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Foreword

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

The p
descr

datab
such |

Any t
const

ipned that this may not represent the latest information, which-inay be obtained fro

ocedures used to develop this document and e intended fo irther ma
bed in the ISO/IEC Directives, Part 1. In particular, the different approval criterian

ase available at www.iso.org/patents. ISO shall not be held<responsible for identify
patent rights.
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tute an endorsement.
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For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and

expre
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WWW,

ssions related to conformity assessment,cas well as information about ISO's 3
Vorld Trade Organization (WTO) principles in the Technical Barriers to Tradg

iso.org/iso/foreword.html.

This
Cyling

This {
revisg

The main changes are asfollows:

—

>

Hocument was prepared by Technical Committee ISO/TC 58, Gas cylinders, Subcon
er design.

hird edition cancels and replaces the second edition (ISO 4706:2008), which has beeg
pd.

bferences haverbeen updated;
Lray is required on three-piece designs;

tray frequency has been changed from 50 to 250;

dherence to
(TBT), see

Imittee SC 3,

n technically

O

Fiteria for X-ray retesting requirements have been added.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The purpose of this document is to facilitate agreement on the design and manufacture of welded-
steel gas cylinders in all countries. The requirements are based on knowledge of, and experience
with, materials, design requirements, manufacturing processes and controls in common use for the
manufacture of gas cylinders.

This document has been prepared to address the general requirements in chapter 6.2 of the UN model
regulations for the transportation of dangerous goods ST/SG/AC.10/1 Rev. 22.11]
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Gas cylinders — Refillable welded steel cylinders — Test
pressure 60 bar and below

1 S

cope

This document specifies the minimum requirements concerning material selection, design, construction

and

ers of water

capad
press
used

NOTE

drumg”.

This document is primarily intended to be used for industrial gases othet’than liquefied p

(LPG)

2 N

The f
const
undat

ISO 4

ISO5
— Qu

ISO 6
ISO 7
ISO 9
[SO1
[SO1

ISO1
Specif

nrlzmanchin’ prnhnr]nrn’ and test at manufacture of refillable welded-steel gas r*y]in

ities from 0,5 | up to and including 150 1 and drums of water capacities of 150 1 £0'5
ire not greater than 60 barl, exposed to extreme worldwide temperatures (=50 9
for compressed, liquefied or dissolved gases.

Unless specified in the text, for the purpose of this document, the word ‘¢ylinder” incly

, and is also applicable to LPG.

ormative references

bllowing documents are referred to in the text in Such a way that some or all of
tutes requirements of this document. For dated.feferences, only the edition cited
ed references, the latest edition of the referenced document (including any amendmg

| 36, Destructive tests on welds in metallic materials — Transverse tensile test

B17, Welding — Fusion-welded joints insteel, nickel, titanium and their alloys (beam weld
plity levels for imperfections

B92-1, Metallic materials — Tensile testing — Part 1: Method of test at room temperatu
138, Metallic materials — Bend test

b06-1, Qualification tésting of welders — Fusion welding — Part 1: Steels

D286, Gas cylinders,— Vocabulary

1 117, Gas cylinders — Valve protection caps and guards — Design, construction and tes

| 363-1, Gas cylinders — 17E and 25E taper threads for connection of valves to gas cylind
ications

[SO 1

001 of a test
C to +65 °C)

des “pressure

etroleum gas

their content
applies. For
ents) applies.

ing excluded)

e

S

ers — Part 1:

613, Specification and qualification of welding procedures for metallic materials —

Qualification

based on pre-production welding test

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 14732, Welding personnel — Qualification testing of welding operators and weld setters for mechanized
and automatic welding of metallic materials

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

[SO 17636-2, Non-destructive testing of welds — Radiographic testing — Part 2: X- and gamma-ray
techniques with digital detectors

1) 1

bar = 0,1 MPa = 105 Pa; 1 MPa = 1 N/mm?2.
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ISO 17637, Non-destructive testing of welds — Visual testing of fusion-welded joints

[SO 17639, Destructive tests on welds in metallic materials — Macroscopic and microscopic examination of

welds

3 Terms,

3.1 Terms

definitions and symbols

and definitions

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

ISO and IEC tnaintain terminology databases for use in standardization at the following addresses:

ISO Onli
IEC Elec

3.11

yield strength
ponding to the upper yield strength, Reg, or, for steels when yielding does not oc
g, the 0,2 % proof strength (non-proportional elongation), R

value corres
tensile testin

3.1.2
normalizing
heat treatms
(Ac3) of the
degree to a
atmosphere

3.1.3
stress reliey
heat treatme

altering the metallurgical structure of the steel, by heating it to a uniform temperature below the

critical point

3.14
stabilizing
heat treatme
heating it to
cooling it to

3.1.5

batch
quantity of
techniques,

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

nt in which a cylinder is heated to a uniform température above the upper critical
Steel to regenerate or homogenize the metallurgigal structure of the steel, to a suft

ing

ropedia: available at https://www.electropedia.org/

po,2

hieve the desired mechanical properties, and-then cooled in a controlled or st

nt given to the cylinder, the objectyof which is to reduce the residual stresses w

(Acl) of the steel, then cooling it in a controlled or still air atmosphere

nt given to the cylinder, the object of which is to stabilize the structure of the st

ylinders made consecutively by the same manufacturer using the same manufact

cur at

point
icient
11 air

thout
lower

pel by

a uniform temperature above the lower critical point (Acl) of the steel and subsequently
pbtain the desireéd mechanical properties.

uring
elding

o-the same design, size and material specifications using the same type of wq

fnanracadiirac oA thaocarm ot bt Nt ~ o anc

machines, w

14 +a A 1E3
lullls Hl ULLUUUT VO dITU LU UITU odI1IIv 1Ivdau trvalinicIIic LuIIivuIliviIilo

Note 1 to entry: In this context, “consecutively” need not apply to continuous production (start to finish).

Note 2 to entry: See 12.1 for specific batch quantities.

3.1.6

base materials
steel used to manufacture the cylinder including the pressure and non-pressure-retaining materials of

construction

3.1.7
cylinder she

11

cylinder after completion of all forming, welding and heat treatment operations

© IS0 2023 - All rights re
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3.1.8
F factor (F)
design stress factor

3.1.9
parent material
pressure-retaining materials used in the fabrication of the cylinder

3.1.10
overlap
placement of steel on top of or below a weld joint for the purpose of joint alignment or added joint

strength
3.1.11
embqgssed
carve, mould or stamp a design on a surface or object so that it stands out in reljef
3.2 |Symbols
Symbol  Definition Unit
a calculated minimum thickness of the cylindrical shell mm
a, calculated minimum value of a used in the calculation of b (see 7.2.2) of the mm
cylinder head
A minimum elongation after fracture %
b calculated minimum thickness of the.end mm
C shape factor —
D outside diameter of the cylinder as given in the design drawing mm
D, mandrel diameter mm
e thickness of metal which is offset (see Figure 4) mm
eq thickness of‘metal which is not offset (see Figure 4) mm
height.of the cylindrical part of the end mm
H outside height of the domed part of the end mm
stress reduction factor —
K ellinsoidalratio —
L length of the cylinder mm
Lg original gauge length in accordance with ISO 6892-1 mm
n ratio of diameter of bend test former to the thickness of the test piece —
N normalized cylinder —
Py highest pressure reached in the cylinder during the burst test (see SO 10286) bar
P, actual test pressure applied to the cylinder by the manufacturer bar
r inside knuckle radius of the end mm

©1S0 2023 - All rights reserved 3
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R inside dishing radius of the end mm
R, actual value of yield strength determined by tensile test specified in 9.1.2.2.1.2 MPa
cg minimum value of yield strength guaranteed by the cylinder manufacturer for the MPa
finished cylinder
R, actual value of tensile strength determined by the tensile test specified in MPa
9.1.2.2.1.2
Ring g:n:rilllorfn\:]alu]e S,f, zcinsile strength guaranteed by the cylinder manufacturer for MPa
.............. shinder
Ryo,2 0,2 % proof strength (see ISO 6892-1) VPa
So griginal cross-sectional area of tensile test piece in accordance with ISO 6892t mm?
4 Inspection and testing

To ensure th
accordance

Tests and ex
using instru
programme.

5 Materi
5.1 Gener

5.1.1 The

quality, suit3
ageing). The
to achieve fo

In cases whe|
it is to be spe

5.1.2 Mate
requirement

5.1.3 Boss

it the cylinders conform to this document, they shall be subject t6.inspection and test
yith Clauses 7, 8, 9 and 10.

nents calibrated before being put into service and thereafter according to an estab

hls

al

ble for pressing or drawing and welding, and shall not deteriorate with time (i.e
steel grades used shall hayesspecified, guaranteed, mechanical properties that are po
- the finished cylinder after'normalizing, stress relieving or stabilizing.

re verification of the-non-ageing property of the material is required, the criteria by
cified should be@agréeed by the manufacturer and purchaser and included in the orde

rials for shells and end pressings, excluding bosses (see 5.1.3), shall conform t
5 of 5.1.8@nd 5.2.1.

bs Shall be manufactured from compatible weldable materials with a maximum c

ing in

aminations performed to demonstrate conformity to this’document shall be conducted

ished

material used for the fabricatidn jof the gas cylinder shall be steel, other than rinpiming

non-
ssible

Wwhich
r.

o the

arbon

content of m

hssAraction of 0,25 %.

5.1.4 All items welded to the cylinder (e.g. shrouds and footrings) shall be made of compatible
weldable material containing the maximum values in % (mass fraction) given in Table 3.

5.1.5 The welding consumables shall be such that they are capable of giving consistent welds with
a minimum tensile strength at least equal to that specified for the parent materials in the finished

cylinder.

5.1.6 The cylinder manufacturer shall have certificates of the ladle analysis and mechanical
properties of the steel supplied for the construction of the pressure-retaining parts of the cylinder. The
cylinder manufacturer shall also have certificates of the ladle analysis for items welded to the cylinder

(e.g. shrouds

and footrings).

© IS0 2023 - All rights re

served


https://standardsiso.com/api/?name=90e96170c10bbff8504e65725807bbb5

ISO 4706:2023(E)

5.1.7 A system of identification shall be in place to determine the cast(s) of steel used for the
construction of the pressure-retaining parts of the cylinder.

5.1.8 Grades of steel used for cylinder manufacture shall be compatible with the intended gas service
(e.g. corrosive or embrittling gases).

5.2 Chemical composition

5.2.1 Materials used for the fabrication of gas cylinders shells and end pressings shall be of weldable
quality and contain the values in % (mass fraction) given in Table 1.

Table 1 — Cylinder shell and ends chemistry allowable limits

Element Maximum content
% (mass fraction)
Carbon 0,250
Silicon 0,450
Manganese 1,600
Phosphorus 0,040
Sulfur 0,040

The use of micro-alloying elements such as niobium, titaniunrand vanadium shall not excepd the values
given|in Table 2.

Table 2 — Micro alloying.chemistry allowable limits

Element Maximum content
% (mass fraction)
Niobjum 0,05
Titanium 0,03
Vanadium 0,10
Niobium plus Vanadium 0,12

Table 3 — Attachments welded to the cylinder chemistry allowable limits

Element Maximum content
% (mass fraction)
Carbon 0,250
Phosphorus 0,040
Sulfur 0,040

Where other micro-alloying elements are used, their presence and amounts shall be reported, together
with those already described in 5.2.1, in the steel manufacturer’s certificate.

5.2.2 Inany check analysis, the maximum permissible deviation from the limits specified for the cast
analyses shall conform to the values in 5.2.1.

6 Design
6.1 General requirements

6.1.1 The calculation of the wall thickness of the pressure parts to resist the internal pressure in the
gas cylinders is related to the yield strength of the material for the finished cylinder.

© IS0 2023 - All rights reserved 5
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6.1.2 Forc
of:

a) 075R,
b) 0,85 ng

is limited to a maximum

alculation purposes, the value of the yield strength, i.e. R,

for finished cylinders with a guaranteed tensile strength (R,,,) < 490 MPa;

mg)

for finished cylinders with a guaranteed tensile strength (R,,,) = 490 MPa.

mg)

value

6.1.3 The internal pressure, on which the wall thickness calculation of the gas cylinder is based, shall
be the minimum test pressure, P;,.

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

6.2 Valve protection

The design

of contents. \
cradles or sh|
can be demo

6.3 Desig

6.3.1 The lpcation of all openings shall be restricted to the ends of the cylinder.

6.3.2 Each
compatible g
resultinno h
a fatigue test

6.3.3 The Y
distance not

6.3.4 Parti
and are free

6.3.5 Ifthe
a suitable in
assure leak-]

7 Calculg

the cylinder shall provide protection for valves against damage in order toavoid r¢
\Vhen the requirements of 8.6 are not met, then the cylinders shall be conveyed in cr
all be provided during transportation with some other effective valve protection, u
hstrated that the valve can withstand damage without leakage of praeduct.

h of openings

opening in the cylinder shall be reinforced, eitherhy a valve boss or pad, of weldab
teel, securely attached by welding and so desighed as to be of adequate strength 3
armful stress concentrations. Conformity shallbe confirmed by calculation or perfo
in accordance with the requirements of 11:3-

velds of the openings shall be separated from circumferential and longitudinal joint
less than 3a.

cular care shall be taken te.ensure that neck threads are accurately cut, are of full
from any sharp profiles, €g)burrs (see ISO 11363-1).

leak-tightness between the valve and the cylinder is assured by a metallic seal (e.g. co

ightness.

ition ofbminimum wall thickness (sidewall and ends)

blease
es or

r?lfess it

e and
nd to
'ming

s by a

form

pper),

Lernal valve boss.¢can be fitted to the cylinder by a method that need not independently

7.1 Sidew

allthickness

The guaranteed minimum sidewall thickness of the cylindrical shell, a, shall not be less than the
thickness calculated using Formula (1):

D
a=—
2

10JF Ry —/3 Ph
10/F R,

!

© IS0 2023 - All rights re
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where

the value of F is the lesser of:

0,65

Reg

or 0,85

and for longitudinal welds:

J 1,0 for completely radiographed seams;

J 09 for spot-radiographed seams;

06:2023(E)

J| 1,0 for cylinders without a longitudinal weld.

The vplue of ] shall be selected in accordance with 9.4.

Formpla (1) is not applicable where the length of the cylindrical portion ef‘the cylind

betwg¢en the beginning of the domed parts of the two ends, is not more than'yy2bD . In this
thickpess shall be not less than that of the domed part (see 7.2.2).

The sjdewall thickness shall also satisfy the following:

for D <100 mm: a =1,1 mm;
for D>100and D < 150 mm: a = 1,1 + 0,008(D - 100) min;

for D> 150 mm: a = (D/250) + 0,7 mm (with an absolute minimum of 2,0 mm);

For agetylene cylinders with D > 300 mm, the minimtum wall thickness shall be 3,0 mm.

The burst pressure ratio shall be demonstratéd as follows:

7.2

P, 2 P, x 2 and 2 50 bar.

Design of ends concave to.pressure

7.2.1| Unless otherwise specified in 6.3, the shape of ends of gas cylinders shall be such t

a)
b)

f:[r torispherical ends-R < D; r= 0,1 D; h = 4b [see Figure 1 a)];

for semi-ellipsoidal ends H = 0,192 D; h = 4b [see Figure 1 b)].

7.2.2| The_head thickness of all other end shapes shall be not less than that calc
Formpla (2):

br, measured
rase, the wall

hat:

ulated using

bEeaiC

(2)

T

where

a;

C

is the value of a calculated in accordance with 7.1 using J = 1,0;

is a shape factor, the value of which depends on the ratio H/D, and shall be obtained from the graph

shown in Figure 2 or Figure 3, as applicable.

7.2.3 Heads that do not contain markings may be 90 % of the minimum sidewall thickness as
indicated in 7.1.

Ends shaped other than those specified in 7.2 may be used provided that the adequacy of their design is
demonstrated by fatigue testing in accordance with the requirements of 11.3.

© IS0 2023 - All rights reserved
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For heads convex to pressure, the minimum head thickness shall be a minimum of two times that
specified in 7.2.2.

H h
H h b
b
—-—
a) Torispherical end b) Semi-ellipsoidal end
Key
1 torispherical end
2 semi-g¢llipsoidal end
a) for torispherical ends:
D D
H =(R+b)—\/[(RJrb)—E}x[(R+b)+E—2(r+b)}
b) for|semi-ellipsoidahends:
=]
D +2 = —
g (Pr2BI2®) o (27
2(K) "
b

Figure 1 — Illustration of cylinder ends concave to pressure

8 © IS0 2023 - All rights reserved
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c
b/D
\ ——0,06
15 —=— 0,03
—a— 0,02
i ——0,01
— 0,007 5
—— 0,005

AN

1,3 \

S A
/-
Wi/
Y/ 875
V/ /A
Y/ 4

1,2

\

1,1 N

NN

1 1 1 1 1 1 1 1 1 1 1
02 0205 021 0215022 0225 023 0235 024 0245 025 H/D

Figure 2 — Values of shape factor C for H/D between 0,2 and 0,25
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0,95

0,9 x

085

0,8

0,7

0,65

0,6

Figure 3 — Values of shape factor C for H/D between 0,25 and 0,5

8 Constrpuction and workmanship
8.1 Weldinpg qualification

8.1.1 Geng¢ral

The followingrequirements apply:

a) before proceeding with the production of a given design, all welding operators and welding
procedures shall be approved by meeting the requirements of 8.1.2 to 8.1.9, ISO 9606-1, ISO 15613,
ISO 15614-1 Level 1 or ISO 14732;

b) records of both qualifications shall be kept on file by the manufacturer;

c) weld approval tests shall be made in such a manner that the welds shall be representative of those
made in production;

d) welders shall have passed the approval tests for the specific type of work and procedure
specification concerned.

10 © IS0 2023 - All rights reserved
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8.1.2 Base materials (pressure and non-pressure)

06:2023(E)

Base materials defined in the procedure specification shall be of the same specification as the given
design and those tested by the welders.

8.1.3

Positions of welds

For welder qualification, the position of the part for welding shall be as specified in 8.1.1 c).

8.1.4 Welding materials

Weld
speci

8.1.5
Wher

a)

b)

8.1.6

a
a

a

ication, those tested by the welders and those used for production.

Retesting
e a welder fails to meet the requirements of a weld test:

h immediate retest may be made of two test welds of the type thatfajled, both of whi
1 the test requirements; or

retest may be made provided there is evidence that the eperator has had further

practice in the design and procedure specification.

Period of effectiveness

The fpllowing requirements apply:

a) a

t
b) r
8.1.7

welder shall be re-qualified if the designihas not been produced by the welder fo

hree months or more;

bcords of welder effectiveness shallbe retained by the manufacturer.

Changes to welding process-requiring recertification

The procedure specification and-welder qualification shall be set-up and tested when ther

a)
b)
‘)
d)
€)
f)
g)
h)
i)
i)

a

a

o)

a

a

change to the basematerials used;
change to the welding material used;
change to the weld process;
change:te the weld position;

decrease of 30 °C or more in the minimum specified preheating temperature;

e procedure

ch shall meet

training and

I a period of

b is:

a change from one heat treatment process to another (normalizing, stress relieving, stabilizing);

the omission or addition of a backing strip in single pass welds;

a

a

change from multiple pass to single pass per side;

change from a single arc to multi arc, or vice versa;

a change to the shielding gas or to the composition of the shielding gas (if there is a change greater
than 15 % in the mixture).

© IS0 2023 - All rights reserved
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8.1.8 Welder qualification tests

When required, the weldment shall, after radiography:

for longitudinal welds, pass:

1) abend test of the weld root;

1d tensile test;

for circumferential welds, pass:

1) a bepdtest of the weld root;

for welded attachments, foot rings, collars or lugs, pass a macro test;

a)

2) awe
b)

2) awe
c) for threg
d)
e) for fillet

apart.
8.1.9 Resy

The followin

a) forradig
b) for bend
remain y
c) for tensi
the cylin
d) for mac
penetrat
8.2 Plateg

Before assen
laminations,

8.3 Weldsg

8.3.1 The
and circumfd

Id tensile test;

ded connections to heads or bottoms, pass macro tests, 180° apart;

welds used for the attachment of bottom heads [see Figure 4 b)JCpaSs macro tests

Its of welder qualification
b requirements apply:
graphy: as specified in 9.4.1;

tests: upon completion of the test, the test piece (weld metal and parent material)
ncracked;

e tests: the tensile strength (R,,) valuéwbtained shall not be less than that guarantg
der manufacturer (R,,) regardless of'the fracture location;

‘0 tests: the etched specimen shall be visually examined to determine adequatg
ion into both members as te.the established design.

and pressed parts

nbly, the pressure\parts of the cylinders shall be visually examined for cracks, s
galling and freédom from any defects that may ultimately affect cylinder integrity.

d joints

180°

shall

ed by

root

eams,

automatic process to provide consistent and reproducible weld quality.

velding of two-piece cylinder circumferential joints or three-piece cylinder longitudinal
rential joints (p pe) \ g y X j

ressure envelope) shall be by using a fully mechanized, semi-automadtic or

8.3.2 The longitudinal joint, of which there shall be no more than one, shall be of the butt-welded
type.

8.3.3 Circumferential joints, of which there shall be no more than two, shall be:

12

butt welded;

butt welded with one member offset to form an integral backing strip, i.e. joggled [see Figure 4 a)];

fillet welded [see Figure 4 b)];

lap welded [see Figure 4 c)].
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Lap-welded joints shall have a minimum overlap of four times the minimum design thickness (a).

8.3.4 Before cylinders are closed, longitudinal welds shall be visually examined from both sides in
accordance with the requirements of ISO 17637.

Permanent backing strips shall not be used with longitudinal welds.

8.3.5 The fusion of the welded metal with the parent metal (pressure joint) for longitudinal seams,
circumferential seams and bosses shall be smooth and free from undercutting or abrupt irregularity.
There shall be no cracks, notching or porous patches in the welded surface and/or the surface adjacent
to the weld. The welded surface shall be regular and even, without concavity.

8.3.6
is not|

8.3.7
If ade
etch.

8.3.8

8.3.9

8.3.1

footrings) shall be smooth and free from abrupt irregularity. There shall be no cracks

porou
be reg

Butt welds shall have full penetration. The excess thickness shall be such thatthe W
compromised.

Joggled butt welds shall have adequate penetration verified by bend testing and te
quate material is not available due to the cylinder geometry, the weld, shall be verif

Lap welds shall have adequate penetration verified by macro etch and bend testing
Fillet welds shall exhibit root penetration verified by:macro etch.

) The fusion of the welded metal with the non-préssure-retaining attachments (e.g.

s patches in the welded surface and/or the surface adjacent to the weld. The welded
bular and even, without concavity.

Dimensions

S |7

- - i .
v N~
N

2 6

a) Joggled butt joint

reld integrity

nsile testing.
ed by macro

CA)

shrouds and
notching or
surface shall

in millimetres

© IS0 2023 - All rights reserved
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b) Fillet weld

LS
>4 g3
c) Lap weld
Key
1  bevel (opfional) 5 =2agands<25a
2 asdesired 6 =15a
3 minimun] overlap 7 e (thickness of metal which is offset)
4  inside of ¢ylinder, avoid sharp break 8 ey (thickness of metal which is not offset)
W weld width

Figure 4 — Typical weld configurations

8.4 Tolerdnces

8.4.1 Out pfroundness

The out of roundness of the cylindrical shell shall be limited so that the difference between the
maximum and the minimum outside diameters in the same cross-section is not more than:

a) for two-piece cylinders, 1 % of the mean of the diameters;

b) for three-piece cylinders 1,5 % of the mean of the diameters.

8.4.2 Straightness

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

14 © IS0 2023 - All rights reserved
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8.4.3

ISO 47

Verticality

06:2023(E)

When the cylinder is standing on its base, the deviation from vertical shall not exceed 1 % including the
shroud and footring.

8.5

8.5.1

Non-pressure-containing attachments

Where non-pressure-containing attachments are to be attached to the cylinder by welding,
such attachments shall be made of compatible weldable steel.

8.5.2
and c

8.5.3
so tha

All fo

8.5.4
drum|
trans

The c
dome
be en

8.6

Ifas
ambig

8.7

Apert

Attachimante challbhao dacionad ta narmitincnaction ofvualde vwhich challhg claay o
........................... SHhee+to-perthspecaon-orweraS5WrHen-SaarBe-6xeatro

rcumferential joints, and so designed as to avoid trapping water.

Where a footring is fitted, it shall be of adequate strength to provide stability and
tit does not prevent inspection of any pressure-containing welds.

btrings shall be designed to permit drainage and ventilation.

Depending on the geometry of the pressure drum and the surrounding condition|
with a water capacity greater than 150 I shall require specific mechanical or other
portation equipment (e.g. a forklift truck).

ylinder itself shall have a suitable provision for such a lift to be made (e.g. lugs welded
area of the cylinder and/or slots underneath the cylinder) where the forks of a fork
baged.

Valve protection

hroud is used to protect the valve, thecylinder containing the shroud shall be dj
nt temperature in accordance withdS0 11117.

Closure of openings

ures in finished cylinders;shall be either:

b) fi

QO

8.8

a) f:[ted with a plug of suitable non-absorbent material; or

ted with the appropriate valve in the closed position or fitting to protect the thread
hd to prevententry of moisture into the cylinder.

Heat treatment

longitudinal

| be attached

S, a pressure
handling and

onto the top
ift truck can

op tested at

'rom damage

8.8.1

Cylinders shall be delivered in the heat-treated condition for normalizing, stress

relieving and

stabil

izing.

8.8.2 The cylinder manufacturer shall maintain records to indicate that the cylinders have been heat-
treated after completion of all welding and to indicate the adequacy of the heat-treatment process used.

8.8.3

Localized heat treatment shall not be used.

© IS0 2023 - All rights reserved
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9 Testing

9.1 Mechanical testing

9.1.1 General requirements

9.1.1.1 Where not covered by the requirements of this clause, mechanical tests shall be carried out:

a) for the parent material in accordance with ISO 6892-1 for the tensile test;

b) for weld

dtest snecimens in accordancewith 91 2
) ol T

9.1.1.2 All

pressure comtaining shells of the gas cylinder shall be on test specimens taken from: héat-ty

cylinders.
9.1.2 Typq

9.1.2.1 Sal
Sample cylin

a) for cylin

from the
1) one
the
one
2) one

circhmferential weld;

3) one

weld;

the mechanical tests for checking the properties of the parent metal and welds

s of test and evaluation of test results

mple cylinder tests
der tests are be carried out as follows:

Hers containing only circumferential welds (two-piecéycylinders), on test specimens
locations shown in Figure 5, the following tests shall'be carried out:
Fircumferential seam or if it is not possiblein the longitudinal direction, or the ce

lished end;

tensile test (in accordance with thé-requirements of ISO 4136), perpendicular t

root bend test (in accordance with the requirements of ISO 7438), of the circumfer

)

bf the
eated

taken

Lensile test (in accordance with the requirements of ISO 6892-1), parent metal parﬂllel to

tre of

o the

ential

Key

N -

a2 Location of test specimen for tensile test.

b Test specimen for tensile test.

¢ Testspecimen for root bend test.

16

Figure 5 — Test specimens taken from two-piece cylinders
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b) for cylinders with longitudinal and circumferential welds (three-piece cylinders), on test specimens
taken from the locations shown in Figure 6, the following tests shall be carried out:

1) one tensile test (in accordance with the requirements of ISO 6892-1), parent metal parallel to
the circumferential seam or if it is not possible, in the longitudinal direction, or the centre of
one dished end;

2) one tensile test (in accordance with the requirements of [SO 6892-1), parent metal from one
dished end, see Figure 6 b);

3) one tensile test (in accordance with the requirements of ISO 4136), of the longitudinal weld,

see Figure 6 ¢);

4) one root bend test (in accordance with the requirements of ISO 7438), of the longifudinal weld,
see Figure 6 d);

5) one tensile test (in accordance with the requirements of ISO 4136), of the eircumfgrential weld,
see Figure 6 e);

6) one root bend test (in accordance with the requirements of 1SQ-7438), of the circumferential
weld, see Figure 6 f).

¢ d

bcation of test specimen for tensile test.
bst specimen for tensile test,
bst specimen for tensjletest.

L
T
T
d  Tegst specimen for rgot*bend test.
Test specimen fortensile test.
T

bst specimen for root bend test.

Figure 6 — Test specimens taken from three-piece cylinders

9.1.2.2 Tensile test
9.1.2.2.1 Tensile test on parent metal

9.1.2.2.1.1 Tensile tests shall be carried out in accordance with the requirements of ISO 6892-1.

The two faces of the test specimen representing the inside and outside walls of the cylinder, respectively,
shall not be machined.

9.1.2.2.1.2 The values obtained for yield stress (R,) and tensile strength (R) shall be not less than
those guaranteed by the cylinder manufacturer. Elongation (%) shall not be less than that specified in
Table 4.

©1S0 2023 - All rights reserved 17
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NOTE a < 3 fora 20 mm x 80 mm specimen.
a > 3, proportional L, =5,654/S, specimen.

Table 4 — Elongation requirements

Minimum elongation after fracture
A
Wall thickness of cylinder R._ <410 MPa R_>410 <520 MPa R_>520 MPa
shell m m m
a % % %
a>3 29 25 20
a<3 22 19 15

9.1.2.2.2 Weld tensile tests

9.1.2.2.2.1 |The tensile test perpendicular to the weld (see ISO 4136) shall.be) carried out on p test
specimen haying a reduced cross-section 25 mm in width for a length extending up to 15 mm bgyond

the edges of{the weld (see Figure 7). Beyond this central part, the width of the test specimen| shall
increase progressively.
Dimensions in millimetres

A B2 % 1
a ~
15 15

Figure 7 — Test specimen for tensile test perpendicular to the weld

9.1.2.2.2.2 |Only the tensile strength (R,) value shall be determined. The tensile strength |value
obtained, R} shall be not less than that)guaranteed by the cylinder manufacturer, R,,, irrespective of
where the fracture occurs in the crossssection of the central part of the test specimen.
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9.1.2.3 Bend test

9.1.2.3.1 The procedure for carrying out a bend test is given in ISO 7438. The bend test specimen
shall be 25 mm in width. The mandrel shall be placed in the centre of the weld while the test is being
performed and remain in that position until the conclusion of the test (see Figure 8).

Key
eld dressed flush
itt weld specimen

o =

ggled joint weld specimen

—
o

Figure 8 — Typical‘bend tests

9.1.2)3.2 Cracks shall not appear in the testspecimen when it is bent around a mandrel through 180°
(see Higure 9).

Dp + 33 0,54

Figure 9 — Typical illustration of bend test

9.1.2.3.3 The ratio n between the diameter of the mandrel D, and the thickness of the test specimen a
shall not exceed the values specified in Table 5.

Table 5 — Ratio of mandrel diameter and test piece thickness

Actual measured tensile strength
R, n
MPa
<410 2
410 to 520
> 520 4
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9.2 Burst
9.2.1 Test

9.2.1.1
subjected to

test under hydraulic pressure

conditions

pressure, then cylinders to be tested shall be similarly marked.

Ifitis proposed to apply markings (in accordance with Clause 14) on the section of the cylinder

9.2.1.2 The burst test under hydraulic pressure shall be carried out with equipment that enables the
pressure to be increased gradually until the cylinder bursts. The burst pressure (P,) shall be recorded.
The rate of pumping shall not exceed five times the water capacity of the cylinder per hour.

9.2.2 Inte
The criteria

a) volumet

1) they
bur{

2) the
(see

b)

The measure
P, and not le

9.2.3 Volumetric expansion

The ratio of
equal to:

a) where t}

examinaftion of the tear and the shape of its edges shall be in@c¢¢ordance with 9.2.3.1.

‘pretation of test

hdopted for the interpretation of the burst test are:
Fic expansion of the cylinder that equals:

folume of water used between the time when the pressure starts to-rise and at the ti

ting; or

9.2.3);

d bursting pressure, Py, shall not under any circumstances be less than double the pre
5s than 50 bar.

bolumetric expansion of the cylinder;at burst to its initial volume shall be greater tH

e minimum value of Rig is £ 410 MPa:
h if the length of the cylinder is greater than its diameter;
if the length of theeylinder is equal to or less than its diameter;
e minimum value’of R, is > 410 MPa:
h if the lengEh of the cylinder is greater than its diameter;

h if the length of the cylinder is equal to or less than its diameter.

1) 209
2) 149
b) where t}
1) 159
2) 109
9.2.3.1 Ty

e-of fracture

The following requirements apply:

the burst test shall not cause any fragmentation of the cylinder;

me of

lifference between the volume of the cylinder at the beginhing and the end of the test

ssure

an or

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

a)

b)
thicknes

c) thefract

d) the fract

e) the fract

20

s);
ure shall not reveal a visible defect in the metal;
ure shall not initiate in a weld;

ure shall not initiate in a marking area (see 14.3);
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f) the fracture shall not initiate from a weld securing a footring or shroud.
9.3 Pressure test
9.3.1 The pressurization medium may be liquid or gas provided safety precautions have been taken.

9.3.2 The pressure indicating device(s) shall be certified to an accuracy of 0,5 % at cylinder test
pressure (Py).

9.3.3 The manufacturer shall employ manufacturing practices and techniques that will demonstrate
that the cylinders do not leak when subjected to the minimum test pressure (P}).

9.3.4| The minimum test pressure P}, to be applied shall be as specified in 6.1.3.

For byitane only, the stress within the wall of the cylinder shall not exceed 90"%-of the minimum yield
strength of the material i.e. R, during the test.

9.3.5| The pressure in the cylinder shall increase gradually until the .test pressure is readhed.

9.3.6| The cylinder shall remain at the test pressure for a period of time, at least 10 s for] testing with
gasedus media and 30 s for liquid media, that will make it possible to establish that np leak in the
cylinder or welds can be observed.

9.3.7| After the test, the cylinder shall show no signs'of permanent deformation.

9.3.8| Where the manufacturer employs a gas“as the pressurization medium for the pressure test,
thenJ)o leakage test shall be required. Otherwise, each cylinder shall be subjected to a leak test using a
gasedus media at the marked service pressure of the cylinder.

9.4 |Radiographic and macro examination
9.4.1| Radiographic examination

9.4.111 General

The 1fadiographic examination may be replaced by radioscopy or another suitable nomn-destructive
testing method if the applied method is carried out in accordance with a process that provliylzies the same
level pf quality of examination as radiographic examination. Radiographic examination shall conform
to thg techniques specified in 9.4.1.4 and 9.4.1.5. Radiographic examination of the circumf¢rential seam
on twpo-piece cylinder designs is not required.

9.4.1.2 Joint efficiency “]” shall be 1,0 when each of the total circumferential seams and longitudinal
seam is radiographed completely.

9.4.1.3 Joint efficiency “]” shall be 0,90 when 1 cylinder from each batch of 250 consecutively welded
cylinders is spot radiographed. In addition, 1 cylinder out of the first 5 cylinders welded following a
shutdown of welding operations exceeding four hours shall be spot radiographed. Spot radiographs
shall be made of a finished welded cylinder and shall include both “T” intersections girth weld for
50 mm in both directions from the intersection of the longitudinal and circumferential welds and
include at least 150 mm of the longitudinal weld.

9.4.1.4 Welds shall be radiographed in accordance with ISO 17636-1 or ISO 17636-2, Class B.
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9.4.1.5 Cylinders shall not have any of the following imperfections as specified in ISO 5817, Class B:

a)
b)

cracks, inadequate welds, lack of penetration or lack of fusion of the weld;

over a weld length of 12a is greater than 6 mm;

‘)
d)

e)

any gas pores measuring more than (a/3) mm;

elongated inclusions or any group of rounded inclusions in a row where the length represented

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

gas pores over any 100 mm length, where the total area, in mm?, of all the figures is greater than

24.

9.4.2 Mac

The macro e
welds shall §
microscopic

9.4.3 Exar

"0 examination

xamination, carried out in accordance with ISO 17639, of a full transverse section

pxamination shall be made of the suspect area.

hination of flange welding

For the exanmination of the boss welding, a radiographic or macro examjnation shall be carried

time of type

9.4.4 Exar
For the exa

examination
the welding |

9.4.5 Unag¢

If the spot r4

cylinders from the same lot of 250 cylinders or less shall be examined. If either of these fails to me

requirement
radiographid
passing are

established 3

If any of the
and every cy
it is demons
or other app
established 3

hpproval as indicated in 11.1 or at any time the welding parameters change.

hination of welding of non-pressure containing attachments

pbarameters change.

fceptable imperfections at radiogtaphic or macro examination

diographic examination fails to meet the requirements of this document, two addi

5, production shall be stopped, and every cylinder welded since the preceding acce
shall be set aside and.each cylinder shall be examined by spot X-ray. Only those cyli
acceptable. Productien shall not be restarted until the cause of the defect has

how complete fusion and complete penetration as specified in 8.1.9 d)Nn case of do

nd rectified, and:the starting up test procedure as specified in 10.1.3 has been repea

macro examindtions show any unacceptable imperfections, production shall be stg
linder welded since the preceding acceptable macro examination shall be set asidg
rated that these cylinders are satisfactory either by radiographic or macro exami
ropriate means. Production shall not be restarted until the cause of the defect hag
nd.rectified, and the starting up test procedure as specified in 10.1.3 has been repeared.

bf the
ubt, a

put at

mination of welding of non-pressure containing attachments, radiographic or macro
5 shall be carried out at the time of type approval in accordance with 11.1 or at any

r time

tional
et the
table
ders
been
[ted.

pped,
until

1ation
been

9.5 Visual examination of the surface of the weld

9.5.1 Examination of the completed weld in accordance with the requirements of ISO 17637 shall be
carried out when the weld has been completed. The welded surface examined shall be well illuminated,
and shall be free from grease, dust, scale residue or protective coating of any kind.

9.5.2 The weld shall conform to the requirements of 8.3.

22
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10 Acceptance criteria

10.1 All acceptance testing as required by this clause shall be carried out on cylinder shells, prior to
surface treatment.

10.2 All cylinders shall be subject to a pressure test as specified in 9.3 and visual examination of the
surface of the welds as specified in 9.5.

10.3 Radiographic examination and macro examination shall be carried out as specified in 9.4.
Radiography shall be carried out on the longitudinal weld (see Figure 10) of the first production cylinder

or of
mach

In the
joints
of the

For cylinders with longitudinal welds, 1 cylinder out of every 250 production cylinders s

junct

Wherje more than one welding machine is used for production, thédbove procedures shall

mach

Figure 10-= Extent of radiography of welds (black sections in the figure) — Cylin

T INSpection ot after a chiange I type or SiZe of cytinder or the welding procegu
ne setting), or after a break in production exceeding 4 h.

case of cylinders with an outside diameter less than 250 mm, radiography of the
welds may be replaced by two macro examinations (see 9.4.2), one of which“shall bg
stop/start area and the other on the opposite side of the cylinder.

on of the longitudinal and circumferential welds radiographed as indicated in Figure

ne.

Dimensions
25 25

50

..... _><_ — .

50

150 150

circumferential and longitudinal welds

e (including

longitudinal
 at the plane

hall have the
| 10.

hpply to each

in millimetres

Hers with

10.4 Mechanical testing as specified in 9.1 and burst testing as specified in 9.2 shall be carried out on
samples as specified in 12.1.

10.5 The cylinder used for mechanical testing shall be profiled for determination of the minimum wall
thickness. The minimum wall thickness noted in the cylinder sidewall shall be > a and the minimum
wall thickness in the cylinder heads shall be 2 b.
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11 Type approval

11.1 The manufacturer shall make available a batch of at least 30 finished cylinders marked using
production equipment, from which the inspector shall select cylinders for:

a) pressure cycling test testing as specified in 11.3, three cylinders;

b) mechanical tests as specified in 9.1, two cylinders;

c) radioscopy/macro examination as specified in 9.4; (macros may be removed from cylinder used for
mechanical tests), two cylinders;

d) bursttegt as specified in 9.2, two cylinders;
e) cylinder|wall thickness profile as specified in 10.1.5, two cylinders.

If the results|of the tests are satisfactory, the inspector shall issue a new design type approval certificate,
a typical example of which is given in Annex A.

11.2 A cylinder shall be considered a new design, compared with an existing approved design, when:

a) itis ma:[jfactured in a different factory;
b) itis manufactured by a different process;

c) itis manufactured from a different specified chemical comp@sition range (e.g. 0,06 carbon yersus
0,18 carbon) as specified in 5.2;

d) itisgiveh a different heat treatment (normalizing, stress relieving, stabilizing);
e) the design profile of the base has changed;

f) the weld}joint design has changed;

g) the numper of openings has increased;

h) the inside diameter of an opening (pierced/punched hole in cylinder head) has increased by 100 %
or more;

i) the test pressure has increased by more than 2 bar;
j) the minifnum design wallthickness or design diameter is changed by 10 % or more; or

k) the end thickness.orwater capacity has changed by more than 30 %.

11.3 Fatigule testing/cycle testing

11.3.1 For the purpose of this test, three cylinders which are guaranteed by the manufacturer to
be representative of the minimum end(s) thickness set by the design and which include all markings
(in accordance with Clause 14) shall be filled with a non-corrosive liquid and subjected to successive
reversals of hydraulic pressure.

11.3.2 The test shall be carried out at an upper cyclic pressure, either:

a) equaltotwo thirds of the test pressure, in which case the cylinder shall be subjected to 80 000 cycles
without failure; or

b) equal to the test pressure, in which case the cylinder shall be subjected to 12 000 cycles without
failure.
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11.3.3 The value of the lower cyclic pressure shall not exceed 10 % of the upper cyclic pressure. The
frequency of reversals of pressure shall not exceed 0,25 Hz (15 cycles/min). The temperature measured
on the outside surface of the cylinder shall not exceed 50 °C during the test.

11.3.4 After testing in accordance with 11.3, the cylinder shall be burst tested. When burst tested, the
cylinder shall conform to the requirements of 9.2.

12 Batch tests

12.1 Inspection lots

For a¢ceptance purposes, the batch shall be divided into inspection lots not exceeding 1 OL)O cylinders.

For splection of sample cylinders for either burst or mechanical tests, each lot is”sufjdivided into

sub-lgts of 250 cylinders during the first 3 000 cylinders of a batch and thereafter sub-1pts of 500 or

1 000 cylinders, depending on cylinder size (see Figure 11).
Two cylinders, one for

byrst test and one for
megchanical test

rle cylinder for burst ‘ ‘ ‘ ‘ ‘ ‘

t or mechanical test | | | | | | | | |

- O

Nymber produced 0 250 500 750 1000 1500 2 000 2500 3000 3500 L 000 L 500 5000 5 p00 6 000
consecutively from
stlart of batch

o -

o cylinders, one for
yrst test and one for
chanical test

3

e cylinder for burst ‘ ‘ ‘ ‘ ‘ ‘
t or mechanical test | | | | | | | | | | | | |

-+ O

Ngmber produced 0 250 500 750 1000 1500 2 000 2500 3000 3 500 4 000 4500 5000 5 p0o 6 000
consecutively from
stfart of batch

Figure 11 — Inspection lots

12.2 [Rate of sampling

12.2.1 Where*a batch contains more than one cast, the manufacturer shall arrange for samples tested
to regresent each cast of material used.

NOTE TheTeduced Tate of sampting for targe votumnte manutacture tabove 3000 Tytimdersjisdsually subject
to written agreement with an inspector once the manufacturer can demonstrate that the batch production test
results and manufacturing processes are consistently reliable without any major interruption of manufacture.

12.2.2 From the first 250 cylinders or less in each inspection lot, representative cylinders shall be
taken at random, one for the mechanical tests (see 9.1) and one for the burst test (see 9.2). Cylinders
which have a water capacity less than 6,5 | and a burst pressure greater than 100 bar, shall be either
burst tested or mechanically tested.

12.2.3 From each subsequent group of 250 cylinders or less in the inspection lot, one representative
cylinder shall be taken at random for either a burst test or mechanical tests.

12.2.4 Radiographic examination, where required, shall be at the frequency specified in 10.1.3.
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12.3 Quantity < 3 000 cylinders water capacity less than or equal to 351

12.3.1 For cylinders with a water capacity less than or equal to 35 1, for the first 3 000 cylinders in the
batch, representative cylinders shall be taken as specified in 12.2.2, 12.2.3 and 12.2.4.

12.3.2 From each inspection lot over 3 000, representative cylinders shall be taken at random, one for
the burst test and one for mechanical tests for each 1 000 manufactured (see Figure 11).

12.4 Quantity over 3 001 cylinders water capacity greater than 351

12.4.1 For dylinders with a water capacity greater than 35 ], for the first 3 000 cylinders in the patch,
representatiye cylinders shall be taken as specified in 12.2.2, 12.2.3 and 12.2.4.

12.4.2 Fronj each inspection lot over 3 001, representative cylinders shall be taken at\random.|From
the first 500|cylinders or less in each inspection lot remaining, representative cylinders shall be taken
atrandom, ope for the burst test and one for mechanical tests. From the remaining-500 cylinders ¢r less
in such inspg¢ction lots, one representative cylinder shall be taken at random for-€ither a burst test or
mechanical tests (see Figure 11).

12.5 Failune to meet batch test requirements
12.5.1 In the event of failure to meet batch test requirements, retesting shall be conducted.

12.5.2 Ifthdre is evidence of a fault in carrying out the mechanical tests, or of an error of measurement,
a second test on the same cylinder shall be performed. If;the result of this test is satisfactory, the first
test shall be {gnored.

12.5.3 Retest specified in 12.5 shall be in accordance with 12.2. 2, 12.2.3 and 12.2.4.

12.5.3.1 If a|single cylinder fails the initial mechanical or burst test, cylinders shall be taken at random
from the sanpe sub-lot, in accordance with Table 6, and shall be retested for both mechanical and|burst
tests.

Table 6 — Batch retest requirements

Inspection sub-lot size Failure Retest
5250 1M 2M + 1B
<250 1B 2B+ 1M
> 250 1M 2M + 2B
> 250 1B 1M + 4B

Key
M = mechanical test
B = burst test

12.5.3.2 In the event of more than one cylinder failing the initial tests or one or more cylinders failing
the retest specified in 12.5, the batch shall be rejected. If the manufacturer reheat treats the rejected
batch or repairs any weld defects and reheat treats the batch, then the batch shall be resubmitted as a
new batch as specified in 12.2.2, 12.2.3 and 12.2.4.
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