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Foreword

4:2014(E)

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Part 1: Quenched and tempered steél cylinders with tensile strength less than 1 100 MPa
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Introduction

The purpose of ISO 9809 is to provide a specification for the design, manufacture, inspection, and testing
of a seamless stainless steel cylinder for worldwide usage. The objective is to balance the design and
economic efficiency against international acceptance and universal utility.

ISO 9809 aims to eliminate the concern about climate, duplicate inspections, and restrictions currently
existing because of the lack of definitive International Standards. This International Standard should
not be construed as reflecting on the suitability of the practice of any nation or region.

This part of
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ispection and test of pressure receptacles of the UN model regulations for the transport4
s goods.[8]

d to be used under a variety of regulatory regimes but has been written so thatit is suit
h the conformity assessment system in paragraph 6.2.2.5 of the above mentioned m
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Gas cylinders — Refillable seamless steel gas cylinders —
Design, construction and testing —

Part 4:
Stainless steel cylinders with an Rm value of less than 1

10

1

This
worl

Do

Id

Scope

part of ISO 9809 specifies the minimum requirements for the material;,desSign, const
xmanship, manufacturing processes, examinations, and tests at manufacture of refillah

staimless steel gas cylinders of water capacities from 0,5 1 up to and iricluding 150 1 for d

lique
tens

NOTE

to be

2
The
indi
refel

ISO

ISO
aust

ISO
ISO
ISO

fied, and dissolved gases. This part of ISO 9809 is applicable to eylinders with a maxi
le strength, Ry, of less than 1 100 MPa.

If so desired, cylinders of water capacityless than 0,51 andbetween 1501and 5001 can be 1
in full compliance with this part of ISO 9809.

M

Normative references

following documents, in whole or in part, are' normatively referenced in this docum
pensable for its application. For dated references, only the edition cited applies. R
ences, the latest edition of the referenced document (including any amendments) appli

| 48-1, Metallic materials — Charpy-pendulum impact test — Part 1: Test method

B651-2, Determination of resistance to intergranular corrosion of stainless steels — Par]
pnitic and ferritic-austenitic{duplex) stainless steels — Corrosion test in media containing

b506-1, Metallic materials — Brinell hardness test — Part 1: Test method
h508-1, Metallic materials — Rockwell hardness test — Part 1: Test method

438, Metallic materials — Bend test

ISO

329-1, Seamless steel tubes for pressure purposes — Technical delivery conditions — Part

steels with specified room temperature properties

[SO 9712, Non-destructive testing — Qualification and certification of NDT personnel

ruction and
le seamless
ompressed,
mum actual

anufactured

ent and are
or undated
bS.

t 2: Ferritic,
culfuric acid

1: Unalloyed

ISO 13769, Gas cylinders — Stamp marking

3 Terms and definitions

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

31

yield strength
stress value corresponding to the 0,2 % proof stress or for austenitic steels in the solution-annealed
condition, 1 % proof stress
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3.2
quenching

hardening heat treatment in which a cylinder, which has been heated to a uniform temperature above
the upper critical point Ac3 of the steel, is cooled rapidly in a suitable medium

3.3
tempering

toughening heat treatment which follows quenching, in which the cylinder is heated to a uniform

temperatur

3.4

e below the lower critical point Acj of the steel

solution a
softening h
uniform tern
by rapid co

3.5

meating

Pat treatment for austenitic and duplex stainless steels in which a cylinder is heated
hperature above the upper critical point (Acs, as defined in ISO 10052) of the steel follg
ling

cryoforming

process wl:Lre the cylinder is subjected to a controlled low-temperature deformation treatment

resultsin a

3.6

batch
quantity of
thickness, 1

permanent increase in strength

ength, and design made successively on the same equipment, from the same cast of steel

subjected t¢ the same heat treatment for the same duration of tiime

3.7
test pressu

Ph
required prj

re

essure applied during a pressure test

Note 1 to enflry: It is used for the cylinder wall thickness calculation.

3.8
burst pres}

Pb
highest pre

3.9

design str¢
F

ratio of the

3.10
working pi

sure

tsure reached in a cylinder during a burst test

ss factor

equivalentWwall stress at test pressure (pn) to guaranteed minimum yield strength (Reg

essure

settled preg

to a
wed

that

up to 200 cylinders plus cylinders for destructive testing’of the same nominal diamleter,

and

sure of a compressed gas at a uniform reference temperature of 15 °C in a full gas cylinder

4 Symbols

A percentage elongation after the fracture for a gauge length of L,

a calculated minimum thickness of the cylindrical shell, in millimetres

a guaranteed minimum thickness of the cylindrical shell, in millimetres

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

ap guaranteed minimum thickness at the centre of a concave base, in millimetres (see Figure 2)
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guaranteed minimum thickness at the centre of a convex base, in millimetres (see Figure 1)

maximum permissible deviation of burst profile for quenched and tempered cylinders, in millimetres

(see Figure 11)

maximum permissible deviation of the burst profile for cryoformed or solution-annealed cylinders with

less than 7,5 mm wall thickness, in millimetres (see Figure 12)
nominal outside diameter of the cylinder, in millimetres (see Figure 1)

diameter of former, in millimetres (see Figure 6)

Pb
NOT

L]

bh

by

design stress factor (variable) (see 3.7)

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

original gauge length as defined in ISO 6892, in millimetres (see Figure 5)

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

ratio of the diameter of the bend test former to the actual thickneSs of the test piece (¢)
measured burst pressure above the atmospheric pressuresinbar

1 bar = 105 Pa = 105 N/mZ.

hydraulic test pressure above the atmospheric pressure, in bar

observed pressure when the cylinder starts yielding during the hydraulic burst test above t
pheric pressure, in bar

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

actual value of the yield strength as determined by the tensile test, in MPa (see 10.2)
minimum guaranteed value'0f the yield strength (see 7.1.1) for the finished cylinder, in MPa
actual value of the tensile strength as determined by the tensile test, in MPa (see 10.2)
minimum guaranteed value of the tensile strength for the finished cylinder, in MPa

original croSs-;sectional area of the tensile test piece in accordance with ISO 6892, in square
actualthickness of the test specimen, in millimetres

average cylinder wall thickness at the position of testing during the flattening test, in millin

he atmos-

millimetres

hetres

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

cylinder

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

width of the tensile test piece, in millimetres (see Figure 5)

5 Inspection and testing

To ensure that the cylinders conform to this part of ISO 9809, they shall be subject to inspection and
testing in accordance with Clauses 9, 10, and 11 by an inspection body (hereafter referred to as “the
inspector”) authorized to do so.

© IS0 2014 - All rights reserved
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Equipment used for the measurement, testing, and examination during the production shall be

maintained

NOTE
country(ies)

and calibrated within a documented quality management system.

where the cylinders are intended to be used.

6 Materials

6.1 General requirements

Evaluation of conformity can be performed in accordance with the regulations recognized by the

6.1.1 Matgrials for the manufacture of gas cylinders shall fall within one of the following categotid

a) intern
b) nationd
c) newcy

For all categ

6.1.2 The
of austeniti
materials in

6.1.3 The
from which

6.1.4 The
gas service,

6.1.5 Son]
Special pred

6.1.6 Sonj
resulting in

below the miinimum acceptable temperature.

6.2 Cont

6.2.1 The

ferritic

Iionally recognized cylinder steels;

lly recognized cylinder steels;
inder steels resulting from technical progress.

vories, the relevant conditions specified in 6.2 and 6.3 shall be satisfied.

re is a risk of sensitization to the intergranular corrosion resulting from the hot proceg
C and duplex stainless steels. Intergranular corrosion testing shall be carried out for
accordance with 10.6.

cylinder manufacturer shall establish the means to identify the cylinders with the cast of
they are made.

grades of the steel used for the cylinder manufacture shall be compatible with the inte]
e.g. corrosive gases and embrittling gas€s)(see ISO 11114-1).

e grades of stainless steel can be\susceptible to environmental stress corrosion crac
autions shall be taken in such cases, such as appropriate coating.

a brittle alloy. Special, precautions shall be taken in such cases, i.e. not using the cyli

rols on chemieal composition

following.are the four broad categories of stainless steels:

[72)

sing
such

steel

nded

King.

e grades of stainless steel-can be susceptible to phase transformation at low temperafures

nder

marten

sitic;

austenitic;

austenitic/ferritic (duplex).

Recognized steels are listed in ISO 15510. Other grades of stainless steel can also be used provided that
they fulfil all the requirements of this part of ISO 9809.

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

Should check analyses be required, they shall be carried out either on the specimens taken during the
manufacture from the material in the form as supplied by the steel maker to the cylinder manufacturer,

4
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or from finished cylinders. In any check analysis, the maximum permissible deviation from the limits
specified for the cast analyses shall conform to the values specified in ISO 9329-1.

6.3

Heat treatment

6.3.1 The cylinder manufacturer shall certify the heat treatment process applied to the finished
cylinders.

6.3.2 The finished cylinders made from the ferritic or martensitic steel categories shall be quenched
and tempered, except if they are cold worked (see 6.4).

6.3.

For the ferritic and martensitic steels, the heat treatment process shall achieve t

mechanical properties.

6.3.
not

6.4

Cold
stee

For
requ

The actual temperature to which a type of steel is subjected to obtain a given tensile st
eviate by more than 30 °C from the temperature specified by the cylindermanufacturer,

Cold working or cryoforming

working or cryoforming is used to enhance the finished me¢hanical properties in certg
materials.

he required

rength shall

in stainless

fylinders that are subjected to cold working or to the'¢ryoforming process, all the hedt treatment

irements refer to the cylinder preform operations.,Cold worked or cryoformed cylindg

be syibjected to any subsequent heat treatment.

6.5

In th
carr

a)

b)

Failure to meet test requirements

e event of failure to meet the test requirements, retesting or reheat treatment and retes
ed out as follows to the satisfactionfof the inspector:

f there is evidence of a fault in-carrying out a test, or an error of measurement, a furth
be performed. If the result ef'this test is satisfactory, the first test shall be ignored.

fthe test has been carried out in a satisfactory manner, the cause of test failure shall b
1) Ifthe failure is‘eonsidered to be due to the heat treatment applied, the manufacturer]
all the cylinders implicated by the failure to a further heat treatment, e.g. if the fa
test representing the prototype or batch cylinders. Test failure shall require rehea
of all therepresented cylinders prior to retesting.

Whenever the cylinders are reheat treated, the minimum guaranteed wall thickn
maintained.

rs shall not

ing shall be
er test shall
b identified.
can subject

ilure is in a
t treatment

ess shall be

rava | el 1 b dngndn. 1 . . b | e =l yan Nl LS il
VIl LT 1TTICTVAIIU PpI'ULULY DT UL UdLUII LESLS TITTUTU LU PIUVE LT dALLTPLAUITIL Y Ul U

new batch

shall be performed again. If one or more tests prove even partially unsatisfactory, all the

cylinders of the batch shall be rejected.

2) If the failure is due to a cause other than the heat treatment applied, all the cyl

inders 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 reinstated as part of the original batch.
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7 Design

7.1 Gene

ral requirements

7.1.1 The calculation of the wall thickness of the pressure-containing parts shall be related to the

guaranteed

minimum yield strength (Reg) of the material in the finished cylinder.

7.1.2 Cylinders can be designed with one or two openings along the central cylinder axis only.

7-1-3 Th illtCl lld]l l.}l CS5UIT upuu VV}liLh thc Lal\.ulatiuu Uf VV(]}} t}lib}\llCDD ib ]UClDCd Dhcl]l} ]UC thC }lydl UIiC
test pressure, ph.
7.2 Calcylation of cylindrical shell thickness
The guaranteed minimum thickness of the cylindrical shell (a’) shall not be less than the thickiness
calculated ysing Formulae (1) and (2), and additionally, Formula (3) shall be satisfied:
10FR,, —/3
a=D| - [ e V0P ®)
2 10FRg
where the vjalue of F is equal to 0,77.
The wall thickness shall also satisfy Formula (2)
D
az——-i1 2
250 (2)
with an absplute minimum of a = 1,5 mm.
The burst ratio shall be satisfied by Formula (3})-
Pb/ph 2[L,6
(3)
NOTE If}is generally assumed that pp = 1,5 x the working pressure for compressed gases for the cylifjders
designed and manufactured to this-part of ISO 9809.
7.3 Calcylation of cenvex ends (heads and bases)
7.3.1 The|thicknessyb, 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 7Fnrﬂ4ﬂ>l—ll/l)>07ﬂand

— bzafor H/D = 0,40.

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

Shape b) shall not be excluded from this requirement.

© ISO 2014 - All rights res
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7.3.2 The design shall be verified and considered satisfactory by the application of the pressure cycling
test given in 9.2.2.

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

© IS0 2014 - All rights reserved
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D/2 D/2 | D/2 ‘

d) e) f)

Key
1  cylindrical part

Figure 1 — Typical convex ends
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Calculation of the concave base ends

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

— ai1z2aq;

— az=z2a;

— h=z0,12 D;

— r=0,075D.

The

To o
the t

The
give

7.5

7.5.
the t
thre

NOTE

design drawing shall at least show the values for aq, az, h, and r.

btain a satisfactory stress distribution, the thickness of the cylinder shall increasé.prog
ransition region between the cylindrical part and the base.

design shall be verified and considered satisfactory by the application of the’pressure
hin 9.2.2.

D/2

Figure 2 — Concave base ends

Neck design

1 The external diameter and thickness of the formed neck end of the cylinder shall be 3

orque applied in fitting the valve to the cylinder. The torque can vary according to the dia
hd, the-form of the thread, and the sealant used in the fitting of the valve.

L

For guidance on torques, see ISO 13341,

ressively in

cycling test

dequate for
meter of the

7.5.2

In establishing the minimum thickness, consideration should be given to obtaining a thickness of

the wall in the cylinder neck which will prevent the permanent expansion of the neck during the initial
and subsequent fittings of the valve into the cylinder without the support of an attachment. The external
diameter and thickness of the formed neck end of the cylinder shall not be damaged (no permanent
expansion or crack) by the application of the maximum torque required to fit the valve to the cylinder
(see ISO 13341) and the stresses when the cylinder is subjected to its test pressure. In specific cases (e.g.
very thin-walled cylinders) where these stresses cannot be supported by the neck itself, the neck can be
designed to require 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.
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7.6 Foot

rings

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

7.7 Neckrings

When a neck ring is provided, it shall be sufficiently strong and made of a material compatible with that

of the cylin

er and shall be securely attached by a method other than welding, brazing, or soldering.

o

The axial 19
but not less

7.8 Desij

A fully dim|
details reley
agreed bety

8 Const

8.1 Gene
The cylinde
a)
b)
c)
d)

Metal shall
by plugging

forging]

manufg

cold wd

8.2 Wwall

During pro
thickness a

8.3 Surfj

pressing from a flat plate, or

ad to remove the neck ring shall be greater than 10 times the weight of the empty 'cyli
than 1 000 N, and that the torque to turn the neck ring is greater than 100 Nm.

n drawing

ensioned drawing shall be prepared which includes the specification of the material
Fant to the design of the permanent fittings. Dimensions of non-safety-related fittings cg
veen the customer and manufacturer and need not be shown on¢hedesign drawing.

ruction and workmanship

ral
r shall be produced by
or drop forging from a solid ingot or billet;

cturing from seamless tube,

rking or cryoforming preform.

hot be added in the process-of closure of the end. Manufacturing defects shall not be corre
of bases.

thickness

duction, eagh cylinder or semi-finished shell shall be examined for thickness. The
any poiftshall be not less than the minimum thickness specified.

1ce imperfections

nder

and
n be

cted

wall

The internal and external surfaces of the finished cylinder shall be visually inspected to determine that

they are fre

NOTE

10

e from imperfections which could adversely affect the safe working of the cylinder.

See Annex A for examples of imperfections and guidance on their evaluation.
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Ultrasonic examination

8.4.1 After the completion of the final heat treatment and cold working and after the final cylindrical
wall thickness has been achieved, each cylinder shall be ultrasonically examined for internal, external,

and

subsurface imperfections, in accordance with Annex B.

The ultrasonic examination is not necessary for small completed cylinders with a cylindrical length
of less than 200 mm or where the product of py x V < 600 (for Rpa = 650 MPa) or py, x V< 1 200 (for

Rma

< 650 MPa).

8.4.2—Regar dtessof thesizeof thecytinder madditiomrto-theultrasontcexaminationras
8.4.1, the cylindrical area to be closed (that creates the shoulder and in case of cylinders mad

also

clostire could be positioned in the cylinder ends.

8.5

The
outs

For

Out-of-roundness

specified in
e from tube,

the base) shall be ultrasonically examined prior to the forming process to detect any.defe¢ts that after

out-of-roundness of the cylindrical shell, i.e. the difference between the maximum and minimum
ide diameters at the same cross section, shall not exceed 2 % of théimean of these diamgpters.

old stretch and cryoformed cylinders, higher values are acceptable provided they are yalidated by

the pressure cycling test and the maximum shall be specified én'the approved design drawing.

8.6
The

Mean diameter

not dleviate by more than *#1 % from the nominal design diameter.

For

mean external diameter of the cylindrical part eutside the transition zones on a cross section shall

old stretch and cryoformed cylinders, higher values are acceptable provided they are yalidated by

the pressure cycling test and the maximumeshall be specified on the approved design drawing.

8.7

The
inle

For

Straightness

hgth (see Figure 3).

fold stretch and cryoformed cylinders, higher values can be used provided that it is ac

the intended applicatiof-and safety is not compromised.

8.8

For
leng
to bé

Verticality and stability

th (seeFigure 3) and the outer diameter of the surface in contact with the ground is re

 greater than 75 % of the nominal outside diameter.

maximum deviation of the eylindrical part of the shell from a straight line shall not exceed 3 mm/m

ceptable for

W cylindervdesigned to stand on its base, the deviation from vertical shall not exceed §0 mm/m in

ommended

For cold stretch and cryoformed cylinders, higher values for deviation from vertical can be used provided

that

it is acceptable for the intended application and safety is not compromised.

© IS0 2014 - All rights reserved
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Key
1 maximum 0,01 x I (see 8.8)
2 maximum 0,003 x 1 (see 8.7)

Figure 3 +— Illustration of the deviation of the cylindrical part of the shell from a straight line
and from vertical

8.9 NecKthreads

The internall neck threads shall conform to a recognized standard agreed between the parties to permit
the use of ajcorresponding valve, thus minimizing neck stresses following the valve torquing operafion.
Internal ne¢k threads shall be checked/using gauges corresponding to the agreed neck thread or Hy an
alternative method agreed between-the parties.

NOTE Forexample, where the neck thread is specified tobeinaccordance with SO 11116-1, the corresponding
gauges are specified in ISO 11:116-2.

Neck threads shall be agcurately cut, of full form, and free from any sharp profiles, e.g. burrs.

9 Type Tpproval procedure

9.1 General requirements

A technical specification of each new design of cylinder, or cylinder family as defined in f), 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.

12 © ISO 2014 - All rights reserved
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b)

f)

g)

h)

j)

9.2

9.2.

A minimum of 30 cylinders which are guaranteed by the manufacturer to be representativg

desi

numper of cylinders required is less than 30, a sufficient number of cylinders shall be made
the prototype tests required in addition to the production quantity, butin this case the appr¢
is lirthited to this particular production batch.

In tHe course of the type approval process, the inspector shall select the necessary cylinder

and:

a)

ISO 9809-

4:2014(E)

Itis 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 hea
process, etc.

t treatment

It is manufactured from a steel of different specified chemical composition limits from that used in

the existing type approval.
[tis given a different heat treatment beyond the limits stipulated in 6.3 and 6.4.

The base or the base profile has changed, e.g. concave, convex, hemispherical, or also
change in base thickness/cylinder diameter ratio.

if there is a

Che overall length of the cylinder has increased by more than 50 % (cylinders with a lerigt

ratio less than 3 shall not be used as reference cylinders for any new design with this r
than 3).

The nominal outside diameter has changed.
The guaranteed minimum thickness has changed.

Che hydraulic test pressure (pn) has been increased (where a cylinder is to be useg
pressure duty than that for which design approval has been gjven, it shall not be dee
hew design).

[he guaranteed minimum yield strength (Reg) and/or the*guaranteed minimum tens
[Rmg) for the finished cylinder have changed.

Prototype test

|  General requirements

bn shall be made available for the prototype testing. However, if for special applicatio|

verify that

— the design conforms to the requirements of Clause 7,

meet the requirements of 7.3 to 7.6, the measurements being taken on at least three
sections of the cylindrical part and on a longitudinal section of the base and head,

h/diameter
atio greater

| for lower-
med to be a

le strength

b of the new
ns the total
to complete
val validity

5 for testing

— the-thlicknesses of the walls and ends on two cylinders (those taken for mechanical testing)

transverse

— the materials conform to the requirements of Clause 6, and

internal and external surfaces of the cylinders are free of any defect which should
unsafe to use (for examples, see Annex A), and

b) supervise the following tests on the cylinders selected:

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

representative stamp markings;

identifiable with the batch;

© IS0 2014 - All rights reserved

the selected cylinders conform to the requirements of 7.6, 7.7, 7.8, and 8.5 to 8.9 inclusive, the

make them

ers bearing

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

For cylinders made from austenitic stainless steel, impact tests are not required (see 10.4).

duplex steels;

representative stamp markings;

the

neck threads conform to the geometrical requirements for all inspected cylinders.

the tests specified in 9.2.3 (base check) on the two cylinders selected for mechanical testing;

an intergranular corrosion test in accordance with 10.6 for cylinders made from austenitic and

the tests specified in 9.2.2 (pressure cycling test) on three cylinders, the cylinders bearing

9.2.2 Pre

This test s
liquid, subijg
hydraulic t¢g

For cylinde
two-thirds

The value o
an absolute

The cylinde

The freque
measured

After the te
thickness is
the usual pi
specified o]

The test sh
developing

9.2.3 Basle check

A meridian
polished fol

The cylinde]
as defective
to safety.

In cases wh

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

ksure cycling test

hall be carried out on cylinders bearing representative markings with a non-corrg

st pressure (pp). The cylinders shall withstand 12 000 cycles without failure.

's with a hydraulic test pressure (pn) > 450 bar, the upper cyclic pressure can be reducq
bf this test pressure. In this case the cylinders shall withstand 80 000.cycles without fai

maximum of 30 bar.

cy of the reversals of pressure shall not exceed 0,25'Hz (15 cycles/min). The temperd
n the outside surface of the cylinder shall not excegd 50 °C during the test.

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
oduction tolerances. In no case shall theractual base thickness exceed the minimum val
the drawings by more than 15 %.

1l be considered satisfactory if the cylinder attains the required number of cycles wit]
h leak.

cection shall be made,in the base centre of the cylinder and one of the surfaces, thus obta
examination under a magnification of between x 5 and x 10.

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

bre the base is suspected to be plugged, the section shall be etched after the first examing

to Verify thé-absenceofa p]ng D]nggnﬂ r‘y]inr‘]nrc shall nothe apprnvnrl

 shall actually experience the maximum and minimum @yclic pressures during the test.

sive

cting the cylinders to successive reversals at an upper cyclic pressure which is*equal t¢ the

bd to
lure.

have

ture

this
thin
he(s)

hout

ned,

rded
reat

tion

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 7.4).

9.3 Type approval certificate

If the results of the checks according to 9.1 are satisfactory, the inspector shall issue a type approval
certificate, a typical example of which is given in Annex C.

14
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Batch tests

10.1 General requirements

10.1.1 All tests for checking the quality of the gas cylinder shall be carried out at the completion of the
cylinder manufacture, i.e. at any stage after the heat treatment.

For the purpose of the batch testing, the manufacturer shall provide the inspector with

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

The

a)
b)

the type approval certificate,

the certificates stating the cast analysis of the steel supplied for the construction of the
hn evidence that appropriate heat treatment has been performed,

the certificates showing the ultrasonic examination results,

h list of the cylinders, stating the serial numbers and stamp markings, asyrequired, and

h confirmation that threads have been checked in accordance with gauging requir
bauges to be used shall be specified (e.g. ISO 11191).

Ascertain that the type approval certificate has been ebtained and that the cylinders cq

Check whether the requirements given in Clauses’6, 7, and 8 have been met and, in
rheck by an external and internal visual examination of the cylinders whether their c
s satisfactory. The inspector shall verify thatthe requirements of 7.7, 7.8, and 8.2 to 8
fulfilled by the manufacturer. The visual.€xamination shall cover at least 10 % of tH
submitted. However, if an unacceptable imperfection is found (for examples, see Annex
Cylinders shall be visually inspected:

Select the necessary cylinders per batch for destructive testing and carry out the tes
n 10.1.2 a) (hydraulic burst¢ests) and 10.1.2 b) (mechanical testing). Where alternati
permitted, the purchasersand manufacturer shall agree which tests are to be carried
rold working or cryoforming causes inhomogeneity of mechanical properties within 4
sufficient sets of testypieces shall be taken in accordance with Figure 4 to prove the des

Check whether thejififormation supplied by the manufacturer referred toin 10.1.1 is corr
Checks shall b€ catried out.

Assess the results of the hardness testing specified in 11.3.

following tests shall be carried out on each batch of cylinders:

cylinders,

bments, the

nform to it.

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

ts specified
ve tests are
out. Where
he cylinder,

gn.

bct; random

bn’one cylinder, one hydraulic burst test (see 10.5);

on a further cylinder:

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

or one ring flattening test (see 10.3.3);

least 3 mm thick, three impact tests in the transverse or longitudinal direction as
10.4;

accordance with 10.6.

© IS0 2014 - All rights reserved

either two bend tests (see 10.3.1) in a circumferential direction, one flattening test (see 10.3.2),

when necessary and when the thickness of the cylinder permits the machining of a test piece at

required in

for cylinders made from austenitic and duplex steels, an intergranular corrosion test in
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— for cylinders made from continuously cast material, a base check in accordance with the
requirements of 9.1.3 shall be carried out.

NOTE For the location of test pieces, see Figure 4.
VA
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—
—
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::;71 =5 |3
3
s [ s I s
< 7 -
.\
L N\
4
I
VA
Key
1 bend tedt pieces or flattening ring teéstpieces
2 transverse impact test pieces
3  longitudinal impact test piece {alternative positions shown dashed)
4  tensile tpst pieces

Figure 4 — Typical location of the test pieces

10.2 TensHe-test

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

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

cylinder, shall not be machined. The minimum percentage elongation values shall be those given for
the material in ISO 9328-1, when in the same condition. The elongation values for other material
grades not covered by ISO 9328-1 shall be agreed between the cylinder manufacturer and the
relevant authority. However, the elongation after fracture (4) measured shall in no case be less than
14 %.

16 © ISO 2014 - All rights reserved
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b) The 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
those specified in 10.2.1 a) plus 2 %, but in no case less than 16 %.

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

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

NOTE Attention is drawn to the method of measurement of elongation described in ISO 6892, particularly
in cases where the tensile test piece is tapered, resulting in a point of fracture away from the middle of the gauge
length.

L,/5 L, L,/5

NOTE w<4t;, w<D/8.

Figure 5 — Tensile test piece

10.3 Bend test and flattening test

10.3.1 Bend test

Figure 6 — Illustration of the bend test

10.3.1.1 The bend test shall be carried out in accordance with ISO 7438 on two test pieces obtained by
cutting either one or two rings with a width of 25 mm or 4 ¢, whichever is greater, into equal parts. Each
test piece shall be of sufficient length to permit the bend test to be carried out correctly. Only the edges of
each strip can be machined.

© ISO 2014 - All rights reserved 17
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10.3.1.2 The test 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).

10.3.1.3 The diameter of the former (Ds) shall be established from Table 1.

For the actual tensile strength (Rpna) given in Table 1, Df < n x the test piece thickness ().

10.3.2 Flattening test

10.3.2.1 The flattening test shall be performed on one cylinder selected from each batch after the heat
treatment.

angle, the gdges being rounded to a nominal radius of 13 mm. The length of the wedges>shall bg not
less than th width of the flattened cylinder. The longitudinal axis of the cylinder shall-bé at an angle of
approximately 90° to the knife edges.

10.3.2.2 T{e test cylinder shall be flattened between the wedge-shaped knife edges with a 60%inclfided

10.3.2.3 The test cylinder shall be flattened until the distance between the knifeedges is in accordance
with Table 1. The flattened cylinder shall remain visually uncracked.

Table 1 — Bend test and flattening test requiréments

Actual tensile strength, Ry, Bend test Flattening test
MPa " (cylinde:aor ring)
R < 440 2 6
440 < Ry £ 520 3 6
520 <R <600 4 6
600 <Ry, <700 5 7
700 <Ry <800 6 8
800 <Ry <900 7 9
Rm >900 8 9
a _Distance between the knife edges(oryplatens = u x ty,, where ty, is the average cylinder wall thickness at the positipn of
testing.

10.3.3 Ring flattening test

The ring flattening €est shall be carried out on one ring with a width of 25 mm or 4 ¢, whichever is
greater, taken frohi the cylinder body. Only the edges of the ring can be machined. The ring shall be
flattened b¢tween the platens until the distance between the platens is in accordance with Table 1| The
flattened ripgishall remain visually uncracked.

10.4 Impact test

NOTE For cylinders made from austenitic stainless steel, impact tests are not required. They are only
required for ferritic and martensitic steels.

10.4.1 Exceptforthe requirements set out below, the test shall be carried outin accordance with ISO 148-
1.

The impact test pieces shall be taken in the direction as required in Table 2 from the wall of the cylinder.
The notch shall be perpendicular to the face of the cylinder wall (see Figure 7). For longitudinal tests,
the test piece shall be machined all over (on six faces). If the wall thickness does not permit a final test
piece width of 10 mm, the width shall be as near as practicable to the nominal thickness of the cylinder
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wall. The test pieces taken in the transverse direction shall be machined on four faces only, the outer
face of the cylinder wall unmachined and the inner face optionally machined as shown in Figure 8.

10.4.2 Minimum acceptance values shall be as given in Table 2.

2

Key

1 fransverse test piece

2 tylinder longitudinal axis

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

Figure 7 — Description of the transverse and longitudinal impact test piece

7]

Ty
-

a) Test piece taken from the cylinder wall
] 1

—] ||| S
~ ~

b) Front view of the test piece in the impact tester
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N

vl — ——p—

c) Top view of the test piece in the impact téster

Key

1  machinipg optional

2 direction of strike

3 strikingjnvil
4  testpiede

5 centre of strike

Figure 8 — Description ©f the transverse impact testing
Table 2-==Impact test acceptance values

Cylinder digmeter D, mm > 140 <140
Direction ok testing transverse longitudirjal
Width of teft piece, mm 3to5 >5t0 75 >75to 10 3to10
Test temperaturea, °C -50 -50
Impact Valgeb, ] /cm?2

— Mean of threeitest pieces 30 35 40 60
— Individupltest piece 24 28 32 48

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

b The impact value (J/cm?) is calculated by dividing the impact energy (J) by the actual cross sectional area below the
notch (cm?) of the Charpy test specimen.

10.5 Hydraulic burst test

10.5.1 Testinstallation

The test equipment shall be capable of operating in accordance with the test conditions specified in
10.5.2 and of accurately producing the information specified in 10.5.3.

A typical hydraulic burst test installation is illustrated in Figure 9.
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1 4 6
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/
Key
1 test fluid reservoir
2 fank for measuring the testfluid (The test fluid reservoir can also be used as the measuring tank.]
3  pump
4  pressure gauge
5  pressure/time-¢urve recorder
6  Vent or air-release valve
7  test wellwith cylinder

Figure 9 — Typical hydraulic burst test installation

10.5.2 Test conditions

As the cylinder and test equipment are being filled with water, 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) Inthe second stage, the pump discharge rate shall be maintained at as constant a level as is possible
until the cylinder bursts.
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10.5.3 Interpretation of test results

10.5.3.1 Interpretation of the burst test results shall involve

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

pressure, and

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

10.5.3.2 Farthe results of a burst test to he considered satisfactory the fn]lnwing requirements sha

1l be

met.
a) The obgerved yield pressure (py) shall be equal to or greater than %x the test pressure

pyZ_Kph

b) The actjual burst pressure (pp) shall be equal to or greater than 1,6 x the test pressure.

pb= 1,6 pn
10.5.3.3 The cylinder shall remain in one piece and shall not fragment:

10.5.3.4 The main fracture shall be in the cylindrical portion ahd shall not be brittle, i.e. the frag
edges shall pe inclined with respect to the wall. The tear shall. ot reveal a significant defect in the n

ture
netal

and in no cgse shall reach the neck. For concave bases, the tear shall not run further than the cylindrical

body at the pase end and, for convex bases, the tear shallnot reach the centre of the base.

10.5.3.5 Fdr cylinders with a wall thickness less thah 7,5 mm, the fracture shall be acceptable only
conforms td one of the following descriptions.

a) For qudgnched and tempered cylinders;

— longitudinal, without branching{see Figure 10);

— longitudinal, with a side brariching at each end which in no case extends beyond the longituc
plape normal to the fracture plane (c1 < D/4; see Figure 11);

b) For crypformed or solutien-annealed cylinders:
— longitudinal, Wwithout branching (see Figure 10);

— longitudinal, with a side branching at each end which in no case exceeds half the cyli
cir¢umiference (cz < D/2; see Figure 12).

rif it

linal

nder

10.5.4 Acceptance criteria

Figures 10,11, and 12 illustrate the satisfactory burst test profiles, and the batches represented by such

results shall be accepted.

If the configuration of the fracture does not conform to Figures 10, 11, or 12 but all other material and
mechanical tests are satisfactory, an investigation of the cause of the non-conformity shall be undertaken

prior to the acceptance or rejection of the batch.
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S

Figure 10 — Acceptable burst profiles: longitudinal without branching

Figure 11 — Acceptable burst profiles: longitudinal with side-branching, c¢1 < (1 D/4)

=y

igure 12 — Acceptable burst profiles for cryoformed or solution annealed cylindé¢rs only:
longitudinal with side branching, ¢ < (mt D/2)

10.6 Intergranular cetrrosion test
This|test is requir€d on austenitic and duplex stainless steel grades only.
The fest shallbg carried out in accordance with ISO 3651-2.

The [test requires that the specimens be taken from a part of the cylinder that providds specimen
georpetry suitable for bend testing.

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 the 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
in accordance with 11.2.2;
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NOTE The test method requirements are given below. Additional guidance for these test methods and
equipment control (calibration and maintenance) can be found in ISO 6406. The purchaser and manufacturer
shall agree which of these alternatives shall be carried out.

— ahardness test in accordance with 11.3;

— aleaktestin accordance with 11.4;

— awater capacity check in accordance with 11.5.

11.2 Hydraulic test

11.2.1 Propf pressure test

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

The cylindgr shall remain under pressure py for at least 30 s to establish that thepressure doeg not
fall and thalt there are no leaks. During the period that the cylinder is under test pressure, it shaﬂll be
visible (including the base) and remain dry. After the test, the cylinder shall shew no visible permanent
deformatiof and no trace of moisture implying leakage.

11.2.2 Volfimetric expansion test

The water
reached wi

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

The cylindg¢r shall remain under pressure pp for at least*30 s and the total volumetric exparsion
measured. The pressure shall then be released and the yolumetric expansion remeasured.

r shall be rejected if it shows a permanent expansion (i.e. a volumetric expansion after the
pressure hgds been released) in excess of 10 % of the total volumetric expansion measured at the| test

The total and permanent expansion readings shall be recorded, together with the corresponding sprial
ach cylinder tested, so thatthe elastic expansion (i.e. the total expansion less the permanent

A hardness fest in accorddnge with ISO 6506-1, ISO 6508-1, or other equivalent methods shall be cafried
out by the manufactureti. The hardness values thus determined shall be within the limits specifigd by
the cylinder manufacturer for the material, dependent upon the heat treatment used for the produgtion
of the cylindler andithe intended gas service (e.g. embrittling gases).

NOTE ethods for measuring the surface indentations other than those given in ISO 6506-1 or ISO 6308-1
Canbeused "7 '-: CC C JC VWCTC C Pd e U C cCUu P 'VI’I d d cCUud CVC U d U d Y dnbe
demonstrated.

11.4 Leak test

The manufacturer shall employ such manufacturing techniques and apply such tests as will demonstrate
to the satisfaction of the inspector that the cylinders do not leak.

For cylinders with base ends formed by spinning, typical testing procedures include:

— pneumatic leakage test where the bottom end can be clean and free from all moisture on the test
pressure side;
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The inside area of the cylinder bottom surrounding the closure can be subjected to a pressure

equal to at least 2/3 times the test pressure of the cylinder for a minimum of 1 min. This area can be not less
than 20 mm in diameter around the closure and at least 6% of the total bottom area. The opposite side can
be covered with water or another suitable medium and closely examined for indication of leakage. Cylinders

t

— 1

hatleak can be rejected.

OoOw pressure pneumatic test;

— helium leak test.

11.5

Capacity check

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

12 Certification

Each
cyliy

certificate is given in Annex D.

by t
stat

13 Marking

Each

or oh a permanently fixed collar or neck ring,.irv;accordance with ISO 13769 or the releva
regulations of the countries of use.

NOTE Attention is drawn to the requirements for marking in relevant regulations that might
requjrements given in this International Standard.

Cop:Es of the certificate shall be issued to the manufacturer. The original certificate shall

batch of cylinders shall be covered by a certificate signed by the inspé€gter to the effect that the
ders meet the requirements of this part of ISO 9809 in all respects. An.example of a suitgdbly worded

be retained

e inspector and the copies by the manufacturer in accordance with the regulations of the relevant

tory authority.

cylinder shall be permanently marked on the‘shoulder, or on a reinforced part of t

he cylinder
nt marking

override the

© ISO

2014 - All rights reserved

25


https://standardsiso.com/api/?name=a7d472e7aaabfa69c76407e40ee3369c

IS0 9809-4:2014(E)

Annex A
(informative)

Description and evaluation of manufacturing imperfections and
conditions for rejection of seamless steel gas cylinders at the time

of final inspection by the manufacturer

A.1 Introduction

Several typ

Such imper
manufactur
and other c

The aim of
general gui
experience,
and to be al

A.2 Geng

A.2.1 Itis
conditions.

The sur
oxidati
Where
method

fections can be mechanical or material. They can be due to the basic material
ing process, heat treatments, manipulations, necking, machining 6rymarking operat
rcumstances during manufacture.

his annex is to identify the manufacturing imperfections most commonly met and to prg
Helines to the inspectors that perform the visual inspection: Nevertheless, extensive
good judgment, and independence from production are riec€ssary for the inspector to dg
le to evaluate and judge an imperfection at the time of'the visual inspection.

bral

essential to perform the visual internal and external inspection under the following

face of the metal, in particular of-theinner wall, shall be completely clean, dry, and free {
bn products, corrosion, scale, etc;7as these could obscure other more serious imperfect
necessary, the surface shall\be cleaned under closely controlled conditions by suit
s before further inspectigny

exami

Appropriate sources of illumination with sufficient intensity shall be used.

After the cylinders havebeen closed and the threads have been cut, the internal neck area sha

d by means of an introscope, dental mirror, or other suitable appliance.

A.2.2 Smdll imperfections can be removed by local dressing, grinding, machining, or other approp

method.

es of imperfections can occur during the manufacturing of a seamless steel @as cylinder.

sed,
ons,

vide
field
rtect

rood

rom
ons.
able

11 be

riate

Great care 4hall be taken to avoid introducing new injurious imperfections.

After such a repair, the cylinders shall be re-examined and if the cylindrical wall thickness is reduced,
it shall be rechecked.

A.3 Manufacturing imperfections

The most commonly found manufacturing imperfections and their definitions are listed in Table A.1.

Rejection limits for repair or reject are also included in Table A.1. These rejection limits have been
established following considerable field experience. They apply to all sizes and types of cylinders and
service conditions. Nevertheless, some customer specifications, some types of cylinders, or some special
service conditions can require stronger conditions.
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A.4 Rejected cylinders

IS0 9809-4:2014(E)

All rejected cylinders shall be rendered unserviceable for their original application.

It can be possible to produce cylinders for different service conditions from rejected cylinders.

Table A.1 — Manufacturing imperfections

the cylinder wall and some-
times appearing as a disconti-
nuity, crack lap, or bulge at the
surface (see Figure A.5)

imperfection

Imperfection Description Condition for rejection and/or action | Repair/reject
bulge visible swelling of the wall all cylinders with such an imperfection reject
dentrfftats) Tdepressiom i the watt tiat—[when the deptitof the dentexceeds 2 %= of [Tejegt

has neither penetrated nor the external diameter of the cylinder
removed metal with a depth when the depth of the dent is greater than)\{permit repair
greater than 1 % of the exter- . .
. . 1 mm and when the diameter of the dent is
nal cylinder diameter (see ;
) . |less than 30 x its deptha
Figure A.1) (see also excessive
grinding or machining)
cut, pouge, and |an impression in the wall inside imperfection: if not superficial with |reje¢t
metallic or scale |where metal has been sharp notches more than 5% of the wall
impyression removed or redistributed (due |thicknessb
ba51_cally to _the introduction of outside imperfectiof: when the depth repdir possible
foreign bodies on the mandrel :
. . ) exceeds 5 % of the wall thickness (seelA.2.2)
or matrix during the extrusion
or drawing operations)
denf containing |a depression in the wall which |all cylinders'with such imperfections rejeft
cut ¢r gouge contains a cut or gouge (see
Figure A.2)
excegssive grind- |local reduction of wall thick-  [when the wall thickness is reduced to rejeft
ing ¢r machining |ness by grinding or machining {+bhelow the minimum design thickness
when it results in the formation of a dent |see {dent”
aboye
rib alongitudinal raised\surface |inside imperfection: when the height
with sharp corners’having a exceeds 5 % of the wall thickness or when
height of 3 % orfmore than the |the length exceeds 10 % of the length of o
wall thickness.(see Figure A.3) |the cylinders repaur, if pos-
siblg, or reject
outside imperfection: when the height (see|A.2.2)
exceeds 5 % of wall thickness or when the
length exceeds five times the thickness of
the cylinders
grogve alongitudinal notch havinga |inside imperfection: when the depth
depth of 3 % or more than the |exceeds 5 % of the wall thickness or when
wall thickness (see Figure A.4) |the length exceeds 10 % of the length of o
the cylinders repdir, if pos-
— - siblg, or reject
outside imperfection: when the depth (seelA.2.2)
exceeds 5 % of the wall thickness or when
the length exceeds 5 times the thickness of
the cylinders
lamination layering of the material within |inside imperfection: all cylinders with such |repair, if pos-

sible, or reject

outside imperfection: all cylinders with
such imperfection

repair, if pos-
sible, or reject
(see A.2.2)

a  Onsmall diameter cylinders, these general limits can be adjusted. Consideration of appearance also plays a part in the
evaluation of dents, especially in the case of small cylinders.

b Consideration of appearance and localization (in thicker parts with lower stresses) can be taken into account.

© IS0 2014 - All rights reserved
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Table A.1 (continued)
Imperfection Description Condition for rejection and/or action | Repair/reject
crack split and material separation |when not removable within the thickness |reject
tolerance
when removable within the thickness repair
tolerance
neck cracks appear as lines which run all cylinders with such imperfections reject

vertically down the thread and
across the thread faces (They

S1IdIT TTUL UT LUIITUSTU VWILIT Ldp
marks = thread machining
marks.) (see Figure A.6)
shoulder folfls folding with peaks and Folds or cracks that are visible as a line of |repair’if post
and/or shoullder |troughs situated in the inter- |oxide running into the threaded portion sible
cracks nal shoulder area, which can  |shall be removed by a machining operatiof
propagate into the threaded until the lines of oxide are no longer vis=
area of the shoulder (see ible (see Figure A.7). After machining;the
Figure A.7); cracks which can |whole area shall be re-inspected earefully
start from folds in the internal |and the wall thickness verified:
_shoulder ared ar_ld propagate | folding or lines of oxide haye'not been reject
into the cylindrical machined db hining. iferacks are
or threaded area of the shoul- | S "0ved by MAchuung, . .
) always visible, or if thelwall thickness is
der (Figure A.8 shows exactly ;
unsatisfactory
where shoulder cracks start
and how they propagate.) Folds which extend'beyond the machined |acceptable
area and are cléarly visible as open depres-
sions where nooxides have been trapped
into the.metal shall be accepted provided
that the'peaks are smooth and the root of
the,dépression is rounded.
internal cragks |splits in the metal at the bot- _|when not removable within the thickness |reject
in base tom of the cylinder in star tolerance
form when removable within the thickness repair
tolerance
“orange peel” orange peel appearance due to |if sharp cracks are visible in the orange reject
surface discontinuous metal flow peel surface
internal neck neck threads.daiaged, with When the design permits it, threads can be |repair
threads dan- dents, cuts,'op burrs, or out of |retapped and rechecked by the appropri-
aged or out pf toleranee ate thread gauge and carefully visually
tolerance re-examined. The appropriate number of
effective threads shall be guaranteed.
if not repairable reject
pitting severe surface corrosion all cylinders with such imperfections vis- |reject
abla oftartlba chotr bl ctio o

TOTC T cCT CC-STIO T oTa S triry

non-conformity
with the design

drawing

all cylinders presenting such an imperfec-
tion

repair, if pos-
sible, or reject

a  Onsmall diameter cylinders, these general limits can be adjusted. Consideration of appearance also plays a part in the
evaluation of dents, especially in the case of small cylinders.

b Consideration of appearance and localization (in thicker parts with lower stresses) can be taken into account.
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Table A.1 (continued)

Imperfection

Description

Condition for rejection and/or action

Repair/reject

neck ring not
secure

neck ring turns under applica-
tion of low torque or pulls off

under low axial load

(See ISO 11117 for guidance.)

all cylinders presenting such an imperfec-
tion

repair possi-
ble according
to approved
method only

arc or torch
burns

partial burning of the cylinder

metal, the addition of weld

metal, or the removal of metal

by scarfing or cratering

all cylinders presenting such an imperfec-
tion

reject

a  POnsmall diameter cylinders, these general limits can be adjusted. Consideration of appearance also play$ a part in the
ation of dents, especially in the case of small cylinders.

eval

b fonsideration of appearance and localization (in thicker parts with lower stresses) can be takemrinto accqunt.

[

277777222

Figure A.1 — Dent

g2

Figure A.2'— Dent containing cut or gouge
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. A )7 -
Figure A.4 — Groove
Figure A.5 — Lamination
1

2
Key
1  neck cracks
2 propagaled cracksin the neck

Eioura A6 Neoclk crackce

TTSUTCTIO ITTCTITCTaOtTItTy
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iL

(A

Figure A.7 — Cylinder shoulder folds or cracks before and after machining

1
2
3

TOpagated Crack 1 the Sioutder
3 folds

Key
1 folds or cracks

2 pfter machining

Key
thoulder cracks

Figure A.8 — Shoulder cracks
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Annex B
(normative)

Ultrasonic examination

B.1 General

This annex
examinatio
manufactuy

B.2 Geng

The ultrasa
notches as

operating ifpstructions to ensure that its accuracy is maintained. The inspection records and appf

is based on techniques used by cylinder manufacturers. Other techniques of ultras
n can be used, provided that 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
described in B.3.2. It shall be serviced regularly in accordanc¢e with the manufactu

onic
the

Hard
rer’s
oval

certificates|for the equipment shall be maintained.
The operatipn of the ultrasonic examination equipment shall be by agualified and experienced persognnel
certified at Jeast to level 1 and supervised by a personnel certified at least to level 2 in accordance with

ISO 9712. (
to the appr
ultrasonica

For flaw d

resonance method or the pulse echo system shall. be used. Either the contact or immersion techni

of examinat

A coupling

and the cylinder shall be used.

B.3 Flaw

B.3.1 Prdg

The cylindg
to one anot
translation
the probe (3

pval of the inspector. The inner and outer surfaces of any cylinder which is to be exa
ly shall be in a condition suitable for an accurate and reproducible examination.

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

ion 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 shall have a rotating motion and translation rel
ner such'that a helical scan of the cylinder will be described. The velocity of the rotation
shall be constant within £10 %. The pitch of the helix shall be less than the width coverg
tdeast a 10 % overlap shall be guaranteed) and be related to the effective beam width

100.0L

ther standards which meet or exceed these minimum requirements can be used subject

ined

the
ues

robe

htive
and
d by
such

as to ensure o0 coveragea

procedure.

dodel 1 s il A, 1 e h D P A | H 4] 1.1
LLIOT VEIULILYy UT'LIIT TULALIULIAT dITU LT A IS IAtIUITUSTU UUT'TIZ LT LallUl d

tion

An alternative scanning method can be used for transverse detection of 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 can be conducted manually, if not carried out automatically.

a

Figure B.1 — Base/wall transition region

One pf the following two methods shall be'used.
— Method A

The ultrasonic sensitivity(shall be set at +6 dB to improve the detection of imperfection
fo 5 % of the cylindricakwall thickness in this thickened portion.

— Method B

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

The deptlyof the notch (T) for SBT shall be (10 + 1) % of the guaranteed minimum w4
(a’)¢with a minimum of 0,2 mm and a maximum of 1 mm, over the full length of the not

b equivalent

nder with a

11 thickness
ch.

© IS0 2014 - All rights reserved
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Key
D
a

IV,

approximate notch location
guarant¢ed minimum wall thickness (a’)

Figure B.2 — Schematic representation of the reference notch for SBT

The effectivieness of the equipment shall be periodically checked by putting a reference standard through
the examinption procedure. This check shall belcarried out at least at the beginning and end of pach
shift. If dur|ng this check the presence of thesappropriate reference notch is not detected, all cylinders
examined spibsequent to the last acceptable‘eheck shall be retested after the equipment has been reset.

B.3.

2 Reflerence standard

A reference standard of convenient length shall be prepared from a cylinder which is dimensionally

and

acoustifcally representativeof the cylinder to be examined, as demonstrated by the manufactprer.

The reference standard shalt’be free from discontinuities which can interfere with the detection of the

reference nptches.

Reference rfotches, oth longitudinal and transverse, shall be machined on the outer and inner sufface

of the standard. The'notches shall be separated such that each notch can be clearly identified.

The dimensjiens and shape of notches are of crucial importance for the adjustment of the equipment(see

Figures B.3"amdB=5:

34

The length of the notches (E) shall not be greater than 50 mm.

The width (W) shall be not greater than twice the nominal depth (7). However, where this condition
cannot be met, a maximum width of 1,0 mm is acceptable.

The depth of the notches (T) shall be (5 + 0,75) % of the guaranteed minimum wall thickness (a’),
with a minimum of 0,2 mm and a maximum of 1,0 mm, over the full length of the notch. Run-outs at
each end are permissible.

The notch shall be sharp edged at its intersection with the surface of the cylinder wall. The cross
section of the notch shall be rectangular except where spark erosion machining methods are
employed, when it is acknowledged that the bottom of the notch will be rounded.
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