used in service

When the tube is fitted with the specified valves and PRDs to be used in service, the specification of the
valve and PRDs shall be marked on the design drawing and the approval certificate.

One tube shall be fitted with specified valves and PRDs to be used in service. The tube shall be charged
with air or nitrogen or the gas intended for use to the working pressure (p,, x 2/3).

The tube shall be placed in a horizontal position with the centre of the fire at the mid-point of the
tube i i > i rce. Surface
temperatures shall be monitored by three thermocouples equally spaced along the length of the fire
and shielded from direct flame impingement with metallic shielding of a minimum-0,4"mi thickness.
Thermocouple temperatures and the tube pressure shall be recorded at intervalg of‘évery] 30 s or less
during the test.

A unjform fire source of 1,65 m length shall be used that is capable of enveloping the entireldiameter of
the thibe, when in the horizontal position, and producing a temperature 2590 °C measured yithin 4 min
on the bottom surface of the tube.

The timing of the fire test shall start when at least one thermocouple'registers a temperatyre of 590 °C
and 3t least two thermocouples are required to register a température 2590 °C for the remginder of the
test.

Any fuel may be used for the fire source provided it supplies uniform heat sufficient to rhaintain the
specified test temperatures until the tube is vented. TheSelection of a fuel should take into cgnsideration
pollytion concerns.

The tube shall be exposed to the fire until it has\vented to a pressure less than 7 bar.
The parameters to monitor and record are:

a) fype and characteristics of the pressure relief device(s) and valve(s);

b) initial pressure;

c) :L

d) temperature;

cation of leak;

e) fime.

8.5.10.2.2 Setsup 2: Tube not fitted with specified valves and PRDs to be used in servige

Whep the\tube is not fitted with specified valves and PRDs to be used in service, the t@ibe shall be
fitted with a method to safely release the gas. The tube shall be charged with air or nitrogén or the gas
interided foruse to the working pressure {p, < 2737

The tube shall be placed in a horizontal position with the centre of the fire at the mid-point of the tube
and with the lowest part of the tube approximately 0,1 m from the top of fire source.

Surface temperatures shall be monitored by three thermocouples equally spaced along the length of
the fire and shielded from direct flame impingement with metallic shielding of a minimum 0,4 mm
thickness. Thermocouple temperatures and the tube pressure shall be recorded at intervals of every
30 s or less during the test.

A uniform fire source of 1,65 m length shall be used that is capable of enveloping the entire diameter
of the tube, when in the horizontal position, and producing a temperature 2590 °C, measured within
2 min on the bottom surface of the tube.
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The timing of the fire test shall start when at least one thermocouple registers a temperature of 590 °C
and at least two thermocouples are required to register a temperature =590 °C for the remainder of the
test.

Any fuel may be used for the fire source provided it supplies uniform heat sufficient to maintain the
specified test temperatures until the tube is vented. The selection of a fuel should take into consideration
pollution concerns.

The tube shall be exposed to the fire for the time specified by the tube manufacturer, which shall be at
least 5 min at a temperature 2590 °C. Any pressure remaining after the test is completed shall be safely
vented.

The parametters that shall be monitored and recorded are:
a) initial pressure;

b) location of leak, if appropriate;

c) temperature;

d) time.

8.5.10.3 Criteria

a) For tubgs intended to be fitted with specified pressure-relief devices, the tube shall vent thripugh
the pregsure-relief devices. This test shall be repeated if anether design of pressure-relief devijice is
specified and used.

b) Tubes without a specified pressure-relief device shallnot rupture before the time specified by the
manufafturer and not less than 5 min from the stant of the fire test. Tubes can leak through the
cylindrical wall, valves (if fitted) or other surfaces:

For all tubef the manufacturer shall provide thé-system designer with this fire performance dalt/a to
enable then] to carry out a risk assessment of.the fire protection for the system with the objectiye to
prevent tubg rupture in service.

8.5.11 Neck strength test

8.5.11.1 Gé¢neral
This test is fequired for all Type 4 designs. One tube shall be tested.

A representative tube.can be tested with the same diameter as the prototype tube but with a cylindrical
length of at|least twice the diameter. Wrapping pattern of the subscale tube shall be representative of
the actual tube.

8.5.11.2 Procedure

The body of the tube shall be held in a manner to prevent it rotating. The tube shall be fitted with a
corresponding valve or suitable plug and tightened to 110 % of the maximum torque recommended in
ISO 13341 for either the relevant liner material or boss material, or both, or as recommended by the
manufacturer on the design drawing.

Parameters to monitor and record are:
a) type of valve/plug material;
b) wvalving procedure;

c) applied torque.
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The valve or plug shall be removed after the first installation and the neck thread and boss inspected.
The valve shall then be re-installed as specified above.

The tube shall then be subjected to the leak test specified in 8.5.12.

8.5.11.3 Criteria

There shall be no permanent visible damage to any combination of the boss, liner and composite
interfaces.

Aleakage rate greater than 2 bubble/min in the bubble leak test or leakage greater than 5 x 10-3 mbar-1/s

f 1 1. L . 1 d=) 1 1l A el Ll d b
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8.5.12 Leak test

8.5.12.1 General

Thistest is required for all Type 4 tubes.

8.5.12.2 Procedure
Leakftesting shall be conducted on the finished tube.

Acceptable methods for leakage testing include bubble testing using dry air or gas or meajsurement of
tracq gases using a mass spectrometer, portable gas detector or other suitable technique.

Leakjtesting of completed tubes shall be performed at\2/3 times test pressure, py,.

8.5.12.3 Criteria

Leakiage greater than 2 bubble/min in the bubble leak test or leakage greater than 5 x 10~} mbar-l/s of
gasepus helium (or equivalent) shall constitute a failure of the test.

8.5.13 Accelerated stress rupture test

8.5.13.1 General
This test shall be conducted only on tubes where glass or aramid fibre has a load-sharing application.

One fube, as-wrapped and without paint or removable protective coating on the composjte material,
shall|be tested as-follows. Alternatively, a representative tube can be tested with the same|diameter as
the drototypé tube but with a cylindrical length of at least twice the diameter of the tube fo be tested.
The Wrapping pattern of the subscale tube shall be representative of the prototype tube.

8.5.13.2 Procedure

For a design life of up to 20 years, one tube shall be hydraulically pressurized to test pressure at 85 °C,
and shall be maintained at this pressure and at a temperature of 85 °C for 1 000 h.

For a design life equal to or greater than 20 years, one tube shall be hydraulically pressurized to test
pressure at 85 °C, and shall be maintained at this pressure and at a temperature of 85 °C for 2 000 h.

The tube shall be then be subjected to the burst test (8.5.5).
Parameters to monitor and record are:
a) temperature at least twice a day;

b) tube pressure at least twice a day;
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c) burstpressure.

8.5.13.3 Criteria

To successfully pass the test, the tube shall complete the 1 000 h or 2 000 h hold at 85 °C without
rupture, and the burst pressure shall exceed 85 % of the minimum design burst pressure.

8.5.14 Permeability test

8.5.14.1 General

This test is fequired for all Type 4 tubes. A representative tube can be tested with the same diametfler as
the prototype tube but with a cylindrical length of at least twice the diameter of the tube tobe‘tested.
The wrapping pattern of the subscale tube shall be representative of the prototype tube.

8.5.14.2 Procedure

One finished tube shall be filled with a suitable test gas to working pressurefplaced in an enclosed
sealed chanpber at a temperature of 20 °C + 5 °C until the permeation rate téadches a steady-state as
recorded over 50 h. The test duration is not required to exceed 500 h.

NOTE Suitable test gases include the gas to be contained, hydrogen, or nitrogen mixtures with hydrogen or
helium.

Parameters|to monitor and record are:

a) testgas|used;

b) permeation rate;

c) temperature of the test chamber.

8.5.14.3 Criteria

The permedtion rate shall be less than.the equivalent of six normal millilitres of hydrogen gas per
hour per litre water capacity. Equiyvalent permeation rates, using different gases or mixtures, can be
calculated Hy using the square root-of the ratio of the molecular weights and with consideratipn of
reference temperature and the gas’or mixtures. See Annex D.

8.5.15 Gasjcycle test

8.5.15.1 General

This test is requiried for all Type 4 tubes. A representative tube can be tested with the same diameter
as the prototype tube but with a cylindrical length of at least twice the diameter of the prototype. The

wrapping pattern of the subscale tube shall be representative of the prototype tube.

Special consideration shall be given to safety when conducting this test. Prior to conducting this test,
the tube to be tested shall have successfully passed the test requirements of the leak test (see 8.5.12)
and the hydrostatic proof test (see 8.5.2).

Tubes that are intended to contain air in service shall use air for this test. Tubes that are intended to
contain hydrogen in service shall use hydrogen for this test. If the tubes are intended for general gas
service, then air or nitrogen or hydrogen may be used. If the tube is not tested with air or hydrogen,
then it is not approved to contain air or hydrogen as applicable.
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8.5.15.2 Procedure

One tube shall be tested as follows:

a)
b)
‘)
d)
e)
)

After 30 cycles the valve shall be removed, and the condition of the liner and lin€p/end bd
shalljbe visually inspected for evidence of any deterioration, such as blistering, enacking or g
discharge. If there is visible degradation of the liner (such as, but not limited, to, blistering
delamnination) the condition shall be recorded.

If there is degradation of the liner after 30 cycles, the tube shall be tested with the
accordance with 8.5.12 after completion of the thirtieth cycle. If this tube passes the leak
shall|be subjected to the permeability test in accordance with 8:5:514.

Parameters to monitor and record are:

a)
b)
c)
d)

8.5.15.3 Criteria

A tube that has completed 30 pneumatic cycles as described in 8.5.15.2 with no visible
detefioration, such as cracking, blistering or evidence of electrostatic discharge, has
passed the test.

A tube that has completed 30 pneumatic cycles and shows visible evidence of progressive d
such|shall be subjécted to the leak test (see 8.5.12) and the permeability test (see 8.5.14]
succegssfully completed the leak test and permeability test, then it will have successfully pas

8.5.16 Coatings test

Where<oatings are specified as part of the design, they shall be evaluated by the followin

The tube shall be filled with air, nitrogen or hydrogen as appropriate.
Fill the tube with the test gas to 2/3 x p; at a pressurization rate of 40 bar/min or less.
Hold the tube at the pressure described in b) in ambient conditions for 20 h.

After 20 h, open the tube valve and vent the tube until empty.

Al

How 4t forthetubetostabitize at Toonmr temperature:

Iepeat steps a) through e) until 30 cycles have been completed.

flest gas used;
yisual appearance of the liner after 30 pneumatic cycles;
fesults of the leak test, if applicable;

fesults of the permeability test, if applicable.

ss interface
blectrostatic
cracking or

leak test in
test, then it

evidence of
successfully

bterioration,
. If the tube
sed the test.

g standards

or equivalent tests:

a)

b)

d)

adhesion testing, in accordance with ISO 4624:2016, using method A or B as applicable - the coating

shall exhibit an adhesion rating of either 4A or 4B, as applicable;

flexibility, in accordance with ASTM D522, using test method B with a 12,7 mm (0,5 in) mandrel at
the specified thickness at -20 °C - samples for the flexibility test shall be prepared in accordance

with ASTM D522-93 - there shall be no visually apparent cracks;

impact resistance, in accordance with ASTM D2794 - the coating at room temperature
forward impact test of 18 ] (13,3 ft Ibs);

shall pass a

chemical resistance, in accordance with ASTM D1308, except that the tests shall be conducted

using the open spot test method and 100 h exposure to a 30 % sulfuric acid solution (
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f)

with a specific gravity of 1,219) and 24 h exposure to a polyalkalene glycol (e.g. brake fluid) - there
shall be no evidence of lifting, blistering or softening of the coating and the adhesion shall meet a
rating of 3 when tested in accordance with 1SO 4624;

minimum 1 000 h exposure, in accordance with ASTM G154 - there shall be no evidence of blistering
and adhesion shall meet a rating of 3 when tested in accordance with ISO 4624; the maximum gloss
loss allowed is 20 %;

minimum 500 h exposure in accordance with ISO 9227 - undercutting shall not exceed 2 mm at
the scribe mark, there shall be no evidence of blistering and adhesion shall meet a rating of 3 when

tested in accordance with ISO 4624;

resistar
have an

g)

ce to chipping at room temperature, in accordance with ASTM D3170 - the coating
ating of 7A or better and there shall be no exposure of the substrate.

8.5.17 Salf|spray test

8.5.17.1 Gg

This testis 1
with the reg

8.5.17.2 Py

For tubes w|

tneral

equired for composite tubes with steel liners. The testing shall be'performed in accord
uirements of ISO 9227.

ocedure

ith steel liners, the test ring shall be cut from one of'the prototype tubes or tubes us

the representative production batch. This shall use the same material /composite wrap combinatia

A sample te
and include

For the Typ4
test ring shg

Each test rif
used in the

[S0 9227:20
time of at le

After testin|
method whi

The liner’s ¢
signs of cory

8.5.17.3 (Cy

5t piece shall be taken from one end of the tube, have a parallel length of at least 30(
a dome.

1l be produced by the same methodand have the same liner/composite fibre and resin|

1g shall have all exposed fibres areund the cut edges sealed and protected by the same
manufacture of the prototypétubes. The salt spray test shall be carried out as describ
17, Clauses 8 to 12, using the'neutral salt spray (described in Table 2) and with an expq
hst 240 h.

has been compléted, the composite material shall be removed from the liner us
h does not damage or change the surface of the liner’s external surface.

xternal surfdce and that of the composite in contact with liner shall then be examine
osion.

iteria

2 tubes, the tube dome shall be in the final condition intended for service (e.g. coated).

shall

ance

bd as
n.

mm

The

resin
ed in
sure

ng a

d for

The metal surface shall not show pitting greater than 10 % of the Iiner wall thickness. Surface rust
bloom is acceptable.

8.5.18 Acid environment test

8.5.18.1 General

This test is required for all composite tubes using either all glass fibre reinforcement or glass fibre to
provide some of the load sharing in a hybrid design. A representative tube can be tested with the same
diameter as the prototype tube but with a cylindrical length of at least twice the diameter. Wrapping
pattern of the subscale tube shall be representative of the actual tube.

30
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8.5.18.2 Procedure

One finished tube shall be hydraulically pressurized to 130 % of working pressure and a 150 mm
diameter area on the tube surface exposed for 100 h to a 30 % sulfuric acid solution (battery acid with
a specific gravity of 1,219).

The tube shall then be subjected to the burst test specified in 8.5.5.

8.5.18.3 Criteria

The burst pressure, p;, shall be not less than 85 % of the minimum design burst pressure.

8.5.1

8.5.1
This

toa
wart|

8.5.1
The {

The
abso

The |
50.

The |

b)
c)

d) 1

8.5.1

After
or ot
also

a) Ilumber of cycles achieving lower-cyclic pressure;

9 Vacuum test

9.1 General

Uacuum test prior to the environmental cycle test (see 8.5.7). Whenrthis test is not c
ing shall be permanently marked on the tube label (see 10.2).

9.2 Procedure
ube shall be subjected to a series of cycles from atmospheric pressure to a vacuum.

contents (inert gas or air) shall be reduced from atinospheric pressure to a pressuf]
ute at ambient temperature. The vacuum shall be.fnaintained at this level for at least 1

pressure in the tube shall be returned to atmeSpheric pressure. The total number of cy

parameters that shall be monitored andrecorded are:

inimum and maximum cyclic pressures;
ycle frequency;

esults of the visualinspection.

9.3 C(Criteria

cycling«the interior of the liner shall be inspected for damage. Any evidence of disbon
her damage shall be noted. If the tube then passes the environmental cycle test (see 8]
be deemed to have passed the vacuum test.

test is optional for Type 4 tubes only. When this test is carried out, gne-tube shall he subjected

hirried out, a

e of 0,2 bar
min.

cles shall be

ling, folding
5.7), it shall

8.5.20 High velocity impact (gunfire) test

8.5.20.1 General

This testis required for all Type 3 and Type 4 composite tubes. This testis required for Type 2 composite
tubes that are to be used in military applications.

8.5.20.2 Procedure

One tube shall be filled to 2/3 of the test pressure, p;, with air or nitrogen.

The tube shall be positioned in such a way that the point of impact of the projectile shall be in the tube
side wall at a nominal angle of 90° and such that the bullet would also exit through the tube side wall.
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Tubes shall be impacted by a 7,62 mm (0,3 calibre) armour-piercing projectile with a nominal speed of
850 m/s (e.g. the 7,62 x 51 M993 AP NATO round).

The bullet shall be fired from a distance of not more than 45 m.

[t is not necessary for the bullet to penetrate the tube side wall.

After the test, the tube shall be rendered unserviceable. Parameters to monitor and record are:

type of projectile;

ressure,;

a)

b) initial p
c) descrip
8.5.20.3 Cy
The tube pa
a) thebull
b) the bull
8.5.21 Glag
The glass tr

or an equiv
matrix matg

The matrix
manufactur

8.5.22 Res

Matrix mat
accordance
when matri

Following iy
13,8 Mpa.

8.6 Failu

In the event
shall be carf

fion of failure if applicable.
iteria
kses the test if either:

et penetrates the tube and it does not rupture (it remains in one piece); or

et does not penetrate the tube side wall.

s transition temperature test

hnsition temperature of the matrix materials shall be teésted in accordance with ASTM
hlent standard. This test shall be repeated when matrix materials are changed fron
rials in the original design.

materials shall meet the minimum glass tfansition temperature specified by the
er.
in shear strength test

brials shall be tested on a sample coupon representative of the composite overwr
with 1ISO 14130, ASTM D234#%.or another equivalent document. This test shall be repg
k materials are changed frfom the matrix materials in the original design.

hmersion for 24 h in(bpiling water, the composite shall have a minimum shear streng

re of type approval tests

of failure:to meet test requirements, an investigation into the cause of failure and re-te
ied oytiin accordance with 9.6.

E135
h the

tube

hp in
rated

th of

sting

9 Inspection and testing at time of manufacture

9.1 Liners for Type 2 and Type 3 tubes

9.1.1 Metal tubing used to manufacture Type 2 and Type 3 liners shall be ultrasonically examined in
accordance with Annex C.

Additionally, all steel liners used to manufacture Type 2 and Type 3 composite tubes shall be

ultrasonical

ly examined after completion of all heat treatment in accordance with Annex C.

9.1.2 Every liner shall be inspected for:

surface

a)

32

finish for defects by visual inspection;
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dimensions: diameter and length, out of roundness and straightness;

material in the neck in which there are no sharp rooted folds shall be acceptable;

f)

9.1.

minimum wall thickness;
mass;

thread conformity.

If finished Tvpp 2 or 3 tubhes are thjpr‘fpd to prnnf test then 100 9% of liners shall

neck folds: interior folding in the liner neck area shall be prohibited; smooth gathering of the

to hi
ISO 6

If thd
subjd
shall

9.14
tubiry
meet
(see

9.1.5
certi

9.1.6
re-te|

9.2

9.2.1
to ar
discy

[T

b)

1

irdness test, if they are heat treated, after heat treatment in accordance with IS
508-1, and shall achieve the limits specified in 7.2.2.

 finished tube is subjected to the volumetric expansion pressure test then 5% of lij
cted to the hardness test after heat treatment in accordance with ISO 6506=1 or ISO
achieve the limits specified in 7.2.2.

From every batch of load-sharing liners, one representative caupon taken from f{
g subjected to the same heat treatment shall be tested to determine that the mechanic
the minimum design requirements and according to the relevant standard for the li
Clause 2).

A record of the tests carried out shall be kept by‘the tube manufacturer. Suitable f
ficate are shown in Annex B.

In the event of failure to meet test requiréments, an investigation into the cause o
sting shall be carried out in accordance with 9.6.

Failure of load-sharing liner batch tests

If any of the test results are not satisfactory, and if the inspector is satisfied that
error carrying out the test;'a re-test can be authorized using the same liner other
etion of the manufacturér,-¢either:

he test in questioncshall be repeated on two specimens, one from the same liner or tes

atisfactory the batch shall be accepted; or

vhere heattreatment has been shown to be inadequate, the batch of liners can be re-
if appropriate) and re-tested in accordance with 9.1.2 and 9.1.3, and, if the results are
he batch shall be accepted; this re-treatment can be conducted once only.

e subjected
D 6506-1 or

ers shall be
6508-1, and

he supplied
| properties
her material

orms of test

[ failure and

his was due
wise, at the

tring as for

he first test andcanother one from a liner or test ring from the same batch, and if both results are

heat treated
satisfactory,

9.2.
time

9.2.3

Where heat treatment furnace records show artificial ageing nas peen inadequat
at the ageing temperature shall be given.

in the batch shall be rendered unserviceable.

9.3

Liners for Type 4 tubes

e, additional

If the test results, having allowed for re-testing or re-heat treatment, are not satisfactory, liners

9.3.1 Each batch of non-load sharing liners shall be examined and dimensionally checked to ensure
compliance with the design specifications. The following inspections shall be carried out in accordance

with

the manufacturer’s quality assurance procedures:

a) visual inspection of external and internal surface finish;
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b) dimensions: diameter and length;

<)

thread conformity.

9.3.2 Each batch of metal bosses shall be tested to determine that the required properties specified in
7.2.2 have been achieved. The manufacturer’s certification (mechanical properties, chemical analysis)
is acceptable to demonstrate compliance.

9.3.3 Two representative coupons from every batch of non-metallic material shall be tested in
accordance with ISO 527-1 and ISO 527-2 to determine that the required properties have been achieved.

Acceptance
a) the proj
the mat]
Vicat so
b) the pro
type ap
c) the ma
require
Manufactur
9.34 Are

forms of tes

9.4 Failu

If any of the
carrying ou

9.5 Overy
9.,5.1 If th

inspection 3
certificate. 4

9.5.2 Supplier’s certification of the material properties shall serve as verification of compliance|

strength of

9.5.3 If c{

bf non-metallic liners shall take into account:

perties of the material (raw material as granulate, etc.) shall be within the tolerances §

ftening temperature;

proval of the process;

Lerial properties of the liner shall be within the tolerances. required by the d
ments laid down in 7.2.2.

br’s certification is acceptable to demonstrate compliance;

L certificates are shown in Annex B.

re of non-load sharing liner batch tests

test results are not satisfactory and if the inspector is satisfied that this was due to an
[ the test, a re-test can be authorizedusing the same liner or material sample.

wvrap materials

e results of the verifications and tests are satisfactory that the design, manufag
nd testing were carried out in accordance with this document, the inspector shall is
\n example form-of.certificate is shown in Annex B.

ibres shdlljbe not less than specified in the documentation listed in 7.2.3.

et by

erial manufacturer for melt flow index, density and either glass transition témperatujre or

Cess parameters during liner manufacturing shall be within the tolerances agreed dyring

psign

cord of the tests carried out shall be kept at the premises of the tube manufacturer. Suifable

Prror

ture,
sue a

The

rtification is not available, each batch of filament materials shall be subjected

impregnate

[l Strand test in accordance with ISO 3341 for glass fibre, ASTM D7269 for arami

0 an
and

ISO 10618 for carbon fibre, or appropriate equivalent standards. The strength of fibres shall be not less
than specified in the documentation listed in 7.2.3.

9.5.4 Prototype matrix materials shall be tested on a sample coupon representative of the composite
overwrap in accordance with ISO 14130 or an equivalent standard. These tests shall be repeated when
matrix materials (i.e. resin, curing agent, accelerator) are changed to be different but are chemically
equivalent to the original design.
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9.6 Composite tube

9.6.1 If the results of the verifications and tests satisfactorily convey that the design, manufacture,
inspection and testing were carried out in accordance with this document, the inspector shall issue a
certificate. An example form of certificate is shown in Annex B.

9.6.2 Each batch of composite tubes shall be examined and checked to ensure conformance to the
design standard. Inspections shall be carried out in accordance with the manufacturer’s quality
assurance procedures:

wcualinciactio AL Aot o] S Atk o o] oo i
a istaHnspection-of externalandinternat-surfacefinish:

b) Iimensions;
c)

d) vater capacity;

arkings;

e) 1mass within the tolerance of the approved design;

f) ¢leanliness.

9.6.3 The internal and external surfaces of the finished tube\shall be free from defects 4nd residues
from| the manufacturing process (e.g. swarf, resin), which.would adversely affect the safg working of
the tpbes. See ISO 11120 and ISO 7866 for guidance on pessible defects in metallic liners.

9.6.4 Each completed tube shall be subjected to a hydraulic proof test (in accordance with 8.5.2) or a
voluinetric expansion test (in accordance with 8.5:3) at the design test pressure specified [in 7.2.4. The
elastic expansion and permanent expansion régults shall be within the range specified in the design
subnpission given in 7.2.4.

9.6.3 All tubes incorporating non-lead sharing liners or bonded bosses shall be tested fdr leakage in
accordance with 8.5.12.

Leaktesting shall be conducted on the completed tube and shall be performed at two thirds of the test
pressure, p;.

9.6.4 One tube for every five batches shall be subjected to an ambient cycle test in accordance with
8.5.6.

9.6.7 One tube per batch shall be subjected to a burst test in accordance with 8.5.5.

9.7 | Eailure of batch tests

9.7.1 In the event of failure to meet test requirements during batch tests an investigation into the
cause of failure and re-testing shall be carried out.

9.7.2 If there is evidence of a fault in carrying out a test, or an error of measurement, a second test
shall be performed on the same tube, if possible. If this is not possible, then a second test shall be
performed on a tube selected at random from the batch. If the results of this test are satisfactory, the
first test shall be ignored.
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