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Foreword
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ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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essions related to conformity assessment, as welltas information about I1SO's adher
d Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) s
iso/foreword.html.

This|
Cylin

This
revi

document was prepared by Technical Cammittee ISO/TC 58, Gas cylinders, Subcomf
der design.

third edition cancels and replaces the'second edition (1ISO 9809-3:2010), which has been
bed. 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;

batch size for tubes now introduced;

bend test retained only for prototype tests;

fest requirements‘for check analysis (tolerances modified);

hew test requirements for threads introduced including an informative Annex F;

priginal. European Annexes now incorporated into the body of this document;
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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.
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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

it i itahla ta b £, dintha 1IN Madal R 1ati [7]
that it is suitable-to-bereferencedinthe UN-Model e gttt oRS ==
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Ga

s cylinders — Design, construction and testing of

refillable seamless steel gas cylinders and tubes —

Part 3:
Normalized steel cylinders and tubes
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Scope

document specifies minimum requirements for the material, design,)constr
xmanship, manufacturing processes, examination and testing at the time of many
able seamless steel gas cylinders and tubes with water capacities up to.ahd including 4

hpplicable to cylinders and tubes for compressed, liquefied and dissolved gases and for
rmalized and tempered steel cylinders and tubes.

Normative references
titutes requirements of this document. For dated, references, only the edition cited

| 48-1, Metallic materials — Charpy pendulumimpact test — Part 1: Test method
h506-1, Metallic materials — Brinell hardness test — Part 1: Test method
h508-1, Metallic materials — Rockwéll*hardness test — Part 1: Test method
h892-1, Metallic materials — Tensile testing — Part 1: Method of test at room temperatur¢
D712, Non-destructive testing'— Qualification and certification of NDT personnel
0286, Gas cylinders +\lerminology

D809-1, Gas cylinders — Design, construction and testing of refillable seamless steel gas ]|
s— Part 1: Quénched and tempered steel cylinders and tubes with tensile strength less tha

11114-1,,6as cylinders — Compatibility of cylinder and valve materials with gas content
llic materials

13114-4, Transportable gas cylinders — Compatibility of cylinder and valve materid

uction and
facture for
501

normalized

following documents are referred to in the text in such a way that some or all of their content

hpplies. For

ited references, the latest edition of the referenced'document (including any amendmernts) applies.

ylinders and
h 1100 MPa

s — Part 1:

Is with gas

cont

nts — Part4d: Test mot‘hnrfcfnr calarf'fng steels resistant to hyr]rngon embrittlement

ISO 13341, Gas cylinders — Fitting of valves to gas cylinders

[SO 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

© IS0 2019 - All rights reserved
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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

Py
highest pregsure reached in a cylinder during a burst test

3.3
design str¢ss factor
F
ratio of equfvalent wall stress at test pressure, py, to guaranteed minimum yieldstrength, R,

34
normalizing
heat treatmjent in which a cylinder is heated to a uniform temperature’above the upper critical ppint,
Ac;, of the gteel and then cooled in still air

3.5
reject
cylinder thqt has been set aside (Level 2 or Level 3) and net allowed to enter into service

3.6
rendered ynserviceable
cylinder th3t has been treated in such a way as ta-render it impossible for it to enter into service

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

3.7
repair
action to refurn a rejected cylifider 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, Ac;, of the steel

3.9
test pressure

Pn
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

2 © IS0 2019 - All rights reserved
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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), R, ,

Note 1 to entry: See ISO 6892-1.

4

Py

Ph

ea
mg

ma

Symbols

percentage elongation after fracture

3:2019(E)

calculated minimum thickness, in millimetres, of the cylindrical shell
guaranteed minimum thickness, in millimetres, of the cylindrical shell
guaranteed minimum thickness, in millimetres, of a concave base at theknuckle (s
guaranteed minimum thickness, in millimetres, at the centre of-a concave base (s
guaranteed minimum thickness, in millimetres, at the centre.of a convex base (se
maximum permissible deviation of burst profile, in millimetres (see Figure 5)

nominal design outside diameter of the cylinder,in‘millimetres, (see Figure 1 and

pe Figure 2)
pe Figure 2)

e Figure 1)

Figure 2)

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

design stress factor (variable), see 7.2

outside height, in millimetres, of domed part (convex head or base end), (see Figul
outside depth (concave base end), in millimetres (see Figure 2)

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

original gauge length,in millimetres, as defined in ISO 6892-1 (see Figure 8)
ratio of the diameter of the bend test former to actual thickness of test piece, t
measured burst pressure, in bars above atmospheric pressure

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

hydraulic test pressure, in bars, above atmospheric pressure

observed pressure when cylinder starts yielding during hydraulic bursting test, i

"s
D
—_

—

h bars

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

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

cylinder

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

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

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

(see 10.2)

© IS0 2019 - All rights reserved
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able

shed

S, 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
ty average cylinder wall thickness at position of testing during the flattening test, in millimetres
u ratio of distance between knife edges or platens in the flattening test to average cylinder
wall thickness at the position of test
% 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 acceunt the applic
regulations|of the countries of use.
To ensure that cylinders conform to this document, they shall be subject to‘inspection and testing in
accordancefwith Clauses 9, 10 and 11.
Tests and ekaminations performed to demonstrate compliance with-this document shall be conducted
using instriiments calibrated before being put into service and thereafter according to an establi
programms.
6 Materjals
6.1 Gendral requirements

6.1.1 Mat
those gene;
strength, R,

Other steel
and subject
impact test
exceed 950

The steel uf

a)

b) nationd

internaftionally~re’cognized cylinder steels;

erials for the manufacture of normalized or normalized and tempered gas cylinders shg
ically classified as carbon-steels-er carbon-manganese steels. The maximum actual te

> for cylinders made from thosé steels shall not exceed 800 MPa.

b specified in ISO 98094 ot 1SO 9809-2 for quenched and tempered cylinders may be
bd to normalizing and tempering as specified in 6.3 provided that they additionally pas
requirements givenin ISO 9809-1, and the maximum actual tensile strength, R_ ., doe
MPa.

ma’

ed shall fall Within one of the following categories:

lly recognized cylinder steels;

1l be
nsile

sed
5 the
b not

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 kill

ing, 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 specif

ied 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.

© ISO 2019 - All rights res
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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:

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

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

the steel;

— fthe maximum sulfur and phosphorus contents in all cases.

The [carbon, manganese and silicon contents shall be given, with tolerapees; 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 Permissiblé range Check anallysis
(mass fraction) (mass fraction) Deviation from|the limits
specified for the|cast analy-
ses (mass fraction)
% % %
Carlpon <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 Allvalues 0,30 +0,03

The Jactual content of any element deliberately added shall be reported and their maximum content
shal] be representative of-good steel making practice.

6.2.2 Except for ste€ls conforming to ISO 9809-1 or ISO 9809-2, the limits on carbon, manpganese and
othefr alloying elements, given in Table 2, shall not be exceeded in the cast analysis of materidl used.

Table2.— Limits on carbon, manganese and other alloying elements (mass fragtion)

Element Cast analysis Check analysis
fmassfraction}——Peviationfremthe 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

© IS0 2019 - All rights reserved
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Table 2 (continued)

Element Cast analysis Check analysis

(mass fraction)
specified for the cast

% %

Deviation from the limits

analyses (mass fraction)

Com

bined value of micro alloying elements:

i.e.V,Nb, Ti, B, Zr, Sn 0,15

6.2.3 The
material usg

6.2.4 The
the steels sy

Should che
manufactur
or from fin
specified fo

6.3 Heat

The heat tr
and temper

The heat tr4

The actual femperature to which a type of steel is subjected for a given tensile strength shall not dey

by more thg

limits on sulfur and phosphorus, given in Table 3, shall not be exceeded in the cast analys
pd.

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

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

cylinder manufacturer shall obtain and make available certificates of cast (heat) analys
Ipplied for the construction of gas cylinders.

ck analyses be required, they shall be carried out)either on specimens taken dy
e from the material in the form as supplied by the steel maker to the cylinder manufact
shed cylinders. In any check analysis, the maxithum permissible deviation from the lj

I the cast analyses shall conform to the valuesispecified in Tables 1 and 2.

treatment

patment process applied to the finished cylinder shall be either normalizing or normal
ing. The cylinder manufacturer shall certify the heat treatment process applied.

batment process shall achievesthe required mechanical properties.

n +30 °C from the temperature specified by the cylinder manufacturer.

6.4 Failure to meet tést requirements

In the even
be carried ¢

of failure\to meet the test requirements, retesting or reheat treatment and retesting
ut as fellows.

is-evidence of a fault in carrying out a test, or an error of measurement, a further test

hrivmad Tfthao racult Afthic tactic caticfantnryg tha fivctrtnct chall bhaignarad
S ea—tttteFeStht et SteS155a OF S5t+e5t ¥

is of

es of

ring
urer,
mits

zing

riate

shall

shall

TroTotT TITC-TIT ST T 1oe-T ToOTCCtT

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

Ifthe failure is considered 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

a) Iftherg
be perf
b)
1)
ma
6

intained.
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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

guar

7.1.1

7.1.

7.1.4
test

7.2

The
usin

whe

The

with

The

anteed minimum yield strength, R,,, of the material in the finished cylinder.

eg’

. Cylinders shall be designed with one or two openings along the centfal-cylinder axis

3 For calculation purposes, the value of R,, shall not exceed 0,75 Ry,

. The internal pressure upon which the calculation of wallthickness is based shall be t}
pressure py,.

Design of cylindrical shell thickness

guaranteed minimum thickness of the cylindrical shell, a’, shall not be less than tha

b Formulae (1) and (2). Additionally, Formula@{3) shall be satisfied:
D 10 FRo, —/3py,

n=—|1-
2 10 FRg

re F<0,85.

wall thickness shall als@ satisfy Formula (2):

12L+1
250

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

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

only.

e hydraulic

[ calculated

e8]

(2)

3

NOTE 1

o/ Dy, 21,22/(Rpg /ng)

designed and manufactured to this document.

NOTE 2

It is generally assumed that p;, = 1,5 times working pressure for compressed gases for cylinders

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
therefore, it should be necessary to consider potential bending stresses. For general guidance, see Annex E.

© IS0 2019 - All rights reserved
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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:

b>1,5 a for 0,40 > H/D = 0,20

bzafor H/D=0,40

To obtain a
of the end ¥
application
lines indica

Shape b) in

satisfactory stress distribution in the region where the end joins the shell, any thickening
vhen required shall be gradual from the point of juncture, particularly at the base, For the
of this rule, the point of juncture between the shell and the end is defined by the horizgntal
Fing dimension H in Figure 1.

Figure 1 shall not be excluded from this requirement.

© ISO 2019 - All rights reserved
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Figure 1 — Typical convex ends
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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
r=0,07pD

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

To obtain aatisfactory stress distribution, the thickness of the cylifidet shall increase progressivdly in
the transitipn region between the cylindrical part and the base.

N
(O8]

7.4.2 The|cylinder manufacturer shall in any case prove by the pressure cycling test detailed in |
that the desjign is satisfactory.

——

D/2

Figure 2 — Concave bhase 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

10 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=75d86116121cb8d1fd2666c54c08b5a5

IS0 9809-3:2019(E)

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 prnfnrah]y he r‘y]inﬂrir‘a] and shall givn the r‘y]inr‘]nr cfc\hi“fy The foot ring shall be secured to
the ¢ylinder by a method other than welding, brazing or soldering. Any gaps which canform water
trapp shall be sealed by a method other than welding, brazing or soldering.

7.7 | Neckrings

Whedn a neck ring is provided, it shall be of material compatible with that©of‘the cylinder 4nd shall be
seculrely attached by a method other than welding, brazing or soldering.

The jmanufacturer shall ensure that the axial load to remove the neck ring is greater than 10 times
the yeight of the empty cylinder and not less than 1 000 N and thatthe torque to turn the neck ring is
greater than 100 Nm.

7.8 | Design drawing

A fu]ly dimensioned drawing shall be prepared, which’includes the specification of the material and
detajils relevant to the design of the permanent fittings. Dimensions of non-safety related fittings can be
agreled between the customer and manufacturerzand need not be shown on the design drawing.

Congideration shall be given to the minimum required impact values at the lowest service tgmperature,
whigh may be either - 20 °C or — 50 °C (seef10.4, Table 5). The minimum permissible service temperature
shal] be specified on the drawing.

8 [LConstruction and workmanship

8.1 | General

The cylinder shall be-produced by

a) forging or drop forging from a solid ingot or billet,
b) manufaetiring 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.
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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

8.4.2

imperfections in accordance with Annex B.

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 ¢

additional est is not required if the tube is 100 % ultrasonically tested before closure of the en

accordance
The test shd
The untestq

In both 8.4.]

a cylindricdl length of less than 200 mm or where the product of p;, x V4600 bar - L

NOTE T

8.5 Out-¢f-roundness

The out-of-J

8.6 Mean diameter

The mean ¢
not deviate

8.7 Strai

The maxim
3 mm per 1y

ylinders produced from tube (provided that the thickness of the tube is unaltened)

with Annex B.
1l be performed as close as possible to the open end of the shell.
d area shall extend to a length of not more than 40 mm from the opew’end of the shell.

| and 8.4.2 it is not required to perform the ultrasonic examination for small cylinders

his examination does not necessarily cover the tests required in 6.4.

utside diameter of the cylindricalpart outside the transition zones on a cross-section
by more than +1 % from themominal outside diameter.

ghtness

im deviation (b) efthe cylindrical part of the shell (/;) from a straight line shall not ex
etre length (see‘Figure 3).

8.8 Verti

For a cylinder designed to stand on its base, the deviation from the vertical (a) shall not exceed 10
per metre lgngth (/;) (see Figure 3) and the outer diameter of the surface in contact with the grou
recommendedAo be greater than 75 % of the nominal outside diameter.

ality andstability

this
s in

with

oundness of the cylindrical shell, i.e. the difference between the maximum and minijnum
outside diameters at the same cross-section, shall not exéeed 2 % of the mean of these diameters.

shall

ceed

mm
nd is

12
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~

a2 Maximum 0,01 x [, (see 8.8).
b Maximum 0,003 x [, (see 8.7).

Figure 3 — Deviation of cylindrical part of shell from a straight line and from vertical

8.9 | Neck threads

The [internal neck threads shall conform te.a recognized standard agreed on between the parties to
permhit the use of a corresponding valve)thus minimizing neck stresses following the valvle torqueing
opetfation. Internal neck threads shallvbe checked using gauges corresponding to the agreed neck
threpd or by an alternative method agreed on between the parties.

NOTE For example, wheresthe neck thread is specified to be in accordance with ISO 11363-1, the
corr¢sponding gauges are specified in ISO 11363-2.

Partjicular care shall bestaken to ensure that neck threads are accurately cut, of full form andl free of any
sharp profiles, e.g. burrs:

9 [lype approval procedure

9.1 | Géneral requirements

A techmicatspecification of eacir mew desigr of cytinmders or cytinder famity asdefimed i), including
design drawing, design calculations, steel details, manufacturing processes and heat treatment details,
shall be submitted by the manufacturer to the inspector. The type approval tests detailed in 9.2 shall be
carried out on each new design under the supervision of the inspector.

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

a) itis manufactured in a different factory;

b) it is manufactured by a different process (see 8.1); this includes the case when major process
changes are made during the production period, e.g. end forging to spinning, change in type of heat
treatment etc.;
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c) itismanufactured from a steel of different specified chemical composition range as defined in 6.2.1;

d) itis given a different heat treatment beyond the limits stipulated in 6.3;

e) the base profile has been changed, e.g. concave, convex, hemispherical or also if there is a change in
base thickness/cylinder diameter ratio;

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

g) the nominal outside diameter has been changed;

h) the gudranteed minimum thickness has been changed;

i) thehydraulic test pressure, p;, has been increased (where a cylinder is to be used for lowef pressure
duty thpn that for which design approval has been given, it shall not be deemed to be.a new desfign);
NOTE When the test pressure has decreased a revision of the approval certificatexxoeuld be needed

j) the gugranteed minimum yield strength, R, and/or the guaranteed minimum tensile strength,
Rig haye changed.

If the diamdter of the internal thread has increased by less than 50 % then:

k) in caselof tapered threads the torque test shall be performed (see 9.2.6).

1) in caselof parallel threads the calculation of the shear strength shall be performed (see 9.2.7).

If the diam¢ter of the internal thread has increased by 50,% or more, the pressure cycling test on|two
cylinders shall also be performed (see 9.2.2)
In both cas¢s the new diameter shall be reported in(the revised type approval certificate.
9.2 Prototype tests
9.2.1 Ge;[eral requirements
A minimum of 50 cylinders and "5 for tubes which are guaranteed by the manufacturer tp be
representatjive of the new design, shall be made available for prototype testing. However, if for spgcial
application$ the total number of cylinders required is less than 50, a sufficient number of cylinders
shall be made to complete“the prototype tests required, in addition to the production quantity, but in
this case thg approval validity is limited to this particular production batch.
In the courde of the\type approval process, the inspector shall select the necessary cylinder for test and
a) verify thatt

— thedesign conforms to the requirements of Clause 7,

the thicknesses of the walls and ends on two cylinders (those taken for mechanical testing)

meet the requirements of 7.2 to 7.5, the measurements being taken at least at three transverse

secC

the

tions of the cylindrical part and on a longitudinal section of the base and head;

requirements of Clause 6 are complied with;

by the inspector;

the

14

m unsafe for use (for examples, see Annex A);

the requirements of 7.6, 7.7 and 8.5 to 8.9, inclusive are complied with for all cylinders selected

the internal and external surfaces of the cylinders are free of any defect which might make
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— the geometrical requirements for the neck thread are complied with for all cylinders selected

by the inspector.

supervise the following tests on the cylinders selected:

the tests specified in 9.2.2 (hydraulic burst test) on two cylinders, the cylinders bearing

representative stamp markings;

the tests specified in 10.1.3 (mechanical testing) on two cylinders, the test pieces being

identifiable with the batch;

the tests specified in 9.2.3 (pressure cycling test) on three cylinders, the cylind

rs bearing

.1 Testinstallation

test equipment shall be capable of operatitig in accordance with the test conditions
.2 and of producing accurately the information required by 9.2.2.3.

pbical hydraulic burst test installation;is illustrated in Figure 4.

representative stamp markings;

the tests specified in 9.2.5 (bend test and flattening test) on two cylinders, the test pieces being

identifiable with the batch. Either two bend tests (see 9.2.5.1) in a circumferential
one flattening test (see 9.2.5.2) or one ring flattening test (see 9.2.5.3),.This can be
cylinders as those taken for mechanical testing;

the test specified in 9.2.4 (base check) shall be performed on the two cylinders
mechanical testing;

the tests specified in 9.2.6 (torque test for taper thread only) on one cylinder, being
with the batch or 9.2.7 (shear stress calculation for pafallel threads).

Hydraulic burst test

Hirection or
bn the same

selected for

identifiable

specified in

© IS0 2019 - All rights reserved
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7

Key
test fluid reservoir

tank for[measurement of test fluid((the feed tank can also be used as a measuring tank)
pump
pressur¢ gauge
pressur¢/time curve recorder
vent or 3ir release valyve

test wel

O N O U1 D W N R

cylinder

Figure 4 — lypical hydraulic burst test installation

9.2.2.2 Test conditions

As the cylinder and test equipment are being filled with water, care shall be taken to ensure that no air
is trapped in the circuit by operating the hydraulic pump until water is discharged from the vent or air-
release valve.

During the test, pressurization shall be carried out in two successive stages.

a) Inthe first stage, the pressure shall be increased at a rate of not more than 5 bar/s up to a pressure
value corresponding to the initiation of plastic deformation;
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b) In the second stage, the pump discharge rate shall be maintained as constant as possible until the
cylinder bursts.

9.2.2.3 Interpretation of test results

9.2.2.3.1 The interpretation of the burst test results shall involve:

a) examination of the pressure/time curve or pressure/volume of water used curve, to permit
determination of the pressure, p,, at which plastic deformation of the cylinder commences, together
with the bursting pressure, py;

b) pxamination of the burst tear and of the shape of its edges.

9.2.2.3.2 For the results of a bursting test to be considered satisfactory, the following rdquirements
shall be met:
a) fhe observed yield pressure, p,, shall be greater than or equal to %xtest pressure, |p,, with an
hbsolute minimum of 1,18 x test pressure py;

b) fhe actual burst pressure, p,, shall be greater than or equal to 1,22/(Reg/Rpg) tinjes the test
pressure py, i.e. Formula (4):

by > 1 zz[Rﬁ]x 4)
b=+ R ph

mg
9.2.2.3.3 The cylinder shall remain in one piece“and shall not fragment.

9.2.2.3.4 The main fracture shall be insthe cylindrical portion and shall not be brittle, i.e. the fracture
edgds shall be inclined with respect texthe wall. The tear shall not reveal a significant imperfection in
the metal and in no case shall reach the neck. For concave bases, the tear shall not run further than the
cylirldrical body at the base end and for convex bases, the tear shall not reach the centre of the base.

9.2.2.4 Acceptance criteria
The fracture shall be acceéptable only if it conforms to one of the following descriptions:
a) |ongitudinal,sithout branching (see Figure 5 a);

b) Jongitudinal, with a side branching at each end, which in no case extends one half of the cylinder
Circumference [see Figure 5 b)];

c) longitudinal, with fishtail branching at one end [see Figure 5 c)], or at both ends [see Figure 5 d)].

If the configuration of the fracture does not conform to Figure 5, but all other material and mechanical
test results are satisfactory, investigation of the cause of the non-conformity shall be undertaken prior
to acceptance or rejection of the batch.
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9.2.3 Pr¢

This test s
liquid subije
hydraulic t¢g

For cylinde
two thirds

f
The value OT the lower cyclic pressure shall not exceed 10 % of the upper cyclic pressure, but shall

an absolute
The cylinde
The freque

measured gn the outside sufface of the cylinder shall not exceed 50 °C during the test.

After the te
thickness is
the usual p
shape of thg

c< (mD)/2 c< (nD)/2 c’< (nD)/2

b)

) d)

Figure 5 — Acceptable burst profiles

ssure cycling test

hall be carried out on cylinders bearing representative markings with a non-corr
cting the cylinders to successive reversals at-an upper cyclic pressure which is equal t
st pressure, p;.. The cylinders shall withstaxd 12 000 cycles without failure.

s with hydraulic test pressure p, > 450 bar, the upper cyclic pressure may be reducg
this test pressure. In this case, thecylinders shall withstand 80 000 cycles without fai

maximum of 30 bar.

hcy of reversals of-pressure shall not exceed 0,25 Hz (15 cycles/min). The temperq

st, the cylinder bases shall be sectioned to measure the thickness and to ensure that]
sufficiently close to the minimum thickness prescribed in the design and shall be w
Foductiontolerances. In no case shall the actual base thickness (a; or b depending or
base) exceed the minimum value(s) specified on the drawing by more than 15 %.

r shall actually experience the maximum and minimum cyclic pressures during the test.

sive
the

d to
lure.

have

ture

this
thin
| the
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dco actoias 3 axrc ottoin ool B kbar

out
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developing a leak.

9.2.4 Base check

A meridian section shall be made in the base centre of the cylinder and one of the surfaces thus obtained
polished for examination under a magnification of between x5 and x10.

The cylinder shall be regarded as defective if the presence of cracks is detected. It shall also be regarded
as defective if the dimensions of any pores or inclusions present reach values considered to pose a

threat to sa

18

fety.
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For cylinders manufactured from tube, the base section shall be etched after the initial visual
examination of the polished surface to verify the absence of a plug. Plugged cylinders shall not be
approved.

In no case shall the sound thickness (i.e. the thickness with no imperfections) in the base centre be less
than the minimum specified thickness (see 7.3.1).

9.2.5 Bend test and flattening test

9.2.5.1 Bend test

9.2.5.1.1 The bend test shall be carried out on two test pieces obtained by cutting either| one or two
ring$ of width 25 mm or 4 ¢, whichever is the greater, into equal parts (see Figure 7). Each tes|t piece shall
be of sufficient length to permit the bend test to be carried out correctly. Only the edges’of ea¢h strip may
be njachined.

9.2.5.1.2 The test piece shall not crack when bent inwards around the former until the insjde surfaces
are ot further apart than the diameter of the former (see Figure 6).

9.2.5.1.3 The diameter of the former, D, shall be established from Table 4 for the actual tensjle strength,

R, |given in Table 4; D¢ < n x test piece thickness t.

Figure 6 — Illustration of bend test

9.2.5.2 [Flattening test

9285241 Theflattening testshallbe pnrfnrmnr] onone r‘y]indnr selected after heat treatmdnt.

9.2.5.2.2 The test cylinder shall be flattened between wedge-shaped knife edges with a 60° included
angle, the edges being rounded to a nominal radius of 13 mm. The length of the wedges shall be not
less than the width of the flattened cylinder. The longitudinal axis of the cylinder shall be at an angle of
approximately 90° to the knife edges.

9.2.5.2.3 The testcylinder shall be flattened until the distance between the knife edges is in accordance
with Table 4. Distance between knife edges or platens = <u x ¢, where ¢, is the average cylinder wall
thickness at the position of testing. The flattened cylinder shall remain visually uncracked.
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9.2.5.3 Ring flattening test

The ring flattening test shall be carried out on one ring of width 25 mm or 4t, whichever is the greater,
taken from the cylinder body (see Figure 7). Only the edges of the ring may be machined. The ring shall
be flattened between platens until the distance between platens is in accordance with Table 4. The
flattened ring shall remain visually uncracked.

Table 4 — Bend tests and flattening test requirements

Actual tensile strength R, Bend test Flattening test
(cylinder or ring)
MPa Value of n Value of u
R, <500 2 4
500 <R, <670 3 5
670 <R, <800 4 6
800 <R, <950 6 8

9.2.6 Torjque test for taper thread only

9.2.6.1 Procedure

The body of the cylinder shall be held in such a manner as to preventit from rotating. The cylinder shall
be fitted with a valve or a plug and tightened to 1,5 times the maximum torque specified in ISO 13341
for the releyant material or as recommended by the manufacturer where not covered by ISO 13341. Ifa
neckring is jpart of the cylinder design, it shall be attached to(the cylinder during torque test.

The paramgters that shall be monitored and recorded.are:
a) valve or plug material;

b) valvingprocedure;

c) applied torque;

d) diameter of internal taper thread at'upper end.

9.2.6.2 Afceptance criteria

The cylinder neck and threads shall remain within the design drawing and gauge tolerance.
9.2.7 Shdar stress-calculation for parallel threads

9.2.7.1 Procedure

The bigger diameter of the parallel threads shall have a tight Tit and a calculated shear strengteh of at
least 10 times the shear stress at the test pressure of the cylinder.

NOTE An example of the shear stress calculation can be found in Annex F which is based on US-FED-
STD-H28/2.

The parameters that shall be recorded are:
a) calculated shear stress level.

b) type of thread.
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9.2.7.2 Acceptance criteria

The calculated shear strength shall be at least 10 times the shear stress at test pressure.

9.3 Type approval certificate

3:2019(E)

If the results of the verifications and tests according to 9.2 are satisfactory, the inspector shall issue a
type approval certificate. Annex C provides an example of a type approval certificate. Other formats
with at least the same content are also acceptable.

10 Batchtests

10.1 General requirements

10.
finished cylinders.

For the purposes of batch testing, the manufacturer shall provide the ifispector with:

10.

.1 All tests for checking the quality of the gas cylinder material shall be cartied out on m|

Lhe type approval certificate;
Lhe certificates stating the cast analyses of the steel supplied for the manufacture of thg
pvidence that appropriate heat treatment has been performed;

the certificates showing the ultrasonic examinatiofrresults, where applicable;
h list of the cylinders, stating serial numbers-and stamp markings, as required;

ronfirmation that threads are checked inmjaccordance with gauging requirements. The g
lised shall be specified (e.g. ISO 11363-2).

1.2 During batch testing, the inspector shall undertake the following.
Ascertain that the type approval certificate has been obtained and that the cylinders cq

Check whether the requirements given in Clauses 6, 7 and 8 have been met and, in
check by an externaliand internal visual examination of the cylinders whether their c
s satisfactory. The\inspector shall verify that the requirements of 7.7, 7.8 and 8.2 to 8.4
fulfilled by theé manufacturer. The visual examination shall cover at least 10 % of tH
manufactured: " However, if an unacceptable imperfection is found (as specified in Anng
bf cylindérsishall be visually inspected;

Selectthe necessary cylinders per batch for destructive testing and carry out the tests
10:1.3 (mechanical testing). Where alternative tests are permitted, the purchaser and m

Aterial from

b cylinders;

auges to be

nform to it;

particular,
pnstruction
D have been
e cylinders
x A), 100 %

specified in
hnufacturer

1 11 Lialat i o 1o PR | i
IIall asl CU UIT WIIITCIT LTOLlS5S AdIT tu L L4adrricua vug,

Check whether the information supplied by the manufacturer referred to in 10.1.1 is correct;

Random checks shall be carried out;

Assess the results of hardness testing specified in 11.3.

1.3 The following tests shall be carried out on one cylinder of each batch of cylinders.

one tensile test in the longitudinal direction (see 10.2);

three impacttests in the transverse or longitudinal direction as required in 10.3, when the minimum
guaranteed wall thickness of the cylinder permits the machining of a test piece at least 3 mm thick;

© IS0 2019 - All rights reserved
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— for cylinders made from continuously cast billet material, a base check in accordance with 9.2.4.

NOTE For the location of test pieces, see Figure 7.

Z
Il
L ]
1 2
' — 3
I S —

4
Z
Key
1  bend tegt pieces (for prototype test-only)
2 transverse impact pieces
3 longitudinal impact test piecés(alternative positions shown dotted)
4  tensile tpst piece

Figure 7 — Typical location of test pieces

10.2 Tensjletest

10.2.1 A tensile test shall be carried out on material taken from the cylindrical part of the cylinder by
adopting either of the following procedures.

a) Rectangular specimens shall be prepared in accordance with Figure 7 and with a gauge length
L,=5,65,/S, . The two faces of the test piece representing the inside and the outside surfaces of

the cylinder shall not be machined. The elongation, 4, shall be not less than the values given in

Formula (5):

A= 25000
2XR 4

(5)
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with an absolute minimum of 20 %.

b) Machined round specimens shall be prepared having the maximum diameter practicable, the
elongation, 4, measured on a gauge length of five times the specimen diameter being not less than
the value calculated by the formula in 10.2.1 a) increased by 2 %, with an absolute minimum of 22 %.

It is recommended that machined round test pieces not be used for wall thicknesses less than 3 mm.

10.2.2 The tensile test shall be carried out in accordance with ISO 6892-1.

NOTE Attention is drawn to the method of measurement of elongation described in ISO 6892-1, particularly
in cqses WheTe tihe tensile test piece 1S tapered, Tesutting i a point of fracture away fromr the hiddle of the
gaugg length.

v < 4t
v <D/8

Figure 8 — Tensile test piece

10.3 Impact test

10.3.1 Except for the requirements set out in this subclause, the test shall be carried out infaccordance
with| ISO 148-1.

The jmpact test pieces’shall be taken in the direction as required in Table 5 from the wall of the cylinder.
The [notch shall be-perpendicular to the face of the cylinder wall (see Figure 9). For longitudinal tests,
the fest piece~shall be machined all over (on six faces). If the wall thickness does not pefmit a final
test |piece width of 10 mm, the width shall be as near as practicable to the nominal thickness of the
cylinderwall. The test pieces taken in the transverse direction shall be machined on four fag¢es only, the
outer face of the cylinder wall being unmachined and the inner face optionally machined s shown in

Figure—16-
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N s

<

—

7

Key

1 transverse test piece

2 cylinderflongitudinal axis

3 Charpy V-notch perpendicular to the wall
4 longitudinal test piece

a) Test piece takenfrom
cylinderwall

Figure 9 — Description of transverse and longitudinal impact test pieces

— ~
- j]i -

b) Frontview of test piece
in impact tester

l 3
2

L

|
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4

c) Top view of test piece
in impact tester

Key

1  machinipgOptional
2 striking anvil

3  testpiece

4  centre of strike

a

Direction of strike.

Figure 10 — Description of transverse impact testing
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10.3.2 Minimum acceptance values shall be as given in Table 5.

Table 5 — Impact test acceptance values (R,,, < 800 MPa)

ma =

Cylinder diameter D, mm >140 <140
Direction of testing transverse longitudinal
Test temperature?, °C -20 or -50 -20 or =50

b Mean of three test pieces 20 40
Impact valueb J/cm? . .

Individual test piece 16 32

a he—testtemperatireshat-bespeeiied by themanHactireranrd—shal-beeonsideredas—theriniam permissible

servjce temperature for that cylinder design.

b The impact value (J/cm?) is calculated by dividing the impact energy (]) by the actual cross-sectiohal afea below the
notch (cm?2) of the Charpy test specimen.

Impact values for cylinders with maximum tensile strength above 800 MPa shall:meet the requirements
of ISP 9809-1 (see 6.1.1).

11 [fests/examinations on every cylinder

11.1 General
During production, the examinations specified in 8.2 and 84 shall be carried out on all cylimders.

Follgwing final heat treatment, all cylinders except thase selected for testing under Clause|10, shall be
subjgcted to the following tests or examinations:

— pn ultrasonic examination as required in 8.4

— phydraulic proof pressure test in accordahce with 11.2.1 or a hydraulic volumetric expafsion test in
hccordance with 11.2.2 Test method requirements are given in 11.2. Additional guidanfce for these
fest methods and equipment control (calibration and maintenance) can be found in IS} 18119. The
purchaser and manufacturer shall agree on which of these alternatives shall be carried|out;

— hphardness test in accordatce with 11.3;

— hleaktestin accordanee with 11.4;

— h water capacitycchéck in accordance with 11.5.
11.2 Hydraulic'test

11.2.1 Proof pressure test

The water pressure in the cylinder shall be increased at a controlled rate until the test prdssure, py, is
reached within a measuring tolerance of 0/+3 % or +10 bar, whichever is the lower.

The cylinder shall remain under pressure, p;, for at least 30 s to establish that the pressure does
not fall and that there are no leaks. During the period the cylinder is under test pressure, it shall be
visible (including the base) and remain dry. After the test the cylinder shall show no visible permanent
deformation and no trace of moisture implying leakage.

11.2.2 Volumetric expansion test

The water pressure in the cylinder shall be increased at a controlled rate until the test pressure, p;,, is
reached within a measuring tolerance of 0/+3 % or +10 bar, whichever is the lower.
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The cylinder shall remain under pressure, p;, for at least 30 s and the total volumetric expansion
measured. The pressure shall then be released, and the volumetric expansion re-measured.

The cylinder shall be rejected if it shows a permanent expansion (i.e. volumetric expansion after the
pressure has been released) in excess of 10 % of the total volumetric expansion measured at the test
pressure, py,.

The total and permanent expansion readings shall be recorded, together with the corresponding
serial number of each cylinder tested, so that the elastic expansion (i.e. total expansion less permanent

expansion)

under the test pressure can be established for each cylinder.

11.3 Hardness test

A hardness|test in accordance with ISO 6506-1 (Brinell), ISO 6508-1 (Rockwell) or other-gquiv:
methods shall be carried out by the manufacturer after the final heat treatment of thereylinder.
hardness values thus determined shall be within the limits specified by the cylinder manufacture

hlent
The
r for

the materiall, dependent upon the heat treatment used for the production of the cylinder.

For tubes the hardness shall be measured and recorded at four diametrically opposed points in at Jeast
three circular cross-sections distributed over the whole parallel length of eath tube at intervalg not
greater thap 3 m. The results on each circular cross-section shall be within the minimum-maximum
tensile strepgth range guaranteed by the manufacturer. The values may be plotted on a diagram to
identify thejir position.

NOTE1 Methods for measuring the surface indentation, other than‘given in ISO 6506-1 or ISO 6508-1 can
be used subject to agreement between the parties concerned, provided that an equal level of accuracy cgn be
demonstratdd.

NOTE 2  The hardness value at any single location can be theiaverage of a maximum of three test results.
11.4 Leakitest

Only for cylinders with the base ends formeéd from tube, the manufacturer shall employ such
manufacturling techniques and apply such tests as will demonstrate to the satisfaction of the inspgctor
that the cylinders do not leak.

The followipg are examples of typigaltesting procedures:

— a pneuinatic leakage test where the base end shall be clean and free from all moisture on the| test

pressufe side. The inside area of the cylinder base surrounding the closure shall be subjected
pressute equal to at le€ast two thirds of the test pressure of the cylinder for a minimum of 1

this arga shall be nétiess than 20 mm in diameter around the closure and at least 6 % of the

base arjea. The opposite side shall be covered with water or another suitable medium and clq
examinled for indication of leakage;

toa
min;
total
sely

— alternalive tests on finished cylinders (e.g. helium leak or pneumatic leak tests).

For both the above leak testing procedures, cylinders that leak shall be rejected.

11.5 Capacity check

The manufacturer shall verify that the water capacity conforms to the design drawing.

12 Certification

Each batch of cylinders shall be covered by a certificate signed by the inspector to the effect that the
cylinders meet the requirements of this document in all respects. Annex D provides a typical example
of a suitably worded acceptance certificate. Other formats with at least the same content are also
acceptable.
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Copies of the certificate shall be issued to the manufacturer. The original certificate shall be retained
by the inspector and the copies shall be retained by the manufacturer.

NOTE Regarding certificates, national regulations can contain additional or overriding requirements.

13 Marking

Each cylinder shall be permanently marked on the shoulder or on a reinforced part of the cylinder or on
a permanently fixed collar or neck ring in accordance with ISO 137609.

NOTE Regarding marking, national regulations can contain additional or overriding requirements.
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Annex A
(normative)

Description and evaluation of manufacturing imperfections in

seamless gas cylinders

A1l Ovellview

Several typ

Such imper
circumstan

The aim of

cylinders afpd to provide requirements for the visual inspection at the stage of product acceptance,

NOTE1 T

preparationy.

NOTE2 C
imperfection

NOTE 3
process.

M

NOTE4 O
appearance

NOTE 5
account.

C

A.2 Gene

A.2.1 The

In small diameter cylinders, these general limits may have to be adjusted. Consideratic

bs of imperfections can occur during the manufacture of seamless gas cylinders.

fections can be due to material defects, the manufacturing process, handling, and d
res during the manufacturing process.

his Annex is to identify the manufacturing imperfections most commonly found on fini

his Annex does not address customer specifications, e.g. cylinder aesthetics, special su

ylinder sampling method(s) and the quantity sampled:\for inspection, after cylinders
s have been found are prescribed in clause 10.1.2.

Iso plays a partin the evaluation of dents,‘€specially in the case of small cylinders.

bnsideration of appearance and localisation (in thicker parts with lower stresses) can be taker

bral

visual inspectionshall be conducted in good lighting on a product that is clean, dry,

suitable en
and intern

magnificatipn is used, the final assessment of the imperfection shall be evaluated as if no magnificg
had been uged.

In thicker garts, of the cylinder, the acceptable absolute value of the size of the imperfection ca|

ugh for proper.ihspection of all surfaces. The visual inspection shall be conducted by
inspectiong can be augmented by a scope, dental mirror, or other suitable device. W|

ther

shed

rface

with

anufacturing imperfections can be identified and“evaluated at any stage of the manufactiyiring

n of

into

and
eye,
here
ition

;s

be

proportionateély increased to the thickness, provided that it does not adversely affect the |safe

performance or integrity of the cylinder.

Where needed, the severity of a detected imperfection can be further evaluated by the use of other
devices or methods.

If unclean, the cylinder surfaces shall be re-cleaned before submitting the cylinder for inspection.

A.2.2

If appropriate, small imperfections, as permitted by Table A.1, can be removed by local dressing,

grinding, machining, or other suitable methods. Great care shall be taken to avoid introducing new
defects or imperfections.

After such a repair, the cylinder shall be re-examined, and if the wall thickness is reduced, it shall be
rechecked and be at least at minimum guaranteed wall thickness.

28
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The most commonly found safety- and performance-related manufacturing imperfections and their
descriptions are listed in Table A.1.

In addition, the manufacturing imperfections and their descriptions for features which are not safety-
or performance-related (cosmetic) are listed in Table A.2.

Limits for the repair or rejection of cylinders manufactured to this document are included in Table A.1.

The acceptance or rejection conditions for gas cylinders are categorized into three levels, in accordance

with-A4-

The process that shall be followed at the final visual inspection is given in Figure A.1.

Production including
manufacturer inspections

'

Product acceptance stage

—s| Inspection, which are covered
by this standard
Level
classification
A } A\
Leyel L cytlmder Level 2: cylinder Level 3: defective
with or without . . .
with reparable cylinder without
acceptable imperfection ossibility of repair
imperfection p # P
Repair Reject Reject
cylinder cylinder cylinder
A ‘
Wish to
repair
A ¢ yes Repair no Render
ccep possible unserviceable

Figure A.1 — Flow diagram for the final visual inspection of gas cylinders at
the time of product acceptance
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A.4 Acceptance and rejection conditions

The following categorize the levels of imperfections and provide instructions depending on the severity
of the imperfection and regarding the disposition of the cylinders.

Level 1 imperfection

Conforming condition of a cylinder that has no adverse effects on the safe performance or integrity of
the cylinder. Cylinders with Level 1 imperfections are acceptable and do not require repair.

Level 2 imperfection

Non-confor
with Level

imperfections is to be repaired, it shall be repaired in accordance with A.2.2 and be ré-inspe

Otherwise,

the cylinders are to be treated as cylinders with Level 3 imperfections.

Level 3 imperfection

Non-confor

with Level 3 imperfections shall be rejected. Rejected cylinders with Level 34imperfections shall n
repaired anld shall be rendered unserviceable.

The cylinddrs presented to the inspector for inspection at the time of product acceptance should

been found

30

acceptable by the manufacturer and should be free of iniperfections to Levels 2 and 3.

ming condition of a cylinder with features more severe than Level 1 imperfections. Cylinders
2 imperfections shall be rejected. If it is decided that a rejected cylinder with Leyel 2

rted.

ming condition of a cylinder with features more severe than Level 2 inperfections. Cylinders

bt be

have
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Figure A.3 — Dent

Figure A.4 — Dent containing cut or gouge
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a) Groove, cut b) Metallic or scale imp&; on
Q

o

Figure A.5 — Impression in a wall

2 !

Key

1  cylinder neck cracks

2 cross section of cylinder neck
3 neck crack/shoulder crack

Figure A.7 — Neck cracks
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fap mark

folds or cracks
hfter machining O
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Figu@@9 — Cylinder shoulder folds or cracks before and after machining
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area of fine/small folds

minor sharp folds

rounded

depressions (valley)

Figure A.12 — Orange peel
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Figure A.13 — Chipped thread 0;1’
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Figure A-15—Rlb
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Annex B
(normative)

Ultrasonic examination

B.1 General

This annex
examinatio
manufactuj

B.2 Geng

The ultrasa
notches de
operating i
certificates

The operati
certified at
ISO 9712. (¢
to approval
ultrasonica

For flaw d

resonance fnethod or the pulse echo system shall be used. Either contact or immersion techniqu

examinatio

A coupling

and the cylinder shall be used.

B.3 Flaw

B.3.1 Prdg

The cylindg
translation
rotation an
width cover

is based on techniques used by cylinder manufacturers. Other techniques of ultras
h may be used, provided these have been demonstrated to be suitable-for
ing method.

rral requirements

nic examination equipment shall be capable of at least detecting“the reference stan
scribed in B.3.2. It shall be serviced regularly in accordance, with the manufactu
hstructions to ensure that its accuracy is maintained. Ingpection records and appf
for the equipment shall be maintained.

pn of the ultrasonic examination equipment shall be byrgualified and experienced persqg
[east to Level 1 and supervised by personnel certified-at least to Level 2 in accordance
ther standards, which meet or exceed these minitium requirements, may be used sul

ly, shall be in a condition suitable for an accutate and reproducible examination.

ptection, the pulse echo system shall(be used. For thickness measurement, either

n shall be used.

method which ensures adequate transmission of ultrasonic energy between the test p

detection of the'cylindrical parts

cedure

rs to be examined and the search unit with probes shall go through a rotating motion
relative-to’one another such that a helical scan is performed on the cylinder. The veloci
| translation shall be constant to within £10 %. The pitch of the helix shall be less tha
ed-by the probe (at least a 10 % overlap shall be guaranteed) and be related to the effe

onic
the

dard
rer's
oval

nnel
with
bject

by the inspector. The inner and outer surfages-of any cylinder, which is to be examlined

the
bs of

robe

and
y of
the
ctive

beam widtt
the calibrat

1 4o 100 .0/ dodal 1 s £ don s, 1 e ) i - |
SULIl a5 TU TIISUT T 1UU 70 LUVETdZT dl LIIT VEIULILY Ul'TULALIULIATL dlIU LT allsSIatiUIl uscu Ui

ion procedure.

ring

An alternative scanning method may be used for detection of transverse imperfections, in which the
scanning or relative movement of the probes and the work piece is longitudinal, the sweeping motion
being such as to ensure a 100 % surface coverage with approximately 10 % overlapping of the sweeps.

The cylinder wall shall be examined for longitudinal imperfections with the ultrasonic energy
transmitted in both circumferential directions and, for transverse imperfections, in both longitudinal
directions.

For concave-based cylinders where hydrogen embrittlement or stress corrosion can occur (see
ISO 11114-1), the transition region between the cylindrical part and the cylinder base shall also be
examined for transverse imperfections in the direction of the base. For the area to be considered, see
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Figure B.1. In this case, or when optional examination is carried out on the transition areas between the
wall and neck and/or wall and base, this may be conducted manually, if not carried out automatically.

a

Figure B.1 — Base/wall transition region

One pf the following two methods shall be tised.
— Method A:

The ultrasonic sensitivity shall be set at +6 dB to improve the detection of imperfection$ equivalent
fo 5 % of the cylindrical wallthickness in this thickened portion.

— Method B:

The ultrasonic system shall be calibrated using a standard reference artefact of a cylinder with a
hotch at sidewall-to-base transition (SBT) area shown in Figure B.2.

The [depth of notch, T, for SBT shall be (10 + 1) % of the guaranteed minimum wall thicknegs, a’, with a
minimum of\0;2 mm and maximum of 1 mm, over the full length of the notch.
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