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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.

different types of ISO documents should be noted. This document was drafted in accordande\with the
editorial rules of the ISO/IEC Directives, Part 2. www.iso.org/directives

Attention is|drawn to the possibility that some of the elements of this document may‘be the subj¢ct of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Detalils of
any patent rjights identified during the development of the document will be in thé)Introduction and/or
on the ISO list of patent declarations received. www.iso.org/patents

Any trade npme used in this document is information given for the conyvenience of users and doefs not
constitute ah endorsement.

The committee responsible for this documentis ISO/TC 58, Gas cylinders, Subcommittee SC 3, Cylinder design.
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Introduction

The purpose of ISO 11515 is to provide a specification for the design, manufacture, inspection and testing
of composite tubes for worldwide usage. The objective is to balance design and economic efficiency
against international acceptance and universal utility.

[SO 11515 aims to eliminate the concern about climate, duplicate inspection and restrictions currently
existing because of lack of definitive International Standards and should not be construed as reflecting
on the suitability of the practice of any nation or region.

ISO 11515 addressesthe gpnpml requirements on dpqign construction and injtial inspection and testing

of pilessure receptacles of the United Nations Recommendations on the Transport of Dangerous Goods
Model Regulations.

Anngxes A and B of ISO 11515 are for information only.

© IS0 2013 - All rights reserved v
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INTERNATIONAL STANDARD

ISO 11515:2013(E)

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

1 Scope
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cylindrical portion only.

Type

cylinldrical portion and the dome ends.

Type

cylindrical portion and the dome ends.

The
toxic
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ent gas containers (MEGE)for the transportation and distribution of gases. This I

Normative references

International Standard specifies minimum requirements for the design, const
rmance testing of composite reinforced tubes between 450 |1 and 3 000 | water

Fuction and
tapacity, for

port, storage and use of compressed or liquefied gases with test pressures up,to and including

bar with a design life of at least 15 years and less than or equal to 30 years. The expe
eratures are between -40 °C and +65 °C.

ubes defined are one of three types:

cted service

2: a hoop wrapped tube with a load sharing metal liner and, composite reinforcement on the

3: a fully wrapped tube with a load sharing metal liner ahd composite reinforcement]

4: a fully wrapped tube with a non-load sharing liner and composite reinforcement

[ype 4 tubes manufactured and tested to this'International Standard are not intende
oxidizing or corrosive gases.

[nternational Standard is limited to tibes with composite reinforcement of carbon fib
or glass fibre (or a mixture thereof)-in a matrix.

bosite tubes can be used alone or in batteries to equip trailers or skids (ISO modules]

lard does not include consideration of any additional stresses that can occur durin
port, (e.g. torsional /bending stresses). However it is important that the stresses ass
hting the tube are considered by the assembly manufacturer and the tube manufacturyg

The desigt life of tubes according to this International Standard for transport of dangerq
hited by the applicable regulations.

The

following documents, in whole or in part, are normatively referenced in this documnj

on both the

on both the

d to contain

"'e or aramid

or multiple
hternational
g service or
ciated with
BT

us goods can

ent and are

indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 306, Plastics — Thermoplastic materials — Determination of Vicat softening temperature (VST)

[SO 527-1, Plastics — Determination of tensile properties — Part 1: General principles

ISO 527-2, Plastics — Determination of tensile properties — Part 2: Test conditions for moulding and
extrusion plastics

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

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

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

ISO 6892-1, Metallic materials — Tensile testing — Part 1: Method of test at room temperature

[SO 7225, Gas cylinders — Precautionary labels

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

[S0 9227:20

12, Corrosion tests in artificial atmospheres — Salt spray tests

IS0 9712, Non-destructive testing — Qualification and certification of NDT personnel

ISO 9809-1,
Part 1: Quen

ISO 9809-2,
Part 2: Quen

ISO 9809-3,
Part 3: Norn

[SO 10618,

ISO 11114-1]
Metallic mat]

ISO 11114-2
Non-metallid

ISO 11120,
Design const

[SO 13341,
[SO 13769, ¢
ASTM D 522

Val Looaal. D okedl L1 L e L ) KN | D . b e e -
UUS CYITTUCT S — NCJINTUUIC SCUITIICSS SLCCT YUS CYITTUCT S — DCSIYTL, CUTISLIUCLIUTT UTTU LESLI

ched and tempered steel cylinders with tensile strength less than 1 100 MPa

Gas cylinders — Refillable seamless steel gas cylinders — Design, construction and/testi
ched and tempered steel cylinders with tensile strength greater than or equal ta"P100 MH

Gas cylinders — Refillable seamless steel gas cylinders — Design, construction and testi
alized steel cylinders

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

g —

ng —
a

ng —

Gas cylinders — Compatibility of cylinder and valve materiads with gas contents — Pqrt 1:

erials

, Gas cylinders — Compatibility of cylinder and valve thaterials with gas contents — Part 2:

materials

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

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

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

ASTM D130

,Standard Test Method forEffect of Household Chemicals on Clear and Pigmented Organic Fin

ASTM D2794, Standard Test Method for Resistance of Organic Coatings to the Effects of I

Deformatio
ASTM D317
ASTM D726

3 Terms

(Impact)
), Standard Test.Method for Chipping Resistance of Coatings

D, Standard, Test Methods for Tensile Testing of Aramid Yarns

and definitions

D | —

ishes

Rapid

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

3.1

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

3.2

autofrettage
pressure application procedure which strains the metal liner past its yield point sufficient to cause
permanent plastic deformation, and results in the liner having compressive stresses and the fibres
having tensile stresses when at zero internal gauge pressure

© ISO 2013 - All rights reserved
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batch
collective term for a set of homogeneous items or material

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

3.4

batch of load sharing liners
quantity of up to 30 liners of the same nominal diameter, length, thickness and design, made successively
from the same material cast (heat) and processed in the same heat treatment equipment (i.e. a continuous
furnace process or a single furnace charge) using the same heat treatment parameters

3.5
batc

h of non-metallic liners

quarftity of non-metallic liners of the same nominal diameter, length, thickness' and d
succg¢ssively and subjected to the same continuous manufacturing process

3.6
batc

h of non-load sharing metal liners or metal bosses

quarftity of non-load sharing metal liners or metal bosses of the sanie nominal diam

thick
heat

3.7
batc

treatment equipment using the same heat treatment parameters

h of finished tubes

production quantity of up to 200 finished tubes successively produced (plus finished tubes
destfuctive testing), of the same nominal diameter, length, thickness and design

Note

3.8

1 to entry: The batch of finished tubes can containidifferent batches of liners, fibres and matri

burst pressure

high

3.9
carb

bst pressure reached in a tube or linef*during a burst test

jon fibre

contjnuous filaments of carbon [aid up in tow form, used for reinforcement

3.10
com
coml
that

3.11
dedi
serv

3.12
equi
fibre

3.13

posite overwrap

hre a permaneht’part of the design

cated gas service
cein Which a tube is to be used only with specified gas or gases

ness and design, made successively from the same material cast (heat) and processed|

ination of fibresand matrix used to reinforce the tube, including any barrier or prote

bsign, made

bter, length,
in the same

required for

k materials.

ective layers

valent fibre
equivalent to a fibre used in a previously prototype tested tube

exterior coating
layers of material applied to the tube as protection or for cosmetic purposes

Note

1 to entry: The coating can be transparent or opaque.

© IS0 2013 - All rights reserved
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3.14

equivalent liner

liner 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

3.15
glass fibre
continuous filaments of glass laid up in tow form, used for reinforcement

3.16
leak
escape of gafs at a rate greater than 5x10-3 mbar.l/s through a defect rather than permeation

3.17
liner
inner portign of the composite tube, whose purpose is both to contain the gas and ‘tbansmit the gas
pressure to the fibres

3.18
load sharing liner
liner that has a burst pressure greater than or equal to 5 % of the nominal butst pressure of the finished
composite tlibe

3.19
non-load-sharing liner
liner which has a burst pressure less than 5 % of the nominal but'st pressure of the finished compositetube

3.20
matrix
material thgt is used to bind and hold the fibres in place

3.21
minimum design burst pressure
minimum byirst pressure specified by the manufacturer and that shall be achieved during a burst fest

3.22
tube
transportabjle pressure receptacle of a water capacity exceeding 150 litres

3.23
representative compositetube
a shorter tybe with tlie-'same nominal diameter, and manufactured using the same materialg and
manufacturjng technique, and using a representative wrapping pattern (same number of strand$ and
same number of layers) so as to represent an equivalent stress compared to a full scale prototype

3.24
tubing
hollow cylindrical body of metal or other material, used for conveying or containing liquids or gases

3.25

Type 2 tube

hoop wrapped tube with a load sharing metal liner and composite reinforcement on the cylindrical
portion only

3.26

Type 3 tube

fully wrapped tube with a load sharing metal liner and composite reinforcement on both cylindrical
portion and dome ends

4 © IS0 2013 - All rights reserved
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Type 4 tube
fully wrapped tube with a non-load sharing liner and composite reinforcement on both cylindrical

portion and dome ends

4 Symbols

pp  Burst pressure of finished tube bar
pn  Testpressure bar
Pmax| Maximum developed pressure at 65 °C bar
pw | Working pressure bar
5 Inspection and testing

ISO 1
so th|
Tran
regu
requ
Stan
insp{

Equi
calib

6 Materials

6.1

6.1.1
Inter

a) 9
b)

Reley
work
mani

1515 is intended to be used under a variety of national regulatoryregimes but has b

sportation of Dangerous Goods. Attention is drawn to requiréments in specified relev
ations of the country (countries) where the tubes are intehded to be used that might
rements given in this International Standard. To ensuréthat the tubes conform to this|
lard, they shall be subject to inspection and testing‘in’accordance with Clauses 6, 7, 8
pction body (hereafter referred to as “the inspecto®”) authorized to do so.

rated within a documented quality managemeént system.

Liner materials

Load sharing liner{materials shall conform in all relevant respects to the
national Standards;

eamless steel liners: ISO 9809-1, ISO 9809-2, ISO 9809-3 or ISO 11120 as appropriate;
eamless aluminium alloy liners: ISO 7866.

ant sections are those covering materials, thermal treatments, neck design, const]
manship, mechanical tests. Design requirements are excluded since these are speg
1 facturer for the design of the composite tube (see 7.2.2).

een written

at it is suitable for use with the conformity assessment system of the UN Model Regulafions for the

ant national
bverride the
hternational
and 9 by an

bment used for measurement, testing and examination during production shall be maintained and

appropriate

ruction and
ified by the

6.1.1.1 The composite tube manufacturer shall verify that each new batch of materials has the specified
properties and qualities, and shall maintain records so that the cast of material and the heat treatment
batch (where applicable) used for the manufacture of each tube can be identified. A certificate of
conformance from the liner material manufacturer is considered acceptable for the purposes of
verification.

6.1.1.2 The liner shall be manufactured from a metal or alloy suitable for the gas to be contained in
accordance with ISO 11114-1.

© ISO
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6.1.1.3 When a neckring is provided, it shall be of a material compatible with that of the tube, and shall
be securely attached by a method appropriate to the liner material.

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.

International Standard.

Metal bosses attached to a non-metallic liner shall fulfil the performance requirements of this

b)

c¢) The ten
-50 °C
the plag
manufa

d) Polyme
ISO 306

6.2 Comy

6.2.1 The

mixture the

6.2.2 The
product, e.g

6.2.3 The
provide suff
batch of mat

6.2.4 The
properties 3
for the man
manufactur

6.2.5 Batd

6.2.6 The
fibre, e.g. by
(if necessar

NOTE Gl
being in cont

n accordance with ISO 527-2.The test results shall demonstrate the ductile propert
tic liner material at temperatures of =50 °C or lower by meeting the values spe€ififed b
Cturer.

"ic materials from finished liners shall be tested in accordance with a method describ|
. The softening temperature shall be at least 100 °C.

Josite overwrap

reof).

Fesin matrix shall be a polymer suited to the application)environment and intended life
epoxy or modified epoxy with amine or anhydride‘curing agent, vinyl esters and polye;s

supplier of the filament material and the resin matrix system component materials
icient documentation for the composite tube manufacturer to be able to identify full
erials used in the manufacture of each tube.

composite tube manufacturer shallverify that each new batch of materials has the co
nd is of satisfactory quality, and maintain records from which the batch of materials
ufacture of each tube can he-identified. A certificate of conformance from the mat
er is considered acceptable for the purposes of verification.

manufacturer shall€nsure thereisnoadversereaction betweenthelinerand the reinfo
the application'of a suitable protective coating to the liner prior to the wrapping pr

).

ass fibredeinforced composite tubes can be susceptible to chemical attack and degradation
hct withiaggressive acids (e.g. battery acid).

overwrap filament materials shall be carbon fibre or aramid fibre or glass fibre (or

hes of materials shall be.ddentified and documented to the satisfaction of the inspector.

sile yield strength and ultimate elongation of plastic liner material shall be determingd at

es of
y the

ed in

any

fthe
ters.

shall
y the

I'rect
used
erial

rcing
cess

after

7 Designand-manufacture

7.1 General

7.1.1 A Type 2 composite tube shall comprise:

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

6 © IS0 2013 - All rights reserved
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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 carries part of

the longitudinal and circumferential load;

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 it shall be permanent.

7.1.3 A Type 4 composite tube shall comprise:

a) 4n internal metal or non-metallic non-load sharing liner with one or two _opéning
entral axis only;

b) etallic boss(es) for thread connections, where these are part of the design;
) composite overwrap formed by layers of continuous fibres in a matrix;

d) 4n optional exterior coating to provide external protection, When this is an integra
esign it shall be permanent.

7.2 | Design submission

7.2.1 The design submission for each new design of\tube shall include a detailed drawing
documentation of the design including, manufacturing and inspection particulars as deta
7.2.3} and 7.2.4.

The dlesign submission will cover a design family of composite tubes of the same diameter a
with| different cylindrical lengths fromc2x diameter and up to 5x the length of the rej
composite tube and with a water capacity between 450 and 3 000 litre.

7.2.71 Documentation for the lineér and/or metal boss(es) shall include:

a) Material details, includifiglimits of chemical analysis;

b) dimensions, minimGnithickness, straightness and out of roundness with tolerances;
c) process and spécification of manufacture;
d) heat-treatment, temperatures, duration and tolerances (where applicable);

e) inspection procedures (minimum requirements);

s along the

part of the

1, along with
led in 7.2.2,

nd pressure
bresentative

f) aterial properties (including hardness for Type 2 and Type 3 tubes);

g) minimum design burst pressure (for Type 2 and Type 3 tube liners);
h) dimensional details of valve threads;

i) method of sealing boss to liner for Type 4 tubes.

7.2.3 Documentation for the composite overwrap shall include:

a) fibre material, specification and mechanical properties requirements;
b) minimum composite thickness;

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

© IS0 2013 - All rights reserved
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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 constructionincludingthe number of strands used, number oflayers, and layer orientation;
g) curing process, temperatures, duration and tolerances.
7.2.4 Documentation for the composite tube shall include:

a) water capacity in litres;

b) dimensions, minimum thickness, straightness and out of roundness with tolerances;
c) listofirftended contents if intended for dedicated gas service;

d) working pressure py which shall not exceed 2/3 test pressure;

e) composijite tube test pressure, pp;

f) allowablle range of elastic expansions and permanent expansions (if appropriate) for the design
when vglumetric expansion test is used (See 9.5.4), to the satisfaction gfithe Competent Authority;

g) maximym developed pressure at 65 °C for specific dedicated gas(és) pmax;
h) minimum design burst pressure;

i) design‘:[:e in years between 15 and 30 years;

j) autofreftage pressure and approximate duration (where applicable);
k) tension|ng of the fibre at winding (where applicable);

1)  weight and manufacturing tolerance;

m) details pf components which are permanently attached and form part of the qualified design (e.g.
neck rings, protective boots etc.).

7.3 Manufacturing

7.3.1 The |liner and metal bosses, where incorporated, shall be manufactured in accordance with the
manufacturer’s design (see%2:2.2).

7.3.2 The|composite,tube shall be fabricated from a load sharing or non-load sharing liner pver-
wrapped with resininipregnated continuous fibres. Winding shall be applied under controlled conditions
to develop the design composite thickness and as specified in 7.2.3.

L' SEpdpnd o v cazanaan d i d o d b o bl n Ao oo bt by araend M A Tiaane o l t
lners Can oLl ll_}t}bu dITU T O VVouIIu lJl UVIULU LIIdAduU LIIC UVvVeI Vvl alJ IIdOo TITUL ULUIT CuUIr Tu. 1 T I nO

be 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 a controlled
temperature profile as specified in 7.2.3. The maximum temperature shall be such that the mechanical
properties of the liner material are not adversely affected.

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

7.3.5 If 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.

8 © IS0 2013 - All rights reserved
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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 Acufficinnt ooy At bac challlbag oo da ool obln +0 oo lat ot o ot b b ot t t
L] L] LY OUITICVICIIUTIIUITIIUCT Ul TUUCTLyY Jridir v 1lIiduc adavAdIliiauIc v LUllllJl\'\-\' CIIceC l.ll ULUL] P\, CLCotlr lg Or eS lng

of the design variant.

8.2.2 Theinspector shall verify that the batch ofliners, prior to being wrapped, conforms fo the design
requjrements and are inspected and tested in accordance with 9.1 or 9.2, as approfpriate.

8.2.3 The inspector shall verify that the composite material(s), prior topthe tubes being wrapped,
conform to the design requirements and are tested in accordance with 9.4:

8.2.4 The inspector shall verify that all tubes in the batch produced for'new design approval conform
to the design submission and are tested in accordance with 9.5. Except for the cases identified in 8.2.5,
the ihspector shall supervise the tests shown in Table 1. An “A” ini¢he relevant column of Tdble 1 shows
that [the test is required for the appropriate tube category. Anv*0” in the relevant colump of Table 1
shows that the test is required for particular designs, materials and uses. The relevant clause for each
test dlescribes when the test is required.

Table 1 — Prototype Testing for New Designs

Design Tests Type 2 Type 3 Type 4
8.5.1 Hydraulic proof pressure test, or A A A
8.5.2 Hydraulic volumetric expansion test,

8.5.3|  Liner burst test A A

8.5.4 Tube burst test A A A
8.5.5] Ambient temperature cycling'test A A A
8.5.6 Environmental cyclingtest A A A
8.5.7 Flaw test A A
8.5.8 Blunt impact test A A A
8.5.9 Fire resistance test A A A
8.5.10 Neckstrength test A
8.5.11 Leaktest A
8.5.1Q (~-Accelerated stress rupture test 0 0 0
8.5.13" Permeability test 0
8.5.14  Gas cycling test A
8.5.15 Coatings testa (where applicable)b 0
8.5.16  Salt Spray test 0 0 0
KEY

A - All tubes tested.

O - Only required for particular designs, materials and uses.

a Tubes being used for other tests may be used.

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

© IS0 2013 - All rights reserved 9
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Table 1 (continued)

Design Tests Type 2 Type 3 Type 4
8.5.17 Acid environment test 0 0 0
8.5.18 Vacuum test 0
KEY

A - All tubes tested.
O - Only required for particular designs, materials and uses.

a Tubes being used for other tests may be used.

b Coating tes

S can be carried out on sections/domes oI tubes as appropriate.

8.2.5 Fory
out the test;
shall not be
changes fro
applicable (3

8.2.6 Ifth
if applicatio
which is giv

8.2.7 Afte
8.3 New
8.3.1 Noa

such alterat

8.3.2 Ane
design comy

a)

It is ma

rariations in design from the new design tube as specified in 8.4, it is only necessaty, to

as prescribed in Tables 2 to 4 as appropriate. A tube approval by a reduced series of
used as a basis for a second design variant approval with a reduced set of tests-(i.e. mu
n an approved design are not permitted) although individual test results’can be us
ee 8.4.2).

e results of the verifications and tests according to 8.2.2, 8.2.3 and\822.4 as modified by
h, are satisfactory, the inspector shall issue a type approval certificate, a typical examj
bn in Annex A.

I completion of the tests the tubes shall be destroyed or made incapable of holding pres

Hesign

Iteration shall be made to the design or the method of manufacture after approval u
on has received written prior agreement of ¢he inspector.

w tube design requires full type approval testing. A tube shall be considered to be of g
ared to an existing approved design:if:

hufactured in a different factory._A relocation of a factory does not require a new cyl
hpproval provided all materials, equipment and procedures remain the same as fo
design approval.

hufactured by a processthat is significantly different from the process used in the d
broval. A significantechange is regarded as a change that would have a measurable chan

or design or manufacture is significantly different from the original qualified design.

hinal outside diameter has changed more than 50 % from the qualified design;

The compposite-overwrap materials are significantly different from the qualified design e.g. diff

stem. or fibre type;

arry
tests
tiple
bd as

sure.

nless

new

nder
r the

psign
ge in

ormance of the liner and/or finished tube. The inspector shall determine when a chanige in

brent

design

original
b) Itisma

type ap

the perf

process
c¢) The norj
d)

resin sy
e)

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

8.3.3 Atube shall also be considered to be of a new design compared to an existing approved design if:

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

10
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8.4 Design variants

8.4.1 For tubes similar to an approved design a reduced type approval testing programme is allowed.
A tube shall be considered to be a design variant if:

a)
b)

)

d)

f)

g)
h)

j)

k)

The outside diameter has changed by 50 % or less;

The autofrettage pressure has changed by more than 5 %j;

The base profile and/or base thickness of the liner has changed relative to the tube diameter and

minimum wall thickness;

here is a change in the design test pressure up to and including 60 %;

here a tube is to be used and marked for a lower test pressure than that for whichdes
as been given, it is not deemed to be of a new design or design variant.

When changes in diameter or pressure are made the structural wall elements must be
the same, or lower nominal stress levels as the original design (e.g. if preéssure or diamg
tthe wall thickness must increase proportionally);

The composite thickness has changed by more than 5 % for reasons other than a ch
pressure or diameter;

The minimum wall thickness of the liner has changed by4iore than 5 %;

When matrix materials (i.e. resin, curing agent, dccélerator) are chemically equiv
original design;

hen equivalent overwrapping fibres are used;

lquivalent fibres are manufactured from the same nominal raw materials, using the s
of manufacture and having the same physical structure and the same nominal physica
and where the average tensile strength and modulus is within + 5 % of the fibre proy
approved tube design. Carbon fibres made from the same precursor can be equivalg
¢arbon and glass fibres are not equivalent.

here a new equivalent(fibre has been prototype tested for an existing design,
manufacturer’s existing\prototype tested designs are regarded as prototype tested W
flibre without the need for any additional prototype testing.

hen equivalenfdiner is used;

manufactuye and having the same physical structure and the same nominal physical pr
ithin®5 % of the approved cylinder design and fulfil the requirements of the relevan

gn approval

pperating at
ter increase

ange in test

hlent to the

hme process
properties,
erties in an
bnt. Aramid,

then all the
rith the new

lquivalent lifers are manufactured from the same nominal raw materials, using the sanpe process of

bperties, are
t standard.

then all the

here a new equivalent liner has been prototype tested for an existing design,
o (T el T = . . . .....v T . . o . -

3 3 O Prototype 2 prototype
liner without the need for any additional prototype testing.

IO,

When the tube thread has changed.

ith the new

When a tube design has only a different thread compared to an approved design only the torque

test, in accordance with 8.5.10, shall be carried out.

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). If a test has been conducted on a design variant (A) that falls within the
testing requirements for a second variant (B) then the result for (A) can be applied to the new design
variant (B) test program. However design variant (A) cannot be used as the reference for determining
the testing required for any new design variant.

© IS0 2013 - All rights reserved
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8.4.3 Where a design variant involves more than one parameter change all the tests required by those
parameter changes shall be performed once only.

8.4.4 The inspector shall determine the level of reduced testing if not defined in Table 2, 3 or 4 for the
appropriate tube category, buta fully approved design shall always be used as a reference for the new design

variant (i.e. new design variants shall not be approved by reference only to a previous design variant).

8.5 Type

approval test procedures and criteria

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

Each complg
volumetric 4

8.5.1 Hyd

8.5.1.1 Pr

When carry
medium. Th|
test pressur
the pressurs
of any leaka

If leakage o

The limit de
the lower. P

tted tube shall be subjected to either a hydraulic proof test (in accordance with 8:5.1]
xpansion test (in accordance with 8.5.2) at the design test pressure specified in\%2.2.4

raulic proof pressure test

ocedure

ing out the pressure test, a suitable fluid (e.g. normally watef) shall be used as thg
lis test requires that the pressure in the tube be increased gradually and regularly unt
e, Ph, is reached. The test pressure shall be held for at least 2 min with the tube isolated
e source, during which time there shall be no decrease in‘thé€ recorded pressure or evig
oe. Adequate safety precautions shall be taken during the test.

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

viation on attaining test pressure shall be test'pressure +3 % / -0 or +10 bar whichey
Fessure gauges with the appropriate accuracy shall be used.

or a

test
| the
from
ence

rer is

All internal purfaces of tubes shall be dried (to enstire no free water) immediately after testing.

Where tube
follow, the 4

s are subjected to autofrettage the-hydraulic proof pressure test can be part of, orimmedi
utofrettage process.

ately

8.5.1.2 Crjiteria

The tube sh
after the tulf

hll be rejected if there are leaks, failure to hold pressure or visible permanent deformpation

e is depressurised.
NOTE

Crlacking of resimnis/hot necessarily a sign of permanent deformation.

8.5.2 Hydraulicvelumetric expansion test

8.5.2.1 Procedure

When carrying out the pressure test, a suitable fluid (e.g. normally water) shall be used as the test
medium. This test requires that the pressure in the tube be increased gradually and regularly until the
test pressure, py, is reached. The tube test pressure shall be held for at least 2 min with the tube 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.

The limit deviation on attaining test pressure shall be test pressure +3 % / -0 or +10 bar whichever is
the lower. Pressure gauges with the appropriate accuracy shall be used.

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

12 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=b2e7b15c9445eaac73329c853d4595d8

:2013(E)

ISO 11515

*21q1j sse[3 Surreaq {

*9J0W .10 95 (T JO SSaU3 DY) IaUl] Ul uoI3on

©O[ Y3IM S9N} U0 paldoNpuod aq 033S3L, p

"SI9UI[ [$93S YILM S9N) UO PIIONPU0D 3¢ 031S3, o

"A[uo 193owe

pad B.10J S9QN] UO PAIdINPUOD 3¢ 011S3], q

P Ul UOI30NPA.L .I0J PIIONPUOD 3q 0331SJ], e

X X X p1S9], JusWUOIIAUY PIOY ITS8
X 2189, Aeadg jfes (8%
X X X 1593 aanydnu ssa11§ 7158
X X 1593 90UBISISAT a1 598
X X X 1s9330edwii Jun(g 858
X 1593 91040 [B3USWIUOIIAUY 9638
X X X X X X X g\ X X 1593 9[040 JusIqUIY $5g
X X X X X X X x O X X 3s9135.nq Aqn, 758
I~
X X X (% MJx X 15933810 Jaul] T3g
X X X X X X X X f\f%u\ X 1sa3 aanssaad onelpAq | 758/TS8
4
$3S9) [eLIajew a3isodwo
X S x el . 2 5%
X X /\)WQ X 1593 [BLI9IBW JOUIT] 6
N
%095 %05 S V\Q
%S< %S< % 0¢C < % 0C > %S< % 0Z < % 0C >
ER(e] 81 o1y SSouUIIY) Jaur| ugisaq 1S9, ‘ON 1S9,
a3enaajony ‘Alnbyg apisodwon aanssaud 1s9], JIaurq ‘AInbg I9j2wel( [eUTWON /A\fmJ
jueriea ugisaq

saqni Z 3dA], 10j s1s9) [eaoadde adA], — 7 a[qelL

13

© IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=b2e7b15c9445eaac73329c853d4595d8

:2013(E)

ISO 11515

"21q1j sse[3 Sureaq

"9I0W 10 O ()7 JO SSOUIIY3} ISUI] Ul UOT}ON]

"A[uo s1aulj |

VAL REREL 1]

©O[ Y3IM S9N U0 PaJONPU0d 8¢ 031S3], p
b91S UIIM Sa(N) UO PIIONPUOD 3¢ 031S3], o
P Ul UOIIONPA.L 10 PAIONPUOD 8¢ 011S3], q

9. B 10J Saqn3} UO Pa3dNPU0d 8¢ 0} SIS, e

X X \&m@ X p1S91 JUALIUOIIAUS PIOY 7158
7 x X 51591 Aeads 1res 9TSg
o
X X X »\L\ X X 1593 aanydni ssaang 7TS8
X eX \F\\ X X 1593 90UB)SISAT 1] 658
X X eX " ax X 1591 30edW Jun(g gcg
1591 me <8
X &4\) X 1d IS8
£ N X 1593 9[04D [BJUSWIUOIIAUY 958
X X X X eX X X x T x X 1593 91040 JusIquIy 558
X X X X eX X X X I\QJ - X 1s913sanq aqny, 758
X X X X CTV X 1s913s.1nq 19Ul €S58
<\
X X X X eX X X X X ..,.v\\/ X 1say aunssaxd oinepAy | 758/TS8
D~

X 51593 [eLIaYeW 931sodwo ;
@ 1 0 56
X X X YV\ 1591 [ELI9IBW 18U TG

% 09 5 % 0SS R4 rO
%G< % 0T < % 0T > %G< % 0T < % 0T >
a1quy w1aljed o o1y SSaUNIIY) Jaul| ugiso@ maN 1S9, 'ON IS9L
agejjaajoiny ‘Alnbyg 9ysodwon aanssaad sy, RELIG| ‘AInbyg I9j9Wel( [eUIWON

saSueyd usisaqg

saqni g adA], 10j s1s9] [eaoadde adA], — € a[qelL

© ISO 2013 - All rights reserved

14


https://standardsiso.com/api/?name=b2e7b15c9445eaac73329c853d4595d8

:2013(E)

ISO 11515

"9JI0W 10 O ()7 JO SSOUDIY3} ISUI[ Ul UOT}ON]

'sJaul] [
VAL REREL 1

'a.1q1y sse[3 durieaq j

91S Y3IM S9N UO PaoNpuod 8¢ 031S9], p
[P Ul UOIIONPA. 10J P9IONPUOD 3¢ 03 IS3L, o
BO[ Y3IM S9(N] UO Pa1dNPU0d 8¢ 0131S3], q

9. B 10J S9qN3} UO Pa3INPUO0D 97 0} SIS, e

X

1S9], WInndoeA

61'S'8

qIS9, JUDWUOIIAUF PIOY

p1s9, Aeads 11es

91'S'8

1593 3urp4d sen

A[1qeautag

1s93 aanydna ssaaig

rss8

1591 yea|

1593 yaSuaaas yoaN

01'S'8

1591 90UBISISAI 1]

658

1s93 30edwr junyg

858

1593 Me[]

LS8

1593 9[04 [e3UWIUOITAUY

998

eX

X

1593 9[040 JuBIqUIY

9S8

eX

~
L/

-

1s913sanq aqn],

eX

O X
&,

1593 9anssaud oynelpAH

7S8/TS8

R o< <[ X<

Rl o< < X<

\fmJ\;

$159) [BLIa)eW 93isodwo)

56

DI DX D D DR X | XX X X | X X

A

1S9) [elI9)eW JaUl]

%

% 09 >
% 02 <

% 02Z >

%S<

% 0S >
% 0Z <

Ny

% 02Z >

2.1q1
‘Alnby

.19

L

yed o 3pIyd
hisodwon

aanssaad 3s9g,

SSUNIIY}
REYIG]

Jaul|
‘Alnbyg

I9joWel(] [eUIWON

udisaq

&

sagdueyo udisag

189,

"ON 1S9

saqn], ¢ 9dAJ, 10j s1s3) [eaoadde adA], — ¥ a[qe],

15

© IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=b2e7b15c9445eaac73329c853d4595d8

ISO 11515:2013(E)

The total volumetric expansion of each tube under the test pressure, py, 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.

Where tubes are subjected to autofrettage the hydraulic volumetric expansion pressure test may be
part of or immediately follow the autofrettage process.

8.5.2.2 Criteria

The tube shall be rejected if either:

1 1 el 1 1.1
a) there aeteaksorfaituretohold pressurc; ot

b) itshowga permanent expansion (i.e. volumetric expansion after the pressure has been releasqd) in
excess df 5 % of the total expansion.

8.5.3 Lin€r burst test

8.5.3.1 Gdneral

This test is fequired for liners in Type 2 and Type 3 tubes.

8.5.3.2 Prjocedure

One tube lirfer shall be tested hydraulically to destruction at a fate of no more than 10 bar/s. The test
shall be carfied out under ambient conditions.

Parameters|to monitor and record are:
a) burst pressure;

b) the number of pieces;

c) description of failure;

d) pressurg/time curve.

8.5.3.3 Crijiteria

For Type 2 tiibes the burst pressure shall be equal to or greater than 0,85 of the tube design test pressure,
ph, and shall be not less than the minimum design burst pressure, specified in the design submigsion
7.2.2. Failurg shall initiate in the liner side wall and the liner shall remain in one piece.

For Type 3 thibes the-burst pressure shall be not less than the minimum design burst pressure, specified in
the design sybmission 7.2.2. Failure shall initiate in the liner side wall and the liner shall remain in one piece.

8.5.4 Tube burst test

8.5.4.1 Procedure

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

NOTE There have been examples of premature failure by environmentally assisted stress rupture of pressure
vessels reinforced with glass fibre so a higher burstratio is required for these fibres in this International Standard.
Parameters to monitor and record are:

a) burst pressure;
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description of failure;

pressure/time curve or pressure/volume curve.

8.5.4.2 C(riteria

8.5.4.2.1 Type 2 tubes

The burst pressure, py, for tubes with carbon fibre reinforcement shall be equal to or greater than the
minimum design burst pressure and notless than the test pressure, py, x 1,67 of the composite tube design.

The

aran
pres

Failufre shall initiate in the tube side wall and the tube liner shall not fail into motethan on

8.5.4

The
the

comjposite tube design.

The

aram
pres

8.5.5

NOT

8.5.5

Whe
dedi

8.5.5

Two

serv
deve

The

to sy
maxi

burst pressure, pp, tubes with aramid or glass fibre reinforcement, or a mixture of fibre|
id or glass as a structural component, shall be equal to or greater than the minimuom

.2.2 Type 3 and Type 4 tubes

burst pressure, pp, for tubes with carbon fibre reinforcement.shall be equal to or g
inimum design burst pressure and shall be not less than(the test pressure, py

urst pressure, pp, tubes with aramid or glass fibre reinfofcement, or a mixture of fibre
id or glass as a structural component, shall be equalto'or greater than the minimum

Ambient cycle test

i It is recommended that no air is trapped within the system prior to the commencement

.1 General

Fe a tube is intended for use gnly with one or more specific gases the design can be de
fated gas use. The gases permitted in the tube shall be identified clearly on the tube lab

.2 Procedure

tubes shall be subjected to a hydraulic pressure cycle test to test pressure, py, for ung
ce or maximum/developed pressure at 65 °C, pmax, for the dedicated gas which has
oped pressufe.

test shall\be carried out using a non-corrosive fluid under ambient conditions, subjecti

ccessive reversals at an upper cyclic pressure that is equal to the hydraulic test pre

sure and shall be not less than the test pressure, py x 2,00 of the composite tube-design.

sure and shall be not less than the test pressure, py 2,43 of the composite tube design.

S containing
lesign burst

b piece.

reater than
x 2, of the

S containing
lesign burst

f the test.

signated for
el (see 10.2).

pecified gas
the greatest

ng the tubes
ssure, pp, Or

mum developed pressure at 65 °C, pmax, as appropriate.

The value of the lower cyclic pressure shall not exceed 10 % of the upper cyclic pressure, but shall have an
absolute maximum of 30 bar. The frequency of reversals of pressure shall not exceed 0,25 Hz (15 cycles
per 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)
b)
‘)
d)

temperature of the tube;
number of cycles achieving upper cyclic pressure;
minimum and maximum cyclic pressures;

cycle frequency;

© IS0 2013 - All rights reserved
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e) test medium used;

f) mode of failure, if appropriate.

8.5.5.3 (Criteria

The tubes shall withstand N pressurization cycles to test pressure, py, or Nq pressurization cycles to
maximum developed pressure, pmax, without failure by burst or leakage,

where

N yx S0 cvcles per vear of design life:
J r J (=] 7

Ng y x p00 cycles per year of design life;

y  is the number of years of design life. y shall be a whole number which is not less than 15 y¢ars.

The test shalll continue to a total of 15 000 or 30 000 cycles as shown in Table 5, or.until the tube fajls by
leakage, whichever is the sooner. In either case the tube shall be deemed to have passed the test. However,
if failure duting this second part of the test is by bursting, then the tube shall have failed the test.

Table 5 — Criteria for ambient cycle test

1st part 2nd part
OtoN N to 2N but 2N no more than 15 000
Number of cycles
0to Ngq Ng'to.2Ngq but 2N4q no more than 30 000
Nosteakage/burst = Pass
Criteria No leakage or burst Leakage = Pass
Pass 1st part Burst = Fail

8.5.6 Envijronmental cycle test

8.5.6.1 Gdneral

When the yacuum test (see 8.5.18) is performed, the vacuum-tested tube shall be used for the
environmerftal cycle test. When' the vacuum test is not performed, a warning shall be permangntly
marked on the cylinder label {see 10.2).

The tests in|this sectioiwill be performed in an environmental chamber.

8.5.6.2 Prjocedure

One tube, as-wtapped and without paint or remavabhle protective coating on the compaosite 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

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 approximately equal to
atmospheric pressure to 2/3 of the test pressure, py. The tube skin temperature 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.

18 © IS0 2013 - All rights reserved
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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 of the test pressure, pn. The tube skin temperature shall be maintained at between - 40 °C and
- 50 °C by regulating the environmental chamber and the cycling frequency. The fluid shall also be

selected 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 thjpr‘rpd to the leak test (QPP 851 1)

On cpmpletion of these tests the tube shall be subjected to the burst test (see 8.5.4).

Parameters to monitor and record:

a)
b)
c)
d)
e)
f)
g)

ftemperatures during each part;
lhumidity during 1st part of test;
lest medium used;
umber of cycles, achieving upper cyclic pressure, at each stage;
Ilinimum and maximum cyclic pressures;
¢ycle frequency;

parameters specified in 8.5.4.

8.5.4.3 Criteria

Typel4 tubes must pass the leak test (8.5:11).

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

8.5.7 Flaw test

8.5.7.1 General

This|test is required for all Type 3 and 4 tubes.

One fube shall-betested in accordance with the requirements of 8.5.7.2.

Areq
lengf

the actual tube.

resentative tube can be tested with the same diameter as the prototype tube but with
h of\at least twice the diameter. Wrapping pattern of the subscale tube shall be reprg

h cylindrical
sentative of

8.5.7.2 Procedure

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

© IS0 2013 - All rights reserved
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A-A

0,2t

5t

Key

1 1 mmwi
2 wrap

3  liner

The tube sh
be 2/3 of thq

The flawed

Parameters

/>‘ &2
\
“r‘%‘

de

Figure 1 — Flaw test procedure

111 be subjected-to the ambient cycle test specified in 8.5.5, but the upper cyclic pressure
test pressufe, pp, and the test shall be suspended after 3 000 cycles if the tube has not f:
fube used for the cycle test is permitted to be used for the burst test in 8.5.4.

tomonitor and record:

shall
hiled.

a) dimensions of flaws;

b) temperature of the tube;

c) number of cycles achieving upper cyclic pressure;

d) minimu

m and maximum cyclic pressures;

e) cycle frequency;

f) test medium used;

g) mode of failure, if appropriate.

20
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At the completion of the test the tube shall be made unserviceable.

8.5.7.3 Criteria

The composite tube shall withstand 3 000 pressure cycles to 2/3 of the test pressure, py, without
leakage or burst.

8.5.8 Bluntimpact test

8.5.8.1 Procedure

For Type 2 tubes, one empty tube shall be subjected to two impacts:
a) atthe tube sidewall midway between the ends;

b) atthe termination of the overwrap near the domes.

For Type 3 and 4 tubes, one empty tube shall be subjected to two impacts in eachrof the following positions:
a) atthe tube sidewall midway between the ends;

b) atan angle of 45° to strike the shoulder of the tube (mid arc length at the dome).
The jmpact can be conducted by dropping a suitable weight otby a pendulum impact.

The tube shall be secured to ensure it does not move datihg the impact. The impactor shall be made
from| steel bar and have a diameter of between 70 and’80 mm and strike the tube with gn energy of
1200 joules.

The tube shall then be subjected to the appropriaté ambient cycle test as described in 8.5.5
Parameters to monitor and record are:

a) visual appearance after each impact- record position and dimensions of impact damage;

¢)

b) parameters specified in test 8.5.5.

L/2 IEI IEI

a) Type 2 Tubes

© IS0 2013 - All rights reserved 21


https://standardsiso.com/api/?name=b2e7b15c9445eaac73329c853d4595d8

ISO 11515

:2013(E)

&

8.5.8.2 C(r

The tubes s
failure by b
by leakage,
However if f

8.5.9 Fire

8.5.9.1 G¢g

The purposq

b) Example of impactor

L/2 .
|
1
|
|
|
|
|
|
L
c) Type 3 & Type 4:tubes

Figure 2 — Blunt Impact test procedure

iteria

hall withstand 3 000 pressuirisation cycles at maximum developed pressure pmax Wit
irst or leakage. The test shall continue for a further 12 000 cycles, or until the tube
whichever is the sooner:"In either case the tube shall be deemed to have passed the
ilure during this second part of the test is by burst, then the tube shall have failed the

resistance test

neral

e of the test is to demonstrate that the tube design shall either

a) notburstwhen exposed to a test fire when using a specified pressure relief device, or

hout
fails
test.
test.

b) will withstand a minimum specified time in the test fire when a pressure-relief device is not to be

used in

8.59.2 Pr

8.5.9.2.1

service.

ocedure

When the tube is fitted with specified valves and PRD’s to be used in service.

In this case the specification of the valve and PRD’s shall be marked on the design drawing and the
approval certificate

One tube shall be fitted with specified valves and PRD’s to be used in service. The tube shall be charged
with air or nitrogen or the gas intended for use to the working pressure (pn x 2/3).
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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 cylinder 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 cylinder, when in the horizontal position, and producing a temperature = 590 °C measured within
2 min on the bottom surface of the cylinder.

The timing of the fire test shall start when at least one thermocouple registers a temperature of 590 °C

d +£1 £t +lo 1 4 et + i Conoc € £l I | L‘Ah
an LICdAdSL LVWU LIITI lllULUuPlCD IIIust 1 CSIDLCI ad LCIII}JCI dalurlc — JJU U IUL L1IIT 1 C1iaIiiiucTI Ul e test-

Any [fuel may be used for the fire source provided it supplies uniform heat sufficient o maintain
the dpecified test temperatures until the cylinder is vented. The selection of a fuel,should take into
consjderation pollution concerns.

The ¢ylinder shall be exposed to the fire until it has vented to a pressure less.than 7 bar.
The parameters that shall be monitored and recorded are:

a) fype and characteristics of pressure relief device;

b) initial pressure;

) :I:)‘

d) temperature;

cation of leak;

e) time.

8.5.9.2.2 When the tube is not fitted with specified valves and PRD’s to be used in service.

The tube shall be fitted with a method-te' safely release the gas. The tube shall be charged with air or
nitrdgen or the gas intended for use to.the working pressure (pn x 2/3).

The tube shall be placed in a hetfizontal position with the centre of the fire at the mid-poing of the tube
and yvith 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 mininfum 0,4 mm
thickness. Thermoeouple temperatures and the cylinder pressure shall be recorded at interyals of every
30 s pr 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 gylinder;when in the horizontal position, and producing a temperature = 590 °C, meagured within
2 mih ph'the bottom surface of the cylinder.

The timing of the fire test shall start when at least one thermocouple registers a temperature of 590 °C
and at least two thermocouples must 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 cylinder is vented. The selection of a fuel should take into
consideration pollution concerns.

The tube shall be exposed to the fire for at least five minutes at = 590 °C and then safely vented and the
test terminated.

The parameters that shall be monitored and recorded are:

a) initial pressure;
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location of leak if appropriate;

b)
c) temperature;
d) time.

8.5.9.3 (riteria

a) For tubes intended to be fitted with a specified pressure-relief devices the tube shall vent through
the pressure-relief devices. (This test shall be repeated if another design of pressure-relief device is

specifie

d and used).

b) Tubesw
the star]

8.5.10 Nec

8.5.10.1 G¢g

This test is

8.5.10.2 P

The body of
correspondi
[SO 13341 f¢
on the desig]

Parameters
a)
b) valving
c)

The valve o}
The valve sh

type of

applied

The tube sh

8.5.10.3 Cr
There shall i

ithout a specified pressure-relief device shall not burst during a period of five minutes
t of the fire test. Tubes may leak through the cylindrical wall surface.

k strength test

neral

equired for all Type 4 designs. One tube shall be tested.

ocedure

the tube shall be held in a manner to prevent it rotating. The tube shall be fitted w
ng valve or suitable plug and tightened to 150 % of‘thé maximum torque recommend|
r the relevant liner material and/or boss material, @r as recommended by the manufac
n drawing, where this International Standard does not apply.

to monitor and record are:
yalve/plug material;
procedure;

torque.

" plug shall be removedcatter the first installation and the neck thread and boss inspe|
all then be re-installed as specified above.

11l then be subjeetedto the leak test specified in 8.5.11.

iteria

eno perimanentvisible damage to any combination of the boss, liner and composite interf

Aleakager

from

ith a
ed in
furer

cted.

aces.

ate greater than 2 bubble/ min in the bubble leak test or leakage greater than 5 x 10-3 mb

of gaseous hehl

8.5.11 Leak test

8.5.11.1 General

This test is required for all Type 4 tubes

8.5.11.2 Procedure

Leak testing shall be conducted on the completed tube.

hr.l/s

Acceptable methods for leakage testing include bubble testing using dry air or gas or measurement of
trace gases using a mass spectrometer, portable gas detector or other suitable technique.
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Leak testing of completed tubes shall be performed at 2/3 times test pressure, pp.

8.5.11.3 Criteria

Leakage greater than 2 bubble/ min in the bubble leak test or leakage greater than 5 x 10-3 mbar.l/s of
gaseous helium (or equivalent) shall constitute a failure of the test.

8.5.12 Accelerated stress rupture test

8.5.12.1 General

Thistest shall be conducted only on cylinders where glass or aramid fibre has a load sharitiglapplication.

One fube, as-wrapped and without paint or removable protective coating on the coniposjte material,
shall|be tested as follows. Alternatively a representative tube can be tested with the same|diameter as
the grototype 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.

8.5.12.2 Procedure

For 4 design life of up to 20 years, one tube shall be hydraulically’pressurized to test presspre at 85 °C,
and ghall be maintained at this pressure and at a temperature ¢f 85 °C for 1 000 h.

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

The tube shall be then be subjected to the burst test (8.5.4).
Parameters to monitor and record are:

a) flemperature at least twice a day;

b) {fube pressure at least twice a day;

c) lburstpressure.

8.5.12.3 Criteria
The tube must not ruptufe during the 1000 h or 2000 h hold at 85 °C.

The burst pressureshall exceed 85 % of the minimum design burst pressure.
8.5.13 Permeability test

8.5.131 ‘General

This testis required for all Type 4 tubes with non-metallic liners. 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.

8.5.13.2 Procedure

One finished tube shall be filled with a suitable test gas to working pressure, placed in an enclosed
sealed chamber at ambient temperature for 500 h.

Parameters to monitor and record:
a) testgasused;

b) permeation rate.
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8.5.13.3 Criteria

The permeation rate shall be less than the equivalent of 2 ml of hydrogen gas per hour per litre water capacity.

8.5.14 Gas

cycle test

8.5.14.1 General

This test is required 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 atleast twice the diameter of the prototype. Wrapping

pattern of t

e subscale tube shall be representative of the prototype tube.

Special conj
tubes of thi
burst test (g

8.5.14.2 Pr

For dedicatg
cycles to mg

For any comfpatible gas service, then the tube shall be tested with air, nataral gas, hydrogen or nity

and subjects

The value of
an absolute
either excee|
is within thd

After testing
The tube sh

deterioration, such as fatigue cracking or eleetrostatic discharge.

minimum and maximume-eyclic pressures;

ideration shall be given to safety when conducting this test. Prior to conducting this
b design shall have successfully passed the test requirements of the leak test (8:5.11
.5.4), and the ambient cycle test (8.5.5).

ocedure

d gas service one tube shall be tested with gas to be used in service,and subjected to
ximum developed pressure at 65 °C, pmax.

ed to 1000 cycles to test pressure.

the lower cyclic pressure shall not exceed 10 % of the upper cyclic pressure, but shall
maximum of 30 bar. The test shall be suspendeddf the temperature of the containe
ds 65 °C or drops below =40 °C during the test and\.can be resumed once the gas temper;
e range of —40 °C and 65 °C.

the tube shall be subjected to the leak test (8:5.11) and must meet the requirements of thig

11l then be sectioned and the liner andiliner/end boss interface inspected for evidence g

to monitor and record are:
rnal surface temperature;of the tube boss shall be measured;

of cycles achieving-upper cyclic pressure;

pquency,

lium used;

test,
, the

1000

ogen

have
] gas
iture

test.

f any

failure, if appropriate;

Parameters
a) the extd
b) number
c)

d) cycle fr¢
e) testme
f) mode of
g)

h)

8.5.14.3 Cr

results of the leak test;

results of visual inspection.

iteria

The tube must not leak or fail during the 1000 cycles.

The tube must pass the leak test (8.5.11) after cycling.

The tube must show no evidence of any deterioration, such as fatigue cracking or electrostatic discharge.
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8.5.15 Coatings test

Coatings shall be evaluated by the following standards or standards acceptable to the Competent Authority:

a)

b)

d)

f)

g)

8.5.16 Salt spray test

8.5.16.1 General
This
with
8.5.16.2 Procedure

For tpbes with ste€lliners the test ring shall be cut from one of the prototype tubes or tube:
repr¢sentative production batch. This shall use the same material/composite wrap combin

A sarpple testpiece shall be taken from one end of the tube, have a parallel length of at least
include a dome.

adhesion testing, in accordance with ISO 4624, 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
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 1bs);

¢hemical resistance, in accordance with ASTM D1308 except that the tests shall be-¢ong
the open spot test method and 100 h exposure to a 30 % sulphuric acid solution-(batte
4 specific gravity of 1,219) and 24 h exposure to a polyalkalene glycol (e.g.sbrake fluid)

Ibe no evidence of lifting, blistering or softening of the coating. The adhesion’shall meet
hen tested in accordance with ISO 4624;

inimum 1 000 h exposure, in accordance with ASTM G154. There'shall be no evidence
nd adhesion shall meet a rating of 3 when tested in accordancewith ISO 4624. The maj
ss allowed is 20 %);

inimum 500 h exposure in accordance with ISO 9227, Undercutting shall not exceed

fested in accordance with ISO 4624;

fesistance to chipping at room temperature, in accordance with ASTM D3170. The d
lhave a rating of 7A or better, and there shall be no exposure of the substrate.

test is required for composite tubes with steel liners The testing shall be performed in
the requirements of [SQ-9227.

accordance

shall pass a

lucted using
ry acid with
There shall
a rating of 3

of blistering
kimum gloss

2 mm at the

gcribe mark, there shall be no evidence of blistering.and adhesion shall meet a ratinjg of 3 when

oating shall

accordance

used as the
ation.

B00 mm and

aTuna 2 tubhaoc tho culindor damaoa chall bhao in tha final canditian intandad for carvica
or
Ty P oot e e Oy I O O T T OTII OO TITH T D © Tt e Tt COTO I tIoTT HIIte g c o ror ot v Ict

e.g. coated).
The test ring must be produced by the same method and have the same liner / composite fibre and resin.

Each test ring shall have all exposed fibres around the cut edges sealed and protected by the same resin
used in the manufacture of the prototype tubes. The salt spray test shall be carried out as described
in Clauses 8 to 12 of ISO 9227:2012 using the Neutral Salt Spray (NSS) (described in Table 2 of this
document) and with an exposure time of at least 240 hours.

After testing has been completed the composite material shall be removed from the liner using a method
which does not damage or change the surface of the liner’s external surface.

The liner’s external surface and that of the composite in contact with liner shall then be examined for
signs of corrosion.
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iteria

The metal surface shall not show pitting greater than 10 % of the liner wall thickness. Surface rust

bloom is acc

eptable.

8.5.17 Acid environment test

8.5.17.1 General

This test is required for all composite tubes using either all glass fibre reinforcement or glass fibre to

provide som

e of the load sharing in a hybrid design. A representative tube can be tested with the

ame

diameter as

the prototype tube but with a cylindrical length of at least twice the diameter. Wraj

pattern of the subscale tube shall be representative of the actual tube

8.5.17.2 Pr

One finishe
diameter ar
a specific gr

The tube sh

8.5.17.3 Cr

The burst p1

ocedure

1 tube shall be hydraulically pressurized to 130 % of working pressure and a 150
ba on the tube surface exposed for 100 h to a 30 % sulphuric acid solutien (battery acid
avity of 1,219).

h1l then be subjected to the burst test specified in 8.5.4.

iteria

essure, pp, shall be not less than 85 % of the minimunt design burst pressure.

8.5.18 Vacuium test

8.5.18.1 G¢

When this t
cycle test (s
cylinder lab

8.5.18.2 Py
The cylinde

The content]
absolute at 4

The pressur
be 50.

neral

bst is carried out, one tube shall be(subjected to a vacuum test prior to the environm
e 8.5.6). When this test is not ¢agried out a warning shall be permanently marked o
| (see 10.2).

ocedure
" shall be subjectedto-d series of cycles from atmospheric pressure to a vacuum.

s (inert gas orair) shall be reduced from atmospheric pressure to a pressure of 0,]
imbient temperature. The vacuum shall be maintained at this level for at least 1 min.

e in the cylinder shall be returned to atmospheric pressure. The total number of cycles

The parame

ping

mm
with

ental
h the

P bar

shall

tets that shall be monitored and recorded are:

a) number
b) minimu

<)

of cycles achieving lower cyclic pressure;

m and maximum cyclic pressures;

cycle frequency;

d) results of visual inspection.

8.5.18.3 Cr

iteria

After cycling, the interior of the liner shall be inspected for damage. Any evidence of disbonding, folding
or other damage shall be noted. If the cylinder then passes the environmental cycle test (see 8.5.6) it
shall also be deemed to have passed the vacuum test.
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Failure of type approval tests

In the event of failure to meet test requirements, an investigation into the cause of failure and re-testing

shall

be carried out in accordance with 9.6.

9 Inspection and testing at time of manufacture

9.1

9.1.

Liners for Type 2 and Type 3 tubes

Metal hlhing used to manufacture 'T'ypp 2 and 'T'ypp 2 liners shall be n]fr‘acnnir‘a”y

xamined in

acCcol

Addi
exan

9.1.2
a)

q

‘dance with Annex C.

Fionally all steelliners used to manufacture Type 2 and Type 3 composite tubes shallbe ul
lined after completion of all heat treatment in accordance with Annex C.

Every liner shall be inspected for:

gurface finish for defects by visual inspection;

b)
‘)

d)
e)
f)

9.1.3
hard
and {

\

1

If fin

imensions: diameter and length, out of roundness and straightness;

eck folds: Interior folding in the liner neck area shall be)prohibited. Smooth gath
aterial in the neck in which there are no sharp rooted folds shall be acceptable;

inimum wall thickness;
veight;

hread conformity.

If finished Type 2 or 3 tubes are subjécted to proof test then 100 % of liners shall be
hess test, if they are heat treated, aftei heat treatment in accordance with ISO 6506-1 o}
hall achieve the limits specified in/7.2.2.

ished tube is subjected toolumetric expansion pressure test then 5 % of liners shall |

to hardness test after heat treatment in accordance with ISO 6506-1 or ISO 6508-1, and shal

limit

9.1.4
thes
desig

9.1.5
certi

5 specified in 7.2.2.

From every batch;oneliner orarepresentative coupon taken from the supplied tubing
hme heat treatient, shall be tested to determine that the mechanical properties meet t}
n requireménts and according to the relevant standard for the liner material (see Clau

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

trasonically

ering of the

subjected to
1SO 6508-1

be subjected
achieve the

subjected to
e minimum
se 2).

orms of test

9.1.6

In the event of failure to meet test requirements, an investigation into the cause o

[ failure and

re-te

9.2

sting shall be carried out in accordance with 9.6.

Liners for Type 4 tubes

9.2.1 Each liner 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;

b) dimensions; diameter and length,

c)

© ISO

thread conformity
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9.2.2 Each batch of non-load-sharing metal liners and metallic bosses shall be tested to determine that
the required properties specified in 7.2.2 have been achieved. The mechanical properties shall be tested
in accordance with ISO 6892-1. Manufacturer’s certification (mechanical properties, chemical analysis)
shall demonstrate compliance.

9.2.3 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 of non-metallic liners shall take into account:

a) the properties of the material (raw material as granulate etc.) shall be within the tolerances set by
the matlerial manufacturer for melt flow index, density and either glass transition temperatujre or
Vicat sofftening temperature;

b) the progess parameters during liner manufacturing shall be within the tolerances agreed diyring
type approval of the process;

c) thematerial propertiesofthelinershallbe withinthetolerancesrequired by the designrequirements
laid down in 7.2.2.

Manufacturgr’s certification (mechanical properties, melt flow index,“density, glass trangition
temperaturg) shall demonstrate compliance.

9.2.4 Thelliners shall be checked for homogeneity by means of a nofi-destructive test, specified bjy the
manufacturer, to ensure that the material(s) have been processed correctly.

After heat treatment 5 % of the liners or liner bosses shall be“checked for hardness in accordance|with
either ISO 6b06-1 or ISO 6508-1 and shall achieve the limits specified in 7.2.2.

Ifno heat trgatis performed, it is sufficient to check theraw material or have a certificate of conformance
to heat treaf requirements.

9.2.5 Are¢ord of the tests carried out shall be'Kept at the premises of the tube manufacturer. Suitable
forms of tesf certificates are shown in Annex B.

9.3 Failure of liner batch tests

9.3.1 If any of the test results arg'not satisfactory, and if the inspector is satisfied that this wag due
to an error |carrying out the teSt, a re-test can be authorised using the same liner otherwise, aft the
discretion of the manufacturer, either:

a) the test|in question.shall be repeated on two specimens, one from the same liner or test ring gs for
the first test and another one from a liner or test ring from the same batch, and if both resultis are
satisfactory thie-batch shall be accepted; or

b) where heattreatment has been shown to be inadequate, the batch of liners can be re-heat tr¢ated
(if appropriate)and Te-tested I accordance witht 92 anmd 9-1-3-if the resuits are satisfactory, the
batch shall be accepted. This re-treatment can be conducted once only.

9.3.2 Where heat treatment furnace records show artificial ageing has been inadequate, additional
time at the ageing temperature shall be given.

9.3.3 Ifthe test results, having allowed for re-testing or re-heat treatment, are not satisfactory, liners
in the batch shall be rendered unserviceable.

9.4 Overwrap materials

9.4.1 Theinspector shall certify that the design, manufacture, inspection and testing were carried out
in accordance with this International Standard. An example form of certificate is shown in Annex B.
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9.4.2 Supplier’s certification of the material properties shall serve as verification of compliance. The
strength of fibres shall be not less than specified in the documentation listed in 7.2.3.

9.4.3 If certification is not available each batch of filament materials shall be subjected to an
impregnated strand test in accordance with ISO 3341 for glass fibre, ASTM D7269 for aramid 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.

9.4.4 Prototype matrix materials shall be tested on a sample coupon representative of the composite
overwrap in accordance with ISO 14130 or an equivalent standard acceptable to the Competent
Authority. These tests shall be repeated when matrix materials (i.e. resin, curing agent, accelerator) are
Chan A S eI a ada—mleaiaas cco . HENPR P - -a—aiaigiiac daciga

9.5 | Composite tube

9.5.1 Theinspector shall certify that the design, manufacture, inspection and.testing wer¢ carried out
in acpordance with this International Standard. An example form of certificate.is shown in Annex B.

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

a) Yvisual inspection of external and internal surface finish;
b) I:mensions;
c)

d) yvater capacity;

arkings;

e) eight within the tolerance of the approved design;
f) ¢leanliness.

9.5.3 The internal and external surfdces of the finished tube shall be free from defects gnd residues
from|the manufacturing process (e.g: swarf, resin), which would adversely affect the safe working of the
tubesg. See ISO 11120 and ISO 7866 for guidance on possible defects in metallic liners.

9.5.4 Each completed tube.shall be subjected to a hydraulic proof test (in accordance with 8.5.1) or a
volumnetric expansion test (in accordance with 8.5.2) at the design test pressure specified in 7.2.4. When
Volugetric expansiontest is used then the destructive batch tests are not required. The elastjc expansion
and permanent expansion results shall be within the range specified in the design submissipn 7.2.4.

9.5.3 All tibes incorporating non-metallic liners or bonded bosses shall be tested for leakage in
accordance, with 8.5.11.

Leak|testing shall be conducted on the completed tube and shall be performed at 2/3 of the testpressure, py.

9.5.6 When tubes are subjected to the proof pressure test one tube per batch shall be subjected to an
ambient cycle test in accordance with 8.5.5.

9.5.7 When tubes are subjected to a proof pressure test (8.5.1) then one tube per batch shall be
subjected to a burst test in accordance with 8.5.4.

9.6 Failure of batch tests

9.6.1 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.
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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.

10 Tube marking

10.1 General

Each finished composite tube which satisfies the requirement of this International Standard shall be
permanently and legibly marked in accordance with ISO 13769 and labelled in accordance with ISO 7225

or the relev
shall be the

NOTE At
requirement

10.2 Addit

10.2.1 The
with a perm;

“WARNING H
dedicated ga

“WARNING -
DEVICE” w

“Maximum t(
the values giy

“WARNING
successfully

hint marking and labelling regulations of the countries of use except that the empty,wj
nominal weight.

tention is drawn to requirements for marking in relevant regulations that might; overrid

given in this International Standard.

ional marking

following information, where applicable, shall be permanently and. legibly marked on the
hnent, durable label on the surface or by alabel embedded in the resin'or under a glass fibre

- THIS TUBE MUST BE FILLED ONLY WITH <<Named Gas(es)>>" where a tube is to be us

service

— THIS TUBE MUST BE USED ONLY WITH A <<Manufacturer Specified>> PRESSURE R}
here a tube is approved with a specific pressure reliefidevice (see 8.5.10)

rque <<(manufacturer’s recommended torque)>s*
ren in 1SO 13341

where fitting torque does not correspo

- THIS TUBE MUST NOT BE USED IN VACUUM SERVICE”
fompleted (see 8.5.18)

when the vacuum test wag

10.2.2 Additional markings (e.g. re-test dates in accordance with national legislation, customer n

etc.), can be ¢

10.2.3 Alll

ontained on the main label orapplied as a secondary label securely affixed to the tube side

hbels shall be clearly mdrked with letters of not less than 6 mm high.

eight

e the

tube
ayer.
bd for
tLIEF
nd to

not

hmes
wall.
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