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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standa

rds 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
established has the right to be represented on that committee. International organizations
nop-governmental, in liaison with ISO, also take part in the work. ISO collaborates closel
Intgrnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization)

Intgrnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Pa
The main task of technical committees is to prepare International Standards. Draft_International
adppted by the technical committees are circulated to the member bodies for voting. Publica
Intgrnational Standard requires approval by at least 75 % of the member bodies.casting a vote.

In jother circumstances, particularly when there is an urgent market .fequirement for such dog
teghnical committee may decide to publish other types of document:

— an ISO Publicly Available Specification (ISO/PAS) represents an agreement between technica

of the parent committee casting a vote;

has been

overnmental and

with the

t 2.

Standards
ion as an

uments, a

experts in

an ISO working group and is accepted for publication if it iSaapproved by more than 50 % of th¢ members

— an ISO Technical Specification (ISO/TS) represents~an agreement between the members of a technical

a vote.

committee and is accepted for publication if it is approved by 2/3 of the members of the committee casting

An[ISO/PAS or ISO/TS is reviewed after thtee years in order to decide whether it will be confirmed for a

further three years, revised to become an(International Standard, or withdrawn. If the ISO/PAS ofr

ISO/TS is

comfirmed, it is reviewed again after a further three years, at which time it must either be transformed into an

Intgrnational Standard or be withdrawn.

Attention is drawn to the possibility that some of the elements of this document may be the subjeq
rights. ISO shall not be heldesponsible for identifying any or all such patent rights.

ISQ/TS 15869 was prepared by Technical Committee ISO/TC 197, Hydrogen technologies, with cg
from Technical Committee ISO/TC 22, Road vehicles, and Technical Committee ISO/TC 58, Gag
Supcommittee SC.3) Cylinder design.

© 1SO 2009 — All rights reserved
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Introduction

Fuel tanks for on-board storage of compressed gaseous hydrogen and hydrogen blends as fuels for land
vehicle service are required to maintain or improve the level of safety currently existing for land vehicle
applications. These requirements are achieved by:

a) specifying service conditions precisely and comprehensively as a firm basis for both fuel tank design,and
use;

b) using jan appropriate method to assess cyclic pressure fatigue life and to establish allowable.defect sizes
in mefal tanks or liners;

c) requiring design qualification tests;

d) requiring non-destructive testing and inspection of all production fuel tanks;
e) requiring destructive tests on fuel tanks and tank material taken from each‘batch of fuel tanks produced;
f)  requirlng manufacturers to specify the acceptable in-service damage/levels for their design; and
g) requiring manufacturers to specify as part of their design, the safe service conditions for their fuel tankg.
Designs mEeeting the requirements of this International Standard:
a) will hgve a fatigue life that exceeds the expected service; and

b) will dgmonstrate appropriate strength and durability for expected service conditions.

Vi © 1SO 2009 — All rights reserved
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ISO/TS 15869:2009(E)

Gaseous hydrogen and hydrogen blends — Land vehicle fuel

tanks

1 | Scope

This International Standard specifies the requirements for lightweight refillable fuel tanks(intended [for the on-
bogrd storage of high-pressure compressed gaseous hydrogen or hydrogen blends ondand vehicleg.

This International Standard is not intended as a specification for fuel tanks used for solid, liquid hydrogen or
hybrid cryogenic high-pressure hydrogen storage applications.

This International Standard is applicable for fuel tanks of steel, stainlgss) steel, aluminium or npn-metallic
comstruction material, using any design or method of manufacture suitablefor its specified service cpnditions.
This International Standard applies to the following types of fuel tank-designs:

—| Type 1: metal fuel tanks;

—| Type 2: hoop-wrapped composite fuel tanks with aqietal liner;

—| Type 3: fully wrapped composite fuel tanks with“a metal liner;

—| Type 4: fully wrapped composite fuel tanks with no metal liner.

2 | Normative references

The following referenced documents are indispensable for the application of this document. |For dated
references, only the edition-cited applies. For undated references, the latest edition of the peferenced
do¢ument (including any ‘amendments) applies.

ISO 306, Plastics =, Thermoplastic materials — Determination of Vicat softening temperature (VST,

ISQ 527-2, Plastics — Determination of tensile properties — Part 2: Test conditions for mollding and
extrusion plastics

ISO 2808, Paints and varnishes — Determination of film thickness

ISO 4624, Paints and varnishes — Pull-off test for adhesion

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

ISO 7225, Gas cylinders — Precautionary labels

ISO 7866:1999, Gas cylinders — Reéfillable seamless aluminium alloy gas cylinders — Design, construction
and testing

ISO 9809-1:1999, Gas cylinders — Refillable seamless steel gas cylinders — Design, construction and
testing — Part 1: Quenched and tempered steel cylinders with tensile strength less than 1 100 MPa

© 1SO 2009 — All rights reserved
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ISO 9809-2:2000, Gas cylinders — Refillable seamless steel gas cylinders — Design, construction and
testing — Part 2: Quenched and tempered steel cylinders with tensile strength greater than or equal to
1 100 MPa

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

ISO 11439, Gas cylinders — High pressure cylinders for the on-board storage of natural gas as a fuel for
automotive vehicles

ISO/TS 14
cell applicd

EN 1964-3
transporta
Part 3: Cy

EN 12862:
transporta

EN 133224
and constr

ASTM B 1
ASTM D 5

ASTM D 1
Finishes

ASTMD 2
Their Lam

ASTM D 2
(Impact)

ASTM D 3

ASTMD 3
Crystalliza

ASTM G 1
Materials

3 Tern

tons for ra ehils
:2000, Transportable gas cylinders — Specification for the design and construction of refilla
ble seamless steel gas cylinders of water capacities from 0,5 litre up to and including-150 litres
fnders made of seamless stainless steel with an Rm value of less than 1 100 MPa

000, Transportable gas cylinders — Specification for the design and codstruction of refillg
ble welded aluminium alloy gas cylinders

2:2003/A1:2006, Transportable gas cylinders — Refillable welded steel gas cylinders — Des
L iction — Part 2: Stainless steel

|7, Standard Practice for Operating Salt Spray (Fog) Apparatus

P2, Standard Test Methods for Mandrel Bend Test of Attached Organic Coatings

BO8, Standard Test Method for Effect of Househald~Chemicals on Clear and Pigmented Orgg
B44, Standard Test Method for Short-Beam-Strength of Polymer Matrix Composite Materials 4
hates

/94, Standard Test Method for Resistance of Organic Coatings to the Effects of Rapid Deformat

170, Standard Test Method/forChipping Resistance of Coatings

118, Standard Test( Method for Transition Temperatures and Enthalpies of Fusion 4§
ion of Polymers by.Differential Scanning Calorimetry

b4, Standard Practice for Operating Fluorescent Light Apparatus for UV Exposure of Nonmetd

s and definitions

uel

ble

ble

ign

nic

and

jon

and

llic

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

3.1

auto-frettage
pressure application procedure used in manufacturing composite fuel tanks with metal liners, which strains the
liner past its yield point

NOTE

Auto-frettage results in the liner having compressive stresses and the fibres having tensile stresses at zero
internal pressure.

© 1SO 2009 — All rights reserved
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3.2

auto-frettage pressure

pressure within the over-wrapped composite fuel tank at which the required distribution of stresses between
the liner and the over-wrap is established

3.3

batch of composite fuel tanks

group of not more than 200 fuel tanks plus fuel tanks for destructive testing or, if greater, one shift of
successive production of fuel tanks, successively produced from qualified liners having the same size, design,
specified materials of construction and manufacturing process

34

batch of metal fuel tanks/liners
grqup of not more than 200 fuel tanks/liners plus fuel tanks/liners for destructive testing or, if greatdr, one shift
of successive production of metal fuel tanks/liners, successively produced having the same homingl diameter,
wall thickness, design, specified material of construction, manufacturing process, equipment for manufacturing
andl heat treatment, and conditions of time, temperature and atmosphere during heat treatment

3.9
batch of non-metallic liners
grqup of not more than 200 liners plus liners for destructive testing or;~if greater, one shift of successive
prdduction of non-metallic liners, successively produced having the same nominal diameter, wall|thickness,
design, specified material of construction and manufacturing process

3.6
bufst pressure
prgssure that causes the bursting of a pressure vessel subjected to a constant increase of pressufe during a
destructive test

3.7
controlled tension winding
prdcess used in manufacturing hoop-wrapped composite fuel tanks with metal liners by which cqmpressive
strg¢sses in the liner and tensile stresses injthé over-wrap at zero internal pressure are obtained by winding the
reinforcing filaments under high tension

3.8
degign change
change in the selection of structural materials or dimensional changes exceeding the tolerances|as on the
design drawings

3.9
finjshed fuel tanks
fugl tanks that.areready for use, typical of normal production, complete with identification marks and external
codting including integral insulation specified by the manufacturer, but free from non-integral ingpulation or
prdtection

3.10
fully—wrapped—eempesi&e—wel—tank

fuel tank with an over-wrap having a filament wound reinforcement both in the circumferential and axial
direction of the fuel tank

3.1

hoop-wrapped composite fuel tank

fuel tank with an over-wrap having a filament wound reinforcement in a substantially circumferential pattern
over the cylindrical portion of the liner such that the filament does not carry any significant load in a direction
parallel to the longitudinal axis of the fuel tank

3.12

hydrogen blend
mixture of natural gas and hydrogen

© 1SO 2009 — All rights reserved 3


https://standardsiso.com/api/?name=234775f38c3f803b1f6984716f709a2f

ISO/TS 15869:2009(E)

3.13

hydrogen storage system

system on a land vehicle comprised of the fuel tank and all closure devices (e.g. shut-off valves, check valves
and thermally activated pressure relief devices), as well as piping that contains hydrogen at the working
pressure

3.14
leakage
release of gas through a crack, pore, unbonded or similar defect

NOTE Permeation through the wall of a Type 4 fuel tank that is less than the rates described in B.16 is not
considered |eakage.

3.15
liner
container that is used as an inner shell, on which reinforcing fibres are filament woundté)achieve the
necessary|strength

3.16
manufactiirer
organizatign responsible for the design, manufacturing and testing of fuel tanks

3.17
over-wrap
reinforcemient system of filament and resin applied over the liner

3.18
thermally [ctivated pressure relief device
device that activates by temperature to release pressure and:prevent a fuel tank from bursting due to fire
effects and that will activate regardless of fuel tank pressure

3.19
passengef vehicles
vehicles designed and constructed primarily for-the carriage of persons (e.g. cars and buses)

3.20
pre-stresyg
process of|lapplying auto-frettage or eonfrolled tension winding

3.21
service cgnditions
conditions |that the fuel tank-will experience in service and that include on-road exposure to environmental
factors (rofd salt, acids{_bases, temperature extremes) and expected usage (pressure cycles associated with
filling and glischarge, during service and driving, static pressure associated with vehicle parking, etc.)

3.22
settled pre¢ssure
gas pressure-when a given settled temperature is reached

3.23
settled temperature
uniform gas temperature after any change in temperature caused by filling has dissipated

3.24
stress ratio
stress in fibre at specified minimum burst pressure divided by stress in fibre at working pressure

3.25

test pressure
required pressure applied during a pressure test

4 © 1SO 2009 — All rights reserved
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3.26

working pressure

nominal working pressure

settled pressure of compressed gas at a uniform temperature of 15 °C in a full fuel tank

4 Service conditions

4.1 General

The specified service conditions provide the basis for the design, manufacturing, inspection, and tegting of fuel
tanks that are to be mounted on land vehicles and used to store compressed gaseous hydrogen of hydrogen
bleinds at ambient temperatures for use as a fuel on these vehicles.

The specified service conditions are also intended to provide information on how{fuel tank$ made in
acg¢ordance with this International Standard may safely be used, for

a) | manufacturers of fuel tanks,

b) [ owners of fuel tanks,

c) | designers or contractors responsible for the installation of fuel tanks,

d) | designers or owners of equipment used to refuel land vehicle fuel tanks,
e) | suppliers of gaseous hydrogen and hydrogen blends, and

f) | regulatory authorities that have jurisdiction over fuel tank use.

The service conditions do not cover external loading that may arise from vehicle collisions, etc.

4.2 Expected service

The expected service for which fuel.tanks are safe shall be specified by the fuel tank manufacturer.

4.3 Working pressure

The working pressure shall be specified by the fuel tank manufacturer for gaseous hydrogen and hydrogen
blends settled at a temperature of 15 °C.

4.4 Maximum filling pressure

Fuel tanks-shall be designed to be filled up to a maximum pressure not exceeding 1,25 times the working
prgssurey regardless of filling conditions or temperature, and which settles to a pressure of not greater than
thg working pressure at the settled temperature of 15 °C.

4.5 Filling cycles

451 General

Except as permitted in 4.5.2, fuel tanks shall be designed for 11 250 fill cycles, representing a 15-year life of
use in commercial heavy-duty vehicles (see Annex A).

© 1SO 2009 — All rights reserved 5
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4.5.2 Reduced number of filling cycles

A reduced number of 5 500 filling cycles may be specified for the lifetime of the vehicle. Fuel tanks with the
reduced number of filling cycles may be qualified according to 9.2 or 9.5. In the case of fuel tanks with a
reduced number of filling cycles and qualified according to 9.2, these shall only be used in conjunction with a
tamper-proof counter system that records the number of fill cycles and terminates usage of the fuel tank

before the

reduced number of fill cycles is exceeded.

4.6 Design temperature

Fuel tanks

85 °C. Trapsient gas temperatures during filling and discharge may vary locally beyond these limits.

4.7 Gag

Fuel tanks
containing

comply with the following:

a) comp

b) comp
limits

4.8 External surfaces

Fuel tank
reflected in

4.9 Fire

Fuel tanks
Non-reclog
pressure r
the operati

NOTE
Addenda P
available.

The fire pr

5 Infor

shall be designed 10 be suitable 1or use In the 1ollowing material temperature range: —4U ~“U

composition

more than 2 % hydrogen by volume, combined with dry natural gas. The gas composition s

essed hydrogen gas shall comply with the composition specified in ISO/FS 14687-2;

essed natural gas (CNG) used in hydrogen blends may vary as, stated in the dry gas composit
specified in ISO 11439.

bxternal surfaces shall be designed to withstand meehanical and chemical exposure conditions
the type tests specified in Clause 9.

effects

shall be protected from fire effects using non-reclosing thermally activated pressure relief devig
ing pressure-activated pressure relief-devices can only be used in parallel with thermally activa
lief devices. A thermally activated pressure relief device shall not under any circumstances reqy
on of the pressure-activated pressure relief device in order to function.

In the selection of thermally activated pressure relief devices, the requirements of the ANSI/IAS PRD 1-19

RD 1a-1999 can be usedyas guidance until a standard on pressure relief devices for hydrogen servicg

btection of fuel tanks may also be supplemented by the use of thermal insulation.

mation:to be recorded

to

shall be designed to be filled with compressed gaseous hydrogen and/or ‘hydrogen blends

nall

jon

as

es.
ted
ire

98/
b is

5.1 Gen

eral

The fuel tank manufacturer shall keep on file the information specified herein. This information shall be

retained fo

r the intended life of the fuel tank.

5.2 Statement of service

A statement of service shall be provided to the user. This statement of service shall include the following:

a) the name and address of the fuel tank manufacturer;

b) a description of the fuel tank design, including fuel tank identification, working pressure (MPa), fuel tank
type, diameter (mm), length (mm), internal volume (I), empty weight (kg) and valve thread type;

© 1SO 2009 — All rights reserved
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a statement that the fuel tank design is suitable for use in the service conditions provided in Cla
a statement of the maximum service conditions for which the fuel tank was designed;
a statement of the maximum number of filling cycles for which the fuel tank was designed;

a statement of the working pressure for which the fuel tank was designed;

use 4;

a specification for the fire protection system approved by the fuel tank manufacturer using non-reclosing

thermally activated pressure relief devices and, if used, thermal insulation;

All

show the following information:

a specification for the support methods, protective coatings and any other items require
provided with the fuel tank;

d, but not

any other information and instructions necessary to ensure the safe use and inspection’of the fliel tank.

Design drawings and information

fuel tank drawings and related technical data shall be kept on file by the-fuel tank manufacture

r and shall

a) | title, reference number, date of issue and revision numbers with dates of issue, if applicable;

b) | reference to a Type 1, Type 2, Type 3 or Type 4 design;

c) | dimensions complete with tolerances, including detailsof end closure shapes with minimun thickness
and openings;

d) | mass, complete with tolerance;

e) | material specifications, complete with minimum mechanical and chemical properties and tolerance ranges
and, for metal fuel tanks or metal liners, the specified hardness range;

f) | other data such as auto-frettagé pressure range, minimum test pressure, details of the fire| protection
system and of any exterior protective coating;

g) | the gas that the fuel tank-is_.designed to carry;

h) | the working pressure-of the design.

5.4 Stress analysis report

When a streSs ‘analysis is required to be carried out, the stress analysis report shall be kept on fil¢ and shall

incjude a table summarizing the calculated stresses.

NOTE Verification of the stress ratios may be performed using strain gauges or an equivalent method. Arj example of

an uucptab:c methodHs pluv;dcd H-ARREX-C-

5.5 Material property data

A detailed description of the materials and tolerances of the material properties used in the design shall be
kept on file. Test data shall also be presented characterizing the mechanical properties and the suitability of
the materials for service under the conditions specified in Clause 4.

© 1SO 2009 — All rights reserved
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5.6 Fire protection

The arrangement of the non-reclosing thermally activated pressure relief devices, and insulation if provided,
that will protect the fuel tank from sudden rupture when exposed to the fire conditions in B.9 shall be specified
by the fuel tank manufacturer.

5.7 Manufacturing data

Details of all fabrication processes, tolerances, non-destructive examinations, type tests, batch tests and
production tests shall be specified and kept on file by the fuel tank manufacturer. The manufacturer shall
specify thg burst pressure range for the design. In no case shall the minimum specified burst pressure be_lgss
than the mjinimum burst pressure specified in this International Standard.

Surface finish, thread details, acceptance criteria for ultrasonic scanning (or equivalent) and maximum|lot
sizes for batch tests shall also be specified by the fuel tank manufacturer and kept on file.

6 Materials

6.1 Compatibility
Materials yised shall be suitable for the service conditions specified in Clause 4. The design shall not have
incompatifjle materials in contact with each other. All metallic materials in.contact with hydrogen and hydrogen
blends shgll be compatible with hydrogen according to B.2.

NOTE Guidance on hydrogen compatibility can be found in the documents listed in the Bibliography.

6.2 Steel

Steels for fuel tanks and liners shall conform to the materials requirements of 6.1 to 6.4 of ISO 9809-1:19P9,
or 6.1 to 6J3 of ISO 9809-2:2000, as appropriate.

6.3 Stainless steels

Stainless dteels shall conform to the materials requirements of 4.1 to 4.4 of EN 1964-3:2000. Welded stainl
steels shall conform to the materialsrequirements of 4.1 to 4.3 of EN 13322-2:2003/A1:2006, as appropriat

SS

N4

6.4 Aluminium alloys

Aluminium| alloys shall .conform to the materials requirements of 6.1 and 6.2 of 1ISO 7866:1999. Welded
aluminium|alloys shallsgonform to the materials requirements of 4.2 and 4.3 of EN 12862:2000.

Aluminium| alloys_ ‘not covered by the materials requirements of 1ISO 7866:1999 may be used, provided that
hydrogen ¢ompatibility is demonstrated according to the method specified in B.2.

6.5 Resins
The material for impregnation may be thermosetting or thermoplastic resins. Examples of suitable matrix

materials are epoxy, modified epoxy, polyester and vinylester thermosetting plastics, as well as polyethylene
and polyamide thermoplastic.

6.6 Fibres

Structural reinforcing filament material types shall be glass fibre, aramid fibre or carbon fibre. If carbon fibre
reinforcement is used, the design shall incorporate means to prevent galvanic corrosion of metallic
components of the fuel tank.
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The fuel tank manufacturer shall keep on file for the intended life of the fuel tank design the published
specifications for composite materials and the material manufacturer's recommendations for storage
conditions and shelf life. The fuel tank manufacturer shall keep on file, for the intended life of each batch of
fuel tanks, the fibre manufacturer’s certification that each shipment conforms to the manufacturer’s
specifications for the product.

6.7 Plastic liners

The polymeric material used for plastic liners shall be compatible with the service conditions specified in
Clause 4.

6.8

Th

Metal end bosses

b metal end bosses connected to a non-metallic liner shall be made of material compatible with

comditions specified in Clause 4.

7

7.1

Th
reg

Design requirements

General

s International Standard neither provides design formulae nordlists permissible stresses or g
uires adequacy of design to be demonstrated by testing~io./show that the fuel tanks are

comsistently passing the material, type, production and batch.tests that it specifies.

7.2

Th

7.3

7.3

Th
Co

Ve
rat

Test pressure

e minimum test pressure used during manufacturing shall be 1,5 times the working pressure.
Burst pressure and fibre stress ratio

1 Fuel tank

b minimum actual burst pressure of the fuel tank shall not be less than the values given

mposite reinforcement used on fuel tanks shall also meet the minimum stress ratio requirements

rification of the stress'ratios may be done by calculation. When the calculation method is used,
o calculations shalNnelude:

an analysis¢method with capability for non-linear materials, such as a special purpose comput
or a finite_element analysis program;

correct modelling of the elastic-plastic stress-strain curve for the liner material;

correct modelling of the mechanical properties of the composite materials;

he service

trains, but
capable of

n Table 1.
of Table 1.

the stress

Br program

calculations at auto-frettage pressure, zero pressure after auto-frettage, working pressure and minimum

burst pressure;
account for the pre-stresses from the winding tension;

minimum burst pressure, chosen such that the calculated stress at minimum burst pressure

divided by

the calculated stress at the working pressure meets the stress ratio requirements for the fibre used;

when analyzing fuel tanks with hybrid reinforcement (two or more different fibres), consideration of the
load share between the different fibres based on the different elastic moduli of the fibres. The stress ratio
requirements for each individual fibre type shall be in accordance with the values given in Table 1.
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Verification of the stress ratios may also be performed using strain gauges. An acceptable method is provided
in Annex C.

Table 1 — Minimum stress ratios and burst pressures

Construction Minimum stress ratio Minimum actual burst pressure 2
Type2 | Type3 | Type 4 Type 1 Type 2 Type 3 Type 4

All-metal 2,25

Glass 2,65 35 35 2.4 34 35

Aramid 2,25 3,0 3,0 2,25 2,9 3,0

Carbon (wg@rking pressures less than 2,25 2,25 2,25 2,25 2,25 2,25

35 MPa)

Carbon (wgrking pressures greater 2,0 2,0 2,0 2,0 2,0 2,0

than or eqyal to 35 MPa)

Hybrid b

@  Burst plessures are expressed as a factor of the working pressure.

b Stress fatios and burst pressures shall be calculated in accordance with 7.3.1 g). The stress«ratio requirements for each individual
fibre type shgll be in accordance with the values given above.

7.3.2 Liner

For Type 2 designs, the un-reinforced metal liner shall have(a minimum burst pressure of 1,25 times the
working pressure.

7.4 Strgss analysis

A stress analysis shall be performed to justify,the minimum design wall thickness. It shall include the
determinatjon of the stresses in the liners and fibres of composite designs.

For Type 2 and Type 3 designs, the_stresses in the composite and in the liner after pre-stress shall|be
calculated |at zero pressure, working-pressure, test pressure and design burst pressure. The calculations shall
use suitable analysis techniques_taking account of non-linear material behaviour of the liner to establish the
stress distfibutions.

For Type 2 and Type 3 designs using auto-frettage to provide pre-stress, the limits within which the ayto-
frettage pressure shall fall-shall be calculated and specified. For Type 2 and Type 3 designs using controlled
tension winding to provide pre-stress, the temperature at which it shall be performed, the tension required in
each layer|of the composite and the consequent pre-stress in the liner shall be calculated.

For Type 4 ,designs, the stresses in the composite shall be calculated in the tangential and longitudinal
direction of_the fuel tank. The pressures used for these calculations shall be zero pressure, working pressure,
test pressure and design burst pressure. The calculations shall use suitable analysis techniques to establish
the stress distribution throughout the fuel tank.

7.5 Maximum defect size

For Type 1, Type 2 and Type 3 designs, the maximum defect size for non-destructive examinations (NDE)
shall be established by a method suitable for the design. This method shall demonstrate that a fuel tank with
defects of the specified defect size will meet the ambient temperature pressure cycling requirements of B.7.
The NDE method shall be capable of detecting the maximum defect size allowed.

NOTE An example of a suitable method for establishing the maximum defect size is given in Annex D.
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7.6 Fire protection

The fuel tank, its materials, non-reclosing thermally activated pressure relief devices and any added insulation
or protective material or non-reclosing pressure-activated pressure relief devices, shall be designed
collectively to ensure adequate safety during fire conditions of the test specified in B.9. In no case shall a
pressure relief device be composed of thermally activating and pressure-activating functions acting in series
such that both functions are required to activate to prevent a fuel tank from bursting due to fire effects.

Provided that the finished fuel tank with its fire protection system has passed the requirements of the bonfire
test in B.9, alternatlve |nstaIIat|on conflguratlons for the fire protectlon system can be used if it can be
demen ; used for
ve |cIe mstallatlons mvolvmg multlple fuel tanks may reqwre a dlfferent arrangement or nufmber of non-

rough one
single pressure relief device (PRD), then the bonfire test shall flow that full amount,é6f-hydrogen through the
Ank(s) that
tain this additional hydrogen to the bonfire, provided that a single fuel tank has,already passed the bonfire
test with its own PRD.

NQTE 1 The non-reclosing thermally activated pressure relief device that is part.of the fuel tank manufactufer specified
fire| protection system is not necessarily provided with the fuel tank. It is, however, required that the effectivgness of this
fire|protection system be demonstrated.

NOTE 2 It should not be possible to isolate the non-reclosing thefmally activated pressure relief device ffom the fuel
tank by the normal operation or failure of another component.

8 | Construction and workmanship

8.1 Materials

Type 1 designs and Type 2 liners shall-be of seamless construction using steel or aluminium Jalloys that
comply with the materials requirementsiin 6.2 or 6.4, as appropriate. Type 3 liners shall be constructed from
stegel, aluminium alloys, stainless steels, welded stainless steels or welded aluminium alloys that comply with
thg materials requirements in 6.2,'6.3 or 6.4, as appropriate.

8.2 Type 3 metal liner

For Type 3 designs,the’compressive stress in the liner at zero pressure and the design tempergture range
shall not cause the liner to buckle or crease.

NQTE During pressurization, a Type 3 design has a behaviour in which the displacements of the composite over-
wrgdp and the.metal liner are linearly superimposed. Due to different manufacturing techniques, this Internatiorjal Standard
dogs not give a definite method for design.

The welding of stainless steel liners shall conform to 6.1, 6.2 and 6.4 of EN 13322-2:2003/A1:2006, and the
welding of aluminium alloy liners shall conform to 4.1.2 and 6.1 of EN 12862:2000.

For Type 3 liners subjected to cold-forming or cryo-forming processes, heat treatment of the pre-form
component is not required. Liners that have been cold-formed or cryo-formed shall not be subjected to any
subsequent heat treatment or to additional heat application, such as welding.

8.3 Neck threads, neck ring, foot ring, attachment for support

Openings with tapered or parallel threads may be used. Threads shall be clean cut, even and without surface
discontinuities to gauge and shall conform to International Standards.
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When a neck ring, foot ring or attachment for support is provided, it shall be of a material compatible with that
of the fuel tank and shall be securely attached by a method other than welding, brazing or soldering.

8.4 Forming

For Type 1 or Type 2 aluminium fuel tanks and liners, a forming process such as fusion welding shall not be
used to fully close and seal the ends. The base ends of Type 1 steel fuel tanks that have been closed by
forming shall be inspected using NDE, methods in 8.2.4 of ISO 9809-1:1999 or other equivalent techniques.
Metal shall not be added in the process of closure at the end. Each fuel tank shall be examined before end
forming operations for thickness and surface finish.

After end [forming, the fuel tanks shall be heat treated to the hardness range specified for the design.
Localized heat treatment shall not be used.

8.5 Fibne winding
Type 2, Type 3 and Type 4 fuel tanks shall be fabricated from a liner over-wrapped with_continuous filamgnt
windings. Fibre winding operations shall be computer or mechanically controlled. The fibres shall be applied
under confrolled tension during winding.
During winlding, the significant variables shall be monitored to demonstrate that they remain within specifjed
tolerances| The results shall be documented in a winding record that shall be retained by the fuel tank
manufactufer for the intended life of each batch of fuel tanks. These variables can include but are not limited
to:
a) fibre type, including sizing;

b) manng¢r of impregnation;

c) winding tension;

d) winding speed;

€e) number of rovings;

f)  band yidth;

g) type of resin and composition;
h) tempgrature of the resin;

i) tempgrature of the lifier; and

i) winding angle:

8.6 Curjngof thermosetting resins

If a thermosetting resin is used, the resin shall be cured after the fibre winding is complete. Thermosetting
resins shall be cured by heating, using a predetermined and controlled time-temperature profile. During the
curing, the curing cycle (i.e. the time-temperature history) shall be documented and retained by the fuel tank
manufacturer for the intended life of each batch of fuel tanks.

The maximum curing time and temperature for fuel tanks with aluminium alloy liners shall not adversely affect
metal, resin and fibre properties.
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8.7 Auto-frettage

Auto-frettage, if used, shall be carried out before the hydraulic test specified in 10.1 h). The auto-frettage
pressure shall be within the limits established in 7.4. The fuel tank manufacturer shall establish the method to
verify that the appropriate pressure is applied. Records of auto-frettage pressure shall be retained by the fuel

tan

k manufacturer for the intended life of each batch of fuel tanks.

8.8 Exterior environmental protection

Exterior protection may be provided by using any one of the following:

a)

b

~

c)

If 4
An
affi

sef
to ¢

9

9.1

Th
the

us¢. Alternatively, at the manufacturer's Option, fuel tanks that are to be permanently mounted o

rog
prg

Ty
prg
redg
aft

Th
Th

9.2

a surface finish giving adequate protection (e.g. metal sprayed on aluminium, anodizing);

a suitable fibre and matrix material (e.g. carbon fibre in resin);

a protective coating (e.g. organic coating, paint).

protective coating is part of the design, the coatings shall be evaluated using the test methods in
y coatings applied to fuel tanks shall be such that neither the coating northe application procesg
pcts the mechanical properties of the fuel tank. The coating shall be designed to facilitate subg

vice inspection, and the manufacturer shall provide guidance on coating treatment during such
bnsure the continued integrity of the fuel tank.

Type (qualification) tests

Qualification of new designs

e fuel tank material, design, manufacturing process and examination shall be proved to be ag
ir intended service by meeting the requirements of the type tests specified in 9.2 for generic I3

d four-wheel passenger vehicles may-have their material, design, manufacturing process and e
ved to be adequate for their intended service by meeting the requirements of the type tests spec

pe tests shall be conducted on*each new design using finished fuel tanks that are representativg
duction, complete with identification marks. If more fuel tanks or liners are subjected to the tes
uired, all results shall(be*documented. All fuel tanks subjected to type tests shall be made uns
br the tests.

b fuel tank manufacturer shall retain the type test results for the intended service life of the fuel tg
e test data shall also document the dimensions, wall thickness and weights of each of the tested

Generic type tests

B.1.

adversely
equent in-
inspection

equate for
nd vehicle
hboard on-
kamination
fied in 9.5.

of normal
s than are
erviceable

nk design.
fuel tank.

9.2.4—General

Unless otherwise permitted by 9.3, Type 1, 2, 3 and 4 designs shall be subjected to the applicable type tests
listed in Table 2.

© 1SO 2009 — All rights reserved
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Table 2 — Summary of generic type tests

Test Number of fuel tanks Applicable to type
required for testing 1 2 3 4

9.2.2 to | Material tests for metal fuel tanks and liners 1 fuel tank or liner v v v

9.24

9.2.5 |Material tests for plastic liners 1 liner

9.2.6 |Resin properties composite samples v v

9.2.7 yarostatic burst pressure 3 v v v v

plus 1 liner v

9.2.8 | Ambient temperature pressure cycling 2 v v v v

9.2.9 [leak-before-break (LBB) 3 4 v v v
9.2.10 |Bonfire 1 v v v v
9.2.11 |Penetration 1 v 4 v v
9.2.12 |Chemical exposure 1 v v v
9.2.13 |Composite flaw tolerance 1 v v v
9.2.14 | Accelerated stress rupture 1 v v v
9.2.15 | Extreme temperature pressure cycling 1 v v v
9.2.16 |Impact damage 1,203 v v
9.2.17 |IPermeation 1 v
9.2.18 |Boss torque 1 v
9.2.19 |Hydrogen gas cycling 1 v

9.2.2 Material tests for steel fuel tanks and liners

If the fuell tank or liner is made of steel, .appropriate material tests in accordance with 10.2 to 10.4{ of
ISO 9809-[1:1999 or 10.2 to 10.4 of IS©-9809-2:2000 shall be carried out on one liner. The tensile strength
shall meet|the manufacturer’s design- specifications. For Type 1 and Type 2 designs, the steel elongation shall
be at least|14 %. For Type 3 designsythe tensile strength and elongation shall meet the manufacturer’s desjgn
specificatigns.

The hydrogen compatibility~of steels in contact with hydrogen shall be demonstrated in accordance with B.2.
Steels thafl conform to 6.3-and 7.2.2 of ISO 9809-1:1999 are exempted from this test.

9.2.3 Material tests for aluminium alloy fuel tanks and liners

For Type ] duel tanks and Type 2 liners using aluminium alloy, appropriate material tests as required in
ISO 7866 ggg, 132 GIICIl 10-3, ao VVU” ao AIIIIGI\UD A al Id B oha” bc ball;cd uut Ul Ul fuc= talllr\ Ul “IIUI. -he

materials properties shall meet the manufacturer’s design specifications. The elongation shall be at least 12 %.

For Type 3 liners using aluminium alloy, materials tests as required in ISO 7866:1999, 10.2 and Annex B shall
be carried out on one liner. The materials properties, including elongation, shall meet the manufacturer’s
design specifications.

For Type 3 liners using welded aluminium alloys, the requirements in 7.2.3 to 7.2.7 of EN 12862:2000 shall be
followed, as well as Annexes A and B, excluding B2.2 thereof.

The hydrogen compatibility of aluminium alloys in contact with hydrogen shall be demonstrated in accordance
with B.2. Aluminium alloys that conform to 6.1 and 6.2 of ISO 7866:1999 are exempted from this test.
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9.2.4 Material tests for stainless steel liners

Materials used for stainless steel liners shall follow the requirements in 7.1.2.1 and 7.1.2.4 of EN 1964-3:2000.

Materials used for welded stainless steel liners shall follow the requirements in 8.4

EN

13322-2:2003/A1:2006.

to 8.7 of

The hydrogen compatibility of stainless steels in contact with hydrogen shall be demonstrated in accordance

with B.2.

9.2 5 __Material tests for plastic liners

Onke liner shall be subjected to the following requirements:

a) | The tensile yield strength and ultimate elongation shall be determined in accordancewith B.3 and shall
meet the requirements therein.

b) | The softening temperature shall be determined in accordance with B.4 and-shall meet the requirements
therein.

9.2.6 Resin properties tests

For Type 2, Type 3 and Type 4 designs, samples representative of/the composite over-wrap shall He tested in

ac¢ordance with B.5. Resin materials shall meet the requirements therein.

9.2.7 Hydrostatic burst pressure test

For Type 2 designs, one liner shall be hydrostaticallyspressurized to failure in accordance with B.6| The burst

prgssure shall exceed 1,25 times the working pressure.

For all designs, three fuel tanks shall be hydrostatically pressurized to failure in accordance with B.§. For each

fugl tank, the burst pressure shall exceed thé-specified minimum burst pressure given in Table 1. [in no case

9.2

Fo
meg

9.2

Fo
the

9.2

Il the burst pressure be less than the yalue necessary to meet the stress ratio requirements in Table 1. The

sh
aVIrage of the burst pressure results of.the three fuel tanks shall be recorded for future reference (§

.8 Ambient temperature pressure cycling test

all designs, two fuel tanks shall be pressure cycled at ambient temperature in accordance wi
et the requirements therein.

.9 Leak-before-break (LBB) test

all designs; three fuel tanks shall be tested in accordance with B.8 and shall meet the re
rein.

.10~ Bonfire test

ee 10.2.2).

th B.7 and

uirements

For all designs, one or two fuel tanks as appropriate shall be tested in accordance with B.9 and meet the
requirements therein.

9.2.11 Penetration test

For all designs, one fuel tank shall be tested in accordance with B.10 and meet the requirements therein.

9.2.12 Chemical exposure test

For Type 2, Type 3 and Type 4 designs, one fuel tank shall be tested in accordance with B.11 and meet the
requirements therein.

© 1SO 2009 — All rights reserved
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9.2.13 Composite flaw tolerance test

For Type 2, Type 3 and Type 4 designs, one fuel tank shall be tested in accordance with B.12 and meet the
requirements therein.

9.2.14 Accelerated stress rupture test

For Type 2, Type 3 and Type 4 designs, one fuel tank shall be tested in accordance with B.13 and meet the
requirements therein.

9.2.15 Ex{

For Type 3
requireme

9.2.16 Impact damage test

For Type 3
meet the rq

9.2.17 Pe

For Type 4
requireme

9.2.18 Bops torque test

For Type 4

9.2.19 Hy

For Type 4

Fuel tank dlesigns that are not used in permanently mounted on-road passenger vehicles and that will only

used in a
cycle.

9.3 Exemptions to generictype tests

As an alt
1ISO 9809-
Internation|
in B.2.

reme temperature pressure cycling test

, Type 3 and Type 4 designs, one fuel tank shall be tested in accordance with B.14 andymeet
nts therein.

and Type 4 designs, one or more finished fuel tanks shall be tested in acCordance with B.15 &
pquirements therein.

meation test

L designs, one fuel tank shall be tested for permeation in-accordance with B.16 and meet
nts therein.

designs, one fuel tank shall be tested in accordance with B.17 and meet the requirements there

Hrogen gas cycling test

designs, one fuel tank shall be tested.in accordance with B.18 and meet the requirements there

Hedicated hydrogen slow fill(greater than 5 minutes) operation need not to perform this hydrog

brnative to the\requirements in 9.2, Type 1 steel design meeting the requirements of eif
11999 or SO 9809-2:2000 and the additional requirements specified in 7.6 and 8.8 of {
al Standard may only be subjected to the bonfire test in 9.2.10 and the hydrogen compatibility te

the

nd

the

n.

be
en

her
his
sts

of

As an altg

raative to the requirements in 9.2, Type 1 aluminium alloy design meeting the requirements

ISO 7866:

YYY and the additional requirements speciiied In /.6 and ¢.0 Of this International Standard i

only be subjected to the bonfire test in 9.2.10 and the hydrogen compatibility tests in B.2.

9.4 Qualification of design changes

ay

Design changes may be qualified through a reduced test program as given in Table 3. Design changes that
exceed the changes defined in Table 3 shall be qualified by a complete test program.

16
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A fibre shall be considered to be of a new fibre type when any of the following conditions apply:
a) the fibre is of a different classification, e.g. glass, aramid, carbon;

b) the fibre is produced from a different precursor (starting material), e.g. polyacrylonitrile (PAN), pitch for
carbon;

c) the nominal fibre modulus specified by the fibre manufacturer differs by more than +5 % from that
defined in the prototype-tested design;

d o H Ll 4 bl HY I [ P | PP+ £ " T4 o 4l L 0/ £ 4 td f d
T TTUTTITIar motTe ot TITyuT opTUITNITU Uy UITT TTUTT TTITalriuidUiulcl Uit o Uy THUTT tiall L9 70 TTUTIT U 1a erine

in the prototype-tested design.

A design approved by a reduced series of tests (a design change) shall not be used as a _basis for a second
design change approval with a reduced set of tests (i.e. multiple changes from an approved design are not
permitted). If a test has been conducted on a design change (X) that falls within the testing requirements for a
se¢ond design change (Y), then the result for (X) can be applied to the new desigi.change (Y) tegt program.
Hopwever, design change (X) cannot be used as the reference for determining thé-testing required fpr any new
design change.
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9.5 Alternative type tests

At the manufacturer's option, fuel tanks that are to be permanently mounted onboard on-road four-wheel
passenger vehicles may be qualified by performing the tests given in Table 4 and the tests specified in
Annex E.

The fuel tanks subjected to the tests of Annex E may be integrated into a hydrogen storage system including
all closure devices (such as shut-off valves, check valves, pressure relief devices, etc.) and piping that contain
hydrogen at the working pressure.

Table 4 — Summary of alternative type tests
Number of fuel Applicable to type
Test tanks required

for testing 1 2 3 4
9.2.2 to | Material tests for metal fuel tanks and liners 1 fuel tank or liner v v v
9.24
9.2.5 Material tests for plastic liners 1 liner
9.2.6 Resin properties Composite 4 v

samples

9.27 Hydrostatic burst pressure 3 v v v v

plus)1 liner v
9.2.8 Ambient temperature pressure cycling 2 v v v v
9.2.9 Leak-before-break (LBB) 3 v v v v
9.2.10 |Bonfire?@ 1or2 v v v v
9.2.11 Penetration 1 4 v v v
9.2.12 | Chemical exposure P 1 v v v
9.2.13 | Composite flaw tolerance ° 1 4 4 4
9.2.16 |Impact damage 1,20r3 v v
9.2.18 |Boss torque 1 4
@ | The bonfire test in 9.2.10 shall be conducted on either the individual fuel tanks or on the hydrogen storage system
following integration of the fuelMtanks into the system.
b | The chemical expostre-test and the composite flaw tolerance test shall be combined into one modified fest on one
fuel tank. This modified test shall involve introducing the flaw cuts from B.12 into the fuel tank being expgsed to the
chemicals according to”B.11. The fuel tank shall then be filled with a non-corrosive fluid such as oil, inhibit¢d water or
ghjcol, and hydratlically pressure cycled from not more than 2 MPa to not less than 1,25 times the working pressure at a
rafe not to exceed 10 cycles per minute. The fuel tank shall be pressure cycled for the number of cycles spedified in 4.5,
without failure,) The last 10 cycles shall be to 1,5 times working pressure to demonstrate capability to syrvive over-
pressurization during refuelling station failure at end of service. The fuel tank shall then be burst-tested in ficcordance
with B6 and exceed a pressure of 1,8 times the working pressure.

10 Production and batch tests

10.1 Production tests

Production verifications and tests shall be carried out as follows on all fuel tanks produced in a batch.
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Each fuel tank shall be subject to the following verifications during manufacturing or after completion:

a) NDE of metallic fuel tanks and liners in accordance with Annex B of ISO 9809-1:1999, Annex C of
EN 1964-3:2000 or Annex B of EN 13322-2:2003/A1:2006 as appropriate, or a demonstrated equivalent
method, to confirm that the maximum defect size does not exceed the size specified in the design as
determined in accordance with 7.5. The NDE method shall be capable of detecting the maximum defect
size allowed;

b) examination of welded stainless steel liners in accordance with 6.8.2 of EN 13322-2:2003/A1:2006, and
welded aluminium alloy liners in accordance with 6.2.1 (second paragraph) and 6.2.3 of EN 12862:2000;

c) inspegtion of plastic liners to confirm that the maximum defect size present is less than the size specifiied
in the design;

d) the vdrification of critical dimensions and mass of the finished fuel tanks, liners and over-wrapping fare
within|design tolerances;

e) verification of conformance to the manufacturer’s specified surface finish with speCial attention to dgep
drawn| surfaces and folds or laps in the neck or shoulder of forged or spun end enclosures or openings

f)  verificption of the markings;

g) hardngss tests or equivalent tests of metallic fuel tanks and liners in{faccordance with B.19, carried put
after the final heat treatment. The values thus determined shall be in‘the range specified for the design

h) hydratlic test of finished fuel tanks in accordance with B.20. For Type 1, Type 2 and Type 3 designs, the
permgnent volumetric expansion shall not exceed the limit of ‘permanent volumetric expansion specified
by the fuel tank manufacturer for the test pressure usedx'Itn addition, in no case shall the permangnt
expangsion exceed 5 % of the total volumetric expansion measured under the test pressure. For Type 4
designs, the manufacturer shall define the appropriate limit of elastic expansion for the test pressure used,
but in[no case shall the elastic expansion of any fuel tank exceed the average batch value by more than
10 %;

i) leak tgst on Type 4 fuel tanks or liners jmaccordance with B.21, except that the pressure used may|be
less than the working pressure.

10.2 Batc¢h tests

10.2.1 Geheral requirements
Batch testg shall be carriedout on each batch of fuel tanks.

Batch test$ shall be-eonducted on finished liners and fuel tanks that are representative of normal productipn,
complete with identification marks. The fuel tanks and liners required for testing shall be randomly selected
from each batch~'If more fuel tanks are subjected to the tests than are required, all results shall [be
documentegd-

Batches of fuel tanks shall be proved to be adequate for their intended service by meeting the requirements of
the batch tests specified in 10.2.2. The fuel tank manufacturer shall retain the batch test results and relevant
data for each batch (e.g. cast number) for the intended life of the fuel tanks in the batch. All fuel tanks
subjected to batch tests shall be made unserviceable after the tests.

10.2.2 Required tests

One fuel tank shall be subjected to the hydrostatic burst pressure test in accordance with B.6. The fuel tank
burst pressure shall exceed the specified minimum burst pressure and stress ratio requirement given in
Table 1. In addition, the burst pressure shall exceed 90 % of the average of the results obtained during the
hydrostatic burst test of 9.2.7.
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One fuel tank shall be subjected to pressure cycle testing in accordance with the requirements in 10.2.3. The
fuel tank used for the pressure cycle test in 10.2.3 may also be used for the burst pressure test.

For Type 1, Type 2 and Type 3 designs, a further fuel tank, liner or sample representative of a finished fuel
tank or liner shall be subjected to the following tests:

a)

b)

verification of the critical dimensions of the design;

tensile tests for steel fuel tanks or liners,

ISO 9809-2:2000, as approprlate TensHe tests for alumlnlum aIon fuel tanks or liners, in accor
102 of 1SO 7866 A

d)

f)

Fo
to

)
b)

a

c)

d)

EN 1964-3:2000. TenS|Ie tests ) for ) welded stalnless steel Ilners, in accordance Wi
EN 13322-2:2003/A1:2006. Tensile tests for welded aluminium liners, in accordance with~7.2.3
of EN 12862:2000. The test results shall satisfy the requirements of the design;

impact tests for steel fuel tanks or liners, in accordance with 10.4 of 1SO,9809-1:1999

ISO 9809-2:2000, as appropriate, and meet the requirements therein. Impaegt tests for stai
liners in accordance with 7.1.2.4 of EN 1964-3:2000, and meet the requirements therein. Imp3g
welded stainless steel liners in accordance with 8.6 of EN 13322-2:2003/A1:2006, and
requirements therein;

bend tests for welded stainless steel liners, in accordance with 8.5%f EN 13322-2:2003/A1:20
welded aluminium alloy liners, in accordance with 7.2.5 to/,7.2.7 of EN 12862:2000, and
requirements therein;

in accordance with

macroscopic examinations for welded stainless - steel liners

EN 13322-2:2003/A1:2006, and meet the requirements-therein;

when a protective coating according to 8.8 is a part of the design, a coating batch test shall be
in accordance with B.22. Where the coatingcfails to meet the requirements of B.22, the batg
100 % inspected to remove similarly defectively coated fuel tanks. The coating on all defectiy
fuel tanks shall be stripped using a method that does not affect the integrity of the compositg
and recoated. The coating batch test'shall then be repeated.

Type 4 designs, a further fuel tank,liner or sample representative of a finished fuel tank shall bg
he following tests:

verification of the critical dimensions of the design;

yield strength and @itimate elongation of the plastic liner material shall be determined in accor
B.1 and meet the-requirements therein;

softening «{€mperature of the plastic liner shall be tested in accordance with B.4 and
requirements of the design;

when a protective coating according to 8.8 is a part of the design, a coating batch test shall be
imaccordance with B.22. Where the coating fails to meet the requirements of B.22, the bat

in accordance with 10.2 of ISO 9809-1:1999 or 10.2 of

dance with
7.1.2.1 of
h 84 of
and 7.2.4

or 10.4 of
hless steel
ct tests for
meet the

D6, and for
meet the

8.7 of

performed
h shall be
ely coated
e wrapping

subjected

dance with

meet the

performed
h shall be

10056 mspectedto Temove simitarty defectivety toatedfuettanks—Thecoating omattdefectiv

ely coated

fuel tanks shall be stripped using a method that does not affect the integrity of the composite wrapping

and recoated. The coating batch test shall then be repeated.

All fuel tanks and liners represented by a batch test that fails to meet the requirements specified shall follow
the procedures specified in 10.3.
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10.2.3 Periodic ambient temperature pressure cycling test

The following tests shall be carried out on finished fuel tanks at a test frequency defined as follows:

a) initially, one fuel tank from each batch shall be pressure cycled from not more than 2 MPa to not less than
1,25 times the working pressure at a rate not to exceed 10 cycles per minute for the number of filling
cycles specified in 4.5. For Type 4 designs, prior to pressure cycling, the end boss shall be torque tested
in accordance with B.17, and following the required pressure cycling, the fuel tank shall be leak tested in
accordance with the method specified in B.21 and meet the requirements therein;

b) if on 10 sequential production batches of a design family (i.e. similar materials and processes within the

definit
ruptur
may b

c) ifon
above
cycle

d) if mor
tank f
frequg

e) inord
cycleg
numb
a) for
c) abg

If any fuel
cycles spe|
10.3. The

any of the
filling cycle
tanks prod

10.3 Fail

out as follg

on of a minor design change, see 9.5), none of the pressure cycled fuel tanks in a) above leak
e in less than 1,5 times the number of filling cycles specified in 4.5, then the pressure cycle1
e reduced to one fuel tank from every 5 batches of production;

0 sequential production batches of a design family, none of the pressure cycled fueltanks in
leak or rupture in less than 2 times the number of filling cycles specified in 4.5, then the press
est may be reduced to one fuel tank from every 10 batches of production;

'om the next batch of production shall be pressure cycle tested in order-to maintain the redu
ncy of batch test in b) or c) above;

br to maintain a reduced frequency, all test fuel tanks shall meet the required number of press
specified in b) or c) above. Should any tested fuel tank in b).or c) above fail to meet this requi
br of pressure cycles, then it shall be necessary to repeat thebatch pressure cycle test frequenc
a minimum 10 production batches in order to re-establish\the reduced frequency of testing in b
ve.

tank in a), b) or c) above fail to meet the minimum cycle life requirement of the number of fil
cified in 4.5, then the cause of failure shall be determined and corrected following the procedureg

bressure cycle test shall then be repeated onlan additional three fuel tanks from that batch. Shq
three additional fuel tanks fail to meet the(minimum pressure cycling requirement of the numbe

uced since the last successful batch-test meet all batch test requirements.

Lre to meet batch and production test requirements

In the event of failure to meet test requirements, re-testing or re-heat treatment and re-testing shall be carr
WS:
b is evidence of a-fault or an error of measurement in carrying out a test, a further test of the sa

a) if ther
kind s

b) if the
1) If

th
b

hall be performed! If the result of this test is satisfactory, the first test shall be ignored;
est has been carried out in a satisfactory manner, the cause of test failure shall be identified.

the failure is considered to be due to the applied heat treatment, the manufacturer may subject
emetal fuel tanks or liners implicated by the failure to a further heat treatment, i.e. if the failure i

or
est

a)
ire

e than 3 months have expired since the last ambient temperature pressure ‘cycle test, then a fuel

ed

ure
red
in
or

ing
b in
uld
- of

s specified in 4.5, then the batch shalllbe rejected. The manufacturer shall demonstrate that fuel

ied

me

all
6 in

bt tact thao tact faillbira chall ractira ra hant traatmant Af all tha ranracantad matal fiial tanled
HeHteSHTeteSt—rahure—SHan—require—+ereattreatieRt— o tReTepreseiteaear—uaer—ahc

or

liners prior to re-testing; however, if the failure occurs sporadically in a production test, then only
those metal fuel tanks or liners which fail the test shall require re-heat treatment and re-testing.

Only the appropriate batch tests needed to prove the acceptability of the new batch shall be
performed again. If one or more tests prove unsatisfactory, all metal fuel tanks or liners of the batch
shall be rejected.

2) If the failure is due to a cause other than the heat treatment applied, all defective metal fuel tanks or
liners shall be either rejected or repaired. Repaired metal fuel tanks or liners that pass the test(s)
required for the repair shall be treated as a separate new batch.
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11 Markings

On each fuel tank, the manufacturer shall provide clear, permanent markings. The font size used on the
markings shall be a minimum of 5 mm high on fuel tanks with a diameter greater than or equal to 140 mm and
greater than 2,5 mm high on fuel tanks with a diameter of less than 140 mm. Marking shall be made either by
labels incorporated into resin coatings, labels attached by adhesive, low stress stamps used on the thickened
ends of Type 1 and Type 2 designs or any combination of the above. Adhesive labels and their application
shall be in accordance with ISO 7225. Multiple labels may be used and should be located such that they are
not obscured by mounting brackets.

E b f (Y ] baoll L 4] 1 A H 4 faoll 1af FH -
agataertamesSnanoe PeTTITATTCTTo Yy TITATRC U Wit T e TOmTO Wity T moT T TatoTT.

a) | "Hy, ONLY" or "CNG-H, BLENDS ONLY" or "H, OR CNG-H, BLENDS ONLY";

b) [ "DO NOT USE AFTER XXXX-XX", where XXXX-XX identifies the year and the month of expiry
c) | manufacturer’s identification;

d) | fuel tank identification (a serial number unique for every fuel tank);

e) | water capacity (I);

f) | reference to this International Standard, "ISO 15869:2009", and/the type of fuel tank;

g) | "USE ONLY MANUFACTURER-APPROVED NON-RECLOSING THERMALLY ACTIVATED PRESSURE
RELIEF DEVICE";

h) | date of manufacture (year in four digits and monthin-two digits);
i) | working pressure (MPa) at temperature (°C);

j) | if labels are used, there is an additional requirement for a unique identification numbgr and the
manufacturer’s identification to be.permanently marked on an exposed metal surface in ordgr to permit
tracing in the event that the labelis destroyed;

k) | if the fuel tank has a reduced\number of filling cycles according to 4.5.2, and qualified according to 9.2,
then the fuel tank shall_additionally be marked “USE ONLY WITH TAMPER-PROOF FILLING CYCLE
COUNTER SYSTEM”;

I) | if the fuel tank is_qualified according to 9.5 for permanently mounted use in on-road four-wheel [passenger
vehicles, the fueltank shall additionally be marked “FUEL TANK SERVICE LIFE ENDS AFTER USE IN A
SINGLE VEHIELE. FUEL TANK TRANSFER BETWEEN VEHICLES IS PROHIBITED”.

The expiry-date may be applied to the fuel tanks at the time of dispatch, provided that the fuel fanks have
beg¢n stared in a dry location without internal pressure. The period between the dispatch date and| the expiry
dafe shall not exceed the specified service life.

The markings shall be placed in the listed sequence, but the specific arrangement may be varied to match the
space available. The following is an acceptable example.

H, or CNG-H, BLENDS ONLY

DO NOT USE AFTER 2020-03

Manufacturer/Fuel tank identifications

140 1

ISO 15869:2009, Type 3

USE ONLY MANUFACTURER-APPROVED NON-RECLOSING THERMALLY ACTIVATED PRESSURE
RELIEF DEVICE

Manufacture date 2005-03

35 MPa/15 °C
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12 Preparation for dispatch

Prior to dispatch from the manufacturer, every fuel tank shall be internally clean and dry. Fuel tanks not
immediately closed by the fitting of a valve and safety devices, if applicable, shall have plugs fitted to all
openings to prevent the entry of moisture and protect threads. Each fuel tank shall be checked for appropriate
markings.

The manufacturer's statement of service and all necessary information and instructions to ensure the proper
handling, use and in-service inspection of the fuel tank shall be supplied. The statement of service shall be in
accordance with 5.2.
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Annex A
(informative)

Rationale for number of filling cycles

1 Personal vehicles

1.1 General

b number of filling cycles that a fuel tank should be capable of performing requires-¢onsidera

scegnarios of risk for material and system degradation: expected service and extended-durability a
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.2and A.1.3.

1.2 Expected service

e extreme stress case where the vehicle sustains only the most stressful (empty-to-full) fillings
entire lifetime should be considered.

e maximum number of empty-to-full fillings in expected service is given by the following equation:
Fy =(L/R)
ere

F; is the maximum number of empty-to-fulhfillings in expected service;

L is the vehicle lifetime mileage inithe expected service scenario;
R is the vehicle driving range with a full fuel tank.

b| tanks are required to demonstrate the capability to sustain this maximum number of lifetime e
Ng events.

der no circumstances/should the maximum number of empty-to-full fillings in expected service

pe less than 500-empty-to-full fillings as specified in E.3.2, which is based on a vehicle lifetime
000 km and/a.vehicle driving range with a full fuel tank of 322 km.

1.3 Extended durability

b ~high usage case, where the vehicle sustains exposure to more severe (physical and
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tion of two
5 shown in

throughout

mpty-to-full

be allowed
mileage of

chemical)

als

wran
Il\.llllll\.llll.ul TtroooCo OO CAPTCTCTCCo & g T o ot o Pt g otr i oo griout oot oot

o be considered.

me, should

Environmental stresses include abrasions and cuts associated with wear from vehicle attachments and from
chemical exposures to chemically active constituents encountered in service (e.g. acid rain slush, battery acid).

Fuel tanks are required to demonstrate the capability to sustain a maximum number of lifetime partial filling
events.
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The maximum number of partial fillings is given by the following equation:

L
Fo =
P [RXVJ

the maximum number of partial fillings in service;

tha vahiclae lifatima milaaae-in-extended-durabilibv scanario-
tHHe-YerHereHe e el ge-H-6xteRaea-atiapdity/-S68RaHE;

where
Fp is
L is
R i
Vg

The reducéd number of 5 500 filling cycles specified in 4.5.2 is based on the following assumptions:

— avehi

— avehi

is| the vehicle driving range with a full fuel tank;

the average fill volume fraction.

Cle lifetime mileage in extended durability scenario of 590 000 km;

Cle driving range with a full fuel tank of 322 km;

— an avTrage fill volume fraction of 0,33.
|

An evalua
showed al
418 000 ki
vehicle life

At present
full fuel tan

Reliable sfatistics on current fill volume fraction@ré not available; statistics for hydrogen-fuelled vehicles

be influend
lifetime of
associated

Compoundg
cycles spe|

A.1.4 Ro

The proba
probability

having a vehicle driving range with a full fuel tank equal to or less than 322 km (Prob,) by the probability

having an

ion by the Sierra Research for the California Air ResourceBoard (2001) of vehicle lifetime milea

scrapped vehicles had mileage below 563 000 km (the.3sigma value, the 99.8t" percentile, y
n; the 6-sigma value was 590 000 km). This is why the value of 590 000 km was selected for
lime mileage in extended durability scenario.

all on-road vehicles produced by high voluméZvehicle manufacturers have a vehicle range wit

k greater than 322 km.

ed by the availability of hydrogenrefuelling stations. The assumption was based on the fact tha
fillings needing less than 33% of full fuel tank capacity provides a high-frequency extre
with a lifetime average of fillings on intervals of 106 km to 161 km travelled.

ing these extremes gives_a conservative requirement for the minimum reduced number of fil
cified in 4.5.2 for extended durability.

bustness (safety margin) of extended durability design-qualification requirement

pility of a_fuel tank encountering the specified number is fillings is given by the multiplication of
that thexvehicle lifetime mileage exceeds or is equal to 590 000 km (Prob4) by the probability

ge
as
the

will
ta
me

ing

the
of

indicate th:

average fill volume fract|on of 0, 33 for the vehicle Ilfetlme (Prob3) Estlmates from data cited abq
- = o sult is below 10-12

Prob . and Prob. are each lowe = 0=6_ensL

of
pve

A vehicle with a modest driving range of 322 km with a full fuel tank would have to be driven over

1 600 000

km to require 5 500 empty-to-full fillings.

Low-volume partial fills cause markedly lower swings in temperature and pressure and, consequently,
markedly lower stresses than empty-to-full filling stresses. Comprehensive data is not available (stresses an
order of magnitude lower than empty-to-full fillings have been seen). Therefore, conducting the high-frequency
filling pressure cycle tests using the reduced number of filling cycles specified in 4.5.2 with empty-to-full filling

pressure s

26

wings provides a margin of robustness potentially in the order of 10.

© 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=234775f38c3f803b1f6984716f709a2f

ISO/TS 15869:2009(E)

A.2 Commercial heavy-duty vehicles

Two factors distinguish the design qualification of fuel tanks for commercial heavy-duty (high usage) service.

Firstly, commercial fleet vehicles may experience extensive maintenance (such as engine and transmission
overhauls) that significantly extend the vehicle lifetime mileage (vehicle range) and thereby increase the
number of fillings during expected service.

Secondly, commercial fleet vehicles commonly remain in high-usage service for periods of 15 years or more.

iying.

flecting these differences, the requirements for pressure cycle testing for commercial-heavy-du
ume the following:

The maximum number of empty-to-full fillings in expected service should betealculated using th
given in A.1.2; however, this value may not be less than 1 000 cycles. This provides for ¢
vehicles with twice the vehicle lifetime mileage in the expected service_scenario of personal
firm statistics on commercial vehicle lifetime mileage become ayailable, this value may be
future editions of this document.

In the extended durability scenario, the number of filling cy¢les should be calculated as accor|
equation defined in A.1.3, but it should not be less than 11250. In order to allow for unconstra
per year, the extreme condition of 2 empty-to-full fillings\per day were assumed for continual f
service. The minimum certification for commercial vehicles is specified as 15 years; hence, th
number of filling cycles is 2 empty-to-full fillingssper day x 365 days per year x 15 years = 1
robustness of this specification is assured by.recognition that 11 000 filling cycles x 322 km/f
exceeds 3,2 million km driven.

dditionally,
immediate
ubsequent

ty vehicles

e equation
ommercial
vehicles. If
revised in

ding to the
ned usage
Lill-day bus
e minimum
1 000. The
illing cycle
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Annex B
(normative)

Test methods and acceptance criteria

tests

B.1 Co

Coatings shall be evaluated in accordance with the following procedure:

a) adhesjon testing in accordance with 1ISO 4624. A minimum rating of 4 shall be obtained when measufed
using Method A or B, as appropriate;

b) flexibility in accordance with ASTM D 522, using Test Method B with a 12,7 mm mandrel at the specified
thicknpss at — 20 °C. Samples for the flexibility test shall be prepared in accordance with ASTM D 5p2.
There|shall be no visually apparent cracks;

resistance in accordance with ASTM D 2794. The coating at reom™ temperature shall pas$ a
d impact test of 18 J;

d) chemikcal resistance in accordance with ASTM D 1308 except as identified in the following. The tests shall

be copducted using the open spot test method and 100-hour exposure to a 30 % sulphuric acid solufion
(battefy acid with specific gravity of 1,219) and 24-hour expesure to a polyalkalene glycol (e.g. brake
fluid). [There shall be no evidence of lifting, blistering or softening of the coating. The adhesion shall meet

a rating of 3 when tested in accordance with ISO 4624;

e) light gnd water exposure using a UVA-340 lamp-.io;accordance with ASTM G 154 for a minimum| of
1 000 |hours. There shall be no evidence of blistering, and adhesion shall meet a rating of 3 when tested
in accprdance with ISO 4624. The maximum gless loss shall be less than or equal to 20 %;

f) salt spray exposure in accordance with ASTM B 117 for a minimum 500 hours. Undercutting shall hot
exceed 3 mm at the scribe mark. There-shall be no evidence of blistering, and adhesion shall megt a
rating [of 3 when tested in accordance.with ISO 4624;

W
O]

g) resistance to chipping at roomtemperature in accordance with ASTM D 3170. The coating shall hav
rating [of 7A or better, and there shall be no exposure of the substrate.

B.2 Hydrogen compatibility tests

Hydrogen gompatibility'of the fuel tank or liner material shall be demonstrated by one of the following:

a) using | material known to be resistant to hydrogen embrittlement under the prevailing service conditions,
for exa'ample as specified in ISO 11114-1 or ISO/TR 15916;

b) demonstrating the hydrogen compatibility of the material in accordance with ISO 11114-4 or an equivalent
comparative test method for resistance to sustained hydrogen loading and performing a fatigue test in a
hydrogen environment. An example of an acceptable fatigue test includes the hydrogen gas cycle testing
of a complete liner between the pressure levels that provide an equivalent liner wall stress as would be
present in the fuel tank at 2 MPa and 1,25 times the working pressure; or

¢c) by conducting hydrogen pressure cycle tests with a complete fuel tank from 2 MPa to 1,25 times the
working pressure. The fuel tank shall not fail before reaching the number of filling cycles as specified
according to 4.5.

In all cases, the reduction of cycle life due to the effect of hydrogen exposure shall be considered.
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B.3 Tensile properties of plastics

For Type 4 designs, the tensile yield strength and ultimate elongation of plastic liner material shall be
determined at — 40 °C in accordance with ISO 527-2.

The test results shall demonstrate the ductile properties of the plastic liner material at temperatures of — 40 °C
or lower by meeting the values specified by the manufacturer.

B.4 Softening temperature of plastics

For Type 4 designs, polymeric materials from finished liners shall be tested in accordance with [SO 306. The
appropriate method to be applied should be specified by the supplier of the polymeric material:

The softening temperature shall be at least 100 °C.

B.p Resin properties tests

Fof Type 2, Type 3 and Type 4 designs, resin shear strength shall bé-iested on three samplge coupons
regresentative of the composite over-wrap in accordance with ASTM D:2344. Following a 24-hour|water boil,
thg composite shall have a minimum shear strength of 13,8 MPa.

For Type 2, Type 3 and Type 4 designs, resin glass transition t€mperature shall be determined in gccordance
with ASTM D 3418 or equivalent. The test results shall be within the manufacturer’s specifications.

B.b Hydrostatic burst pressure test

The fuel tank shall be filled with a fluid such as-water and the pressure gradually increased until fajlure of the
fugl tank. It shall be ensured that the pressare measuring device is monitoring the true fuel tank pressure,
pafticularly when the pressurization rate exceeds 0,35 MPa/s. Alternatively, there shall be a five s¢cond hold
at {he minimum design burst pressure.

The burst pressure shall be recorded. Unless different burst test criteria are specified for different test
mdthods, the actual fuel tank burst pressure shall exceed the minimum burst pressure given in Tabje 1 for the
applicable fuel tank design. in*\no case shall the burst pressure be less than the value necessary tp meet the
stréss ratio requirements.in Fable 1. A leak or rupture may occur in either the cylindrical region or the dome
redion of the fuel tank.

B.f Ambienttemperature pressure cycling

Pressure eyeling shall be performed in accordance with the following procedure:

a) | fill,the fuel tank with a non-corrosive fluid such as oil, inhibited water or glycol;

b) cycle the pressure in the fuel tank between not more than 2 MPa and not less than 1,25 times the working
pressure at a rate not to exceed 10 cycles per minute.

The fuel tank shall be pressure cycled until failure or to a minimum of 3 times the number of filling cycles
specified in 4.5. The fuel tanks shall not fail before reaching the number of filling cycles specified in 4.5. Fuel
tanks exceeding the number of filling cycles specified in 4.5 shall fail by leakage and not by rupture. If failure
occurs, the number of cycles to failure shall be reported, along with the location and description of the failure
initiation.

Fuel tanks achieving 3 times the number of filling cycles specified in 4.5 without failure need not perform the
leak-before-break (LBB) test in B.8.
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B.8 Leak-before-break (LBB) test

The fuel tank shall be filled with a non-corrosive fluid such as oil, inhibited water or glycol and hydraulically
pressure cycled from not more than 2 MPa to not less than 1,5 times the working pressure at a maximum rate
of 10 cycles per minute. The fuel tank shall fail by leakage or shall exceed the number of filing cycles
specified in 4.5.

B.9 Bonfire test

B.9.1 Geheral

The bonfirg test is designed to demonstrate that finished fuel tanks, complete with the fuel tank manufactyrer
specified fire protection system, will not rupture when tested under specified fire conditions.

Precautions shall be taken during fire testing in the event that a fuel tank rupture occurs.

B.9.2 Set-up

The fuel tank shall be placed horizontally with the fuel tank bottom approximately 100 mm above the fire
source.

Metallic shlielding of at least 0,4 mm thickness shall be used to prevent-direct flame impingement on fuel tﬁmk
valves, fittings and/or pressure relief devices. The metallic shielding.shall not be in direct contact with the fluel
tank manufacturer specified non-reclosing thermally activated pressure relief devices.

Any failurel during the test of a valve, fitting or tubing that is net'part of the fuel tank manufacturer specified fire
protection pystem shall invalidate the result.

B.9.3 Firp source

A uniform [fire source of 1,65 m in length shall_provide direct flame impingement on the fuel tank surface
across its éntire diameter (width).

Any fuel nay be used for the fire source-provided it supplies uniform heat sufficient to maintain the specifjed
test tempgratures until the fuel tank\is vented. The selection of a fuel should take into consideration |air
pollution cpncerns. The arrangement’of the fire shall be recorded in detail to ensure the rate of heat input to
the fuel tank is reproducible.

Any failuref or inconsistency of the fire source during a test shall invalidate the result.

B.9.4 Temperatureand pressure measurements

Surface tempetatures shall be monitored by at least three thermocouples located on the bottom surface of the
fuel tank aphd-spaced not more than 0,75 m apart.

Metallic shielding of 0,4 mm minimum thickness shall be used to prevent direct flame impingement on the
thermocouples. Thermocouple temperatures and the fuel tank pressure shall be recorded at intervals of every
ten seconds or less during the test.

B.9.5 General test requirements

The fuel tank shall be pressurized to the working pressure with hydrogen or hydrogen blend applicable to the
design and tested in the horizontal position.

Following ignition, the fire shall produce flame impingement on the surface of the fuel tank along the 1,65 m
length of the fire source and across the fuel tank diameter.

30 © 1SO 2009 — Al rights reserved


https://standardsiso.com/api/?name=234775f38c3f803b1f6984716f709a2f

ISO/TS 15869:2009(E)

Within 5 minutes of ignition, the temperature of at least one thermocouple shall indicate a minimum
temperature of 590 °C. This minimum temperature shall be maintained for the remaining duration of the test.

For fuel tanks of length of 1,65 m or less, the centre of the fuel tank shall be positioned over the centre of the
fire source.

For fuel tanks of length greater than 1,65 m, the fuel tank shall be positioned in accordance with the following
procedure:

a)

if the fuel tank is fitted with a non-reclosing thermally activated pressure relief device at one end, the fire

source-shall commence-at the r\ppr\eifn end of the fuel fgnl{;

b)

c)

Th
tan
this

Fo
tes

Th

reg
ap

B.

if the fuel tank is fitted with non-reclosing thermally activated pressure relief devices atboth
more than one location along the length of the fuel tank, the centre of the fire source|shall
midway along the longest fuel tank span without non-reclosing thermally activated pressure reli

if the fuel tank is additionally protected with thermal insulation, two fire tests atithe working pre|
be performed, one with the fire centred midway along the fuel tank length withsthe non-reclosin

second fuel tank with the non-reclosing thermally activated pressure rélief devices installed. If
to ensure minimum bonfire temperatures are achieved during the test,the thermocouples on
surface of the fuel tank shall instead be placed on the bottom external surface of the thermal in

9.6 Acceptable results

e fuel tank shall vent through the non-reclosing thermallyyactivated pressure relief device, part
k manufacturer specified fire protection system. If the>fuel tank vents through a fitting or valve
non-reclosing thermally activated pressure relief device, the test shall be repeated.

fuel tanks that are additionally protected withca thermal insulation, when the thermal insulatid
ted under B.9.5 c), the fuel tank shall not fail when exposed to a bonfire of 20 minutes duration.
b results shall summarize the elapsed;time from ignition of the fire to the start of venting th
losing thermally activated pressurerelief device(s) and the maximum pressure and time of evac
ressure of less than 1 MPa is reached.

10 Penetration test

A fuel tank pressurized-to the working pressure + 1 MPa with compressed hydrogen gas shall be

by
pe
ap

Fo
pe

an armour piercing bullet or impactor with a diameter of 7,62 mm or greater. The bullet shall
netrate at least-one sidewall of the fuel tank. The bullet or impactor shall impact the side]
broximate-angle of 45° to the fuel tank centreline. The fuel tank shall not rupture.

fuel tank designs to be used with hydrogen blends, the design shall also meet the requirem
netration test in accordance with ISO 11439 for natural gas.

ends, or at
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bf devices;
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activated pressure relief devices removed, and the other with the fire commencing at one of th¢ ends of a
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B.11 Chemical exposure test

The following chemical exposure test procedure shall be performed on a finished fuel tank, including the
coating if applicable:

a) The upper section of the fuel tank shall be divided into five distinct areas and marked for pendulum

impact preconditioning and fluid exposure (see Figure B.1). The five areas shall each be nominally
100 mm in diameter. The five areas do not need to be oriented along a single line, but they shall not
overlap.
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mounting brackets. The fuel tank shall not be under pressure during¢reconditioning.

c) Each

used and applied to only one preconditioned area). The five solutions are the following:

— Vv

— m

— m
— V

During

wool approximately 0,5 mmJthick and 100 mm in diameter on each of the five preconditioned expos

areas
acrosgy

Figure B.1 — Fuel tank orientation and layout of exposure areas
pproximate centre of each of the five areas shall be preconditioned by the impact of a pendul
The steel impact body of the pendulum shall have the shape of a pyramid with equilateral trian
and a square base, the summit and the edges being rounded to a radius/of 3 mm. The centre
Esion of the pendulum shall coincide with the centre of gravity of the pyramid; its distance from
f rotation of the pendulum being 1 m and the total mass of the penditum referred to its centre

ksion shall be 15 kg. The energy of the pendulum at the moment of.impact shall not be less tH
During pendulum impact, the fuel tank shall be held in position by the’end bosses or by the inteng

of the five preconditioned areas shall be exposed to one of five solutions (each solution shall

blume fraction of 19 % sulphuric acid in water;
ass fraction of 25 % sodium hydroxide in water;
blume fraction of 5 % methanol in gasoline;

ass fraction of 28 % ammonium nitrate in water;

plume fraction of 50 % methyl)alcohol in water (i.e. windscreen washer fluid).

um
gle
of
the
of
an
ed

be

the exposure, orient(the test cylinder with the fluid exposure areas on top. Place a pad of glass

Apply an amountof the test fluid to the glass wool sufficient to ensure that the pad is wetted eve
its surface and\through its thickness for the duration of the test.

d) The f

hydratlically_pressure cycled from not more than 2 MPa to not less than 1,25 times the working press
for at |east 0,6 times the number of filling cycles specified in 4.5. After pressure cycling, the fuel tank s
be prgssurized to 1,25 times the working pressure and held at that pressure for a minimum of 24 hours

Lire
nly

el tank.shall then be filled with a non-corrosive fluid such as oil, inhibited water or glycol gnd

Lre
nall

e) When burst tested in accordance with B.6, the fuel tank shall have a burst pressure that exceeds
1,8 times the working pressure.

B.12 Composite flaw tolerance tests

The finished fuel tank, complete with any protective coating, shall have flaws in the longitudinal direction cut
into the composite. The flaws shall be greater than the visual inspection limits specified by the manufacturer.
As a minimum, one flaw shall be 25 mm long and 1,25 mm in depth, and another flaw shall be 200 mm long
and 0,75 mm in depth, cut in the longitudinal direction into the fuel tank sidewall.
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