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

third edition cancels and replaces thesecond edition (ISO 9809-2:2010), 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 concern; 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 lt IS Su'fﬂ]ﬂ]o tobharafarancadintha IIN Modal Raculationclll]
table-to-bereferencedinthe UN-Model Regulationstll:

vi © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=dbcb500851bcb30196ddde1c3f2197e7

INTERNATIONAL STANDARD ISO 9809-2:2019(E)

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

Part 2:
Quenched and tempered steel cylinders and tubes with

tepsile-strengthgreater-thanorequalto1160-MPa—

1 Bcope

This| document specifies minimum requirements for the material, design, constrpction and
workmanship, manufacturing processes, examination and testing at time éf'manufacture fpr refillable
seamless steel gas cylinders and tubes with water capacities up to and iricluding 450 1.

it is ppplicable to cylinders and tubes for compressed, liquefied and«dissolved gases and fqr quenched

and fempered steel cylinders and tubes with an actual tensile strength R, =1 100 MPa.

It is|not applicable to cylinders and tubes with R >(1"300 MPa for diameters >1#0 mm and

ma, max
guarlanteed wall thicknesses a’ 2 12 mm and for cylinders.and tubes with g, 1., > 1 400 MPa for

dianjeters <140 mm and guaranteed wall thicknesses a’ #6"mm because, beyond these limit$, additional
requirements can apply.

2 Normative references

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

ISO 148-1, Metallic materials — €harpy pendulum impact test — Part 1: Test method
ISO $506-1, Metallic materials’— Brinell hardness test — Part 1: Test method

ISO $508-1, Metallic mdterials — Rockwell hardness test — Part 1: Test method

ISO $892-1, Metallic inaterials — Tensile testing — Part 1: Method of test at room temperaturg
ISO 9712, Non=destructive testing — Qualification and certification of NDT personnel

[SO 10286Gas cylinders — Terminology

ISO L1344-1, Gas cylinders — Compatibility of cvlinder and valve materials with gas contends — 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
[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.

© IS0 2019 - All rights reserved 1
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

— 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 enfry: In this document where not specifically mentioned for “cylinder/tube” only the term "cyliliuder"
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 equjvalent wall stress at test pressure, p;, to guaranteed miniinuim yield strength, Reg

3.4

quenching
hardening heat treatment in which a cylinder, which has been-heated to a uniform temperature apove
the upper cfitical point, Acs, of the steel, is cooled rapidly in a suitable medium

3.5
reject
cylinder th3t has been set aside (Level 2 or Levell3) and not allowed to enter into service

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

Note 1 to enfry: Examples for acceptablé methods to render cylinders unserviceable can be found in ISO 181109.
Any actions ¢n cylinders rendered tnserviceable are outside the scope of this document.

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

3.8
tempering
toughening| hieat treatment which follows quenching, in which the cylinder is heated to a uniform
temperature below the lower critical point, Ac;, of the steel

3.9
test pressure

Py
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


https://www.iso.org/obp/ui
http://www.electropedia.org/
https://standardsiso.com/api/?name=dbcb500851bcb30196ddde1c3f2197e7

3.11
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yield strength
stress value corresponding to the upper yield strength, Ry, 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

~

bs
Pn

Symbols

percentage elongation after fracture

2:2019(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 13)

depth of artificial flaw, in millimetres, in flawed gylinder burst test and flawed cy
test (see Figure 5)

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

pe Figure 2)
pe Figure 2)
e Figure 1)

linder cycle

2)

external diameter, in millimetres, of catter milling tool for flawed cylinder burst
flawed cylinder cycle test (see Figure\5)

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

design stress factor (variable) (see 3.3)

outside height, in milliimetres, of domed part (convex head or base end) (see Figui
outside depth (eencave base end), in millimetres (see Figure 2)

length of artificial flaw, in millimetres, in flawed cylinder burst test and flawed c}
cycle test (see Figure 5)

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

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

est and

e 1)

ylinder

measured burst pressure, in bars, above atmospheric pressure

NOTE 1 bar = 105 Pa = 0,1 MPa.
measured failure pressure, in bars, above atmospheric pressure

hydraulic test pressure, in bars, above atmospheric pressure

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

above atmospheric pressure

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

© IS0 2019 - All rights reserved
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re cutter tip radius of milling tool for artificial flaw, in millimetres, for flawed cylinder burst
test and flawed cylinder cycle test (see Figure 5)

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

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

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

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

Rinma max Njaximum actual value of the tensile strength range, in megapascals

Rpma min Njinimum actual value of the tensile strength range, in megapascals

S, ofiginal cross-sectional area of tensile test piece, in square millimetres, infaccordance wjth
130 6892-1

t aftual thickness of the test specimen, in millimetres

ty ayerage cylinder wall thickness at position of testing during the flattening test, in millimdtres

|4 water capacity of cylinder, in litres

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

5 Inspec¢tion and testing

Assessment of conformity to this internationak'standard shall take into account the appliqable
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 ekaminations performedto-demonstrate compliance with this document shall be conducted
using instriiments calibrated before being put into service and thereafter according to an established
programmyg.

6 Materjals

6.1 Gendral requirements

6.1.1 Mateerials for the manufacture of gas r‘y]inﬂnrc shall fall within one of the Fn”nuring Pafngnrics;

a) internationally recognized cylinder steels;
b) nationally recognized cylinder steels;
c) new cylinder steels resulting from technical progress.

For all categories, the relevant conditions specified in 6.2 and 6.3 shall be satisfied.

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.

In cases 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.

4 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=dbcb500851bcb30196ddde1c3f2197e7

IS0 9809-2:2019(E)

6.1.3 The cylinder manufacturer shall establish means to identify the cylinders with the cast of steel
from which they are made.

6.1.4 High strength cylinders made in accordance with this document are normally not compatible
with corrosive or embrittling gases (see ISO 11114-1). They may nevertheless be used with these gases
provided that their compatibility is proven by a recognized test method, e.g. 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 9.2.6).

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;

— 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 and, where dppropriate, the chromium,|nickel and
molybdenum contents shall be given, with tolerances, such that the differences between the maximum
and minimum values of the cast do not exceed the values shiown in Table 1.

Table 1 — Chemical composition tolerances

Element Maximum content Permissible range Check analysis
(mass fraction) (mass fraction) DeviationIrom the
limits specifiied for the
cast anjlyses
(mass fraction)
% % %
Carlhon <0,30 0,03
+0,02
20,30 0,04
Marnjganese All values 0,20 <1,00 + 0,04
>1,00 < 1,70 £,05
Silicon All values 0,15 +0,03
Chr¢mium <1,20 0,20 <2,00+ 0,05
>1,20 0,30 >2,00 < 2,20 +[0,10
NicKel All values 0,30 <2,00+ 0,05
2;00-=4-30-+10,07
Molybdenum <0,50 0,10 <0,30 + 0,03
20,50 0,15 >0,30< 0,60 + 0,04

The combined content of the following elements: vanadium, niobium, titanium, boron and zirconium,
shall not exceed 0,15 %.

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

© IS0 2019 - All rights reserved 5


https://standardsiso.com/api/?name=dbcb500851bcb30196ddde1c3f2197e7

IS0 9809-2:2019(E)

6.2.2 Sulfur and phosphorus in the cast analysis of material used for the manufacture of gas cylinders
shall not exceed the values shown in Table 2.

Table 2 — Maximum sulfur and phosphorus limits in % (mass fraction)

Sulfur
Phosphorus

0,005
0,015

6.2.3 The cylinder manufacturer shall obtain and provide certificates of cast (heat) analyses of the

steels suppl

ied for the construction of gas cylinders.

Should che
manufactur
or from fin
specified fo

6.3 Heat

6.3.1 The
cylinders.

6.3.2 Qud

the metf

the mal

every |
from cif
20°CW

during

during
carried|

6.3.3 The

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

by more thg

treatment

cylinder manufacturer shall certify the heat treatment process-applied to the fini

nching in media other than mineral oil is permissible, provided that:
hod produces cylinders free of cracks;

wufacturer ensures that the rate of cooling does not produce any cracks in the cylinder;

acks, if the average rate of cooling in the medium is greater than 80 % of that in wat
ithout additives;

the production of cylinders, the concentration of the quenchant is checked and reco

out to ensure that the chemical properties of the quenchant are not degraded.

tempering process shallachieve the required mechanical properties.

n+/- 30 °C fromythe temperature specified by the cylinder manufacturer.

6.4 Failure to me€et test requirements

In the even
be carried (

ofAfailtire to meet the test requirements, retesting or reheat treatment and retesting

ut-as follows to the satisfaction of the inspector.

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 maximum permissible deviation frem'the lij
I the cast analyses shall conform to the values specified in Table 1.

roduction cylinder is subjected to a methed of non-destructive testing to prove free

ring
urer
Imits

shed

dom
br at

rded

every shift to ensure that the-limits are maintained. Further documented checks shafll be

riate

shall

a)

be performed. If the result of this test is satisfactory, the first test shall be ignored.

b)
1y

If there is evidence of a fault in carrying out a test, or an error of measurement, a further test shall

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

If the failure is considered to be due to the heat treatment applied, the manufacturer may

subject all the cylinders implicated by 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 reheat treatment shall consist of re-tempering or re-quenching and tempering.

Whenever cylinders are reheat treated, the minimum guaranteed wall thickness shall be
maintained.

© ISO 2019 - All rights res
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Only the relevant prototype or batch tests needed to prove the acceptability of the new batch
shall be performed again. If one or more tests prove even partially unsatisfactory, all cylinders

of the batch shall be rejected.

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.

Design

General requirements

1 The calculation of the wall thickness of the pressure-containing parts shall [be re
guarpnteed minimum yield strength, R

o Of the material in the finished cylinder.

7.1.2 Cylinders shall be designed with one or two openings along the centtal-cylinder axis

7.1.

$ For calculation purposes, the value of R, shall not exceed 0,90"Rjs,.

7.1.4 The internal pressure upon which the calculation of wall-thickness is based shall be t]

test pressure py,.

7.2 | Limitation on tensile strength

The | maximum value of the tensile strength is\limited by the ability of the steel t
reqyirements of Clauses 9 and 10. The maxinmai range of tensile strength shall be 173
Rialmax — Rma, min < 120 MPa).

Howlever, the actual value of the tensile strength as determined in 10.2 shall not exceed 1 ]

cyliy

dianpeter equal to or less than 140 mw.

7.3
The

Design of cylindrical'shell thickness

calcyilated using Formulae (1) and (2), and additionally condition (3) shall be satisfied:

whe

The

ated to the

only.

e hydraulic

b meet the
0 MPa (i.e.

00 MPa for

ders with an outside diameter greater than 140 mm, and 1 400 MPa for cylinders with an outside

guaranteed minimuim)thickness of the cylindrical shell, a’, shall not be less than the thickness

D[, (10FRe ~3py, ”
1=— | 1~
2 10 FReg
. 0,65
ethe value of Fis the lesser of ———— or 0,77
Reg /ng
Reg/ng shall not exceed 0,90.
wall thickness shall also satisfy Formula (2):
D
a>——+1 2
250 (2)
with an absolute minimum of a = 1,5 mm.
© IS0 2019 - All rights reserved 7
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The burst ratio shall be satisfied by test as given in Formula (3):

Py / Pn

NOTE 1

21,6

(3)

If the result of these requirements is a guaranteed thickness of the cylindrical shell a’ 212 mm for

diameter D > 140 mm, or a guaranteed thickness of the cylindrical shell, a’ > 6 mm for diameter D < 140 mm, such
a design is outside the scope of this document (see Clause 1).

NOTE 2

designed and manufactured to this document.

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

NOTE 3
MEGCs for t
the tube (e.g
manufacturd

NOTE4 Iy
therefore, pd

7.4 Desi

7.4.1 Wh
shall be not

where the i

b=>1,5¢
b = a foy

To obtain a
of the end ¥
application
lines indica

7.4.2 The
design is sa

The shapes
ends and sh

7.5 Desif

When conc

For some applications such as tubes assembled in batteries to equip trailers or skids (ISO modulg

e transportation and distribution of gases, it is important that stresses associated with mou
bending stresses, see Annex E, torsional stresses, dynamic loadings) are considered by the asse
r and the tube manufacturer.

addition, during hydraulic pressure testing, tubes could be supported or lifted-by their n
tential bending stresses are considered. For general guidance, see Annex E.

rn of convex ends (heads and bases)

less than that required by the following criteria:
nside knuckle radius, r, is not less than 0,075D, then

for 0,40 > H/D 2 0,20;
H/D = 0,40.

satisfactory stress distribution in theregion where the end joins the shell, any thicke
vhen required shall be gradual from the point of juncture, particularly at the base. Fo
of this rule, the point of juncture between the shell and the end is defined by the horiz
Fing dimension H in Figure 4.

cylinder manufacturer shall prove by the pressure cycling test detailed in 9.2.3 tha
fisfactory.

shown in Figufe are typical of convex heads and base ends. Shapes a), c) and d) are
ape b) is a head.

rn of concave base ends

ive-base ends (see Figure 2) are used, the following design values are recommended:

s) or
hting
mbly

bcks;

en convex base ends (see Figure 1) are used, the thickness, %; at the centre of a convex end

ning
" the
ntal

the

base

a; 2 2a
a, = 2a

h=0,12

D

r=0,075D

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

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

’"\/\/\/{

D/2

© IS0 2019 - All rights reserved 9
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Key

1

cylindri¢al part

D/2

Figure 2 — Concave base end

7.6 Neckdesign

7.6.1 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.
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NOTE For guidance on torques, see ISO 13341.

7.6.2 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
design 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 reinforcement, such as a
neck ring or shrunk on collar, provided the reinforcement material and dimensions are clearly specified

by themanufacturer and this confiocuration is nart of the tyne apnroval nrocedure (see 92 8 and 929)
o r J rr r \Y —— e

7.7 | Foot rings

When a foot ring is provided, it shall be made of material compatible with that ofthecylindef. The shape
shoyld preferably be cylindrical and shall give the cylinder stability. The foof ning shall bg secured to
the ¢ylinder by a method other than welding, brazing or soldering. Any gapstwhich can formwater traps
shal| be sealed by a method other than welding brazing or soldering. Thi$)is particularly ifnportant in
the ¢ase of high strength cylinders.

7.8 | Neckrings

Whedn a neck ring is provided, it shall be s made of material‘compatible with that of the qgylinder and
shal] be securely attached by a method other than weldingybrazing or soldering.

The manufacturer shall ensure that the axial load tguremove 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 heck ring is
greater than 100 Nm.

7.9 | Design drawing

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

8 [onstruction and workmanship

8.1 | General
The cylinder shall be produced by

a) forgingwor 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 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.
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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 on 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 achieyved—each—cinder shall beultrasonicallyexamined for-internal—external-and sub-suyface
imperfectiops in accordance with Annex B.

addition to the ultrasonic examination as specified in 8.4.1, the cylindrical areato’be clpsed
the shoulder and in case of cylinders made from tube, also the base) shall be“ultrasonikally
examined pFior to the forming process to detect any defects that after closure could be.positioned in the

In case of qylinders 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 bé&fore closure of the endls in
accordance|with Annex B.

The test shall be performed as close as possible to the open end of the shell.
The untestdd area shall extend to a length of not more than 40 find from the open end of the shell.

In both 8.4.] and 8.4.2 it is not required to perform the ultrasonic examination for small cylinders with
a cylindricdl length of less than 200 mm or where the praeduct of p;, x V< 600 bar - L.

NOTE This examination does not necessarily cover the‘tests required in 6.3.2.

8.5 Out-¢f-roundness

The out-of-foundness of the cylindrical shell, i.e. the difference between the maximum and minignum
outside diameters at the same cross-settion, shall not exceed 2 % of the mean of these diameters.

8.6 Mean diameter

The mean gutside diameter®f{the cylindrical part outside the transition zones on a cross-section ghall
not deviate|by more than. %1 % from the nominal design outside diameter.

8.7 Straightness

The maximpmrdeviation (b) of the cylindrical part of the shell (I;) from a straight line shall not expeed
3 mm per njette length (see Figure 3).

8.8 Verticality and stability

For a cylinder designed to stand on its base, the deviation from vertical (a) shall not exceed 10 mm per
metre length (I,) (see Figure 3), and the outer diameter of the surface in contact with the ground is
recommended to be greater than 75 % of the nominal outside diameter.
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~

a  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.

Partficular care shall be-taken to ensure that neck threads are accurately cut, are of full form and free
fron} any sharp profiles.€.g. burrs.

9 [lype approval procedure

9.1 | Géneral requirements

A techrmicatspecification of each Tew designm of cytinderor cytinder famity asdefimed i t), including
design drawing, design calculations, steel details, manufacturing process 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 heat
treatment process;
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c) itis manufactured from a steel of different specified chemical composition range from that defined
in 6.2.1;

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

e) the base or the base profile has 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 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 changed;

h) the guaranteed minimum thickness has changed;

i) the hydraulic test pressure, p;, has been increased (where a cylinder is to be msed for lower-
pressure duty than that for which design approval has been given, it shall not/be)deemed to[be a
new depign);

NOTE When the test pressure has decreased a revision of the approval certificate could be needed

j) the gugranteed minimum yield strength, R,,, and/or the guaranteed-minimum tensile strength,

Ry g for the finished cylinder have changed.

If the diame

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

k) in caselof tapered threads the torque test shall be performed (see 9.2.8).

1) in caselof parallel threads the calculation of the shearstrength shall be performed (see 9.2.9).

If the diamgter of the internal thread has increased by'50 % or more, the pressure cycling test on|two
cylinders shall also be performed (see 9.2.3).

In both cas¢s the new diameter shall be reportéed in the revised type approval certificate.

9.2 Proto¢type tests

9.2.1 Ge:.[eral requirements

A minimum of 50 cylindershand 15 for tubes, which are guaranteed by the manufacturer tp be
representative of the newsdesign, shall be made available for prototype testing. However, if for special
application$ the total nuwmber 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, the approval validity is limited to this particular production batch.

In the cournse’of ‘the type approval process, the inspector shall select the necessary cylinders for

testing and

a)
the

verify that:

design 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 7.3 to 7.6, the measurements being taken at least at three transverse

sec

the

for

14

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

requirements of Clause 6 are complied with;

inspection;
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— the internal and external surfaces of the cylinders are free of any imperfection which might

b)

make them unsafe to use (for examples, see Annex A);

supervise the following tests on the cylinders selected:

the tests specified in 10.1.2 a) (hydraulic burst test) on two cylinders, the cylinders bearing

representative stamp markings;

the tests specified in 10.1.2 b) (mechanical testing) on two cylinders, the test pieces' being

identifiable with the batch. Hardness tests shall be carried out on the tensile te
verify the hardness/tensile correlation (see 9.2.2);

st pieces to

Cons
hard

9.2.2
The

Prio

ideration should be given to selecting cylinders which represent the lower and upper v
ness range within the batch.

manufacturer shall demonstrate to the satisfaction of the inspector that the hard
spedified is‘related to the tensile range specified in 7.2. When Brinell hardness testing
following'procedure shall be adopted.

 to' the presentation of a first batch of cylinders for prototype testing, the manufa

a hardness survey, comprising four hardness tests at 90° to each other at each

end of the

cylindrical wall, on the two cylinders selected for mechanical testing. The maximfim range of

Brinell hardness on each cylinder shall be 25 HB; the manufacturer shall establish th
range to this when an alternative hardness testing method is used;

the tests specified in 9.2.3 (pressure cycling test) on two cylindérs; the cylind
representative stamp markings;

the tests specified in 9.2.4 (flawed cylinder burst test) on atJeast two cylinders
with the highest hardness value (mean of the two measurenients);

the tests specified in 9.2.5 (flawed cylinder cycle test)n'two cylinders;
the tests specified in 9.2.6 (base check) on the twa-gcylinders selected for mechanic

the tests specified in 9.2.7 (bend test and flatténing test) on two cylinders, the test |
identifiable with the batch. Either two bend‘tests (see 9.2.7.1) in a circumferential ¢
one flattening test (see 9.2.7.2) or one ring flattening test (see 9.2.7.3). This can be
cylinders as those taken for the mechanical testing;

the geometrical requirements for the neck thread are complied with for all cylind
for inspection;

the tests specified in 9.2.8 {torque test for taper thread only) on one cylinder being
with the batch or 9.2.9 {shear stress calculation for parallel threads).

Verificationyof hardness/tensile correlation

b equivalent

ers bearing

f the batch

hl testing;

bieces being
lirection, or
bn the same

brs selected

identifiable

alues of the

ness range
s used, the

rturer shall

establish a linear regression between R, and HB for the type of steel and heat treatment method
used, using a minimum of 20 values of R, and HB tested on 10 cylinders at each end. The hardness
values shall be obtained on complete cylinders tested on the production line hardness testing machine;
the tensile test pieces shall be taken at the hardness test spot. The values obtained shall cover the
anticipated tensile range.

In order to determine the limits for the hardness range as required in 11.3, a scatter of 10 HB around
HB 1 and HB 2 shall be permitted (to allow for example for measurement tolerance). The guaranteed
hardness range shall therefore be:

HB,,;, =HB1- 10 HB
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HB_ . =HB2+ 10 HB

However, the maximum hardness range HB,,, - HB
see Figure 4).

shall not exceed 55 HB (equivalent to <200 MPa;

min

NOTE It can be helpful to establish a separate correlation for each family of cylinders considering the
different reactions (elasticity, wall thickness, etc.) to hardness testing.
Rma ‘l
MPa
e
Ve
e
X -
ma, max _ // %
e é//x i
// X //
X <X -
- X~ />§
// // x|
- X~
x A7 x -
- - ~
o—0o—0
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///X /& % ///
ma, min -
e
(R,) P O e
// P //
- e
- -
7 7
e
e
e
10 HB 10 HB
HB, .~ HB1 HB2 HB HB
') max
b

a Scatter pand, max. +10 HB.
b Hardnegs range, max. 55 HB.

NOTE R],,, is normally equal to*or lower than R

Ing ma,min*

Figure 4 — Hardness/tensile test graph

At the protatype stage, hardness tests shall be carried out as described in 9.2.1 b) at the spot wher¢ the
tensile test specimen is taken. The results of hardness and tensile strength shall be compared with the
graph estaljlished by the manufacturer to determine whether or not they are within the scatter band

(see Figure 43 ; 6.4
NOTE An equivalent test procedure can be used, provided equivalence of the scatter band and the maximum

hardness range can be demonstrated.

9.2.3 Pressure cycling test

This test shall be carried out on cylinders bearing representative markings, with a non-corrosive liquid
subjecting the cylinders to successive reversals at an upper cyclic pressure, which is at least equal to
the hydraulic test pressure p;. The cylinders shall withstand 12 000 cycles without failure.

For cylinders with a hydraulic test pressure p;, > 450 bar, the upper cyclic pressure may be reduced to
two thirds of this test pressure. In this case, the cylinders shall withstand 80 000 cycles without failure.
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The value of the lower cyclic pressure shall not exceed 10 % of the upper cyclic pressure but shall have
an absolute maximum of 30 bar.

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

The frequency of reversals of pressure shall not exceed 0,25 Hz (15 cycles/min). The temperature
measured on the outside surface of the cylinder shall not exceed 50 °C during the test.

After the test, the cylinder bases shall be sectioned in order to measure the thickness and to ensure
that this thickness is sufficiently close to the minimum thickness prescribed in the design and shall be
within the usual production tolerances. In no case shall the actual base thickness (a; or b depending on
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test shall be considered satisfactory if the cylinder attains the required number of ¢yq
loping a leak.

} Flawed cylinder burst test

.1 General

flawed cylinder burst test shall be carried out to determingexif the failure pressur
uces the leak (and not a burst) with a flaw of a given size/s greater than two thirds

KNEess.

1.2 Details of flaw

flaw shall be machined longitudinally, approximately at mid-length of the cylindrical
der. The flaw shall be located at the poinit of minimum wall thickness, ¢, of the midsectig
kness measurement at four points around the cylinder.

l

flaw length, I, shall be the overalllength of cut and shall be equal to Formula (4):

0 =16+vD axlmm

flaw cutter shall be;approximately 12,5 mm thick with an angle of 45° and a tip r
b + 0,025) mm. The'cutter diameter, Dc, shall be 50 mm for cylinders with a diameter, D,
1to 140 mm,dnd 65 mm to 80 mm for cylinders with D greater than 140 mm.

indard Chatpy V-notch cutter is recommended, sharpened regularly to ensure that th
s the regUirements.

depth, d, of the flaw shall be adjusted to obtain a leak by hydropressurization. “Leak”

the

les without

e, pr, which
of the test

sure (2/3 p,) of the cylinder, adjusted for the actual thi€kness versus calculated miimum wall

part of the
n, based on

4

hdius, rc, of
less than or

e tip radius

means that

rack has not prnpagafnﬂ hy morethan 10 % outside the machined flaw Ic\ngfh, asmea

ured on the

external surface, i.e. total length shall be not greater than 1,1 x /. The flaw depth shall be at least 60 %
of the actual wall thickness, t, of the cylinder at the flaw location.
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9.2.4.3 Testprocedure

The test shall be performed by monotonic pressurization‘or cyclic pressurization as described in|
subclause.

a)

b)

9.2.4.4 Atceptance criteria for the flawed cylinder burst test

The cylinder shallhave passed the test if the following conditions are met.

a)

18

45° cutter angle
ligament
cutter dfameter

cutter profile radius

Figure 5 — Profile of artificial flaw

Monot¢nic pressurization

The cylinder shall be pressurized hydrostatically as described in 10.4 (hydraulic bursting f
until prjessure is released from the cylinder at the flaw location.

Cyclic pressurization

The tes|t shall be performed as described in 9.2.3 with the upper cyclic pressure being two thir

this

est),

s of

the test pressure (2/3 p;) ef-the cylinder adjusted for actual thickness versus calculated minignum

wall thickness (i.e. 2/3 pyxt/a).

For cylinders tested using monotonic pressurization:

— thefailure pressure, pg, shall be equal to or greater than two thirds of the test pressure (2/3 x p;)

of the cylinder adjusted for the actual thickness versus calculated minimum wall thickness and
the failure mode shall be by a “leak”, i.e. p¢/(2/3 p;) = 1,0 t/a;

if these requirements are not fulfilled (i.e. failure occurs below 2/3 p,, x 1,0 t/a), but the failure
mode is a leak, a new test may be performed with a shallower flaw. If burst type failure occurs
at a pressure greater than 2/3 p,, x 1,0 t/a, but the flaw depth is shallow, a new test may be
performed with a deeper flaw;

a total crack length measured on the external surface of 1,1 times the original machined length
is allowed, i.e. total crack length shall not be greater than 1,1 [,
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b) For cylinders tested using cyclic pressurization:

— fatigue crack growth beyond the original machined flaw length is allowed. However, the failure

mode shall be by a “leak”.

9.2.5 Flawed cylinder cycle test

9.2.5.1 Test conditions

The flawed cylinder cycle test shall be carried out as described in 9.2.3 at p;,, with the exception that the

cycl
The

9.2.
See

The
cylix

The

|

The
(0,21
equyg

A st
mee

The

Whs
actu

9.2.]

The
asa

The

ing frpqm:nry shall not exceed 5 rvr‘lpql/min

5.2 Details of flaw

Figure 5.

cylinders shall contain an artificial flaw as described in 9.2.5.2.

flaw shall be machined longitudinally, approximately at mid-length_of the cylindrical
der. The flaw shall be located at minimum wall thickness, ¢, of the.midsection.

flaw length, [, shall be the overall length of cut and shall be €qual to:

» for

0=1,6 VD a1 mm

flaw cutter shall be approximately 12,5 mm thick with an angle of 45° and a tip 1
b + 0,025) mm. The cutter diameter, D, shall be 50 mm for cylinders with a diameter D
1to 140 mm, and 65 mm to 80 mm for cylinders with D greater than 140 mm.

indard Charpy V-notch cutter is recommended, sharpened regularly to ensure that th
s the requirements.

depth, d, of the flaw shall be not({ess than 10 % of the wall thickness t.

n measuring the actual flaw:'depth, a deviation not exceeding 0,1 mm is acceptable
pl wall thickness of 7,0 mm.the flaw depth shall in no case be less than 0,6 mm).

5.3 Acceptance criteria for the flawed cylinder cycle test

cylinder shalldave passed the test if the number of cycles attained without failure exd
mean value of the two cylinders tested, but with an absolute minimum of 3 000.

test report shall include actual details of the test as follows, in addition to cylinder desi

pressure range;

part of the

adius, r, of
less than or

e tip radius

(e.g. for an

eeds 3 500,

bn details:

— cyclerate;

— temperature range;

— actual flaw length;

— actual wall thickness;

— actual flaw depth;

— number of cycles obtained without failure.

If the test is continued to failure, the mode of failure shall be reported (i.e. leak or burst).
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If the cylinders pass a minimum of 12 000 cycles without failure, the unflawed pressure cycling test as
required in 9.2.1 b) and specified in 9.2.3 need not be carried out.

9.2.6 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 safety.

In cases where the base is suspected to be plugged, the section shall be etched after the first examindtion
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.céntre b less
than the minimum specified thickness (see 7.4.1).

9.2.7 Bend test and flattening test

9.2.7.1 Bpend test

Figure 6 — Illustration of bend test

9.2.7.1.1 [he bend testshall be carried out on two test pieces obtained by cutting either one or] two
rings of width 25 mm er'4 t, whichever is greater, into equal parts (see Figure 7). Each test piece shdll be
of sufficient]length tg permit the bend test to be carried out correctly. Only the edges of each strip may be
machined.

9.2.7.1.2 [[heltest piece shall not crack when bent inwards around the former until the inside surfaces
are not further apart than the diameter of the former (see Figure 6).

9.2.7.1.3 The diameter of the former, D;, shall be not more than eight times the actual wall thickness of
the test piece, t.

9.2.7.2 Flattening test
9.2.7.2.1 The flattening test shall be performed on one cylinder selected after heat treatment.

9.2.7.2.2 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
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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.

9.2.7.2.3 The test cylinder shall be flattened until the distance between the knife edges is 10 ¢,

where t

remain visually uncracked.

9.2.7.3 Ring flattening test

is the average cylinder wall thickness at the position of testing. The flattened cylinder shall

The rmg flattemng test shall be carrled out on one rmg of w1dth 25 mm or 4t, whlchever is the greater,

9.2.8 Torque test for taper thread only

9.2.8.1 Procedure

e ring shall
hickness of

The pbody of the cylinder shall be held in such a manner as to preventitfrom rotating. The cylinder shall
be fitted with a valve or a plug and tightened to 1,5 times of the maximmum torque specified ih ISO 13341
for the relevant material or as recommended by the manufacturér where not covered by ISQ 13341. Ifa
necl-ring is part of the cylinder design, it shall be attached to-the cylinder during torque tedt.

The parameters that shall be monitored and recorded are:

a) yalve or plug material;

b) yalving procedure;

c) hpplied torque;

d) fiameter of internal tapered threaddat upper end.

9.2.8.2 Acceptance criteria

The cylinder neck and threads-shall remain within the gauge tolerances.

9.2.9 Shear stress calculation for parallel threads

9.2.9.1 Procedure

The [bigger diameter of the parallel threads shall have a tight fit and a calculated shear strength 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-HZB/Z.

The parameters that shall be recorded are:

a) type of thread;

b) calculated shear stress level.

9.2.9.2 Acceptance criteria

The calculated shear strength shall be at least 10 times the shear stress at test pressure.
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9.3 Type approval certificate

If the results of the prototype tests and verifications 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 Batch tests

10.1 General requirements

10.1.1 All tIests for checking the quality of the gas cylinder shall be carried out on material from,finished

cylinders. Epch cast of steel shall be represented by a set of batch test results (see 3.1).

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

10.1.2 Durjing batch testing, the inspector shall undertake the following.

22

the typp approval certificate;
the cerfificates stating the cast analysis of the steel supplied for the construction of the cylindegrs;
evidende that appropriate heat treatment has been performed;

certifichtes showing the ultrasonic examination results;

a list of|the cylinders, stating serial numbers and stamp markings as required;

confirnpation that threads have been checked in accordancee,with gauging requirements. The gauges
to be uged shall be specified (e.g. ISO 11363-2).

Ascertdin that the type approval certificate has been obtained and that the cylinders conform fo it.

Check Wwhether the requirements given in Clauses 5, 6 and 7 have been met and, in partiqular,
check By an external and internal visual examination of the cylinders whether their construgtion
is satisfactory. The inspector shallsyerify that the requirements of 7.7, 7.8 and 8.2 to 8.9 have been
fulfilled by the manufacturer. The visual examination shall cover at least 10 % of the cylinders
submitfed. However, if an unaceceptable imperfection is found (as specified in Annex A), 100 P6 of
cylindefs shall be visuallydnspected.

Select the necessary cylinders per batch for destructive testing and carry out the tests specjfied
in 10.1.2 a) (hydraulieburst tests) and 10.1.2 b) (mechanical testing). Where alternative tests are
permitfed, the purchaser and manufacturer shall agree on which tests are to be carried out.

Superv]se thetest specified in 9.2.4 (flawed cylinder burst test) on one cylinder when the Chprpy
values ¢lo-het'meet the B-values in Table 3 (see 10.4.2);

Supervise the test specified in 9.2.4 (flawed cylinder burst test) on two cylinders when the Charpy
values are less than 80 % of the approved Charpy values (i.e. those obtained during the type
approval), and the approved Charpy values are higher than the B-values in Table 3 (see 10.4.2). If
the flawed cylinder burst test is then satisfied, the new values shall become the approved reference
Charpy values. The reference Charpy value shall be made available to the inspector performing the
batch tests.

Supervise the test specified in 9.2.4 (flawed cylinder burst test) for cylinders with a guaranteed
minimum wall thickness <3 mm where no impact tests are required. This test shall be carried out
on one cylinder per cast or, if the cast exceeds 1 000 cylinders, one cylinder per 1 000 cylinders or
part thereof.

Check whether the information supplied by the manufacturer referred toin 10.1.1 is correct; random
checks shall be carried out.
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— Assess the results of hardness testing referred to in 11.3.

NOTE Consideration can be given to selecting cylinders representing the lower and upper values of the
hardness range within the batch.

The following tests shall be carried out on each batch of cylinders.
a) On one cylinder, a hydraulic bursting test (see 10.4).
b) On a further cylinder:

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

— when the minimum guaranteed wall thickness of the cylinder permits the machin(Lng of a test
piece at least 3 mm thick, three impact tests in the transverse or longitudinal dlirection as
required in 10.3;

— for cylinders made from continuously cast billet material, a base checkdnaccordance with 9.2.6.

1”2

NOTE For the location of test pieces, see Figure 7.
c) [fnecessary, on further cylinders:

— one or two flawed cylinder burst tests, depending on the Charpy impact values obthined in the
batch test.
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Y

1 hardnesp/tensile strength correlation tests (prototype tests only)

2 bend tedt pieces or flattening ring (prototype tests only)

3 impact test pieces longitudinal and transverse (alternative positions shown dashed)
4  tensile tpst piece

NOTE Dpshed lines indicate that'these tests are not required on every batch of cylinders, but for protqtype
testing only.

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 8 and with a gauge length
L,=5,65,/S, . The two faces of the test piece representing the inside and outside surfaces of the

cylinder shall not be machined. The elongation after fracture, A, measured shall be not less than 12 %.

b) Machined round specimens shall be prepared having the maximum diameter practicable, the
elongation, A, measured on a gauge length of five times the specimen diameter being no less
than 14 %.

It is recommended that machined round specimens not be used for wall thickness less than 3 mm.
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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,

2:2019(E)

particularly

in cases where the tensile test piece is tapered, resulting in a point of fracture away from the middle of the
gauge length.

10.3

10.3
ISO

The
The
the 1
piec
wall
face

v < 4t
v < D/8
Figure 8 — Tensile test'piece
b Impact test
.1 Except for the requirements set out below, the test shall be carried out in accoj

[ 48-1.

mpact test pieces shall be taken in the direction as required in Table 3 from the wall of t
notch shall be perpendicular to(the face of the cylinder wall (see Figure 9). For longity
est piece shall be machined all over (on six faces). If the wall thickness does not permi
e width of 10 mm, the widthishall be as near as practicable to the nominal thickness of

The test pieces taken jn‘the transverse direction shall be machined on four faces onl
of the cylinder wall unmachined and the inner face optionally machined as shown in Fi

dance with

he cylinder.
idinal tests,
 a final test
he cylinder
y, the outer
bure 10.
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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

|
I L I S | B

\ \ T \ |
|

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 3.

Table 3 — Impact test acceptance values

IS0 9809-2:2019(E)

Cylinder diameter D, mm >14.0 <140
Direction of testing Transverse longitudinal
Minimum guaranteed wall thickness (a’), mm 3¢to 5 >5to0 75 >75to 10 | >10d 3to6
Test temperature, °C2 -50 -50

Ab 30 35 40 60
Imppetvatuec Meanof
J/cn)? three test piecesb Bb 40 50 60 60

notch (cm?) of the Charpy test specimen.

allowed.

b No individual value shall be less than 70 % of the mean value.

d  Test specimens taken from the inner surface and machined on six faces.

A-values: absolute minimum acceptance values (average of three test pieces).

a  For applications at lower temperatures, the test shall be carried out at the lowest temperature spécified.

B-values: Mean values above which no flawed burst test is required as a batch test (see/10.1.2).

¢ The impact value (J/cm?) is calculated by dividing the impact energy (J) by the-actual cross-sectional a

e For thin walled transverse specimens with a wall thickness less than 3,5yhm, mechanical flattening of th test piece

ea below the

is

10.4 Hydraulic bursting test

10.4.1 Test installation

The |test equipment shall be capable of operating in accordance with the test conditions specified
in 10.4.2 and of producing accurately the infermation specified in 10.4.3.

A typical hydraulic bursting test installation is illustrated in Figure 11.

© IS0 2019 - All rights reserved
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Key
test fluiq reservoir

tank forjmeasurement of test fluid (the feedank can also be used as the measuring tank)
pump
pressur¢ gauge
pressurg¢/time curve recorder
vent or gir release valve

test wel

O N O Ul D W N

cylinder

Figure 11 — Typical hydraulic burst test installation

10.4.2 Testeconditions

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.

b) In the second stage, the pump discharge rate shall be maintained as constant as possible until the
cylinder bursts.
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10.4.3 Interpretation of test results

10.4.3.1 Interpretation of the burst test results shall involve:

2:2019(E)

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

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

10.

3.2 For the results of a burst test to be considered satisfactory, the fn]lnwing re

Juirements

shal

a)

b)

be met.

[he observed yield pressure, p,, shall be greater than or equal to %xthe test p1

Formula (5):

Z—Xpy

Dy F

Che actual burst pressure, p,, shall be greater than or eqtal to 1,6 times the test p
Db 2 1,6 ph

10.4.3.3 The cylinder shall remain in one piece and shallnet fragment.

10.4.3.4 The main fracture shall be in the cylindrical portion and shall not be brittle, i.e.

edge
and
body

s shall be inclined with respect to the wall. The tear shall not reveal a significant defect
n no case shall reach the neck. For concave'bases, the tear shall not run further than th
r at the base end and, for convex bases, the tear shall not reach the centre of the base.

10.4.3.5 Acceptance criteria

The

a)
b)

If th
and
undg

fracture shall be acceptable:only if it conforms to one of the following descriptions:
ongitudinal, without branching (see Figure 12);

ongitudinal, with.a'side branching at each end, which in no case extends one third of {
circumference (see Figure 13).

e configuration of the fracture does not conform to Figure 12 or Figure 13, but all otH
mechanical'test results are satisfactory, investigation of the cause of the non-conforn
brtakefiprior to acceptance or rejection of the batch.

essure, i.e.

(5)

ressure, i.e.

the fracture
n the metal
e cylindrical

he cylinder

er material
ity shall be

Figure 12 — Acceptable burst profiles — longitudinal without branching

=

c<(mD/3) -— -

gl

Figure 13 — Acceptable burst profiles — longitudinal with branching
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11 Tests/examinations on every cylinder

11.1 General

During production, the examinations specified in 8.2 and 8.4 shall be carried out on all cylinders.

Following final heat treatment, all cylinders, except those selected for testing under Clause 10, shall be
subjected to the following tests:

— a hydraulic proof pressure test in accordance with 11.2.1 or a hydraulic volumetric expansion test
inaccordance with 11.2.2. Test method requirements are given below. Additional guidance for these
test methods and equipment control (calibration and maintenance) can be found in ISO 18119{ The
purchager and manufacturer shall agree on which of these alternatives shall be carried out;

— ahardrness test in accordance with 11.3;
— aleak tpstin accordance with 11.4;

— a water| capacity check in accordance with 11.5.
11.2 Hydnaulic test

11.2.1 Prdof pressure test

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

The cylindgr shall remain under pressure, p, for at least\30 s to establish that the pressure doe§ not
fall and thalt there are no leaks. During the period that/the cylinder is under test pressure, it sh:lill be
visible (including the base) and remain dry. After thetest, the cylinder shall show no visible permanent
deformatiof and no trace of moisture implying leakage.

11.2.2 Volpmetric 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.

The cylindgr shall remain undér pressure, p;, for at least 30 s and the total volumetric exparsion
measured. The pressure shallkthén be released and the volumetric expansion re-measured.

The cylindgr shall be rejected if it shows a permanent expansion (i.e. volumetric expansion after the
pressure hgs been released) in excess of 5 % of the total volumetric expansion measured at the| test
pressure, pyj.

The total and4peérmanent expansion readings shall be recorded, together with the corresponding
serial numherof 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 equivalent
methods shall be carried out at each end of every cylinder by the manufacturer after the final heat
treatment and the values recorded. The hardness values thus determined shall be within the limits
established during prototype testing (see 9.2.3).

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

NOTE 1

Methods for measuring the surface indentations, other than those 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 can be
demonstrated.

NOTE 2

11.4 Leak test

Only
tech
cylix

The

ders do not leak.

following are examples of typical testing procedures:

pressure side. The inside area of the cylinder base surrounding the closure shall be su
pressure equal to at least two thirds of the test pressure of the cylinder for a minimu|
this area shall be not less than 20 mm in diameter around the clostire and at least 6 %
base area. The opposite side shall be covered with water or,another suitable medium
examined for indication of leakage;

hlternative tests on finished cylinders (e.g. helium leakor'pneumatic leak tests).

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

11.5
The

12

Each
cyliq
of a
acce|

Cop
by t

NOT

;fe

b Capacity check

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

Certification

ders meet the requirements of this document in all respects. Annex D provides a typi

ptable.

s of the certificate shall be issued to the manufacturer. The original certificate shall
inspector.and'the copies by the manufacturer.

[
»

Regarding certificates, national regulations can contain additional or overriding require

13 Marking

h pneumatic leakage test where the base end shall be clean and free fromyall moisturg

batch of cylinders shall be.cevered by a certificate signed by the inspector to the eff

suitably worded acceptance certificate. Other formats with at least the same contg

The hardness value at any single location can be the average of a maximum of three test results.

ufacturing

hiques and apply such tests as will demonstrate to the satisfaction of the inspeczlor that the

on the test
bjected to a
im of 1 min;
of the total
and closely

ect that the
al example
nt are also

be retained

ments.

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 13769.

NOTE

Regarding marking, national regulations can contain additional or overriding requireme
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nts.

31


https://standardsiso.com/api/?name=dbcb500851bcb30196ddde1c3f2197e7

IS0 9809-2:2019(E)

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 could 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 not covered by this Annex and are’prescribed in 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.
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A.3 Manufacturing imperfections and the procedure for their evaluation

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 Tables 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 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
Cylinders wj
2 imperfect
Otherwise,

ming condition of a cylinder with features more severe than Level 1 imperfect
ith Level 2 imperfections shall be rejected. If it is decided that a rejected cylinder with1j
ions is to be repaired, it shall be repaired in accordance with A.2.2 and be ré-inspe
the cylinders are to be treated as cylinders with Level 3 imperfections.

Level 3 imperfection

Non-confor
with Level ]
repaired an|

The cylindg
been found

ming condition of a cylinder with features more severe than Level 2 ifnperfections. Cylin
B imperfections shall be rejected. Rejected cylinders with Level 3imperfections shall n
d shall be rendered unserviceable.

rs presented to the inspector for inspection at the time of product acceptance should
acceptable by the manufacturer and should be free of iniperfections to Levels 2 and 3.

ons.
evel
rted.

ders
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 sca eﬁ\n’press
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Figure A.5 — Impression in a wall

v /

b) Lamination photograp

a) Lamination s&S&hatic

OFigure A.6 — Surface-breaking imperfection

2 1

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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Figure A.9 Q_@linder shoulder folds or cracks before and after machining
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Figure A.10 — Examples of shoéer folds
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Figure A.13 — Chipped thread
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Figure A-15—Rib
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Annex B
(normative)

Ultrasonic examination

B.1 _General

f ultrasonic
le for the

Thig annex is based on techniques used by cylinder manufacturers. Other techniqués. o
exarpination may be used, provided these have been demonstrated to becsuital
manjufacturing method.

B.2| General requirements

The

notc
oper
cert

ultrasonic examination equipment shall be capable of at least detecting the referen¢e standard
hes described in B.3.2. It shall be serviced regularly in accordance with the manufacturer's
ating instructions to ensure that its accuracy is maintained:"Inspection records and approval
ficates for the equipment shall be maintained.

The

cert
ISO

pperation of the ultrasonic examination equipment shalkbe by qualified and experience
fied at least to Level 1 and supervised by personnel certified at least to Level 2 in acco
D712. Other standards, which meet or exceed these€ minimum requirements, may be y

d personnel
‘dance with
sed subject

pproval by the inspector. The inner and outer surfaces of any cylinder, which is to be examined
1sonically, shall be in a condition suitable foran accurate and reproducible examination|

to 3]
ultra

either the
chniques of

For
reso
exar

flaw detection, the pulse echo systenryshall be used. For thickness measurement
pance method or the pulse echo system shall be used. Either contact or immersion te
hination shall be used.

A co|
and

ppling method which ensures adequate transmission of ultrasonic energy between th¢ test probe

the cylinder shall be used,

B.3| Flaw detection of the cylindrical parts

B.3.1 Procedure

The [cylinders-t@ be examined and the search unit with probes shall go through a rotating|motion and

tran
rota
widt

slationtelative to one another such that a helical scan is performed on the cylinder. Th
[ion-and translation shall be constant to within £10 %. The pitch of the helix shall be I¢
hccovered by the probe (at least a 10 % overlap shall be guaranteed) and be related to t

b velocity of
bss than the
he effective

~aldel 1 de. 10004 dndel 1 . £ A 1 e ) dd :
T WITTIT SUTIT a5 tU CITSUTre 1uU- 70 coverageat tirc VveIoTIty Of Totationar aIrca traistatromr use uring

bear
the calibration procedure.

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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