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European foreword

This document (EN ISO 9809-3:2019) has been prepared by Technical Committee ISO/TC 58 "Gas
cylinders" in collaboration with Technical Committee CEN/TC 23 “Transportable gas cylinders” the
secretariat of which is held by BSI.

This European Standard shall be given the status of a national standard, either by publication of an
identical text or by endorsement, at the latest by April 2020, and conflicting national standards shall be
withdrawn at the latest by April 2020.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CEN shall not be held responsible for identifying any or all such patent rights.

This document supersedes EN ISO 9809-3:2010.

This document has been prepared under a mandate given to CEN by the European Commission and the
European Free Trade Association.

According to the CEN-CENELEC Internal Regulations, the national standards organizations of the
following countries are bound to implement this European Standard: Austria, Belgium, Bulgaria,
Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland,
Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Republic
of North Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the
United Kingdom.

Endorsement notice
The text of ISO 9809-3:2019 has been approved by CEN as EN ISO 9809-3:2019 without any modification.
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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 procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see www.iso.
org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 58, Gas cylinders, Subcommittee SC 3,
Cylinder design.

This third edition cancels and replaces the second edition (ISO 9809-3:2010), which has been technically
revised. The changes compared to the previous edition are as follows:

— water capacity extended from below 0,5 1 and up to and including 450 I;

— Dbatch size for tubes now introduced;

— bend test retained only for prototype tests;

— testrequirements for check analysis (tolerances modified);

— new test requirements for threads introduced including an informative Annex F;
— original European Annexes now incorporated into the body of this document;

— Annex A "Manufacturing imperfections" now aligned with ISO/TR 16115.

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.

Documents

] Document SharingVHub
© IS0 2019 - All rights reserved

Full document details: BS EN ISO 9809-3:2019


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/foreword.html
http://www.iso.org/iso/foreword.html
https://doi.org/10.3403/30085144
https://doi.org/10.3403/30235345U
http://www.iso.org/members.html
http://www.avadocuments.com/doc/bs-en-iso-9809-3-2019
http://www.avadocuments.com/doc/bs-en-iso-9809-3-2019

BS EN ISO 9809-3:2019
IS0 9809-3:2019

Introduction

This document provides a specification for the design, manufacture, inspection and testing of a
seamless steel cylinder and tube. The objective is to balance design and economic efficiency against
international acceptance and universal utility.

ISO 9809 (all parts) aims to eliminate existing concerns about climate, duplicate inspections and
restrictions because of a lack of definitive International Standards.

This document is intended to be used under a variety of regulatory regimes and has been written so
that it is suitable to be referenced in the UN Model Regulations(Zl.
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INTERNATIONAL STANDARD IS0 9809-3:2019

Gas cylinders — Design, construction and testing of
refillable seamless steel gas cylinders and tubes —

Part 3:
Normalized steel cylinders and tubes

1 Scope

This document specifies minimum requirements for the material, design, construction and
workmanship, manufacturing processes, examination and testing at the time of manufacture for
refillable seamless steel gas cylinders and tubes with water capacities up to and including 450 1.

It is applicable to cylinders and tubes for compressed, liquefied and dissolved gases and for normalized
or normalized and tempered steel cylinders and tubes.

2 Normative references

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

[SO 148-1, Metallic materials — Charpy pendulum impact test — Part 1: Test method

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

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

ISO 6892-1, Metallic materials — Tensile testing — Part 1: Method of test at room temperature
IS0 9712, Non-destructive testing — Qualification and certification of NDT personnel

ISO 10286, Gas cylinders — Terminology

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

ISO 11114-1, Gas cylinders — Compatibility of cylinder and valve materials with gas contents — Part 1:
Metallic materials

ISO 11114-4, Transportable gas cylinders — Compatibility of cylinder and valve materials with gas
contents — Part 4: Test methods for selecting steels resistant to hydrogen embrittlement

ISO 13341, Gas cylinders — Fitting of valves to gas cylinders
IS0 13769, Gas cylinders — Stamp marking

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 10286 and the following apply.
[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp
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— IEC Electropedia: available at http://www.electropedia.org/

31

batch

quantity of up to 200 for cylinders and up to 50 for tubes, plus cylinders/tubes for destructive testing
of the same nominal diameter, thickness, length and design made successively on the same equipment,
from the same cast of steel and subjected to the same heat treatment for the same duration of time

Note 1 to entry: In this document where not specifically mentioned for “cylinder/tube” only the term “cylinder”
will be used.

3.2
burst pressure

Pb
highest pressure reached in a cylinder during a burst test

3.3
design stress factor
F
ratio of equivalent wall stress at test pressure, py, to guaranteed minimum yield strength, Reg

34

normalizing

heat treatment in which a cylinder is heated to a uniform temperature above the upper critical point,
Acsz, of the steel and then cooled in still air

3.5
reject
cylinder that has been set aside (Level 2 or Level 3) and not allowed to enter into service

3.6
rendered unserviceable
cylinder that has been treated in such a way as to render it impossible for it to enter into service

Note 1 to entry: Examples for acceptable methods to render cylinders unserviceable can be found in ISO 18119.
Any actions on cylinders rendered unserviceable are outside the scope of this document.

3.7
repair
action to return a rejected cylinder to a Level 1 condition

3.8

tempering

toughening heat treatment which follows normalizing, in which the cylinder is heated to a uniform
temperature below the lower critical point, Acy, of the steel

3.9
test pressure

Ph
required pressure applied during a pressure test

Note 1 to entry: Test pressure is used for cylinder wall thickness calculation.

3.10
working pressure
settled pressure of a compressed gas at a uniform reference temperature of 15 °C in a full gas cylinder
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3.11

yield strength

stress value corresponding to the lower yield strength, R, or for steels which do not exhibit a defined
yield, the 0,2 % proof strength (non-proportional extension), Rpo,2

Note 1 to entry: See ISO 6892-1.

4 Symbols

A percentage elongation after fracture

a calculated minimum thickness, in millimetres, of the cylindrical shell

a guaranteed minimum thickness, in millimetres, of the cylindrical shell

ai guaranteed minimum thickness, in millimetres, of a concave base at the knuckle (see Fig-
ure 2)

a; guaranteed minimum thickness, in millimetres, at the centre of a concave base (see Figure 2)

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

c maximum permissible deviation of burst profile, in millimetres (see Figure 5)

D nominal design outside diameter of the cylinder, in millimetres, (see Figure 1 and Figure 2)

Ds diameter, in millimetres, of former (see Figure 6)

design stress factor (variable), see 7.2
H outside height, in millimetres, of domed part (convex head or base end), (see Figure 1)

outside depth (concave base end), in millimetres (see Figure 2)

11 length of cylindrical part of the cylinder, in millimetres (see Figure 3)

Lo original gauge length, in millimetres, as defined in ISO 6892-1 (see Figure 8)

n ratio of the diameter of the bend test former to actual thickness of test piece, t
Pb measured burst pressure, in bars above atmospheric pressure

NOTE 1 bar = 105 Pa = 0,1 MPa.

Ph hydraulic test pressure, in bars, above atmospheric pressure

py observed pressure when cylinder starts yielding during hydraulic bursting test, in bars

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

Reg minimum guaranteed value of the yield strength (see 7.1.1), in megapascals, for the finished
cylinder

Rea actu)al value of the yield strength, in megapascals, as determined by the tensile test (see
10.2

Rmg minimum guaranteed value of the tensile strength, in megapascals, for the finished cylinder

Rma ?ctuzilovg)lue of the tensile strength, in megapascals, as determined by the tensile test

see 10.2
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So original cross-sectional area of tensile test piece, in square millimetres according to
ISO 6892-1

t actual thickness of the test specimen, in millimetres

tm average cylinder wall thickness at position of testing during the flattening test, in millime-
tres

u ratio of distance between knife edges or platens in the flattening test to average cylinder

wall thickness at the position of test
|4 water capacity of cylinder, in litres

w width, in millimetres, of the tensile test piece (see Figure 8)

5 Inspection and testing

Assessment of conformity to this international standard shall take into account the applicable
regulations of the countries of use.

To ensure that cylinders conform to this document, they shall be subject to inspection and testing in
accordance with Clauses 9,10 and 11.

Tests and examinations performed to demonstrate compliance with this document shall be
conducted using instruments calibrated before being put into service and thereafter according to an
established programme.

6 Materials
6.1 General requirements

6.1.1 Materials for the manufacture of normalized or normalized and tempered gas cylinders shall be
those generically classified as carbon-steels or carbon-manganese steels. The maximum actual tensile
strength, R4, for cylinders made from those steels shall not exceed 800 MPa.

Other steels specified in ISO 9809-1 or ISO 9809-2 for quenched and tempered cylinders may be used
and subjected to normalizing and tempering as specified in 6.3 provided that they additionally pass the
impact test requirements given in ISO 9809-1, and the maximum actual tensile strength, R, does not
exceed 950 MPa.

The steel used shall fall within one of the following categories:
a) internationally recognized cylinder steels;
b) nationally recognized cylinder steels;

c) new cylinder steels resulting from technical progress.

6.1.2 The material used for the manufacture of gas cylinders shall be steel, other than rimming quality,
with non-ageing properties and shall be fully killed with aluminium and/or silicon. If only aluminium is
used for killing, the metallic aluminium content shall be at least 0,015 %.

Where examination of this non-ageing property is required by the customer, the criteria by which it is
to be specified should be agreed with the customer and inserted in the order.

6.1.3 The cylinder manufacturer shall establish means to identify the cylinders with the cast of steel
from which they are made.
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6.1.4 Grades of steel used for cylinder manufacture shall be compatible with the intended gas service,

e.g. corrosive gases, embrittling gases (see ISO 11114-1 and ISO 11114-4).

6.1.5 Wherever continuously cast billet material is used, the manufacturer shall ensure that there are
no deleterious imperfections (porosity) in the material to be used for making cylinders (see 9.2.4).

6.2 Controls on chemical composition

6.2.1 The chemical composition of all steels shall be defined at least by:

— the carbon, manganese and silicon contents in all cases;

— the chromium, nickel and molybdenum contents or other alloying elements intentionally added

to the steel;

— the maximum sulfur and phosphorus contents in all cases.

The carbon, manganese and silicon contents shall be given, with tolerances, such that the differences
between the maximum and minimum values of the cast do not exceed the values shown in Table 1.

Table 1 — Chemical composition tolerances

Element Maximum content Permissible range Check analysis
(mass fraction) (mass fraction) Deviation from the limits
specified for the cast analy-
ses (mass fraction)
% % %
Carbon <0,30 % 0,06 +0,02
20,30 % 0,07 +0,02

<1,00 £ 0,04

Manganese All values 0,30
>1,00<1,70 £ 0,05

Silicon All values 0,30 +0,03

The actual content of any element deliberately added shall be reported and their maximum content
shall be representative of good steel making practice.

6.2.2 Except for steels conforming to ISO 9809-1 or I1SO 9809-2, the limits on carbon, manganese and
other alloying elements, given in Table 2, shall not be exceeded in the cast analysis of material used.

Table 2 — Limits on carbon, manganese and other alloying elements (mass fraction)

© IS0 2019 - All rights reserved

Full document details: BS EN ISO 9809-3:2019

Element Cast analysis Check analysis
(mass fraction) Deviation from the limits
specified for the cast
analyses (mass fraction)
% %
Carbon 0,45 See Table 1
Manganese 1,70 See Table 1
Chromium 0,20 +0,05
Molybdenum 0,20 +0,03
Nickel 0,20 +0,05
Copper 0,20 +0,05
Documents
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Element Cast analysis Check analysis

(mass fraction) Deviation from the limits
specified for the cast
analyses (mass fraction)

% %

Combined value of micro alloying elements:
i.e.V,Nb, Ti, B, Zr, Sn 0,15

6.2.3 The limits on sulfur and phosphorus, given in Table 3, shall not be exceeded in the cast analysis of
material used.

Table 3 — Maximum sulfur and phosphorus limits (mass fraction)

Sulfur 0,015 %
Phosphorus 0,020 %
Sulfur and phosphorus 0,030 %

6.2.4 The cylinder manufacturer shall obtain and make available certificates of cast (heat) analyses of
the steels supplied for the construction of gas cylinders.

Should check analyses be required, they shall be carried out either on specimens taken during
manufacture from the material in the form as supplied by the steel maker to the cylinder manufacturer,
or from finished cylinders. In any check analysis, the maximum permissible deviation from the limits
specified for the cast analyses shall conform to the values specified in Tables 1 and 2.

6.3 Heat treatment

The heat treatment process applied to the finished cylinder shall be either normalizing or normalizing
and tempering. The cylinder manufacturer shall certify the heat treatment process applied.

The heat treatment process shall achieve the required mechanical properties.

The actual temperature to which a type of steel is subjected for a given tensile strength shall not deviate
by more than £30 °C from the temperature specified by the cylinder manufacturer.

6.4 Failure to meet test requirements

In the event of failure to meet the test requirements, retesting or reheat treatment and retesting shall
be carried out as follows.

a) Ifthere is evidence of a fault in carrying out a test, or an error of measurement, a further test shall
be performed. If the result of this test is satisfactory, the first test shall be ignored.

b) If the test has been carried out in a satisfactory manner, the cause of test failure shall be identified.

1) Ifthefailureisconsidered to be due to the heat treatment applied, the manufacturer may subject
all the cylinders representing the nature of the failure to only one further heat treatment, e.g.
if the failure is in a test representing the prototype or batch cylinders, test failure shall require
reheat treatment of all the represented cylinders prior to retesting.

This heat treatment shall consist of re-normalizing or re-normalizing and tempering or
re-tempering.

Whenever cylinders are reheat treated, the minimum guaranteed wall thickness shall
be maintained.
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Only the relevant prototype or batch tests needed to prove the acceptability of the batch shall
be performed again. If one or more of these retests prove even partially unsatisfactory, all
cylinders of the batch shall be rejected.

2) If the failure is due to a cause other than the heat treatment applied, all cylinders with
imperfections shall be either rejected or repaired such that the repaired cylinders pass the
test(s) required for the repair. They shall then be re-instated as part of the original batch.

7 Design
7.1 General requirements

7.1.1 The calculation of the wall thickness of the pressure-containing parts shall be related to the
guaranteed minimum yield strength, Reg, of the material in the finished cylinder.

7.1.2 Cylinders shall be designed with one or two openings along the central cylinder axis only.
7.1.3  For calculation purposes, the value of Reg shall not exceed 0,75 Ryg.

7.1.4 The internal pressure upon which the calculation of wall thickness is based shall be the hydraulic
test pressure pp.

7.2 Design of cylindrical shell thickness

The guaranteed minimum thickness of the cylindrical shell, a’, shall not be less than that calculated
using Formulae (1) and (2). Additionally, Formula (3) shall be satisfied:

D 1OFReg _\/gph

- (1)

a=—
2 10 FR,,

where F < 0,85.
The wall thickness shall also satisfy Formula (2):

a2%+1 (2)

with an absolute minimum of a = 1,5 mm.

The burst ratio shall be satisfied by test as given in Formula (3):

Py /ph 21'22/(Reg /ng) (3)

NOTE1 It is generally assumed that py = 1,5 times working pressure for compressed gases for cylinders
designed and manufactured to this document.

NOTE 2  For some applications such as tubes assembled in batteries to equip trailers or skids (ISO modules) or
MEGCs for the transportation and distribution of gases, it is important that stresses associated with mounting
the tube (e.g. bending stresses, see Annex E, torsional stresses, dynamic loadings) are considered by the assembly
manufacturer and the tube manufacturer.

NOTE 3 In addition, during hydraulic pressure testing, tubes could be supported or lifted by their necks;
therefore, it should be necessary to consider potential bending stresses. For general guidance, see Annex E.
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7.3 Design of convex ends (heads and bases)

7.3.1 When convex base ends (see Figure 1) are used the thickness, b, at the centre of a convex end
shall be not less than that required by the following criteria: where the inside knuckle radius, r, is not less
than 0,075 D, then:

bz1,5afor0,40>H/D=0,20
bzafor H/D=0,40

To obtain a satisfactory stress distribution in the region where the end joins the shell, any thickening
of the end when required shall be gradual from the point of juncture, particularly at the base. For the
application of this rule, the point of juncture between the shell and the end is defined by the horizontal
lines indicating dimension H in Figure 1.

Shape b) in Figure 1 shall not be excluded from this requirement.

1

D/2
‘ D/2
|
a) b) c)
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D/2

d) e) f)
Key
1  cylindrical part

Figure 1 — Typical convex ends

7.3.2 The cylinder manufacturer shall prove by the pressure cycling test detailed in 9.2.3 that the
design is satisfactory.

The shapes shown in Figure 1 are typical of convex heads and base ends. Shapes a), b), d) and e) are
base ends, and shapes c) and f) are heads.

7.4 Design of concave base ends

7.4.1 When concave base ends (see Figure 2) are used, the following design values are recommended:

h=0,12D
rz0,075D

The design drawing shall at least show values for a1, az, h and r.

To obtain a satisfactory stress distribution, the thickness of the cylinder shall increase progressively in
the transition region between the cylindrical part and the base.
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7.4.2 The cylinder manufacturer shall in any case prove by the pressure cycling test detailed in 9.2.3
that the design is satisfactory.

J——

D/2

Figure 2 — Concave base end

7.5 Neckdesign

7.5.1 The external diameter and thickness of the formed neck end of the cylinder shall be adequate for
the torque applied in fitting the valve to the cylinder. The torque may vary according to the valve / fitting
type (e.g. plugs), diameter of thread, the form of thread and the sealant used in the fitting of the valve.

NOTE For information on torques, see ISO 13341.

7.5.2 In establishing the minimum thickness, the thickness of wall in the cylinder neck shall prevent
permanent expansion of the neck during the initial and subsequent fittings of the valve into the cylinder
without support of an attachment. The external diameter and thickness of the formed neck end of the
cylinder shall not be damaged (no permanent expansion or crack) by the application of the maximum
torque required to fit the valve to the cylinder (see ISO 13341) and the stresses when the cylinder is
subjected to its test pressure. In specific cases (e.g. very thin walled cylinders), where these stresses
cannot be supported by the neck itself, the neck may be designed to require a reinforcement, such as a
neck ring or shrunk-on collar, provided the reinforcement material and dimensions are clearly specified
by the manufacturer and this configuration is part of the type approval procedure (see 9.2.6 and 9.2.7).

7.6 Footrings

When a foot ring is provided, it shall be made of material compatible with that of the cylinder. The shape
should preferably be cylindrical and shall give the cylinder stability. The foot ring shall be secured to
the cylinder by a method other than welding, brazing or soldering. Any gaps which can form water
traps shall be sealed by a method other than welding, brazing or soldering.

7.7 Neckrings

When a neck ring is provided, it shall be of material compatible with that of the cylinder and shall be
securely attached by a method other than welding, brazing or soldering.

The manufacturer shall ensure that the axial load to remove the neck ring is greater than 10 times
the weight of the empty cylinder and not less than 1 000 N and that the torque to turn the neck ring is
greater than 100 Nm.
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7.8 Design drawing

A fully dimensioned drawing shall be prepared, which includes the specification of the material and
details relevant to the design of the permanent fittings. Dimensions of non-safety related fittings can be
agreed between the customer and manufacturer and need not be shown on the design drawing.

Consideration shall be given to the minimum required impact values at the lowest service temperature,
which may be either - 20 °C or — 50 °C (see 10.4, Table 5). The minimum permissible service temperature
shall be specified on the drawing.

8 Construction and workmanship

8.1 General

The cylinder shall be produced by

a) forging or drop forging from a solid ingot or billet,
b) manufacturing from seamless tube, or

c) pressing from a flat plate.

Metal shall not be added in the process of closure of the end. Manufacturing defects shall not be
corrected by the plugging of bases (e.g. addition of metal by welding).

8.2 Wall thickness

During production, each cylinder or semi-finished shell shall be examined for thickness. The wall
thickness at any point shall be not less than the minimum thickness specified.

8.3 Surface imperfections

The internal and external surfaces of the finished cylinder shall be free from imperfections which could
adversely affect the safe working of the cylinder. For examples of imperfections and assistance in their
evaluation, see Annex A.

8.4 Ultrasonic examination

8.4.1 After completion of the final heat treatment and after the final cylindrical wall thickness has been
achieved, each cylinder intended to be used for hydrogen, other embrittling gases, toxic or corrosive
gases with a test pressure greater than 60 bar, shall be ultrasonically examined for internal, external and
sub-surface imperfections in accordance with Annex B.

8.4.2 In addition to the ultrasonic examination as specified in 8.4.1, the cylindrical area to be closed
(that creates the shoulder and in case of cylinders made from tube also the base) shall be ultrasonically
examined prior to the forming process to detect any defects that after closure could be positioned in the
cylinder ends.

In case of cylinders produced from tube (provided that the thickness of the tube is unaltered) this
additional test is not required if the tube is 100 % ultrasonically tested before closure of the ends in
accordance with Annex B.

The test shall be performed as close as possible to the open end of the shell.

The untested area shall extend to a length of not more than 40 mm from the open end of the shell.
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