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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.
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Introduction

This document provides a specification for the design, manufacture, use and periodic inspection and
testing of a welded steel cylinder necessary to facilitate sub-atmospheric pressure gas packaging
technology on a worldwide basis. The specifications given are based on knowledge of, and experience
with, materials, design requirements, manufacturing processes and control at manufacture of cylinders
in common use in the countries of the ISO member bodies.

The pressure shell of the cylinder is fabricated by manufacturing a cylindrical shape with a base and
welding a machined plug (boss) or semi-ellipsoidal or torispherical shape onto the open end of the shell
to form thereyinder—Thismethodoffabricationalowsforinsertionof-material-priorto—sealing the

cylinder.

A further ohjective of this document is to balance design and economic efficiency against internatjonal
acceptance and universal utility. It aims to eliminate the concerns about climate, duplicate inspecfions
and restrictjons currently existing because of lack of definitive International Standards)

—_—

This standafd has been written so that it is suitable to be referenced in the UN Model Regulations(!.

vi © IS0 2019 - All rights reserved
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Gas cylinders — Refillable welded steel cylinders
containing materials for sub-atmospheric gas packaging

(excluding acetylene) — Design, construction, testing, use
and periodic inspection

1
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fcope

document specifies minimum requirements for the material, design, construction, w
lination and testing at manufacture of refillable welded steel cylinders forcthe sub-
sure storage of liquefied and compressed gases. It only applies to the.cylinders
pective of the materials contained therein (e.g. adsorbents, media, materials and/oj
" related applications. The cylinders have a test pressure not greater than 42 bar

City from 0,5 1 up to and including 12 | exposed to ambient temperatures for the

facilitating the sub-atmospheric pressure storage of liquefied and compressed gases as ads

Mini
spec
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mum requirements for inspection at the time of fill and periodic inspection and test
fied.

Normative references

following documents are referred to in the text in such a way that some or all of t
Fitute requirements of this document. For(dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

136, Destructive tests on welds in metallic materials — Transverse tensile test
978, Steel sheet and strip for welded gas cylinders

817, Welding — Fusion-welded joints in steel, nickel, titanium and their alloys (b4
ded) — Quality levels for-imperfections

892-1, Metallic materials — Tensile testing — Part 1: Method of test at room temperatur
438, Metallic materials — Bend test

D809-3:2010,-Gas cylinders — Refillable seamless steel gas cylinders — Design, cons

testimg — Par't 3: Normalized steel cylinders

ISO 1

0286)Gas cylinders — Terminology

brkmanship,
htmospheric
themselves,
" gases) and
hind a water
purpose of
brbed gases.

ing are also

heir content
applies. For
hts) applies.

am welding
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ruction and
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L1L17,0UsS yrirucrs — VUurve protcCliorr tups urd vurve guurus — DCSIYTL, CUTISTT Ut Liurt urt

ISO 13769, Gas cylinders — Stamp marking

tests

ISO 15614-1, Specification and qualification of welding procedures for metallic materials — Welding
procedure test — Part 1: Arc and gas welding of steels and arc welding of nickel and nickel alloys

ISO 17636-1, Non-destructive testing of welds — Radiographic testing — Part 1: X- and gamma-ray
techniques with film

[SO 17637, Non-destructive testing of welds — Visual testing of fusion-welded joints

ISO 17639, Destructive tests on welds in metallic materials — Macroscopic and microscopic examination
of welds
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3 Terms

3.1 Term

:2019(E)

, definitions and symbols

s and definitions

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

ISO and IEC maintain technological databases for use in standardization at the following addresses:

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

[EC Electropedia: available at http://www.electropedia.org/

3.11

yield strength

value correq
that do not 4

3.1.2
stress relie|
heat treatm

critical poinit, AC;, of the steel and cooling in a still atmosphere

Note 1 to en
the steel.

3.1.3
batch
quantity of
design, size
equipment 3

Note 1 to enfry: Different suppliers can be used for the.different pressure-containing parts within a batc

one supplier

3.14

F

design stre|
ratio of equi

3.1.5

sub-atmospheric gas packaging

gas source

(e.g. gas cyli
conditions @

Note 1 to en
atmospheric

Inder and outlet valve) that stores and delivers gas at a pressure of less than 1 bar at ng

ponding to the lower yield strength, R, or 0,92 - the upper yield strength, R, or for s
xhibit a defined yield, the 0,2 % proof strength, Rp0,2

ving
bnt given to the drawn pressure shell by heating to a uniform temperature below the |

ry: The object is to reduce the residual stresses without alteritig the metallurgical structy

finished cylinders made consecutively during the same or consecutive days to the
and material specifications and cast for_€ach pressure-containing part on the
nd subjected to the same heat-treatment conditions

for shells, another for plugs.

ss factor
valent wall stress at test pressure, py,, to guaranteed minimum yield strength, R,

ackage that stores and delivers gas at sub-atmospheric pressure, which includes a cont

f temperature and pressure

[ry:AThHe container can incorporate a medium in order to reduce the pressure of the gas tg
evels.

teels

pwer

ire of

baime

baime

h, e.g.

hiner
rmal

sub-

3.2 Symbols

a

!

a

calculated minimum thickness, in millimetres, of the cylindrical shell

allowance, see 8.1)

a;

a,

calculated minimum thickness, in millimetres, of the cylinder end

guaranteed minimum thickness, in millimetres, of the cylindrical shell (including any corrosion

guaranteed minimum thickness, in millimetres, of a concave base at the knuckle (see Figure 1 a)

guaranteed minimum thickness, in millimetres, at the centre of a concave base (see Figure 1 a)

© ISO 2019 - All rights reserved
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percentage elongation after fracture

outside diameter of the cylinder, in millimetres

internal diameter of the cylinder, in millimetres

outside height, in millimetres, of domed part (convex base end) (see Figure 1 a)
length of the cylinder, in millimetres

measured burst pressure, in bars, above atmospheric pressure, in the burst test

eg

ea

ma

mg

4 1

To erf
accoj

Insp
Anng

Tests
using
prog

NOTE 1 bar =10°Pa=0,1 MPa.
test pressure above atmospheric pressure, in bars

observed pressure when cylinder starts yielding during hydraulic burstingtests, in
atmospheric pressure

inside knuckle radius, in millimetres (see Figures 1 and 2)

guaranteed minimum yield strength in megapascals (yield strength as defined in 3
finished cylinder and used for design calculation

value of the actual yield strength in megapascals (yieldstrength as defined in 3.1.1),
by the tensile test (see 9.4.2.2)

value of the actual tensile strength in megapascals as determined by the tensile test

guaranteed minimum tensile strength .ipsmegapascals, for the finished cylinder 3
design calculations

nspection and testing

sure that the cylinders conform to this document, they shall be subject to inspection a
‘dance with Clauses 8, 9 and-10.

ection at the time of fill'is specified in Annex A and periodic inspection and testing is
x B.

and examinatiens performed to demonstrate compliance with this document shall b

b instruments.calibrated before being put into service and thereafter according to an|
Famme.

bars, above

.1.1), for the

determined

(see9.4.2.2)

nd used for

hd testing in

specified in

e conducted
established

5 lr/laterials and stress relieving

5.1 Materials for shells and end pressings shall conform to either ISO 4978 or ISO 9809-3.
NOTE “Materials” refers to materials in the state before transformation with regard to the manufacturing
process.

To conform to the state of the art for modern steel manufacturing and steel grades used for pressure
purposes, the same limits on sulphur and phosphorous contents as noted in ISO 4706:2008, 5.9.1
for refillable welded steel cylinders and 1SO 9809-3:2010, Table 3 shall apply in this document. The
following limits are noted:

— carbon: 0,25 % max.;

— silicon: 0,45 % max.;

© IS0 2019 - All rights reserved
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manganese: 1,60 % max.;

phosphorous: 0,040 % max.;
— sulphur: 0,040 % max.

5.2 All parts welded to the cylinder shall be made of compatible materials with respect to their
weldability.

5.3 The welding consumables selected by the manufacturer shall be compatible with the base materials
and shall produce welds which meet the minimum strength values used in the design of the cylinder and

guaranteed

5.4 The cy
the steel sup

5.5 Themn
that all matd

5.6 Grade
e.g. Corrosiv

5.7 Thed
stress relief

The quality
means to de

The actual
shall not de
cylinder typ

5.8 The nf
Clause 8 and

by the manufacturer of the finished cylinder.

linder manufacturer shall have certificates of the ladle analysis and mechanical priepert
plied for the construction of the pressure-retaining parts of the cylinder.

anufacturer shall maintain a system of identification for the materials used in fabricati
rials for pressure parts in the completed cylinder are traceable to their/origin.

5 of steel used for cylinder manufacture shall be compatible with the intended gas sel
e gases, embrittling gases. See 1ISO 11114-1.

rawn pressure shell and plug shall be delivered in thestress-relieved condition. Locg
of the drawn pressure shell and plug shall not be undertaken.

of the welds shall be checked by non-destructive examination (NDE) or other equiv
monstrate that the cylinder is fit for the intended service. See 9.7.4.

emperature of stress relief to which a type of steel is subjected for a given tensile strg
viate by more than 30 °C from theltemperature specified by the manufacturer fo
e.

aterial properties of the finished cylinders shall be suitable to meet the requiremer
Clause 9.

Only steel p
special pacK

6 Design

6.1 Gene

ressure receptacles resistant to hydrogen embrittlement can be used for gases assigne
ing provision “d” as’per P208 of the UN Model Regulations!1l.

ral

es of

pn SO

'vice,

lized

alent

ngth
r the

ts of

d the

6.1.1 The

guaranteed minimum yield strength, R

: W I £ S PR R | £ s 1111 ) PR T
CdICUIAUIOIT O UIC Wdll UICKIIESS O UIC PIEsSSUrc=CoOIILdIIIIITg pPdaris Siidil DC TCldlcU U

eg for the parent material in the finished cylinder.

For certain gases, additional corrosion allowances may be applicable.

6.1.2 For calculation purposes, the value of the yield strength, R

0,85 Rppg.

eg’

0 the

shall be limited to a maximum of

6.1.3 The internal pressure upon which the minimum sidewall thickness calculation of gas cylinders is
based shall be the test pressure, p;.

6.1.4 A fully dimensioned drawing including the specification of the material shall be produced.

© ISO 2019 - All rights reserved
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6.2 Calculation of cylindrical wall thickness

The guaranteed minimum thickness of the cylindrical shell shall be not less than that calculated by:

D _\/10><F><Reg —\/§Xph
2

a=—x|1
10XFXReq

where Fis the lesser of 0,65 or 0,77.

eg
ng
Reg
shall not exceed 0,85.
ng

The guaranteed minimum thickness of the cylinder shell shall also conform to 6:4.

6.3 | Design of cylinder ends

NOTH Examples of typical cylinder ends are shown in Figure 1. Figuke'1 a) is a typical base efnd concave to
presqure and Figure 1 b) is a typical end plug used to seal the top of thecylinder.

6.3.1 General

The thickness in the base of a cylinder with a convexbase end shall not be less than the|guaranteed
minimum wall thickness of the cylindrical shell specified in 6.2.

6.3.21 Design of base concave to pressure
Wheh concave base ends [see Figure 1 a)}are used, the following design values are recommnjended:
— q1=2a

— q,=2a

— h=2012D

— 1=20,075D

The ¢lesign drawing.shall at least show values for a;, a,, hand r.

The ¢ylinderdnanufacturer shall in all cases prove by the pressure cycling test given in 8/3.2 that the
design is satisfactory.

NOTH T~ "An example of a typical end is shown in Figure 1 a).

© IS0 2019 - All rights reserved 5
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D/2

a) Illustration of cylinder base end concave to pressure
aD

- =7

Al <

|
b) Boss-style end plug with inlet threads

Figure 1 — Typical cylinder ends

6.4 Minimum wallithickness

6.4.1 The[minimum wall thickness of the cylindrical shell including the base, a, shall be not less|than
the value defived from the appropriate formula:

— forD<100 mm, a=1,1 mm;

— for 100 mm <D <150 mm, a=1,1+ 0,008(D - 100) mm;

— for D> 150 mm, a =%+0,7 mm, with an absolute minimum of 1,5 mm.

6.4.2 The minimum thickness, b, of end plugs (bosses) used to seal the top of the cylinder shall be at
least twice the thickness of the cylinder sidewall, g, i.e. b = 2a.

The adequacy of the end plug design shall be demonstrated by the pressure cycling test in accordance
with 8.3.2.

NOTE1 Anexample of a typical end plug to seal the top of the cylinder is shown in Figure 2.

6 © IS0 2019 - All rights reserved
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NOTE2  The minimum wall thickness can be subject to additional requirements specified in national or
international regulations.

1 |
S
L 1
J
2 ———
-Q
. - |
J
_ /‘-————__J__ = _
—————— — | —_———
_ S ———— i T ——— -
______ » fr

Key

1  ¢nd plug (boss)
2 Bbuttweld

3 (dylinder shell

r  knuckle radius

Figure 2 — Example of boss style end plug welded to cylinder shell

6.5 | Pressure relief device

No pressure relief devices shall belincluded in the design.

7 Construction and workmanship

7.1 | General
The ¢ontainers.ii‘question are composed of a seamless shell with a boss welded to the open end.

The ¢ylindershall be produced by

a) forging or drop forging from a solid ingot or billet, or

b) pressing from a flat plate.

7.2 Welding qualification

Welding procedures shall be in accordance with ISO 15614-1. It is advisable that welders conform to
ISO 9606-1 and welding operators to ISO 14732 for all welding associated with the pressure envelope,
including the non-pressure containing parts.

Welds made in production shall be representative of those generated from the welding procedure
approval tests.

© IS0 2019 - All rights reserved 7
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7.3 Welding seams of pressure containing parts

The circumferential seam shall be butt welded as illustrated in Figure 2.

7.4 Valve

protection

7.4.1 Valves shall be protected from damage, which could cause release of gas, either by the design of

the cylinder

(e.g. protective shroud) or by a valve protection device in accordance with ISO 11117.

7.4.2 When a protective shroud is used, it shall fulfil the requirements of the drop test described in

ISO 11117.

7.5 Boss

The interna
valve thus |
shall be che
equivalent §
from full foy

The interna

ISO 11363-1f

When requi

NOTE Fd
correspondir

7.6 Visug

7.6.1 Imyp

Before assel

and freedom from imperfections which\may ultimately affect the cylinder integrity.

7.6.2 Welds

7.6.2.1 Th
mechanized

7.6.2.2 Th
seams and |

threads

neck threads shall conform to a recognized standard to permit the use of/a correspoi
minimizing neck stresses following the valve torquing operation. Internal neck thj
cked using gauges corresponding to the agreed neck threads or by an alternate meth
ensitivity. Particular care shall be taken to ensure that the neck thireads are accuratel
m and are free from any sharp profiles or burrs.

thread shall be tapered and conform to a recognized standaxd for tapered threads, sul

Fed, the external thread shall conform to a recognized standard.

r example, where the neck thread is specified as{being in accordance with ISO 11363-]
g gauges are specified in ISO 11363-2.

1 examination

erfections

mbly, the pressure containing parts of the cylinders shall be examined for uniform qy

e welding of the-Circumferential joint (pressure envelope) shall be performed by a

e fusion>of the welded metal with the parent metal (pressure joint) for circumfere
osses(shall be smooth, have a finish without concavity and that is free from lack of fy

undercuttin

ding
eads
od of
y cut

ch as

, the

ality

fully

semi-autoniati¢ or automatic process to provide consistent and reproducible weld quality.

ntial
sion,

b Onabrupt irregularity.

7.6.2.3

Inspection of welds shall be performed in accordance with ISO 17637.

7.6.2.4 Circumferential joints, of which there shall be no more than one, shall be butt welded or joggle
welded. See Figure 3.

7.6.2.5 Welds shall have full penetration. This shall be verified by using ISO 17639. The excess thickness
shall be such that the weld integrity is not compromised. Macro etching and etch tests are authorized in
[SO 17639.

7.6.2.6 Vee butt welds shall have weld penetration verified by bend testing and tensile testing. If
sufficient material is not available for these tests due to the cylinder geometry, the integrity of the weld

© ISO 2019 - All rights reserved
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shall be verified by macro-etching as specified in ISO 17639. The pass/fail criteria for the macro-etch test
is in accordance with ISO 17639.

7.6.2.7 Radiographic examination, radioscopic examination, or non-destructive examination carried
out using another suitable method shall be as specified in 9.7.

© IS0 2019 - All rights reserved 9
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7.6.

Key

[ B O R S

10

2.8 Non-pressure containing attachments shall not be welded to the cylinder.

Z

e

cylinder shett
weld

end plug
land

root

Figure 3 — Weld penetration
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7.6.3 Out-of-roundness

The out-of-roundness of the cylindrical part of the shell shall be limited so that the difference between
the maximum and the minimum outside diameter in the same cross-section is not more than 2 % of the
mean of these diameters.

7.6.4 Straightness

Unless otherwise specified on the manufacturing drawing, the maximum deviation of the cylindrical
part of the shell from a straight line shall not exceed 0,3 % of the cylindrical length.

7.6.3 Verticality
Whep the cylinder is standing on its base, the cylindrical shell and concentric top ‘epenfing shall be

vertical to within 1 % of the cylindrical length.

8 Technical requirements for type approval testing (new design tests)
8.1 | General

8.1.1 A technical specification of each new design of cylinder) or cylinder family as spe¢cified in g),
inclluding design drawing, design calculations, steel details,.m@anufacturing process and heat treatment
detafls, shall be submitted by the manufacturer to the inspector. The type approval tests dqtailed in 8.2
shall[be carried out on each new design under the superyision of the inspector.

A cylinder shall be considered to be of a new design, compared with an existing design, when at least
one ¢f the following applies:

a) :l:is manufactured in a different factory;

b) it is manufactured by a different welding process or a change in an existing process, e|g. change of

lype of heat treatment;

c) it is manufactured from a-Steel of different specified chemical composition range, ps stated in
1SO 9809-3:2010, 6.2;

d) itisgiven a heat treatment outside the ranges specified in 5.7;

e) thereisa changeinbase profile, e.g. concave, convex, hemispherical, or there is a changp in the base
thickness/cylinder diameter ratio;

f) the guaranteed minimum yield strength, R
¢hanged;

e OT guaranteed minimum tensile strength, ng, has

g) theoverall length of the cylinder has increased by more than 50 % (cylinders with a length/
diameter ratio of Iess than 3 shall not be used as reference cylinders for any new design with this
ratio greater than 3);

h) the nominal outside diameter has changed;
i) the guaranteed minimum wall thickness, a’, has been decreased;

j)  the hydraulic test pressure has been changed (where a cylinder is used for a lower pressure duty
than that for which the cylinder was approved, it shall not be deemed a new design).

8.1.2 A minimum of 50 finished cylinders, representative of a new design, shall be made available for
type approval testing. The minimum wall thickness of the test cylinders shall not exceed 15 % of the
minimum guaranteed wall thickness for type approval design. For type approval testing requirements,
select cylinders from the batch having the thinnest walls. If the total production is less than 50 cylinders, a
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sufficient number of cylinders shall be made to complete the tests required, in addition to the production
quantity. In this case, the type approval certificate shall be limited to the particular batch.

8.1.3 The type approval process shall include the verifications and tests specified in 8.2.

8.2 Verifications and tests

In the course of the type approval process, the inspector shall select the necessary cylinders for
testing and

a) verify that

1) the|requirements of Clause 5 (material) are met,
2) the|design conforms to the requirements of Clause 6 (design),

3) the|requirements of Clause 7 (construction and workmanship) are met for all cylipders
selgcted,

4) intqrnal and external surfaces of the cylinders are free of any dmperfection which|may
make them unsafe for use (examples of defects for the drawn shell and base are given in
1S0[9809-3:2010, Table A.1);

b) witness the following tests on the cylinders selected after the\welds of the cylinders have een
visually] inspected; cylinders selected for burst and pressure:cycle testing are not requiré¢d to
contain|material:

1) the|test specified in 8.3.1 (hydraulic burst test) ‘en three cylinders, the cylinder bearing
repfesentative stamp marking;

2) the|test specified in 8.3.2 (pressure cycling test) on three cylinders, the cylinder bearing
repfesentative stamp marking;

3) the|tests specified in 9.4 (tensile tést), 9.5 (bend test), and 9.6 (macroscopic examinatipn of
weld cross-sections), on one cylinder, the test pieces being identifiable to the batch;

4) tesfs specified in Clause 10 (pneumatic pressure test);

5) radjographic examinatidn)radioscopic examination, or NDE carried out using another suitable
method, as specified i19.7, on cylinders randomly selected from the batch;

6) thelgeometrical requirements for the tapered threaded valve connection are complied with for
all ¢ylinders seleeted by the inspector.

8.3 Description of verification tests

8.3.1 Hy raulicbursttest

8.3.1.1 Cylinders subjected to this test shall bear markings in accordance with the complete stamp
markings as required for the finished cylinder. The hydraulic burst test shall be carried out with
equipment which enables the pressure to be increased at a controlled rate until the cylinder bursts and
allows the change in pressure with time to be recorded.

8.3.1.2 The burst pressure, p,, of the cylinder shall not be less than 94,5 bar.
8.3.1.3 The cylinder shall remain in one piece and shall not fragment.

8.3.1.4 The main fracture shall not show any brittleness, i.e. the edges of the fracture shall not be radial
but shall be at an angle to a diametrical plane and display a reduction of area throughout their thickness.
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The fracture shall be examined and shall be free of defects, e.g. lamination. Initiation and/or any fracture
of the cylinder shall not occur at the markings or in a weld, including the heat-affected zones.

8.3.1.5 The ratio of the volumetric expansion of the cylinder to its initial volume shall be a minimum of
20 %. In addition, a separate requirement for the minimum yield pressure (P, > P;,/F) can be added.

8.3.2 Pressure cycling test

8.3.2.1 The pressure cycling test shall be carried out on three cylinders bearing stamp markings
generated by the production process. The inspector shall select cylinders from the batch having the
thinrfiest walls for the pressure cycling test.

8.3.2.2 The tests shall be carried out with a non-corrosive liquid, subjecting the cylinder tio successive
reversals at an upper cyclic pressure which is equal to the hydraulic test pressuge,p;. The[value of the
lower cyclic pressure shall not exceed 10 % of the upper cyclic pressure. The frequency of|reversals of
presgure shall not exceed 0,25 Hz (15 cycles/min). The temperature measured on the outsigle surface of
the cylinder shall not exceed 50 °C during the test.

8.3.2.3 The cylinder shall be subjected to 12 000 cycles without leakage or failure.

8.3.2.4 On completion of pressure cycling, two cylinders shal) be burst tested in accordande with 8.3.1.
The results of two cylinders undergoing the burst test shall be in accordance with 8.3.1.2,8.8.1.3,8.3.1.4
and 8.3.1.5.

The remaining cylinder shall be sectioned to check for evidence of fatigue cracking and verification of
minimum wall thickness.

9 Batch tests

9.1 | General

For the purpose of carrying outbatch testing, a random sample of cylinders, as given in Tlable 1, shall
be tgken from each batch, as defined in 3.1.3. A batch shall consist of a maximum of 200 cylinders,
exclyding test specimens.All'batch tests shall be carried out on finished cylinders.

Table 1 — Batch sampling

Number of cylinders to be tested
Batch size Number of cylinders| Tensile test and Macroscopic Burst test
taken as samples bend test examination (as per 8.3.1)
(as per 9.4 and 9.5) (as per 9.6)
Up tb 200 (excluding 3 1 1 2
test specimens) (same cylinder as
used in tensile and
bend test)

9.2 Information
For the purposes of batch testing, the manufacturer shall provide the following:
— the type approval certificate;

— the certificates for the construction material, as required in 5.4, stating the cast analyses of the steel
supplied for the construction of the cylinders;

— alist of cylinders, stating serial numbers and stamp markings as required;

© IS0 2019 - All rights reserved 13


https://standardsiso.com/api/?name=d71d31a25329b7775c34b110f5278188

ISO 11513:2019(E)

a statement of the thread checking method used and the results thereof.

9.3 Checks and verifications

The following checks and verifications shall be carried out on each batch of cylinders by the inspector.

Ascertain that a type approval certificate has been obtained and that the cylinders conform to it.

Check whether the requirements specified in Clauses 5, 6, 7 and 12 have been met and, in particular,
check by an external and internal examination of the cylinders whether the construction and checks
carried outby the manufacturerinaccordance with Clause 6 are satisfactory. The visual examination
shall co 0 I i I I fon is
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9.4.3.1 One tensile test sample shall be taken and prepared as follows.

The inspector shall select a shell.

14

The tensile test perpendicular to the weld, in accordance with ISO 4136, shall be carried out on a
test specimen having a reduced cross-section of 25 mm in width for a length extending up to 15 mm
beyond the edges of the weld (see Figure 4). Beyond this central part, the width of the test specimen
shall increase progressively.

For a boss style end, weld an extended boss (to allow the extraction of a standard tensile test piece
from the welded cylinder) to the open end of the selected shell using the same procedures and
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equipment as for welding the boss. The extended boss shall be made from the same material and
shall have the same weld joint configuration as the boss (see Figure 5).

Dimensions in millimetres

15 15

Figure 4 — Test specimen for tensile test perpendicular to the weld

-

s | Bl

4
Key
1  weld tensile coupon
2 extended boss
3 cylinder shell
4  area of extended boss to be removed after welding

Figure 5 — Example of the extended boss inserted into the cylinder shell alongside a drawing
that shows how the coupon is cut from the shell/extended boss assembly
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9.4.3.2 All tensile tests shall be in a direction transverse to the weld. The face and root of the weld in
the test sample shall be machined flush with the plate surface.

The face and back of the parent metal shall not be machined but shall represent the surface of the
cylinder as manufactured. The ends only may be flattened, by cold pressing, for gripping in the test
machine. The tensile strength value obtained shall be at least equal to the minimum value specified in
9.4.2.2 for the parent metal, regardless of the position of the fracture.

9.5 Bend test

9.5.1 The bend-test-shallbe-carried-outinaccordance-with1S0-74-38—The-bend-test-spechnen-shall be
25 mm in wjdth. The mandrel shall be placed in the centre of the weld while the test is being pefformed
and remain |n that position until the conclusion of the test.

9.5.2 Cradks shall not appear in the test specimen when it is bent around a mandrel throtigh 1809

9.6 Macrpscopic examination of weld cross-sections

The macrosfopic examination, carried out in accordance with ISO 17639, ofta full transverse section of
the welds, shall show complete fusion and complete penetration as specifiedin 9.7.3. In case of doyibt, a
microscopidexamination of the suspect area shall be made.

9.7 Radiggraphic examination of welds

9.7.1 Thefadiographic examination may be replaced by radiescopy or another suitable non-destryctive
testing (NDT) method if the applied method is carried out‘in accordance with a process that proyides
the same leyel of quality of examination as radiographi¢’examination. Radiographic examination |shall
conform to the techniques specified in 9.7.2 and 9.7.3:

9.7.2 Assdssment of the weld radiographs shall be based on the original films in accordance with the
practice recommended in ISO 17636-1.

9.7.3 Thefcylinders shall not have any)of the following imperfections as specified in ISO 5817:
— cracks, jnadequate welds, la¢k)of penetration or lack of fusion of the weld;

— any elonpgated inclusion‘ep any group of rounded inclusions in a row, where the length represented
over a weld length of<12a is greater than 6 mm;

— any gas|pore measyring more than (a/3) mm;

— any gas|pore measuring more than (a/4) mm, which is 25 mm or less from any other gas pore;

—  the total ]pngfh of gasporesina line added fngpfhm" shallbe <2a

9.7.4 One cylinder at the beginning and one cylinder at the end of each shift period from each welding
machine shall be radiographed. 100 % of the length of the weld shall be radiographed. Another sample
shall be selected and radiographed if any adjustments are made to the welding machine or welding
parameters.

9.7.5 Initial qualification of the weld process will include determination of process capability requiring
a greater sampling quantity of the batch to ensure a high confidence level in the welding process. The
manufacturer shall certify appropriate process capability prior to a reduction in sampling frequency.
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10 Tests on every cylinder
A pressure/leak test, as follows, shall be carried out on every cylinder as offered for shipment.

All cylinders in each batch shall be subjected to a pressure and a leak test, with the cylinder valve
used in actual operation installed, using helium gas to ensure structural integrity and to verify there
is no leakage from the cylinder, weld, boss or valve. During testing, the pressure in the cylinder shall
be increased at a controlled rate until the specified test pressure, p;, is reached. The leak rate of the
cylinder shall be determined at test pressure using a helium leak detector.

The pressure source shall be isolated and vented; the settled test pressure shall not decline by more
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The pressure/leak test is typically the last gualification test.

Failure to meet verification andtest requirements

e event of a failure to meet verification and test requirements, re-testing or additional

ducted in a

or showing

e a defect is
y important
11 be present

measures to
he hydraulic

stress relief

shallfbe undertaken, as follows.

a) If there is evidence of a fault*when carrying out a test or in case of an error of megsurement, a
further test shall be performed. If the result of this test is satisfactory, the first test shal| be ignored.

b) Ifthe test has beencarried out in a satisfactory manner, the cause of test failure shall he identified.

c) If the failure is,considered to be due to the stress relief applied, the manufacturer maly subject all
the cylinders.of‘the batch to further stress relief, the conditions of which shall be the|same as for
tthe first stress relief.

d) [f thesfailure is not due to the stress relief applied, all the identified defective cylinders shall be

1

ejécted or repaired. The repaired cylinders are then considered a new batch.

The cylinders from the repaired batch and the remaining cylinders from the original batch shall become
two separate batches.

In both cases the new batch shall be inspected and tested. Only the relevant tests needed to prove the
acceptability of the new batch shall be performed again and shall prove satisfactory. If one or more

tests

prove even partially unsatisfactory, all the cylinders of the batch shall be rejected.

12 Marking

Each cylinder shall be permanently and legibly marked on a nameplate or other appropriate
permanently attached non-pressure part, in accordance with ISO 13769. Permanent stampings shall
also be allowed, in accordance with ISO 13769.

© ISO

2019 - All rights reserved

17


https://standardsiso.com/api/?name=d71d31a25329b7775c34b110f5278188

ISO 11513:2019(E)

13 Certification

Each batch of cylinders shall be certified to the effect that the cylinders meet the requirements of this
document in all respects.

The certificate shall include:
a) areference to the design code;
b) the type approval certificate number;

c) the batch and serial numbers of the cylinders included in the certificate;

d) a staterment that the cylinders have been proof pressure and leak tested in accordance with this
documgnt.
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