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ISO 4706:

Foreword

2023(E)

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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ctrotechnical standardization.
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e procedures used to develop this document and those intended for its further mainte
cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria-heec
ferent types of ISO document should be noted. This document was drafted in accordanc
torial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

draws attention to the possibility that the implementation of this docunient may invol
[a) patent(s). ISO takes no position concerning the evidence, validity or.applicability of a
ent rights in respect thereof. As of the date of publication of this document, ISO had
ice of (a) patent(s) which may be required to implement this documernt. However, imple
Itioned that this may not represent the latest information, which.may be obtained from
abase available at www.iso.org/patents. ISO shall not be held re¢sponsible for identifying
h patent rights.

trade name used in this document is information given for the convenience of users an
titute an endorsement.

an explanation of the voluntary nature of stanpdards, the meaning of ISO specific f{

expressions related to conformity assessment, as well as information about ISO's adh
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World Trade Organization (WTO) pringiples in the Technical Barriers to Trade (
yw.iso.org/iso/foreword.html.
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s document was prepared by Techmical Committee ISO/TC 58, Gas cylinders, Subcomm
inder design.

s third edition cancels and replaces the second edition (ISO 4706:2008), which has been t
ised.

e main changes are as-follows:
references have.been updated;
X-ray is required on three-piece designs;
X-ray frequency has been changed from 50 to 250;

criteria for X-ray retesting requirements have been added.
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complete listing of these bodies can be found at www.iso.org/members.html.

© IS0 2023 - All rights reserved

ds body. A


https://www.iso.org/directives-and-policies.html
http://www.iso.org/patents
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=1753057bb0a5eb959f8a1919841e4b8c

ISO 4706:2023(E)

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. 22.1]
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Gas cylinders — Refillable welded steel cylinders — Test
pressure 60 bar and below

1
This

Scope
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1 workmanship, procedure, and test at manufacture of refillable welded-steel gas cylindey

capacities from 0,5 1 up to and including 150 |1 and drums of water capacities of 150 1 t0~500

pre
usé

NO
dr

Th

ssure not greater than 60 barl, exposed to extreme worldwide temperatures (=50 °C
d for compressed, liquefied or dissolved gases.

TE Unless specified in the text, for the purpose of this document, the word ‘cylinder” include
ms”.

s document is primarily intended to be used for industrial gases otliey than liquefied petr

(LFG), and is also applicable to LPG.

2
Th

Normative references

e following documents are referred to in the text iniSuch a way that some or all of thg

comstitutes requirements of this document. For dated\references, only the edition cited aj

un
IS(
IS(

ISC
IS(
IS(
ISC
ISC

IS(
Spé

IS

Hated references, the latest edition of the refereneed document (including any amendment
4136, Destructive tests on welds in metallic materials — Transverse tensile test

5817, Welding — Fusion-welded joints insteel, nickel, titanium and their alloys (beam welding
Quality levels for imperfections

6892-1, Metallic materials — Tensile testing — Part 1: Method of test at room temperature
7438, Metallic materials — Bend test

9606-1, Qualification tésting of welders — Fusion welding — Part 1: Steels

10286, Gas cylinders= Vocabulary

11117, Gas cylinders — Valve protection caps and guards — Design, construction and tests

11363-1,.Gas cylinders — 17E and 25E taper threads for connection of valves to gas cylinder}
cifications

15613, Specification and qualification of welding procedures for metallic materials — Qu

bas

ed.on pre-production welding test

s of water
] of a test

fo +65 °C)

5 “pressure

oleum gas

ir content
bplies. For
S) applies.

excluded)

— Part 1:

alification

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/mmZ.
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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, definitions and symbols

3.1 Terms and definitions

For the p

ISO and [HC maintain terminology databases for use in standardization at the following addresses:

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

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

3.1.1
yield strength
value corfesponding to the upper yield strength, Reg, or, for steels when_gielding does not occur at

tensile tedting, the 0,2 % proof strength (non-proportional elongation), Ry,

3.1.2
normalizjng
heat treatiment in which a cylinder is heated to a uniform temperature above the upper critical pgint
(Ac3) of the steel to regenerate or homogenize the metallurgical structure of the steel, to a sufficipnt
degree to| achieve the desired mechanical properties, and’then cooled in a controlled or still jair
atmosphere

3.1.3
stress relieving
heat treafment given to the cylinder, the object*of which is to reduce the residual stresses withput
altering the metallurgical structure of the steel, by heating it to a uniform temperature below the loyer
critical pojint (Acl) of the steel, then cooling it in a controlled or still air atmosphere

3.1.4
stabilizinig
heat treajment given to the cylinder, the object of which is to stabilize the structure of the steel|by
heating it|to a uniform temperature above the lower critical point (Acl) of the steel and subsequerjtly
cooling it fo obtain the desired mechanical properties.

3.1.5
batch
quantity ¢f cylinders made consecutively by the same manufacturer using the same manufacturjng
techniquep, to ‘the same design, size and material specifications using the same type of weldjng
machines,|welding procedures and to the same heat treatment conditions

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

2 © IS0 2023 - All rights reserved
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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

pl

cement of steel on top of or helow a weld jaint for the purpose of joint nlignmpn‘r ar a

st

3.1
en|
cay

3.2

ength

A1
bossed
ve, mould or stamp a design on a surface or object so that it stands out in relief;

Symbols

mbol  Definition
calculated minimum thickness of the cylindrical shell

calculated minimum value of a used in the calculation of b (see 7.2.2) of the
cylinder head

minimum elongation after fracture

calculated minimum thickness of theiend

shape factor

outside diameter of the cylinder as given in the design drawing
mandrel diameter

thickness of metakwhich is offset (see Figure 4)

thickness of metal which is not offset (see Figure 4)

height ofthe cylindrical part of the end

oufside height of the domed part of the end

stress reduction factor

ellipsoidal ratio

length of the cylinder

original gauge length in accordance with ISO 6892-1

ratio of diameter of bend test former to the thickness of the test piece
normalized cylinder

highest pressure reached in the cylinder during the burst test (see SO 10286)
actual test pressure applied to the cylinder by the manufacturer

inside knuckle radius of the end

© IS0 2023 - All rights reserved
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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

R AR RS luo oftancila ctvnngth oo toad butha ozl das oo £o b £ MDA

mg  [HRiEiE w-vte-oftensHestrensthsuaranteed-by-the-evhndermanutacturerfot M

the finished cylinder

Ryo,2 0,2 % proof strength (see ISO 6892-1) MPh

So original cross-sectional area of tensile test piece in accordance with ISO 6892=1 mmnf?

4 Inspection and testing

To ensurelthat the cylinders conform to this document, they shall be subjecttgiinspection and testing in

accordande with Clauses 7, 8,9 and 10.

Tests and|examinations performed to demonstrate conformity to this document shall be conducted

using instjfuments calibrated before being put into service and thereafter according to an established

programnpe.

5 Matdrials

5.1 General

5.1.1 THe material used for the fabrication jof the gas cylinder shall be steel, other than rimmjng

quality, syitable for pressing or drawing(and welding, and shall not deteriorate with time (i.e. npn-

ageing). The steel grades used shall hayespecified, guaranteed, mechanical properties that are possible

to achievelfor the finished cylinder after'normalizing, stress relieving or stabilizing.

In cases where verification of the non-ageing property of the material is required, the criteria by whiich

itis to be $pecified should besagreed by the manufacturer and purchaser and included in the order.

5.1.2 Materials for shells and end pressings, excluding bosses (see 5.1.3), shall conform to fthe

requiremgnts of 5.1.8.and 5.2.1.

5.1.3 Bdgssesshall be manufactured from compatible weldable materials with a maximum carlon

content offmass‘fraction 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 reser
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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
qufility and contaln the values 1N % (Imass fraction) given in Tabie 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, titanium and vanadium shall not exceed [the values
givlen in Table 2.

Table 2 — Micro alloying:chemistry allowable limits

Element ( Maximum content
% (mass fraction)
Niobium 0,05
Titahium 0,03
Vanadium 0,10
l\jiobiurfl 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 For calculation purposes, the value of the yield strength, i.e. R, is limited to a maximum value
of:

a) 0,75 Ry, for finished cylinders with a guaranteed tensile strength (R,,) <490 MPa;

b) 0,85 Ry, for finished cylinders with a guaranteed tensile strength (R,,;) = 490 MPa.

mg)

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 Valye protection

The desigh of the cylinder shall provide protection for valves against damage in order tg-avoid release
of contentys. When the requirements of 8.6 are not met, then the cylinders shall be conveyed in crateg or
cradles or|shall be provided during transportation with some other effective valve’protection, unlegs it
can be defhonstrated that the valve can withstand damage without leakage of product.

6.3 Desgign of openings

6.3.1 THe location of all openings shall be restricted to the ends ofithe cylinder.

compatible steel, securely attached by welding and so designed as to be of adequate strength and to
result in nfo harmful stress concentrations. Conformity shall be confirmed by calculation or performjng
a fatigue test in accordance with the requirements of 11s3.

6.3.2 EIh opening in the cylinder shall be reinforced, eitherby a valve boss or pad, of weldable gnd
|

6.3.3 THe welds of the openings shall be separated from circumferential and longitudinal joints by a
distance rlot less than 3a.

6.3.4 Pdrticular care shall be taken to ensure that neck threads are accurately cut, are of full form
and are frege from any sharp profiles, €.g. burrs (see ISO 11363-1).

6.3.5 Iftheleak-tightness between the valve and the cylinder is assured by a metallic seal (e.g. copper),
a suitable|internal valve boss_ean be fitted to the cylinder by a method that need not independently
assure lealk-tightness.

7 Calcuylation efiminimum wall thickness (sidewall and ends)

7.1 Sidewallthickness

The guaramteed iU Sidewatt thickmess of the cyhmndricat stetl, a, siatt ot be tess tham the
thickness calculated using Formula (1):

M

D \/10]FReg—\/§Ph

a=—
2 10JF R,

6 © IS0 2023 - All rights reserved
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where

the value of Fis the lesser of:

0,65
Reg / Ring

or 0,85

and for longitudinal welds:

J 1,0 for completely radiographed seams;

:2023(E)

Th

Foi

bet
thi

Th

Fo1
Th

7.2
Fol

J 0,9 for spot-radiographed seams;
J 1,0 for cylinders without a longitudinal weld.
b value of / shall be selected in accordance with 9.4.

mula (1) is not applicable where the length of the cylindrical portion, of the cylinder,

ween the beginning of the domed parts of the two ends, is not more than~2bD . In this cag
ckness shall be not less than that of the domed part (see 7.2.2).

e sidewall 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).mim;
for D > 150 mm: a = (D/250) + 0,7 mm (with an absolute minimum of 2,0 mm);
acetylene cylinders with D > 300 mm, the minimmum wall thickness shall be 3,0 mm.
b burst pressure ratio shall be demonstratedas follows:

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

Design of ends concave to-pressure

for 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)].

.2 The_ head thickness of all other end shapes shall be not less than that calculg

mula (2):
bZGIC

.1 Unless otherwise spécified in 6.3, the shape of ends of gas cylinders shall be such that:

measured
e, the wall

ted using

(2)

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
shown in Figure 2 or Figure 3, as applicable.

the graph

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
.
|
||
ol
||
S -
||
||
||
||
||
| |
1
a) Torispherical end b) Semi-ellipsoidal end
Key
1 toifispherical end
2 serni-ellipsoidal end
a) for torispherical ends:
H =(R+b)—\/[(Rer)—g}x[(R+b)+§—2(r+b)}
b) for semi-ellipsoidalends:
=7
LLO2@E=2)0) o (2
2(K) [ﬂ)
b

Figure 1 — Illustration of cylinder ends concave to pressure

8 © IS0 2023 - All rights reserved
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I\ =
M-\ — 0005
\\ \\\
A
NN
: \§§§\

N

N

1 1 1 1 1 1 1 1 1 1 1
02 0205 021 0215 022 0225 023 0235 024 0245 025 H/D

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

© 1S0 2023 - All rights reserved 9
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8

8.1 Welding qualification

8.1.1 Geéneral

10

0,95

0,85 \

0,8

0,7

0,65

0,6

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

Construction and workmanship

procedures shall be approved by meeting the requlrements of 8 1. 2 to 8.1. 9,1S0O 9606 1 ISO 15613
[SO 15614-1 Level 1 or ISO 14732;

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

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

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

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

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

Wdld consumables (see 5.1.5) shall be the same specification as those specified in the procedure
spécification, those tested by the welders and those used for production.

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

a) [ an immediate retest may be made of two test welds of the type thatfailed, both of which shall meet
all the test requirements; or

b) | a retest may be made provided there is evidence that the, operator has had further training and
practice in the design and procedure specification.

8.1.6 Period of effectiveness
The following requirements apply:

a) [ a welder shall be re-qualified if the design.has not been produced by the welder for d period of
three months or more;

b) | records of welder effectiveness shall be'retained by the manufacturer.

8.1.7 Changes to welding procéss requiring recertification
The procedure specification afidd welder qualification shall be set-up and tested when there ig:
a) | a change to the base materials used;
b) | a change to the welding material used;
c) | a change tothe'weld process;

d) [ a changeto the weld position;

e) | a decrease of 30 °C or more in the minimum specified preheating temperature;

lizing);

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

h) achange from multiple pass to single pass per side;
i) achange from a single arc to multi arc, or vice versa;

j) achange 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 11
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8.1.8 Welder qualification tests

When required, the weldment shall, after radiography:

a) for longitudinal welds, pass:

1) a
2) a

bend test of the weld root;

weld tensile test;

b) for circumferential welds, pass:

1) a
2) a
c) forth
d) for we
e) for fil
apart

8.1.9 R«
The follow

a) forra

b) for bg

remain uncracked;

c) forte
the cy
d) for m
penet

8.2 Plaf

Before as
laminatio

8.3 Wel

8.3.1 TH

bend test of the weld root;

weld tensile test;

readed connections to heads or bottoms, pass macro tests, 180° apart;
lded attachments, foot rings, collars or lugs, pass a macro test;

et welds used for the attachment of bottom heads [see Figure 4 b)};~pass macro tests, 1

psults of welder qualification
ring requirements apply:
liography: as specified in 9.4.1;
nd tests: upon completion of the test, the test piece (weld metal and parent material) sk
isile tests: the tensile strength (R,,) value obtained shall not be less than that guaranteed|
linder manufacturer (Ry,,) regardless 6fthe fracture location;

acro tests: the etched specimen“shall be visually examined to determine adequate r
Fation into both members as to the established design.

fes and pressed parts

sembly, the pressure.parts of the cylinders shall be visually examined for cracks, sea
1s, galling and freedom from any defects that may ultimately affect cylinder integrity.

ded joints

and circu

automatic|precess to provide consistent and reproducible weld quality.

e welding of two-piece cylinder circumferential joints or three-piece cylinder longitudi
ferential joints (pressure envelope) shall be by using a fully mechanized, semi-automatid

B0°

1all

by

Dot

ms,

nal
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:

— 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 cJ].

12
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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

4
8.3
3

he weld. The welded surface shall be regular and even, without concavity.

.6 Butt welds shall have full penetration. The excess thickness shall be such that the wel

is ot compromised.

8.3
If g
etd

8.3
fod
po
be

.7 Joggled butt welds shall have adequate penetration verified by bend, €esting and tens
dequate material is not available due to the cylinder geometry, the weld'shall be verified
h.

.3.8 Lap welds shall have adequate penetration verified by maete etch and bend testing.

.3.9 Fillet welds shall exhibit root penetration verified byymacro etch.

trings) shall be smooth and free from abrupt irt€gularity. There shall be no cracks, n
‘ous patches in the welded surface and/or the surface adjacent to the weld. The welded su
regular and even, without concavity.

Dimensions in

S |7

o - | ~
2 6 3

L

a) Joggled butt joint

1 integrity

le testing.
by macro

.10 The fusion of the welded metal with the non-pressure-retaining attachments (e.g. shirouds and

btching or
rface shall

millimetres

© IS0 2023 - All rights reserved
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b) Fillet weld

4
>4 g3
c) Lap weld
Key
1  bevel (optional) 5 =2agand<25a
2 asdesjred 6 =15a
3 minimjum overlap 7 e (thickness of metal which is offset)
4  inside|of cylinder, avoid sharp break 8 ey (thickness of metal which is not offset)
W weld width

Figure 4 — Typical weld configurations

8.4 Tolerances

8.4.1 Out of roundness

Th t £ | £ +1 Lisa-daas ] Lall Laoll 1o 1L ik ad oot 1 Jdi£€ laat h
e ou T TUUITUITICS S OT  LITC L yITITUT e AT STITTT ST UT THITNTCU SU T UHTIA T T U TITCT TIC T UTTVWTETIT e

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 Verticality

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

8.5 Non-pressure-containing attachments

8.5.1

such attachments shall be made of compatible weldable steel.

Where non-pressure-containing attachments are to be attached to the cylinder by welding,

8.5

tr

Th
do
be

8.¢
If 3

.2 Attachments shall be designed to permit inspection of welds, which shall be clear of [o
| circumferential joints, and so designed as to avoid trapping water.

.3.3 Where a footring is fitted, it shall be of adequate strength to provide stability and b

Fhat it does not prevent inspection of any pressure-containing welds.

footrings shall be designed to permit drainage and ventilation.

nsportation equipment (e.g. a forklift truck).

engaged.

p Valve protection

anjbient temperature in accordance with 1O 11117.

8.7
Ap
a)
b)

[ Closure of openings
ertures in finished cylinders:shall be either:
fitted with a plug of suitable non-absorbent material; or

fitted with the appropriate valve in the closed position or fitting to protect the thread fro
and to prevent.entry of moisture into the cylinder.

8.8 Heattreatment

8.4

.1 A Gylinders shall be delivered in the heat-treated condition for normalizing, stress rel

stgbHizing.

hgitudinal

b attached

.4 Depending on the geometry of the pressure drum and the surrounding conditions, & pressure
dr;rm with a water capacity greater than 150 | shall require specific mechanical or other handling and

b cylinder itself shall have a suitable provision for such a‘ift'to be made (e.g. lugs welded onto the top
ne area of the cylinder and/or slots underneath the,cylinder) where the forks of a forklift truck can

1 shroud is used to protect the valve, the*cylinder containing the shroud shall be drog tested at

Im damage

eving and

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 wg

9.1.1.2 All the mechanical tests for checking the properties of the parent metal and welds of
pressure fontaining shells of the gas cylinder shall be on test specimens taken from\heat-trea

cylinders.

9.1.2 Types of test and evaluation of test results

9.1.2.1 Bample cylinder tests

Sample cyllinder tests are be carried out as follows:

a) forcy
from

1) one tensile test (in accordance with the requirements of ISO 6892-1), parent metal paralle

th

2) one tensile test (in accordance with th€ requirements of ISO 4136), perpendicular to
circumferential weld;

3) o
W

one dished end;

lded test specimens, in accordance with 9.1.2.

inders containing only circumferential welds (two-piecelcylinders), on test specimens tal
he locations shown in Figure 5, the following tests shall be carried out:

e circumferential seam or if it is not possibleyint the longitudinal direction, or the centrg

e root bend test (in accordance with the requirements of ISO 7438), of the circumferen
eld;

the
ted

Ken

to
of

the

Fial

Key

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 ISO 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 c);

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

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

6) one root bend test (in accordance with the requirements of I1SO, 7438), of the circumferential

a | Location of test specimen for tensile test.
b | Test specimen for tensile t€st;

¢ | Testspecimen for tensiletest.

d | Test specimen for root-bend test.

e | Testspecimen fortensile test.

f | Test specimen for root bend test.

weld, see Figure 6 f).

¢ d

Figure 6 — Test specimens taken from three-piece cylinders

9.1:272

m 1.
ITIIIT IEST

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.

© IS0 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

¢ % % %
mm
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) shallbe carried out on a tlest
specimen [having a reduced cross-section 25 mm in width for a length extending up to 15 mm beyqnd
the edges|of the weld (see Figure 7). Beyond this central part, the width of the test specimen shall
increase grogressively.

)V Dimensions in millimef{res

25

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

9.1.2.2.2.2 Only the tensile strength (Ry) value shall be determined. The tensile strength value
obtained, [, shall be not less than that guaranteed by the cylinder manufacturer, R, ,, irrespectivg of
where thelfracture occurs in the crgss*section of the central part of the test specimen.

18 © IS0 2023 - All rights reserved
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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
weld dressed flush

butt weld specimen

joggled joint weld specimen

Figure 8 — Typical bend tests

9.1.2.3.2 Cracks shall not appear in the test.specimen when it is bent around a mandrel through 180°
(sefe Figure 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

© IS0 2023 - All rights reserved 19
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9.2 Burst test under hydraulic pressure

9.2.1 Test conditions

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

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

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 record
The rate of pumping st MOt EXCEr TeT e ~T o - e

D 2 0 afive T Wa D2 a0 v 3 T oUT,

9.2.2 Interpretation of test
The criterfia adopted for the interpretation of the burst test are:
a) volunjetric expansion of the cylinder that equals:

1) the volume of water used between the time when the pressure starts tq rise and at the timg
bursting; or

2) the difference between the volume of the cylinder at the begimiing and the end of the t
(dee 9.2.3);

b) examijnation of the tear and the shape of its edges shall be in.accordance with 9.2.3.1.

The measyired bursting pressure, Py, shall not under any circumstances be less than double the press
P, and not less than 50 bar.

9.2.3 Vglumetric expansion

The ratio pf volumetric expansion of the cylinderiat burst to its initial volume shall be greater than
equal to:

a) wher¢ the minimum value of R, is < 410 MPa:

1) 29 % if the length of the cylinder is greater than its diameter;

2) 14 % if the length of the.cylinder is equal to or less than its diameter;
b) wherg the minimum value’of R, is > 410 MPa:

1) 15 % if the lengtlyof the cylinder is greater than its diameter;

2) 10 % if thélength of the cylinder is equal to or less than its diameter.

ed.

b of

est

jre

or

9.2.3.1 Il‘ype of fracture

The following requirements apply:

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

b) 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);
c) the fracture shall not reveal a visible defect in the metal;
d) the fracture shall not initiate in a weld;

e) the fracture 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 butane only, the stress within the wall of the cylinder shall not exceed 90(% of the minijnum 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 reachef.

9.3.6 The cylinder shall remain at the test pressure for a period-of time, at least 10 s for testing with
gageous media and 30 s for liquid media, that will make it'possible to establish that no lgak 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 gasias the pressurization medium for the pregsure test,
thgn no leakage test shall be required. Otherwise, each cylinder shall be subjected to a leak t¢st using a
gajeous media at the marked service pressure of the cylinder.

Radiographic and macro examination
9.4.1 Radiographic examination

9.4.1.1 General

The radiographic examination may be replaced by radioscopy or another suitable non-destructive
ing method jfthe applied method is carried out in accordance with a process that providef the same
1 of quality of'examination as radiographic examination. Radiographic examination shal]l conform
to the techniques specified in 9.4.1.4 and 9.4.1.5. Radiographic examination of the circumfereptial seam
onjtwo-piece cylinder designs is not required.

9.4.12 Joint efficiency “]” shall be 1,0 when each of the total circumferential seams and lopgitudinal
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) cracks, inadequate welds, lack of penetration or lack of fusion of the weld;

b) elongated inclusions or 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 pores measuring more than (a/3) mm;

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

e) gasp
24.

) ) )

9.4.2 Mpacro examination

The macr
welds sha

b examination, carried out in accordance with ISO 17639, of a full transverse“section of
1 show complete fusion and complete penetration as specified in 8.1.9 d){Iir'case of doub

microscopjic examination shall be made of the suspect area.

9.4.3 Examination of flange welding

For the ejamination of the boss welding, a radiographic or macro examination shall be carried ouf

time of ty

be approval as indicated in 11.1 or at any time the welding{parameters change.

9.4.4 Examination of welding of non-pressure containing attachments

For the egxamination of welding of non-pressure contdining attachments, radiographic or ma
examinatipns shall be carried out at the time of type approval in accordance with 11.1 or at any ti
the welding parameters change.

945 U

hacceptable imperfections at radiographic or macro examination

If the spot radiographic examination failsg't¢-meet the requirements of this document, two additio

cylinders

requiremgnts, production shall be stopped, and every cylinder welded since the preceding accept

radiograp
passing a

lan

the
k, a

at

Cro
me

establisheld and rectified, and:the starting up test procedure as specified in 10.1.3 has been repeated.

If any of t

and every| cylinder welded since the preceding acceptable macro examination shall be set aside u

it is demo

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

chine setting), or after a break in production exceeding 4 h.

1ts welds may be replaced by two macro examinations (see 9.4.2), one of which shall be af
he stop/start area and the other on the opposite side of the cylinder.

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

chine.

25 25

50

..... _><_ — .

50

150 150

[Figure 10.— Extent of radiography of welds (black sections in the figure) — Cylinde
circumferential and longitudinal welds

© IS0 2023 - All rights reserved

ction of the longitudinal and circumferential welds radiographed as.iridicated in Figure 1(.

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.

n cylinder

(including

the case of cylinders with an outside diameter less than 250 mm, radiography ef the lopgitudinal

the plane

I have the

ere more than one welding machine is used for production, the;above procedures shall apply to each

Dimensions in millimetres

's with

ied out on

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
wall thickness in the cylinder heads shall be 2 b.

minimum
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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

3 1 o) & | A |
mech IIICdAdIr LT o LDJ, | AAY) \,y ITTITUTI S,

d) burstftest 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 certificjte,
a typical gxample of which is given in Annex A.

11.2 A cyllinder shall be considered a new design, compared with an existing approved design, wheh:
a) itis manufactured in a different factory;
b) itis manufactured by a different process;

c) itis njanufactured from a different specified chemical composition range (e.g. 0,06 carbon verfus
0,18 cprbon) as specified in 5.2;

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

f) the weld-joint design has changed;

g) the nymber of openings has increased;

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

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

k) the erld thicknessor.water capacity has changed by more than 30 %.

11.3 Fatilgue testing/cycle testing

11.3.1 Forthe 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 acceptance purposes, the batch shall be divided into inspection lots not exceedingL-000|cylinders.
For selection of sample cylinders for either burst or mechanical tests, each lof{ is ‘subdiyided into
sulp-lots of 250 cylinders during the first 3 000 cylinders of a batch and thereafter sub-lotq of 500 or
1 000 cylinders, depending on cylinder size (see Figure 11).
Two cylinders, one for

burst test and one for
mechanical test

One cylinder for burst ‘ ‘ ‘ ‘ ‘ ‘

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

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

Two cylinders, one for
burst test and one for
mechanical test

One cylinder for burst ‘ ‘ ‘ ‘ ‘ ‘ ‘
test or mechanical test | | | | | | | | | | | | | | |

Number produced 0 250 500 750 1000 1500 2 000 2500 3000 3 500 4 000 4500 5000 5500 6 000
consecutively from
start 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 represent each cast of material used.

NO[TE The reduced rate of sampling for large volume manufacture (above 3 000 cylinders) is usuplly subject
£ £ N 3 £ £+ £ £ | £ tatlhh ot £l LbLatal 1
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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

1241 F(Jr cylinders with a water capacity greater than 35 1, for the first 3 000 cylinders in thé batch,
representftive cylinders shall be taken as specified in 12.2.2, 12.2.3 and 12.2.4.

12.4.2 Frpm each inspection lot over 3 001, representative cylinders shall be taken at-random. Frpm
the first 5p0 cylinders or less in each inspection lot remaining, representative cylindérs shall be taken
at randomy, one for the burst test and one for mechanical tests. From the remaining’500 cylinders or less
in such inppection lots, one representative cylinder shall be taken at random fer‘either a burst tesf or
mechanical tests (see Figure 11).

12.5 Failure to meet batch test requirements
12.5.1 In|the event of failure to meet batch test requirements, retesti}lg shall be conducted.

12.5.2 Ifthereis evidence of a faultin carrying out the mech@nical tests, or of an error of measuremgnt,
a second tlest on the same cylinder shall be performed. If the result of this test is satisfactory, the first
test shall be ignored.

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

12.5.3.1 Ifasingle cylinder fails the initial ni€chanical or burst test, cylinders shall be taken at randpm
from the dame 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
<250 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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