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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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was added througheiit the document as a possible use case,
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hting drop test has been differentiated by whether the bundle

is fitted with cylinders

vertical
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the additional requirements for acetylene cylinder bundles were clarified,

the information for the bundle identification for filling was moved to Annex C.

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 https://www.iso.org/members.html.

© ISO 2019 - All rights reserved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=4334d95fdbbdb9049679ca7248ea749b

IS0 10961:2019(E)

Introduction

For some applications, the contents of an individual gas cylinder might not satisfy the gas demand, in
which case assemblies of cylinders can be used to supply larger volumes of gas in a single unit. The

singl

e unit, which contains a number of cylinders, is known as a cylinder bundle.

Such a cylinder bundle is a portable assembly, designed to be routinely lifted, that consists of a frame
and two or more cylinders connected to a manifold by cylinder valves or fittings so that the cylinders
can be filled, transported and emptied without disassembly.

A cyl

inder bundle can he subjected to rmlgh h;mdling in the course of normal operations

Ther]
disas
don
Thei

Acet
canli
a def

In In
parla
“mag

This

e are types of gas cylinder assemblies that use cylinder bundle components but are.de
sembled at each filling to enable the cylinders to be filled individually. Although ‘thes¢
t conform to the basic definition of a cylinder bundle, they are commonly referred td
" special requirements are provided in Annex A.

lene cylinder bundles are often filled without disassembly. The confirmation of soly
e achieved with or without disassembling the bundle. Replenishing 0f’solvent is usuall
ined number of fillings. Their special requirements are provided.inAnnex B.

Lernational Standards, weight is equivalent to a force, expréssed in Newton. However]
nce (as used in terms defined in this document), the word\“weight” continues to be u
s”, but this practice is deprecated (see ISO 80000-4).

document has been written so that it is suitable to/be'referenced in the UN Model Regu

signed to be
b assemblies
as bundles.

yent content
v done after

in common
sed to mean

lationsl1].
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Gas cylinders — Cylinder bundles — Design, manufacture,
testing and inspection

1 Scope

This document specifies the requirements for the design, construction, testing and initial inspection of

atra

It is

mixt
acety
does

This
asse

This

TSportabte cytmder burmdte:

hpplicable to cylinder bundles containing cylinders containing compressed gas,lique
ures thereof. It is also applicable to cylinder bundles for acetylene. Additionallrequi
rlene cylinder bundles containing acetylene in a solvent are provided in Annex B. Th
not, however, cover acetylene cylinder bundles with solvent-free acetylene’tylinders.

document specifies the additional requirements that apply when individual cy

fied gas and
rements for
s document

rlinders are

bled into a bundle. Unless otherwise stated, individual cylinders within a cylinder bundle

coan:‘m to applicable standards for single cylinders.

document is intended primarily for industrial gases other/than liquefied petroleum ga

it can also be used for LPG.

This
that
as a
extrg
extry

2

The
cons
unda

ISO 3
ISO 9
ISO 1
[SO 1
ISO 1]

document does not apply to packages in which cylinders are manifolded together
is designed to be fixed permanently to a road.¥ehicle, to a railway wagon or to
customer storage vessel. It also does not apply-to cylinder bundles that are designg

s (LPG), but

in a frame
the ground
d for use in

me environmental or operational conditions-(e.g. offshore cylinder bundles) when additional and

ordinary requirements are imposed to maintain safety standards, reliability and perf

Normative references

following documents are referred to in the text in such a way that some or all of t
fitutes requirements of this-document. For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

807, Gas cylinders ='Acetylene cylinders — Basic requirements and type testing
606-1, Qualification testing of welders — Fusion welding — Part 1: Steels
0297, Gas eylinders — Cylinder valves — Specification and type testing

0286:2015, Gas cylinders — Terminology

prmance.

heir content
applies. For
hts) applies.

ts — Part 1:

| 1114-1, Gas cylinders — Compatibility of cylinder and valve materials with gas conten

Met

Jli " it oyialc
RGeS

ISO 11114-2, Gas cylinders — Compatibility of cylinder and valve materials with gas contents — Part 2:
Non-metallic materials

ISO 13585, Brazing — Qualification test of brazers and brazing operators

ISO 14113, Gas welding equipment — Rubber and plastics hose and hose assemblies for use with industrial
gases up to 450 bar (45 MPa)

ISO 15607, Specification and qualification of welding procedures for metallic materials — General rules

ISO 15615:2013, Gas welding equipment — Acetylene manifold systems for welding, cutting and allied
processes — Safety requirements in high-pressure devices
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ISO 16964, Gas cylinders — Flexible hoses assemblies — Specification and testing

EN 13134, Brazing — Procedure approval

3 Terms

For the purposes of this document, the terms and definitions in ISO 10286 and the following apply.

and definitions

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

IEC Electropedia: available at http://www.electropedia.org/

ISO Onl

31

cylinder bu
bundle of ¢
assembly of
unit having

Note 1 to ent
Note 2 to ent

[SOURCE: I§
deleted and

3.2

frame
structural a
providing p
bundle to b4

[SOURCE: IS
3.3

cylinder vallve

valve that i

34
cylinder fit
component
(3.5) toits i

3.5
manifold

ne browsing platform: available at https://www.iso.org/obp

ndle
ylinders

cylinders that are fastened together and interconnected by a manifold and transported as a

h total water capacity not exceeding 3 000 1
Fy: In ISO/TC 58 documents the term “bundle” is frequently used for simplification.
Fy: Bundles intended for the transport of toxic gases shall be limitéd to 1 000 1 total water cap4

0 10286:2015, 204, modified — preferred term and admitted term reversed, "which
requirement for toxic gases moved into Note 2 to entry]

nd non-structural members of a bundle that@ombine all other components together, W
fotection for the bundle's cylinders, vajves (3.3) and manifold (3.5) and which enabl
transported

0 10286:2015, 264]

fitted into a cylinder and/to which a manifold (3.5) is connected in a bundle (3.1)

ting
with no gas shut-off capability that serves as a method for connecting a bundle's maj
hdividual cylinders when cylinder valves (3.3) are not fitted to the cylinders

city.

are

rhilst
b the

nifold

piping syste

nm-for connecting pressure receptacle(s) valves or fittings (3.4) to the main valve(s) (3.

6) or

the main connection(s] (3-7]

[SOURCE: IS

3.6
main valve

0 10286:2015, 265]

valve which is fitted to the manifold (3.5) of a bundle (3.1), isolating it from the main connection(s) (3.7)

[SOURCE: IS
3.7

0 10286:2015, 267, modified — battery vehicle/battery wagon/MEGC deleted]

main connection
means of making a gas connection to a bundle (3.1)

[SOURCE: IS

2

0 10286:2015, 266, modified — battery vehicle/MEGC deleted]
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3.8
tare
weight of the pressure receptacle when empty, including accessories fitted as presented for filling

Note 1 to entry: Additional information regarding tare for acetylene cylinder bundles is provided in B.2.

39
maximum gross weight
sum of the tare of the bundle (3.1) and the maximum permissible filling weight

Note 1 to entry: Maximum gross weight is to be understood as "maximum gross mass" as per regional transport
regulations.

[SOURCE: ISO 10286:2015, 743, amended — Note 1 to entry added]

3.10
compressed gas
gas, which, when packaged under pressure for transport, is entirely gaseous aty=50 °C

Note [l to entry: This category includes all gases with a critical temperature less.than or equal to -50 °C.
[SOURCE: ISO 10286:2015, 705]

3.11
liquefied gas
gas, which, when packaged for transport, is partially liquid{er solid) at temperatures above -50 °C

Note |l to entry: A distinction is made between
— high pressure liquefied gas, which is a gas with a critical temperature between -50 °C and +65°C; and
— lbw pressure liquefied gas, which is a gas with-a critical temperature above +65 °C.

[SOURCE: ISO 10286:2015, 706, modified. — Note 1 to entry added to incorporate dé¢finitions in
ISO 10286:2015, 707 and 708]

3.12
test pressure
requfred pressure applied during a pressure test

Note|l to entry: In somecases, the test pressure of the bundle can be different from the test pressure of the
cylinglers in the bundle,

[SOURCE: ISO 1028672015, 729, modified — Note 1 to entry added]

3.13
bursgt pressure
highestpressure reached in a cylinder during a burst test

Note T to entry: The burst pressure also applies to hoses and manifolds.
[SOURCE: ISO 10286:2015, 732, modified — Note 1 to entry added]

3.14

working pressure

<compressed gas> settled pressure of a compressed gas at a uniform reference temperature of 15 °C in
a full cylinder bundle

Note 1 to entry: In North America service pressure is often used to indicate a similar condition, usually at
21,1°C (70 F).

Note 2 to entry: In East Asia service pressure is often used to indicate a similar condition, usually at 35 °C.

© IS0 2019 - All rights reserved 3


https://standardsiso.com/api/?name=4334d95fdbbdb9049679ca7248ea749b

ISO 10961:2019(E)

[SOURCE: ISO 10286:2015, 736, modified — “in a full gas cylinder” substituted with “in a full cylinder
bundle”]

3.15

maximum filling weight

product of the minimum guaranteed water capacity of the pressure receptacle and the filling ratio of
the gas contained

Note 1 to entry: For liquefied gas.

[SOURCE: ISO 10286:2015, 740]

3.16

toxic gas
gas which ig known to be so toxic or corrosive to humans to pose a health hazard or which i§ presumed
to be toxic ¢r corrosive to humans because it has a LCg, value for acute toxicity equal.to.or less|than
5000 ml/mf (ppm)

Note 1 to entfy: Other risks such as tissue corrosiveness are sometimes associated.
[SOURCE: IS0 10286:2015, 716]

3.17
filling pressure
pressure to which a cylinder bundle is filled at the time of filling

Note 1 to enfry: It varies according to the gas temperature in the cylinder, which is dependent on the charging
parameters gnd the ambient conditions. It is normally higher than-theé working pressure (because of the heat of
compression] and always less than the test pressure.

[SOURCE: IS0 10286:2015, 734, modified — “cylinder” stbstituted with “cylinder bundle”]

3.18
bundle manufacturer
entity that dssembles the various components;of the bundle into its final configuration

3.19
inspection pody
body that pgrforms inspection

Note 1 to entfy: An inspection bedy/can be an organization, or part of an organization.
[SOURCE: ISO/IEC 17020:2012, 3.5]

3.20
competent puthority
any body orjautharity designated or otherwise recognized as such for any purpose in each country by
its governmpnt

Note 1 to entry: “Competent body” is not to be used; UN Model Regulations[!] only use “competent authority” and
“inspection body."

[SOURCE: ISO 10286:2015, 620]

3.21

saturation gas

<acetylene> amount of acetylene needed to saturate the solvent at atmospheric pressure and a
temperature of 15 °C

4 © IS0 2019 - All rights reserved
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4 Design

4.1

General

The design of the bundle shall allow for the:

— i

nspection of all parts of the manifold for leaks during filling without obstructions;

— operation of all valves without requiring removal of any items such as shielding or a grill for the
protection of the manifold.

All . : . . : .
impﬂct transition temperature for steels) in the temperature range of =20 °C to +65 £C:

temp
appr

Bund
toold

If th
indiy
thesg

4.2

Mate
in ad
acety

The
draw

4.3

4.3.1
can (
caus
norr

or ratation of the cylinder. Any cylinder displacement that would impose undue strain on t

shall
Addi

4.3.2

eratures outside this range can require that cylinders, valves and fittings be'desig
pbpriate temperature range.

les that are filled by weight shall use component parts that are removable only wit]
with the exception of the main valve outlet protection cap.

e bundle is intended for acetylene or toxic liquefied gas servicésit shall be design
idual cylinders to be removed from the frame for filling in accordahce with Annex A to
 cylinders are not overfilled.

Materials

rials for cylinders, valves and all parts that are in¢ontact with the intended gas shal
cordance with ISO 11114-1 or ISO 11114-2. Specific requirements for materials f
rlene are given in B.3.7.

ings.
Frame

The frame shall securely retain all components of the bundle, protect them from

ed by environment, vibration, impact loads, storage loads or handling loads that can b
lal operation. The rethod of cylinder restraint shall minimize any vertical or horizontd

be preventeds(see 7.2.2). The total assembly shall fulfil the requirements given in 7.2.

fionally, lifting of the bundle shall cause no leakage of gas (see 4.3.2).

safely (e.g.
Dperating at
imed for the

h the use of

ed to allow
ensure that

be selected
r dissolved

materials of construction of the frame shall be verified to be in accordance with the approved

lamage that

ause leaks, and minimiZze Corrosion on all external surfaces of the cylinder. Such dagnage can be

expected in
I movement
he manifold

The frame shall include features designed for the handling, storage and transport

bund

ation of the

le_Bundles can typically be lifted by forklift, lift-jack trolley or overhead crane. If tlhe bundle is

designed to be lifted by an overhead crane, lifting eyes shall be provided on the frame. Different designs

with

one or more lifting eyes are permitted.

NOTE National regulations can be applicable when lifting eyes are used.

In all cases, lifting eyes shall be designed to withstand a design load of 2 times the maximum gross
weight of the bundle. Bundles with more than one lifting eye shall be designed so a minimum sling leg
angle a of 45° to the horizontal can be achieved during lifting using the lifting eyes (see Figure 1).
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Key
1 lifting eye
2 gas cylinder bundle
a slingleglngle

Figure 1 — Minimum slingl€g angle

When four lfting eyes are used, their design shall be sathat they are strong enough to allow the byndle

to be lifted by only two lifting eyes.

When two qr four lifting eyes are used, diametrically opposite lifting eyes shall be aligned with
other to alldw correct lifting using shackle pins.

Lifting equipment shall be designed so.that it does not interfere with any pressurized component
the manifoldl).

each

(e.g.

When a bundle is designed to be moved by a forklift truck, it shall feature two fork apertures, one on

each side, that are to be used.to)lift the bundle. The fork apertures shall be positioned symmetr

about the ceintre of gravity and their size shall be appropriate to the forks used to move the bundle,

fork apertutes shall be designed so that the bundle cannot accidentally disengage from the forks.

4.3.3 Frame structiiral members shall be designed for a vertical load of 2 times the maximum
weight of the buridle. Design stress levels shall not exceed 0,9 times the yield strength of the mater

cally
The

bT0SS
ial of
t the

the frame. S ackmg of bundles is not addressed i in this document however, when it IS foreseen thg
bundle will besstackec : 3 3 he resu o , .

4.3.4 The frame design shall ensure that there are no protrusions from the exterior frame structure

that could cause hazards.

4.3.5 Care shall be taken to minimize corrosion on all external surfaces of the cylinders. There shall be
no features where water and debris can collect that would increase the tare of bundles filled by weight or

cause corrosion.

4.3.6 The floor of the frame shall not buckle under normal operational and storage conditions and

shall facilitate the drainage of water and debris from around the base of the cylinders.

6 © IS0 2019 - All rights reserved
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4.3.7 The design shall ensure stability under normal operating and storage conditions. The centre of
gravity shall stay within the footprint of the bundle when rotated to an angle of not more than 12° along
each edge of the base.

4.3.8 If the frame design includes movable doors or covers, they shall be capable of being secured in
position with latches that shall not be capable of being dislodged by operational impact loads.

4.3.9 Access shall be maintained to all valves that need to be operated in normal service or in an
emergency.

4.4 | Cylinders

All ¢
test
the ¢

ve the same
authority in

linders within a bundle shall be suitable for the intended gas service. They shall'all hg
pressure, be of similar size and conform to the standards recognized by the competent
puntry of use.

4.5 | Cylinder valves and cylinder fittings

4.5.1
with
oper

Reqy
acety

4.5.2
whic

4.5.3

4.5.4
gas d

Either cylinder valves or cylinder fittings shall be fitted inte the inlet threads of t
n the bundle. The items selected will depend on the ga$ service within the bun

rlene in a solvent shall be as specified in Annex B.

Cylinder valves and cylinder fittings shall be:compatible with the gas (see 4.2) and
h the bundle is intended.

Cylinder valves and cylinder fittings shall be compatible with the inlet threads of the

Each cylinder within the bundle shall be fitted with a valve when the bundle con
r toxic gas mixture, a pyrophoric gas or a flammable mixture with more than 1 % o

components.

NOTH
contg

4.5.5
with

4.5.6

Some national régulations require each cylinder within the bundle to be fitted with
ining flammable gaseSor flammable gas mixtures.

Cylinders¢within the bundle for non-toxic liquefied gases (e.g. carbon dioxide) shall
a valve.

appr

bpridte to the product within the bundle, or of a form that cannot lead to an incorrect c

htional requirements (e.g. for gases not covered under 4.5.4, dylinder valves are not reqi

irements for the design of valves and fittings used\on acetylene cylinder bundles

When each cylinder within the bundle is fitted with a valve, its outlet connection shall

he cylinders
dle and the
hired).

containing

pressure for

cylinders.

fains a toxic
' pyrophoric

h valve when

not be fitted

be of a form
bnnection to

equi

— : 1c 4] ] .
IIICIIUUCSIZIICU TUT OUICT PTouducts.

4.5.7 For non-toxic, non-flammable gases (e.g. carbon dioxide), when the use of a safety relief device is
required by regulation, the safety relief device shall be designed to avoid cylinder burst.

4.6 Manifold

4.6.1 The manifold and its material shall be compatible with the gas (see 4.2) and the pressure for
which the bundle is intended.

Additional requirements for the design of manifolds used on acetylene cylinder bundles containing
acetylene in a solvent are provided in Annex B.

© IS0 2019 - All rights reserved
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4.6.2 For compressed and liquefied gases, the manifold shall be designed so that its burst pressure is

greater than

or equal to 1,5 times the test pressure of the cylinders in the bundle.

4.6.3 The test pressure of the manifold shall not be less than the test pressures of the cylinders in

the bundle.

With approval by a competent authority, the hydraulic pressure test may be replaced by a pneumatic
pressure test, provided such an operation does not entail any danger.

4.6.4 No part of the manifold shall bear against other components in the bundle except at cylinder

valve/fittin

interfaces or at defined attachment pninfc tothe frame. Contact between dissimilar

that could rd

4.6.5 Pipi
contraction,
necessary fl
pipework sH
their accept

4.7 Main

The main cd

for which the bundle is intended and be protected by the framex(e.g. the main connection and

valve shall i

All main val

4.8 Assembled bundle

The assemb

2 times

1 times

This is confirmed by carrying out the/drop tests described in 7.2.4.

Special care

5 Manuf
A bundle sh

For this con

sult in damage by galvanic corrosion shall be avoided.

ng shall be designed, constructed and installed to avoid damage due to expahsion
corrosion, mechanical shock and vibration. When the manifold is madeyof metal
exibility shall be achieved by the use of bends or coils. Flexible hos€s~or non-me
ould only be used as part of the manifold’s pipework on the bundle aftertrials have pr
hbility. The length of such hoses and pipework shall be kept to a minimum.

connection(s) and main valve(s)

nnection(s) and main valve(s) shall be compatible with<he’gas (see 4.2) and the prej

ot protrude).

ves shall be designed, manufactured and tested*in accordance with ISO 10297.

the maximum gross weight in all horizontal directions and vertically downwards; and

the maximum gross weightsin'the vertical direction upwards.

shall be taken coné€rning protection of the exterior of the assembled bundle.

acturing
h1l be manufactured in accordance with the design criteria listed in Clause 4.

ition to be satisfied, the bundle manufacturer shall

ed bundle shall be designed so that itwithstands the following statically applied loads:

etals

and
, the
tallic
oved

sure
main

— use welding procedures in accordance with ISO 15607 or equivalent standards,

— use app

roved welders in accordance with ISO 9606-1 or equivalent standards,

— use brazing procedures in accordance with EN 13134 or equivalent standards, and

— useapp

NOTE

roved brazers in accordance with ISO 13585 or equivalent standards.

The bundle manufacturer is not necessarily the same as the manufacturer(s) of the components.
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6 Identification

6.1

General

The requirements for labelling and colour coding for gas cylinders as defined in ISO documents do not
apply to the cylinders of a bundle.

However, markings on the individual cylinders can be obscured. Therefore, certain information which
must be checked at the time of filling shall be duplicated on the outside of the bundle (see 6.3). It is
not required that the tare be marked on cylinders in accordance with ISO 13769 for bundles filled by

weig

ht unless the cylinders are removed from the frame for filling. See 4.1 and Annex A.

6.2

6.2.1
Indiy

size
meef]

6.2.2
The
give
A col

6.3
The 1

Product and hazard identification

Precautionary labels

idual cylinders in bundles are not required to have labels. Precautionary labels with

the UN Model Regulations1l.

Colour coding

in B.4.2.

our code on the frame may be used to identifysthe contents of the bundle.

Bundle identification for filling

equirements for bundle identification for filling are given in the UN Model Regulations.

of bundle identification are given in Annex C.

6.4

The
infor

f

i

Other useful information

mation required in“6,3:

The maximum<gnoss weight of the bundle in kilograms, which should be visible from a
rom whichlifting can be performed. The minimum height of the lettering should be 30 mm.

s required.

The’name or identification of the owner

a minimum

bf 100 mm x 100 mm shall be attached to the bundle adjacent to the main connection in order to

use of the cylinder colours defined in applicable standards, e.g. ISO 32, is not mgndatory for
cylir:Lders assembled into a bundle or for the frame itselfwith an exception for dissolved gcetylene, as

1] Examples

following informatiomis useful in practice and may be marked on the bundle in addition to the

[l directions

Dther critical operating instructions, e.g. closure of individual cylinder valves in trandit when this

7 Type approval procedure

7.1

General

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

Bundle testing and inspection shall be considered in two distinct phases:

— prototype testing of the frame, the manifold and the fully assembled bundle (see 7.2); and
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— initial inspection/production testing of the frame, the manifold and the fully assembled bundle
(see 7.3).

Additional requirements for the testing and inspection of acetylene cylinder bundles containing
acetylene in a solvent are provided in Annex B.

Either tests or design calculations are necessary for the type approval of a bundle. In both cases, all
documentation being used (e.g. design calculations, drawings and specifications of the frame and the

manifold, or test reports) shall be part of the type approval.

Bundle asse
7.2 Type

7.2.1 Fral

A prototype
lifting eyes,

structural ][I

country of

mbly drawings and build specifications shall also be part of the type approval.

testing

ne

frame shall be constructed and checked for conformance to 7.3.1. If the“frame inc
it shall be proofload tested to 2 times the maximum gross weight of the bundle. All pri
ints shall be subjected to crack detection in accordance with standards recognized i

7.2.2 Manifold

A prototypd
approval an|
test with a

7.2.3 Bun

7.2.3.1 A
manifold an

manifold shall be constructed to drawings and specifications which are part of the
d checked for conformance to 4.6. The manifold shall\be subjected to a hydraulic pre
ressure as specified in 4.6.3.

dle

fully assembled bundle shall be checked for ease of access to valves, free routing o
 operation of doors and covers, whetrapplicable.

udes
mary
n the

anufacture (e.g. ISO 17638, ISO 23278 or ASTM standards) prior teCoating of the frame.

type
sure

f the

7.2.3.2 THe identification markings/plates/labels/tags shall be checked for conformance to Clauge 6.
7.2.3.3 The stability of the bundlé at a minimum angle of 12° shall be demonstrated by calculatipn or
physical test.

7.2.4 Drop tests

7.2.4.1 Gg

tneral

Bundles shalll be teésted both with a vertical and a rotating drop test, as described in 7.2.4.2 and 7.

which shall

p.4.3,

bé-performed onto a concrete surface of sufficient thickness to withstand the imps

ct of

the bundle

1 M| 1 o 1 1 1 1c A TP T " my 1 11 11 :
WILIIOUU DITAKIITE Uup. UIIT DUITUIC IIldy D€ USCU 101 DULIT LESLS. TIIT DUIIUIC SIIdIl COIItd

n an

inert gas at a nominal pressure of at least 5 bar and the cylinders shall be ballasted (e.g. with water) to
represent its maximum gross weight. The bundle shall be in the same condition as it would be during

transport (e

.g. with the cylinder valves either open or closed).

7.2.4.2 Vertical drop test

The bundle shall be dropped vertically onto a corner of the frame from a height of 100 mm. The angle
between the frame base members and the ground shall be a minimum of 5°, which represents normal
rough operation (see Figure 2). The pass/fail criteria for the vertical drop test are:

— the primary frame structure shall remain capable of subsequent movement by a forklift or sling;

10
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— the cylinders and manifolds shall remain constrained in the frame, though deformation of
components is acceptable;

— no part of the bundle shall leak (to be checked e.g. by leak detection fluid),
— in the case of composite cylinders, the integrity of the composite material is unaffected.

Dimensions in millimetres

Figure 2 — Vertical drop test arrangement

7.2.4.3 Rotating drop test

The bundle shall be dropped from a height of 1 200 'mm in a rotating manner so the manifold end hits
the ground first, which represents an exceptional;situation (see Figure 3). The pass/fail criteria for the
rotafling drop test are:

— the primary frame structure shall remain capable of subsequent movement by forklift pr sling;

— the cylinders and manifolds shall'remain constrained in the frame, although defprmation of
¢omponents and a slight separation of the cylinders are acceptable;

— IIO part of the bundle shallleak (to be checked e.g. by leak detection fluid),

in the case of composite cylinders, the integrity of the composite material is unaffected.

Diffefrent proceduresCare required for the rotating drop test based on whether the cylinders are fitted
vertically or horizontally.

a) Rotatingtest for bundles with vertically fitted cylinders:

The hundlershall be placed on a platform with a minimum height of 1 200 mm in a position that is usually
used|during transport on a truck, and shall be dropped from the platform, rotating arourld point 2 in
Figute- 3 untilit falls freely-to-the ground-Herizentalmevement-of the bundle shall beaveided to make
sure that it falls in a rotating manner only. Particular attention shall be paid when testing bundles with
cylinders longer than 2 m.

If the ground plate of the bundle is rectangular in shape, the bundle shall be rotated around its
longest edge.
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Dimensions in millimetres

1200

4
Key
1  platform|
2 point of rotation of bundle
3 drop point of bundle
4  ground

Figure 3 — Bundle drop test arrangement for vertically fitted cylinders

b) Rotating test for bundles with horizontally fitted cylinders:

The bundle|shall be placed on a platform with a minimum height of 1 200 mm in a position that is
usually used during transport on a truck and shatlbe pushed from the platform until its centre of
gravity movies over the edge of the platform and-:the'bundle topples freely to the ground (see Figure 4).

Dimensions in millimetres

1200

\w

Key

1 platform

2 point of rotation of bundle
3 drop point of bundle

4  ground

Figure 4 — Bundle drop test arrangement for horizontally fitted cylinders
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7.3 Testing and inspection at time of manufacture

7.3.1 Frame

One frame out of a maximum of ten manufactured shall be proof load tested to 2 times the maximum
gross weight and inspected as follows:

— lifting eyes shall be tested for crack defects in accordance with standards recognized in the country
of manufacture (e.g. ISO 17638, ISO 23278 or ASTM standards) prior to coating of the frame; and

— all primary structural welded joints shall be subjected to crack detection in accordance with
qrandards re i T tIe TCT Tar [ 38 rASTM standards)

The frame shall be visually inspected to ensure that there is no deviation from the,design drawings and
that there is full and free movement of panels and covers, when applicable.

If the tested frame fails one of these two tests, all the frames of the corresponding lot (nin¢ maximum)
shall| be tested. All defective frames shall be either rendered unserviceable or repair¢d and then
submpitted to new tests.

7.3.2 Manifold
Each|manifold shall be pressure tested as described in 4.6.3.
Manifolds that fail this test shall be either rendered unserviceable or repaired and then tesfed again.

Additional requirements for the testing and inspection'at time of manufacture of manifolds|of acetylene
cylin[der bundles containing acetylene in a solventare provided in Annex B.

7.3.3 Bundle

7.3.3.1 General

A pneumatic leak test shall be performed using a gas compatible with the materials used fof the bundle.

7.3.3.2 Assembly leak test

Following manufacturébut prior to the first fill, the completed bundle shall be leak tested ag a minimum
of 10 % of the worKing pressure to check the tightness of all joints and gas connections,| e.g. by leak
dete¢tion fluid orflequipment.

NOTH Depending upon the gas type, a higher pressure could be suitable for the assembly leak tlest.

7.3.3.3_, ‘Final leak test

The completed bundle shall be pneumatically tested for leaks at the working pressure, using appropriate
methods and acceptance criteria as defined by the user, considering the various valve/gas types which
might be present. This operation may be performed at the facility of the bundle manufacturer or in a
filling centre during the first fill.

NOTE Depending upon the gas type, a more sophisticated leak test method could be suitable.

WARNING — Attention shall be paid to the consequences of leakage in case the bundle is being
used for flammable and toxic gases.

Additional requirements for the testing and inspection at time of manufacture of acetylene cylinder
bundles containing acetylene in a solvent are provided in Annex B.
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8 Documentation

8.1 Records of the components used to produce a bundle and of the history of how and where the
bundle was assembled and tested shall be maintained for every new bundle. The records shall contain
the following information:

— areference to this document and approved design drawings;
— the unique serial number of the bundle;

— the unique serial number of the frame, when available;

— the model of the main valve(s);

— the gas kype (or types) for which the bundle is intended;

— the test|pressure of the bundle (in accordance with the test pressure of the cylinders);
— the seripl numbers of the cylinders in the bundle;

— the nanje and address of the bundle manufacturer; and

— the dat¢ of manufacture (in the format YYYY/MM).

8.2 Origirfal test records and/or certificates of individual components or batches of components|shall
also be mairjtained so they can be cross referenced to individual bundle records.

8.3 All redords shall be maintained at least as long as the buthdle and/or its components exist.
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Annex A
(normative)

Special requirements for design, manufacture and testing of
bundles when cylinders are removed from the frame at the time of
filling, including acetylene cylinders

The bundle shall be designed to facilitate the following:

— ¢asy and safe access for maintenance (making connections, changing joint .gaskets, checking
or leaks, etc.), removal and assembly of the manifold without damaging-érstraining any of the
¢omponents; and

— ¢asy and safe disassembly and reassembly of the individual cylinders.
Manifold pipework shall be designed with adequate flexibility to allow easy cylinder exchange.
Indiyidual cylinders shall be marked, labelled and valved as applicable for a single cylinder.

Care|shall be taken to protect the valve during manual handling (e.g. a threaded neck ring to attach a
cap qr guard).

Addifional requirements for acetylene cylinder bundles containing acetylene in a solvent gre provided
in Afjnex B.
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Annex B
(normative)

Additional requirements for acetylene cylinder bundles

B.1 General

In addition

In addition

{o the design requirements specified in the main body of this document, acetylenercyl
bundles that contain acetylene in a solvent shall meet the design requirements specified-in)B.3
design of th
with B.3.7.

b bundle's manifold shall conform to B.3.4, and the materials shall be chosenjin dccord

fo the identification requirements specified in the main body of this document, acetj

nder
The
ance

Vlene

cylinder bundles that contain acetylene in a solvent shall meet the identification requirements

specified in

The testing
cylinder bundles that contain acetylene in a solvent unless otherwise specified in Annex B.

B.2 Bung

For acetylen
maximum q

The followiy

tare BA
maximy
equipm

tare BA

minimum allowable weight of ‘selvent, plus the weight of the frame, the manifold and all

equipm

tare BS
maximy
the marf

tare BS

B.4.

requirements specified in the main body of this document are applicable to acet]

lle tare

e cylinder bundles that contain either acetone or-dimethylformamide (DMF) as solven
hantity of acetylene and of solvent shall be identified on each individual cylinder of the by

1g four tares are used:

max Which is the sum of the weight of all the cylinders in the bundle, each filled wit
m allowable weight of solvent,(plus the weight of the frame, the manifold and all

ent;
iy Which is the sum of.the weight of all the cylinders in the bundle, each filled wit

ent;

2 Which is the’sum of the weight of all the cylinders in the bundle, each filled wit
m allowablefueight of solvent and its associated saturation gas, plus the weight of the fj
ifold and.allether equipment; and

iy Which is the sum of the weight of all the cylinders in the bundle, each filled wit

minim

the marnifold and all other equipment.

dllowable weight of solvent and its associated saturation gas, plus the weight of the fi

ylene

L, the
ndle.

h the
bther

h the
bther

h the
ame,

h the
ame,

B.3 Design

B.3.1 Frame

The frame of an acetylene cylinder bundle shall not impair the distribution of water onto the tops of the
cylinders for cooling purposes.

B.3.2 Cylinders

Cylinders in an acetylene cylinder bundle shall all be of the same size and shell type, i.e., do not use
both seamless cylinders and welded cylinders in a bundle. They shall contain the same porous material

16
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and solvent so that their absorption and desorption rates are similar. The cylinder shell and the porous
material shall conform to ISO 3807.

B.3.3 Cylinder valves and cylinder fittings

Each cylinder shall be equipped with an acetylene cylinder valve that meets the requirements of

ISO

10297.

B.3.4 Manifold

B.3.

1 General

Manifolds may be designed either by calculation (see B.3.4.2) or by means of an experime

(see

B.3.4.3). If the calculation method is used, the design shall be verified by eithier-a hy

pneumatic test.

B.3.4.2 Design by calculation of pipe wall thickness

An ipspection body could approve a method for the wall thickness caloulation, such as 4
Currgntly, the most commonly used method is described in Formulae*(B:1), (B.2) and (B.3). ]
calcylates the wall thickness (e.g. of pipes and fittings) necessary for the entire system t
shock reflection occurring at any point in the system.

NOTH

caus

dd at or near those places in the manifold pipe such as sharp bends, valves and closed ends o

the shock wave can be reflected.

Formula (B.1) is used to calculate the necessary wall thickness of the pipes:

where

The

|__PD
20F +P

¢ isthe necessary wall thickness, in mm;

P isthe dimensioning pressure (gauge pressure), in bar;

The value of 2 'hat in this formula is the atmospheric pressure.
D is the exterial diameter of pipe, in mm;

F istheallowable stress in the material, in MPa.

dinferisioning pressure P, which for acetylene takes into account the pressure incr

ntal method
draulic or a

\SME B31.3.
['his method
b withstand

An acetylene detonation travels along a manifold pipe.as a shock wave. Particularly high stresses are

pipes where

(B.1)

pase caused

by theZdecomposition of acetylene, and the allowable stress F are calculated using Forjmulae (B.2)
and (B.3):
P=f (P +1)-1 (B.2)
F R (B.3)
1,1 '
where
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P; is the maximum filling pressure (gauge pressure), in bar (the maximum filling pressure
equals 25 bar);

The value of 1 bar in this formula is the atmospheric pressure.

R, isthe stress at yield point of the material, in MPa;

e

f1 s the safety factor (at least 35).

B.3.4.3 Design by means of an experimental method

Three complete manifolds shall be subjected to an acetylene decomposition test. All openings shall be
blind plugged except the opening for the main valve. The acetylene decomposition test shall be.cafried
out in accorjdance with ISO 15615:2013, 6.4, considering the conditions described in ISO #5615:2013,
6.1t0 6.3.

The ignition tube shall be attached to the opening of the main valve. The initial presstise’shall be 2} bar.
The manifold has passed the test if:

a) no visible permanent deformation of the manifold occurred;
b) no leakage is detected during the test; and

c) no leakage is detected after the test using a leak detection fluid.

B.3.4.4 Dg¢gsign of flexible hoses
Flexible hoss used in bundles for acetylene shall comply with either [SO 14113 or ISO 16964.

They shall withstand the attack of the solvents used together with acetylene in accordance |with
ISO 14113.

The electricpl resistance of the hose material bétween the connecting ends shall be <10° (.

B.3.5 Valyes (excluding cylinder valves) and seals
The main vglve(s) shall comply with-the requirements of ISO 10297.

The design pf the valve or the method of installation shall minimize the risk of ignition due to frigtion
between valve components. Filters may be used to eliminate the possibility of contamination geftting
into the valye seat.

B.3.6 Flame arrestor with flow cut-off device

Each acetylene, ¢ylinder bundle shall be protected against acetylene decomposition. This can be
achieved by means of a flame arrestor, a flow cut-off device or both. The placement of both :'r the
customer mentteldisrecommended-

B.3.7 Material compatibility

Particular attention shall be given to the copper content of any materials that would come into contact
with dissolved acetylene (see ISO 11114-1 and ISO 11114-2). In addition, materials shall be resistant to
acetylene, acetone and DMF.
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B.4 Identification

B.4.1 General

The tare may be shown on each cylinder by the use of a plastic or metal ring, a label or another
suitable means.

The original cylinder stamp marking should not be changed for this purpose.

B.4.2 Colour coding

Som¢national regulations mclude requirements 1or the colour coding for single acetylene cylinders ina

bundle (e.g. EN 1089-3).

B.4.3 Bundle identification for filling

The tare based on the maximum solvent content for each individual cylinder(used in a bundle shall be

shown on the cylinder.

An identification plate shall be permanently fixed to the frame. The platé-shall include, at a minimum, in

a suifable order, the following data:

EXANMPLE1 A weightof1 2826%kgwill be rounded down to “1 282 kg.”

EXANPLE 2 A weight of 653,4’kg will be rounded down to “653 kg.”

NOTH Some transport regulations specify the order in which the information is to be given.

B.4.4 Other.useful information

The
listed in/B.4.3:

the identification “UN1001 acetylene, dissolved” and the chemntical formula C,H,;
the maximum acetylene content, in kilograms, of the bithdle;

the type of porous material;

the type of solvent (acetone or DMF);

tthe previous test date (shown as either YY/MM or YYYY/MM) of the cylinder within thg bundle that
is first due for periodic inspection;

the tare BS,;,, in kilograms, roynded down to the nearest whole number, followed by the letters
KG” as shown in the two examples below:

tthe working presstire, in bar, preceded by the letters “PW” as stamped on the cylinders.

following information is useful in practice and may be marked on the bundle in addjtion to that

the serial numbers of the individual cylinders within the bundle (alternatively, these numbers may
be recorded in a bundle file);

instructions for handling of the cylinder bundle (including that cylinder valves should be closed
only in special circumstances);

the tare BS, ., in kilograms, rounded down to the nearest whole number, followed by the letters
“KG” (see the examples in B.4.3);

the owner of the bundle.
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