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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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Introduction

The purpose of this document is to promote the implementation of hydrogen powered land vehicles
through the creation of performance based testing requirements for compressed hydrogen fuel
containers. The successful commercialization of hydrogen land vehicle technologies requires
standards pertaining to fueling stations, vehicle fuel system components and the global homologation
of standards requirements for technologies with the same end use. This will allow manufacturers to
achieve economies of scale in production through the ability to manufacture one product for global use.

This document is based on the CSA Standard ANSI/HGV 2-2014.
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Gaseous hydrogen — Land vehicle fuel containers

1 Scope

This document contains requirements for the material, design, manufacture, marking and testing of
serially produced, refillable containers intended only for the storage of compressed hydrogen gas for

land

vehicle operation. These containers

a) 4
b)
c)

The

to IS
coml
cont
truch

2

The
cons
undg

ISO 1
ISO 3

ISO 7}
and

ISO

ire permanently attached to the vehicle,

Iave a capacity of up to 1 000 1 water capacity, and

ave a nominal working pressure that does not exceed 70 MPa.

scope of this document is limited to fuel containers containing fuel cell grade hydrogg
D 14687 for fuel cell land vehicles and Grade A or better hydrogénas per ISO 14687
ustion engine land vehicles. This document also contains ‘requirements for hy
hiners acceptable for use on-board light duty vehicles, heavy duty vehicles and indust
ks such as forklifts and other material handling vehicles.

Normative references

following documents are referred to in the text'in such a way that some or all of t
[itutes requirements of this document. For.dated references, only the edition cited
ted references, the latest edition of the refereénced document (including any amendme

48-1, Metallic materials — Charpy pendudlum impact test — Part 1: Test method
06, Plastics — Thermoplastic Mqaterials — Determination of Vicat Softening Temperatur

866:2012, Gas cylinders — Refillable seamless aluminium alloy gas cylinders — Design,
esting

D809-1:2010, Gas cylinnders — Refillable seamless steel gas cylinders — Design, cons

testimg — Part 1: Quenched and tempered steel cylinders with tensile strength less than 1 100

ISO

D809-2:2010,-Gas cylinders — Refillable seamless steel gas cylinders — Design, cons

testing — Part 2:Quenched and tempered steel cylinders with tensile strength greater thar

1104
ISO 1

MPa

14392013, Gas cylinders — High pressure cylinders for the on-board storage of natural

n according
for internal
drogen fuel
ial powered

heir content
applies. For
hts) applies.

> (VST)

ronstruction

ruction and
VIPa

ruction and
or equal to

gas as a fuel

fora

itomotive vehicles

ISO 19078:2013, Gas cylinders — Inspection of the cylinder installation, and requalification of high pressure
cylinders for the on-board storage of natural gas as a fuel for automotive vehicles

ISO 19882, Gaseous hydrogen — Thermally activated pressure relief devices for compressed hydrogen
vehicle fuel containers

ASTM D638, Standard Test Method for Tensile Properties of Plastics

ASTM D2344/D2344M-00, Standard Test Method for Short-Beam Strength of Polymer Matrix Composite
Materials and Their Laminates

ASTM D3359, Standard Test Methods for Measuring Adhesion by Tape Test
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ASTM D3418, Standard Test Method for Transition Temperatures and Enthalpies of Fusion and
Crystallization of Polymers by Differential Scanning Calorimetry

ASTM D4138, Standard Practices for Measurement of Dry Film Thickness of Protective Coating Systems by

Destructive,

Cross Sectioning Means

ASTM D4814, Standard Specification for Automotive Spark-Ignition Engine Fuel

ASTM D7091, Standard Practice for Nondestructive Measurement of Fry Film Thickness of Nonmagnetic
Coatings Applied to Ferrous Metals and Nonmagnetic, Nonconductive Coatings Applied to Non-Ferrous Metals

ASTM E8/E8M, Standard Test Methods for Tension Testing of Metallic Materials

ASTM E23,

ASTM G154
Exposure of

CGA C-1-206

CGA C-6.4, Methods for External Visual Inspection of Natural Gas Vehicle (NGV) and Hydrogen Gas V4

(HGV) Fuel
SAE J2579:2
SAE ]2601, &
UN GTR No.

3 Terms

For the pury
[SO and IEC

ISO Onl
IEC Eled

3.1
autofrettag
pressure ap
which straij
that results
tensile streq

3.2

ftandard Test Methods for Notched Bar Impact Testing of Metallic Materials

-12, Standard Practice for Operating Fluorescent Ultraviolet (UV) Lamp Apparaty
Nonmetallic Materials

9, Methods for Pressure Testing Compressed Gas Cylinders

lontainers and Their Installations

013, Standard for Fuel Systems in Fuel Cell and Other Hydroget.Vehicles
(ueling Protocols for Light Duty Gaseous Hydrogen Surface Vehicles

13, UN Global Technical Regulation on Hydrogen and-Fuel Cell Vehicles

and definitions
oses of this document, the following tefms and definitions apply.
maintain terminological databases.fér use in standardization at the following address

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

tropedia: available at httpsi//www.electropedia.org/

e
plication procediire, used in manufacturing composite containers with metal liners (]
1s the liner (314) past its yield point sufficiently to cause permanent plastic deform
in the lingr~(3.14) having residual compressive stresses and the fibers having res
ses at zere'internal pressure

s for

hicle

8.14),
htion
idual

burst press

ure

highest pressure reached in a container during a burst test

3.3
composite

filament and resin system

3.4
container c

ategory

unique class of containers that are intended for a specific usage
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Category A
class of containers that are intended to be used in light duty and heavy duty land vehicle applications,
regardless of the potential for further qualification to the UN GTR No. 13 for hydrogen and fuel cell
vehicles

3.4.2

Category B
class of Type 4 (3.5.4) containers of 70 MPa nominal working pressure that are intended to be further
qualified in accordance with the UN GTR No. 13 for hydrogen and fuel cell vehicles with a gross vehicle
mass of 4 536 kg or less

3.4.3
Cate
class

3.5

3.5.1
Typq

met3

3.5.2

Type
cont
(hoo

Note

3.5.3

Type
cont
(fully

Note

3.54
Type

cont

gory C
of containers that are intended to be used on hydrogen powered industrial trucks

Container type

1
| container

2
hiner which contains a metal liner (3.14) reinforced with a resin impregnated continu
p-wrapped)

1 to entry: See 3.11.

3
hiner which contains a metal liner (3:14) reinforced with a resin impregnated continu
-wrapped)

1 to entry: See 3.10.

4
hiner which contains;a’'resin impregnated continuous filament with a nonmetallic lin

composite)

Note

3.6
desi{
grou

1 to entry: Seé/3.3.

bn family
p of‘containers consisting of one fully qualified design and variations on that design

with

Table 6

bus filament

bus filament

pr (3.14) (all

that comply

3.7

destroyed
in a state of alteration which makes a container physically unusable for its purpose

3.8

dry hydrogen
hydrogen which meets or exceeds the quality level in ISO 14687

3.9
fold

place where two material flows meet in such a manner as to create a sharp visual groove
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full-wrapped
reinforced by a composite (3.3) material applied over the entire liner (3.14) including the domes

3.11

hoop-wrapped
reinforced by a composite (3.3) material applied in a substantially circumferential pattern over the
cylindrical portion of the liner (3.14) so that the filament does not transmit any significant stresses in a
direction parallel to the container longitudinal axis

3.12

leakage
release of cd

3.13

leak test ga
gas for testi
a detectablg

Note 1 to ent

3.14
liner
inner gas tig

3.15
maximum |§
MFP
maximum p|

Note 1 to ent

3.16
minimum 1

ntents through a defect or crack

S
hg leaks that consists of dry hydrogen (3.8), dry helium or blends that contain these gag
level

ry: Use leak test gas in 9.3.

ht container or gas container to which the overwrap is applied

ueling pressure

ressure applied to a compressed system during fueling

Fy: The maximum fueling pressure is 125 %_of the nominal working pressure (3.18).

equired burst pressure

minimum b{irst pressure (3.2) that is to be met during a burst test and which is needed to demons

the required

3.17
normal cub
Ncc
dry gas that]
101,325 kP4

3.18

| stress ratio (3.26)

ic centimeter

occupies a volune of 1 cm3 at a temperature of 273,15 K (0 °C) and an absolute pressy
(1 atm)

nominal w

king'pressure

container pressure, as specified by the container manufacturer, at a uniform gas temperature of

f

es at

trate

re of

5 °C

and full gas|content

3.19
permanent

ly attached

intended to remain fixed to a particular vehicle for the lifetime of the container or vehicle, whichever

comes first

3.20

permeation
diffusion of the gaseous contents to the atmosphere at a molecular level, by means of pores or
molecular gaps

© ISO 2018 - All rights reserved
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3.21 Pressures

3.211

autofrettage pressure

pressure to which a container is taken with the intent of yielding the liner (3.14) or inner surface of the
container

Note 1 to entry: The autofrettage operation is considered to be part of the manufacturing operation and is
conducted prior to proof testing.

3.21.2
fill pressure
pressure attained at the actual time of filling

Note |l to entry: Fill pressure varies according to the gas temperature in the container, which is lependent on
the filling parameters and the ambient conditions. The maximum fill pressure should not exceed [125 % of the
nomifal working pressure (3.18).

3.21{3
hydrostatic pressure
pressure to which a container is taken during acceptance testing

Note [l to entry: See 17.3.5.

3.22
pressure relief device
PRD
devige that, when activated under specified performance conditions, is used to vent the container
contg¢nts

3.23
reje¢table damage
damgge as outlined in ISO 19078 or CGALC-6.4 and in agreement with the container mapufacturer's
recommendations

3.24
ruptjure
sudden and unstable damaggé propagation in the structural components of the container|resulting in
loss ¢of contents

3.25
settled temperature
unifgrm gas température after any change in the temperature caused by filling has dissipated

3.26
stress ratio

minimumrultimate strength ofthe fiber, as determined in pressure container burst tests, diyided by the
streds—Ha thao fibax At +ha papary al suorlaing nraccer e a2 101

SHthe HbBerattRre RoHRrat-Wwot G- pTr Coour € |g=r=asy)

4 Service conditions
4.1 General

4.1.1 Standard service conditions

The standard service conditions specified herein are provided as a basis for the design, manufacture,
inspection, testing and approval of containers that are to be mounted permanently on vehicles and
used to store compressed hydrogen for use as a fuel on-board the vehicles. Containers are intended to
be installed on vehicles in accordance with SAE J2578, SAE J2579, IEC 62282-4-101, UN GTR No. 13, or
other equivalent standards.

© IS0 2018 - All rights reserved 5
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4.1.2 Category

Category A, Category B and Category C containers are intended to provide a sufficient level of safety for
the intended application, but test methods and records are different.

4.1.3

Service life

The service life for the containers shall be specified by the container manufacturer. The specified life

shall not be

4.1.4 Per

Any require
service life
service cong
or testing, {
periodic ins

4.2 Press

4.2.1 Non

This docum
manufactur
as the follow

a)
b)
‘)
d)

“H25"
“H35"
“H50”
“H70”

4.2.2 May

Containers ¢

a) Apressy
fill pres
pressur

b) Normal
gas tem

4.3 Maxi

less than 10 years or greater than 25 years as defined in 4.3.

odic in-service inspections

ments and procedures for periodic re-qualification by inspection or testing durin
chall be specified by the container or vehicle manufacturer on the basis of use ‘wnde
litions specified herein. For containers that require periodic re-qualification'by inspe
he container label shall identify this requirement according to Clausecl5? Guidang
pection is included in Annex A.

ures

ninal working pressures

ent applies to containers that have a nominal working preSsure, as specified by the cont
er, of 25 MPa, 35 MPa, 50 MPa or 70 MPa at 15 °C, hereinafter referred to in this docu
ying:

- 25 MPa;
- 35 MPa;
- 50 MPa;
- 70 MPa.

[(imum pressures

ire designed to be filled 0 a pressure not exceeding any of the following conditions:

sure shall be temperature compensated to prevent pressures from exceeding the maxi
es that are defined.

y up to 125 % of the nominal working pressure immediately after filling, regardless ¢
perature, and infrequently up to 150 % under dispenser fault conditions.

ire that would settle’to the nominal working pressure at a settled temperature of 15 °Q.

b the
r the
ction
e on

hiner
ment

The
mum

f the

1 £ £ 3
ITUIIT Uil O g CyLics

Containers are designed to be filled to pressures not exceeding the requirements of 4.2.2, as follows:

a) Category A:
For a maximum of 750 times the service life of the container in years for a minimum of 10 years and
a maximum of 25 years.

b) Category B:
For a maximum of 5 500, 7 500, or 11 000 for a 15 year service life.

6 © IS0 2018 - All rights reserved
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c) Category C:

For a maximum of 1 125 times the service life of the container in years for a minimum of 10 years
and a maximum of 25 years.

NOTE1 RefertoD.3,D.4, and D.5 for the rationale on container fill cycles.

NOTE 2

qualification has expired, consistent with the labelling requirements in Clause 15.

4.4

Temperature range

Containers are expected to be removed from service when the service life used in the design

4.4.1

Settl

4.4.2
The {

4.4.3

Tran
of th
Cont
fueli

4.4.4
Unle

4.5
Cont

ISO ]
road

4.6

Cont]
in 17

4.7

Settled gas temperatures

bd temperature of the gas in containers may vary from -40 °C to 85 °C.

Container temperatures

emperature of the container materials may vary from -40 °C to 85-°C.

Transient gas temperatures

Sient gas temperatures (temperatures that would be insufficient to change the bulk
e liner material) during filling and discharge may vary beyond the limits descrih
hiners qualified to meet this document shall be capable of being filled safely utilizin
hg protocol or an equivalent fueling protocol.

Test temperatures

5s otherwise specified, all tests shall be €onducted at an ambient temperature of 20 °C

Gas composition

hiners made according to thisidocument are designed to be used with hydrogen fuel con
4687 or SAE J2719. Containters made according to this document can also be used f
vehicles with hydrogen(fuel (Type I Grade A) complying with ISO 14687.

External surfaces

piner external-surfaces shall be designed to be resistant to environmental conditig
3.3.

Installation requirements

emperature
ed in 4.4.1.
b SAE J2601

+5°C.

plying with

br hydrogen

ns outlined

Th IE% SE TNV TERY Yo SEETPCTIP S | BT P2 PNETVY SCITOSY S G SN 1 Liola o o L o oo £
e cotrcatiermatturactutretr-start PTOVIOGCTIITOTTITATTOIT COTIIC vV CTHCIC TG TUTACTUT CT OT Sy St

as necessary to support proper installation in the vehicle.

T integrator

The vehicle manufacturer or system integrator shall be responsible for the protection of the container,
container valves, pressure relief devices and connections as required.

If this protection is mounted to the container, the design and method of attachment shall be approved
by the container manufacturer. Factors to be considered include the ability of the container to support
the transferred impact loads and the effect of local stiffening on container stresses and fatigue life.

Containers shall be protected from accidental cargo spillage and from mechanical damage. This
document contains no requirements for container integrity in a vehicle collision. Container locations
and mountings should be designed to provide adequate impact protection to prevent container failure
in a collision.

© ISO
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5 Compliance

Compliance shall be required in all details, without exception. If there is evidence of a fault in carrying
out a test or an error in measurement, another test shall be performed. If the results of this test are
satisfactory, the results of the prior test shall not be a basis for rejection.

6 Material qualification tests and requirements

6.1 General

All structurpl materials shall be traceable to their original manufacturer’s certified test reports| The
materials shall be of uniform quality. Materials not in compliance with the original manufact{rer's
design specifications are not authorized.

Table 1 summarizes specific material tests that are required herein subsequently.

Table 1 — Material tests

Container type

Material tests Clause Material type

1|12 (3|4
Impact test 6.3.2 Steel . . . .
Tensile test 6.3.3 Metals . . . .
Sustained lopd cracking test 6.3.4 Aluminum . . . .
Corrosion test 6.3.5 Aluminum . . . .
Ultraviolet resistance test 6.4 External coatings . . . .
Shear strength test 6.6 Resins . . .
Glass transitjion temperature test 66 Resins . o .
Tensile test 6.7 Nonmetallic liners .
Softening temperature test 6.7 Nonmetallic liners .
Tensile test 9.3 Nonmetallic liner welds .

6.2 Material requirements

Materials ngrmally in contact with hydrogen shall be determined to be acceptable in hydrogen setvice,
with the copsideration of hydnogen embrittlement and hydrogen accelerated fatigue. The perfornjance
tests cannof guarantee that all cases and conditions of hydrogen service will be validated, sq| it is
still incumbent on thesgontainer manufacturer to carefully screen materials of construction for [their
intended usfe. The niaterials and design shall be such that there will be no significant change ip the
functioning|of the“container, deformation or mechanical change in the container, and no harmful
corrosion, defermation or deterioration of the materials when subject to the service conditions
provided in|Clause 4. r

NOTE Material performance data and/or acceptance criteria in hydrogen environments can be found in the
[SO 11114 series, the Sandia National Laboratory Technical Reference for Hydrogen Compatibility of Materials or
ANSI/AIAA G-095, ANSI/CSA CHMC 1, ASME B31.12, and SAE ]J2579:2013, Appendix B.

Nonmetallic materials normally in contact with hydrogen shall be verified to be acceptable in hydrogen
service. Consideration shall be given to the fact that hydrogen diffuses through these materials
more easily than through metals; therefore, the suitability of materials shall be verified. Nonmetallic
materials shall retain their mechanical stability with respect to strength (fatigue properties, endurance
limit, creep strength) when exposed to the full range of service conditions and lifetime as specified by
the container manufacturer. Materials shall be sufficiently resistant to the chemical and physical action
of the fluids that they contain and to environmental degradation. The chemical and physical properties
necessary for operational safety shall not be significantly affected within the scheduled lifetime of the
equipment unless a replacement is foreseen; specifically, when selecting materials and manufacturing
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methods, due account shall be taken of the material's corrosion and wear resistance, electrical
conductivity, impact strength, aging resistance, the effects of temperature variations, the effects arising
when materials are put together (for example, galvanic corrosion), the effects of ultraviolet radiation
and the degradation effects of hydrogen on the mechanical performance of a material.

6.3 Metal containers and metal liners

6.3.1 Material properties

Steels shall be aluminum killed and produced to predominantly fine grain practice. The container
mang ety HEer okr\l] .—lnmnnoh-ru-n i-]«rﬂ- texposureto-h hi nh Braccura 11 Arnnnn nn.—lnv H«n nnnnnnn CODdlthﬂS

prrocrecceT PO o preosure o5t TTC-5CTvTI

provfded in Clause 4 does not cause any harmful corrosion, deformatlon, or deteriepption of the
matgrial. The chemical composition of all steels shall be declared and defined at leastby

a) ¢arbon, manganese, aluminum and silicon content in all cases, and
b) nickel, chromium, molybdenum, boron, vanadium or any other elements thatare deliberjately added.

Alunmiinum alloys shall be quoted in line with the Aluminum Associatien practice for al given alloy
systém. The impurity limit for bismuth in any aluminum alloy shall‘not exceed 0,003 %. Aluminum
alloys 6351 and 6082 shall not be used.

6.3.2 Impact test for steel

The jmpact properties of the steel in the finished container or liner shall be determinefl in general
accordance with I1SO 148-1 or ASTM E23. The impact test pieces shall be taken from thg wall of the
contdiner in the transverse direction. The notch plane orientation shall be in the C-L difection (i.e.,
perpendicular to the circumference and along thelength). Test pieces with a width of lesg than 5 mm
shall|be taken from the longitudinal direction.\If the wall thickness does not permit a finpl test piece
width of 10 mm, the width shall be as neai(as practicable to the nominal thickness of the container
wall|All impact tests shall be conducted at =40 °C. Impact values shall not be less than thatfindicated as
follos:

Width of the test (mm) 5,0 <width < 7,5 7,5 < width < 10,0
piece
Imphct strength (J/cm?2) 35 40

a) Impact values for test pieces of width less than 5 mm shall be based on special studies ¢f particular
Ilaterials and pafticular specimens.
b)

equired average results of three specimens.

c) INot more than one specimen shall break at less than the average value required apd no single
gpecimen shall break at less than 80 % of the average value.

6.3.3 Tensile tests for metals

Tensile strength methods shall be according to the Test Methods of ASTM E8/E8M, and shall meet
the requirements of the designs. Alternatively, tensile tests shall be carried out in accordance with
[SO 9809-1 for steels, and ISO 7866 for aluminum.

6.3.4 Sustained load cracking (SLC) test for aluminum alloys

The resistance to SLC shall be determined in accordance with ISO 7866:2012, Annex B and shall meet
the requirements therein.
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6.3.5 Corrosion tests for aluminum alloys

Corrosion tests for aluminum alloys shall be carried out in accordance with ISO 7866:2012, Annex A
and shall meet the requirements therein.

6.4 Ultraviolet resistance of external coatings

Protective coatings required to meet 17.3.3 shall be evaluated for resistance to ultraviolet effects
using a minimum 1 000 h exposure using a UVA 340 lamp in accordance with ASTM G154. Evidence of
blistering, cracking, chalking or softening shall be a cause for rejection.

6.5 Fiber

Structural r
or hybrids t
galvanic cor

6.6 Resin

The materid
matrix mat
polyethylen
test panel, 1
24 h water |

Resin syste
maximum d
shall be detg

NOTE
temperature
concentratio

S

binforcing filament material types shall be glass fiber, aramid fiber, carbon fiber@r mix

rosion of metallic components of the fuel container.

S

brials are epoxy, modified epoxy, polyester and vinylestet. thermosetting plastics

epresentative of the composite overwrap, in accordancé with ASTM D2344. Follow
oil, the composite shall have a minimum shear strength'of 13,8 MPa.

m materials shall have a glass transition temperdture (Tg) of at least 20 °C abov

brmined in accordance with ASTM D3418.

There is safe container operation experience) at Tg at least 20 °C above the maximum cont
At temperatures less than this value, viscous flow phenomena can have an effect, resulting in 5

1 and damage accumulation in the laminate.

6.7 Nonmetallic liners (Type 4)

The nonmet

The liner m
devices duri

The tensile

bt temperature shall be sufficiently high to allow gas release only through pressure
ng fire tests. See’17.3.8 for further details.

Tensile or inipact testing shall be conducted on samples of the nonmetallic liner material to demons

that the mat

The softeniy

erial failsin a ductile, rather than brittle, mode at temperatures down to -50 °C.

The containle

testing shall be in accordance w1th themethod descrlbed in ISO 306or usmg an equ1valent method

6.8 Bosses for Type 4 containers

hereof. If carbon fiber reinforcement is used, the design shall incorporate means to pr¢

1l for impregnation may be thermosetting or thermoplastic résin. Examples of sui

ontainer temperature (i.e 2105 °C). The glass transition temperature of resin matg

allic liner material shall be compatible with the service conditions specified in Clause

rield strength and ultimate elongation shall be determined in accordance with ASTM [}

g temperature shall be suff1c1ently hlgh to meet the service COIldlthIlS specified in Clau

ures
rvent

table
and

e and polyamide thermoplastic material. Resin system matenials shall be tested on a sajmple

ing a

b the
rials

ainer
tress

=

relief

638.
trate

i1se 4.
i the

Materials shall be compatible with the liner and intended environment and shall meet the requirements

of 6.2,6.3.1,

6.3.2,6.3.3,6.3.4, and 6.3.5 as applicable.
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7 Wall thickness

7.1

Type 1 containers

The minimum wall thickness shall be sufficient to comply with all applicable qualification tests within
this document.

7.2

Liners for Type 2, Type 3, and Type 4 containers

Minimum thickness of the liner shall be such that the required qualification test requirements of this

i s
documentaremet

For ]
nom

7.3

7.3.1
The s

Streq
to ad
folloy
for T
pres

NOTH
linea
behay
ratio
addit
reinf

A thig
such

Type
not e
nomi

Type
not e
nomi

Itisi

ype 2 designs, the unreinforced metal liner shall have a minimum burst pressure, of ]
nal working pressure.

Composite reinforcement for Type 2, Type 3, and Type 4 containers

Stress analysis
tress analysis is applicable to Category A and C containers only:

ses in the liner and composite reinforcement shall be computed using suitable analysi
equately predict the stresses and strains in both the liner and the composite over
ving pressures: autofrettage (Type 2 and 3 only) pressure, zero gauge pressure (after

puIre.

The analysis of Type 4 cylinders is relatively straightforward because the composite
F with pressure. The analysis of Type 2 and Type 3 cylinders is more complicated because of t
Fiour of the metal liner, specifically as it is'subjected to the autofrettage pressure. It is critic
requirements are met to ensure highreliability in regards to stress rupture (see ISO/TR
jonal information). Stress ratios arenot an issue with Type 1 containers, as they do not ha
rcement.

kliner, in combination with a-high autofrettage pressure, can result in sufficient pre-stress on
that the fiber is loaded in excess of the allowed stress ratio.

2 designs are not likely/to experience an excessive pre-stress condition if the liner burst p
kceed 150 % of the.nominal working pressure, and the autofrettage pressure does not exceed
hal working pressure.

3 designs are not likely to experience an excessive pre-stress condition if the liner burst p
kceed 309%)of the nominal working pressure, and the autofrettage pressure does not exceed
hal working pressure.

mportant to accurately calculate stresses in order to ensure stress ratio requirements are mef

25 % of the

5 techniques
wrap at the
hutofrettage

ype 2 and Type 3), nominal working pressure, hydrostatic test pressure, and minfmum burst

stresses are
he non-linear
al that stress
13086-1 for
ve composite

he composite

ressure does
165 % of the

ressure does
165 % of the

, particularly

whe
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7.3.2 Stressratios

The composite overwrap shall be designed for high reliability under sustained loading and cyclicloading.
This reliability shall be achieved by meeting or exceeding the following composite reinforcement stress

ratio values

shown below:

Material Type 2 Type 3 Type 4
E-Glass 2,65 3,5 3,5
S-Glass 2,65 3,5 3,5
Aramid 2,25 3,0 3,0
Carbon 2,25 2,25 2,25
NOTE Far guidance on the calculation of stress ratio values, see ISO/TR 13086-1.

7.3.3 Modlified stress ratio test

At the option of the container manufacturer, or for designs in which the required minimum cont

burst press
be used to Y
ratio requir
by meeting
17.3.5. Acce]

a) 1 min af
b) 1hat?2]

As an alter
composite t

7.3.4 Hyh

Hybrid cons
the individu
reinforced v

re is not sufficient to cause tensile failure in the fiber, a modified burst test procedurg

rerify that the fiber stress ratio at the nominal working pressure-is achieved. The s
ements (2,65) for E-glass and S-glass, reinforced Type 2 containers, may be demonst}
h minimum hold time at a specified pressure during the bursttests conducted under 174
btable alternative combinations of hold times and pressutes-are as follows:

250 % of the nominal working pressure;

5 % of the nominal working pressure.

hickness reduced by no more than 50 %, te\cause failure initiation in the composite.

rid designs

truction (using more than one type of reinforcing fiber) shall be permitted. The streng
al types of fibers used in a hybrid construction may be verified by the testing of conta

in one of the following ways:

haring between theVarious fiber reinforcing materials is considered a fundamental p{

the design, each fiber shall meet the stated stress ratio requirements;

shall be met
a) ifloads
b) if load {
reinford
reinford

haring between fibers is not considered as a fundamental part of the design, one g
ing fibers shall be capable of meeting the stress ratio requirements even if all other
ing materials are removed, such as in the case of a non-load sharing protective layer.

hiner
may
tress
fated
.5 or

hative, the strength of the fiber may be .verified by the testing of containers, witl the

th of
ners

Vith a single type of fiber.In)a hybrid construction, the applicable stress ratio requirenmpents

hrt of

f the
fiber

7.4 Extennalloads on containers

Containers with greater than 450 | water capacity and all containers employing integral mounts or
valve protection shall consider the external loads imposed on the container as a function of the service
conditions and mounting provisions. This includes bending and torsional stresses.

8 Threaded openings

All threads shall comply with a recognized international or national standard.

Threads shall be clean cut, even and to gauge.

Tapered threads are only permitted on steel containers, steel liners and steel bosses.
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9 Manufacture

9.1 General

Manufacturing processes shall be the same as those used to produce the containers subjected to design
qualification tests and shall be specified by the container manufacturer in sufficient detail to produce
consistent product. No defect shall be acceptable that is likely to cause failure within the lifetime of the

container.

9.2

Surf}
SMO(
gath
accej
or of
mair

9.3

Noni
folds|
the ]
requ

Linel
weld
Tens
of th

Tens
-40

Tens
the v

9.4

The
filam
for “
cont
thick
conty

9.5

Metal containers and metal liners

ices shall have dirt and scale removed, as necessary, to afford proper inspection'’A
th and uniform surface finish shall be required. No interior folding shall be permit
ering of the material, in the neck or dome area in which there are no sharp reoted fq
ptable. If not originally free from such defects, the liner or container surface may H
herwise treated to eliminate these defects provided the required minimum wall

tained. The liner or container end contour shall be concave to pressure.

Nonmetallic liners

hetallic liners shall be free of contaminants as necessary‘to afford proper inspect
laps or sharp surface indentations are not permittedIfinot originally free from s
ner surface may be reworked to eliminate these defeets providing the liner then mee
rements. Welded construction of nonmetallic linerstshall be permissible.

weld processes, particularly time, temperature‘and joining force, shall be monitore
ing process and controlled within the parameters established by the container m
le tests of liner weld specimens shall be conducted on samples manufactured at the ex
e process within which the container manufacturer controls the weld process.

le testing of liner weld specimens shall be conducted during qualification of the wel
C, at an ambient temperature and at 85 °C.

le specimens shall fail eithertoutside the weld joint or with a ductile failure, if the faily
Feld.

Composite containers with metallic liners

container shall‘befabricated from a metal liner overwrapped with resin impregnated
ent winding§’er using an equivalent method. The winding pattern shall be in the “hoo
hoop-wrapped” containers or in the “helical or in-plane” and “hoop” directions for “fu
hiners. The windings shall be applied under controlled tension to develop the desig
nessUAfter the winding is complete, composites using thermoset resins shall be
‘oled temperature process that does not compromise the performance of the liner.

reasonably
ted. Smooth
Ids, shall be
e machined
thickness is

on. Interior
uch defects,
ts all design

1 during the
anufacturer.
freme limits

d process at

ire is within

continuous
p” direction
ll-wrapped”
h composite
cured by a

Composite containers with nonmetallic liners

Type 4 composite containers shall be fabricated from a nonmetallic liner overwrapped with resin
impregnated continuous filament windings or using an equivalent method. The winding shall be applied
under controlled tension to develop the design composite thickness. After the winding is complete,
composites using thermoset resins shall be cured by a controlled process that does not compromise the
performance of the liner.

Composite containers with nonmetallic liners shall be designed as such that if, when pressurized, the
liner is susceptible to creep and flow, no leakage will occur during the prescribed lifetime.

The softening temperature for the liner may be exceeded during processing if the qualification testing
verifies that the completed container passes all required tests.

© ISO 2018 - All rights reserved 13


https://standardsiso.com/api/?name=9c701674f365ba5a759c2c5f25be3136

ISO 19881

9.6 Brazi

:2018(E)

ng

Brazing for any purpose whatsoever shall not be permitted.

9.7 Welding

Welded construction of metal containers, liners, and bosses shall not be permitted.

9.8 End closing by forming

The ends of alu

steel contai
in accordan
shall not be
end forming

9.9 Mour

If mounting]
manufactur
container. I
compliance

9.10 Batch

9.10.1 The
a) Metalli
producq
process
of time,
the only
b) Nonmet
the san
manufa

Compos
liners h
autofref
contain

9.10.2 The
control systg

DE d [ d d
ers or liners which have been closed by forming, except those containers or liners de
ce with ISO 9809-1, shall be inspected using non-destructive examination (NPE). }
added in the process of closure at the end. Each container or liner shall be examined b
operations for thickness and surface finish.

iting and protection

provisions and/or valve protecting shrouds are required, they-shall be permitted
ed as part of the container, provided they are not detrimentalito the performance d
[ manufactured as part of the container, structural integrity shall be demonstratg
with qualification tests specified in Table 3 or Table 4, as applicable.

) definitions

batch definitions shall be as follows:

hers and containers only. A “batch” shall be @' group of metal liners or containers succesq
d having the same design, specified, material of construction, process of manufad
of heat treatment, equipment of manufacture, equipment of heat treatment and condi
temperature and atmosphere during heat treatment as the batch acceptance sample,
variation being the length up to-£50 %.

al liners only. A “batch” shall be a group of nonmetal liners successively produced h3
le design, specified material of construction, process of manufacture and equipme
cture as the batch aceeptance sample, with the only variation being the length up to +]

ite container opdynA “batch” shall be a group of containers successively produced
aving the same\design, specified materials of construction, process of manufacture
tage processcas the batch acceptance sample, with the only variation, applicable to Ty
brs only, being the length up to 50 %.

sil

Netal
cfore

o be
f the
d by

ively
ture,

kions

with

ving
nt of
0 %.

from
and
rpe 2

bat¢h(size shall be determined and managed under the container manufacturer’s q
3158

Tality

9.11 Design qualification tests

Prior to initialling the in service usage of any specific container design, qualification tests as prescribed

in Clause 17,

14

shall meet all applicable requirements.
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10 Production tests and examinations

10.1 General

Production examinations and tests shall be carried out by the following means on all containers
produced in a batch:

a) verification through non-destructive examination that flaws in metal containers and liners do not
exceed the container manufacturer's specified limits;

NOTE Guidance for the determination of the container manufacturer's specified limits can be found in
fnnexB.

b) verification through visual or non-destructive examination that nonmetallic linerS'are free of flaws
e¢xceeding the container manufacturer's specified limits (see 9.3 for types of flaws);

rerification that the critical dimensions and parameters specified by the manufacfurer of the
ompleted container and of any liner and overwrapping are within désign tolerancesp. Statistical
ampling of critical dimensions shall be acceptable provided that(the process is dgmonstrated
apable of maintaining a process capability index (Cpk) of 1,33 or more;

oo o o

d) Yerification of the compliance with specified surface finish with special attention to deep drawn
gurfaces and folds or laps in the neck or dome area of forged or spun end closures or ogenings;

e) Yerification of the coating quality (if required);
f) vyerification of markings;

g) verification of strength (heat treatment) ofi\metal containers liners and bosses. |[For Type 1
¢ontainers and Type 2 liners, a hardness testor equivalent shall be required.

A summary of critical production inspection requirements to be performed on every fontainer is
provided in Table 2.

Any ¢ontainer not meeting the specifications in Table 2 shall be rejected.

Table 2 —£ Production verification requirements (See 10.1)

. L C . . Container type

Production verification requirement(s): Provision 1 5 3 1
Dim¢nsions 10.1 (0 X X X X
Flaws 10.1 (@) and (b) X X X X
Strength (heat treatment) of metal containers, metal 1
linerjs andanetal bosses 10.1 (g) X X ¥ X
Hydyostatic test 10.2 X X X X
LeaKtest 163 & & X
Coatings (where required) 10.1(e) X X X X
Surface finish 10.1(d) X X X X
End closing by forming (Steel) 9.8 X X X
Markings 10.1(f) X X X X
a  Leaktests shall be conducted on those container types that are closed by forming.

10.2 Hydrostatic test

Each finished container shall be hydrostatically tested to at least 150 % of the nominal working
pressure. Measuring systems for pressure and expansion shall meet the accuracy and periodic
calibration requirements of CGA C-1-2009, or I1SO 11439:2013, A.11. Pressure shall be maintained for
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30 s and sufficiently longer to produce complete expansion. If the test pressure cannot be maintained
due to failure of the test apparatus, it shall be permissible to repeat the test at a pressure increased by
0,69 MPa minimum.

The container manufacturer shall define the appropriate limit of elastic and permanent volumetric
expansion for the test pressure used. The container manufacturer shall record all actual test results.

Any contain

10.3 Leak

ers not meeting the defined rejection limit shall be destroyed.

test

All containers shall be leak-tested using the procedures in items (a) and (b) or an acceptable alternative

method. Co
Permeation

a) Containjers shall be thoroughly dried and then pressurized to the nominal working presstire w

detecta
b) Contain|
Any gas det

Extreme ca
area (enclog
potential foj

11 Batch

11.1 Gene

Batch testinfg shall be conducted on finished contaifiers or liners that are representative of the ng

production
shall be rarj
required by

When the td
retestofar
container o1
batch. A sed
shall be con

11.2 Batch

The contain

ntainers with multiple sealing connections shall be leak-tested at each connec
through the wall shall not be considered to be leakage.

ble gas or gas mixture.
ers shall be placed in an enclosure to permit the detection of any leaks.
ected beyond the allowable permeation rate shall be a cause for rejeotion.

e should be taken not to create explosive mixtures of gases within the container o
ure) when using combustible gases. Precautions should be‘taken in consideration g
the release of combustible gases.

tests

ral

hnd are complete with identification\marks. The test containers and liners, as approp
domly selected from each batch:}f"more containers are subjected to the tests thal
this document, all results shall be’documented.

st results fail to meet therequirements, the container or liner batch shall be rejected
pjected batch may be adthorized if the test result identifies the presence of a defect i
liner and the batch(s,100 % inspected to remove defective containers or liners fror

cidered acceptableif the second sample meets the batch criteria.

| material\tests

er or Hiner shall meet the requirements of the design when subjected to the following t

tion.

rith a

test
f the

rmal
riate,
1 are

One
h the
n the

ond sample shall.then be permitted to be selected from the batch and tested. The batch

pSts:

a) Dimensjons checked against the design.

b) For metal containers and liners, tensile test two specimens in accordance with the appropriate
method specified in 6.3.3.

c) For steel containers and liners, three impact tests in accordance with the method specified in 6.3.2.

11.3 Coated containers

When a protective coating is a part of the design, the following tests shall be performed (in order) on a
finished container or a representative test panel from each coating batch:

a) Coating

thickness tests shall be in accordance with the following appropriate test method:

1) ASTM D7091;

16
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2) ASTM D4138.

b)

may be recoated after appropriate surface preparation without prior re-stripping.

)

when measured using either test method a) or b), as appropriate.

Containers that do not meet the container manufacturer's specified coating thickness requirement

The coating adhesion test in accordance with ASTM D3359 shall provide a minimum rating of 4

Repair of tested surfaces shall be permitted to a container manufacturer's approved procedure.

Where the coating fails to meet the requirements, the batch shall be 100 % inspected to remove
similarly defective containers. The coating on all defective containers may be stripped, using a method

that
test §

11.4

11.4

One
with
burs
be rdg

The
cyclg
cond
shall

11.4

11.4
burs
and

acco}
requ

11.4
tenth
burs

11.4
and i
failui

Arep

does not affect the integrity of composite wrapped containers, and re-coated. Thec
hall then be repeated.

Burst test

1 Batch burst test

container selected from each batch shall be hydrostatically pressurized to burst in
the test procedure described in 17.3.5.2. Rupture may occur jnrany region of the co
[ pressure shall meet or exceed the minimum required burst pressure; otherwise, thd
jected.

fontainer used for the cycle test in 11.5 may be used for'the burst test. If the burst prg
d container is less than the minimum required burst pressure, an additional burst
ucted on another container selected from the bat€h. The burst pressure on the addition
meet or exceed the minimum required burst pressure; otherwise, the batch shall be r

2 Periodic burst test

2.1 The requirement in 11.4.1 to-burst a container from each batch may be replaced
| testing. For the first five sequential batches of a design family (i.e., similar material
btress levels, but allowing different sizes) one container from each batch shall be bu

red burst pressure, the batch shall be rejected.

ating batch

accordance
ntainer. The
b batch shall

ssure of the
fest shall be
al container
pjected.

by periodic
S, processes
rst-tested in

‘dance with the requirements of 11.4.1. If the container from any batch fails to meet the minimum

2.2 If five sequential batches pass the burst test, subsequent burst tests are only requi
batch manufactured. If more than three months have passed since the last batch of coj

2.3 If<a~container fails to meet the minimum burst test requirement, the batch shal

reltg meet the minimum burst test requirement shall also cause rejection of the correspo
= > F OT R aVala FOTIT C e Y aNR A FaY, ST O3 aya I hebur a oM

aYoga s

11.5 Cycle test

11.5

.1 Batch cycle test

[-tested, a cofitainer from the next batch of containers manufactured shall be burst-test¢

L sample from every batch manufactured since the previous periodic burst test shall bg

red on every
tainers was
d.

be rejected
tested. Any
nding batch.

One container selected from each batch shall be pressure cycle tested in accordance with the following.

11.5

.2 Periodic pressure cycling test

11.5.2.1 The container shall be pressure cycle tested in accordance with the following procedure:

a) Fill the container to be tested with a non-corrosive fluid such as oil, inhibited water or glycol.
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Cycle the pressure in the container between 2 MPa + 1 MPa and 125 % of the nominal working

pressure for a total number of cycles equivalent to 750 times the service life of the container in
years for Category A containers, or to 5 500, 7 500, or 11 000 cycles as appropriate for Category B
containers, or to 1 125 times the service life of the container in years for Category C containers. The
maximum pressurization rate shall be 2,75 MPa per second.

shall meet or exceed the number specified above; otherwise, the batch shall be rejected.

Leakage may occur in any region of the container. The number of cycles attained before failure

11.5.2.2 The first five sequential batches of a design family shall be tested to a total number of cycles
equivalent to 750 times the service life of the container in years for Category A containers, or to 5 500,

7 500,0r 11
container in
any batch fa

11.5.2.3 If
be required
batch of con
be cycle test

11.5.2.4 If4
container fr

12 Reject

12.1 Physi

In the event of failure to meet the physical test requirements, retesting or reheat treatment

retesting sh
a) Ifthere
be perf(
b) Ifthete
If t
sub
is il
tres
sha
Adg
6.3]

1y

Thi

000 cycles as appropriate for Category B containers, or to 1 125 times the service life ¢
years for Category C containers, not to exceed 10 cycles per minute. If the contaiher
Is to meet this requirement, the batch shall be rejected.

five sequential batches pass the cycling test, subsequent pressure cycling tests shall
on every tenth batch manufactured. If more than three months have passed since th
tainers was cycle tested, a container from the next batch of containérs manufactured
ed.

| container fails to meet the cycle requirement, the batch shall be rejected and a represent
bm each of the next 10 batches shall be cycle tested.

ed containers and liners

cal test

hll be authorized as follows to the satisfaction of the Inspector.

is evidence of a fault in carrying out a test or an error of measurement, a further test
rmed. If the result of this test is satisfactory, the first test shall be ignored.

5t has been carried out inla satisfactory manner, the cause of test failure shall be ident

ne failure is considered to be due to the heat treatment applied, the manufacturer
ect all the cylindersSimplicated by the failure to a further heat treatment, e.g. if the fa
1 a test representing the prototype or batch cylinders. A test failure shall require r¢
itment of all’the represented cylinders prior to retesting. One additional heat treat
1 be allowed for aluminum and two additional heat treatments are allowed for

itional hieat treatments require the validation by material properties testing (6.3.4
3) forsteels.

f the
from

only
b last
shall

ative

and

shall

fied.

may
ilure
bheat
ment
bteel.
| and

5 reheat treatment shall consist of either re-tempering or a complete reheat treatment

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

Only the relevant prototype or batch tests needed to prove the acceptability of the new batch
shall be performed again. If one or more tests prove even partially unsatisfactory, all cylinders
of the batch shall be rejected.

2)

If the failure is due to a cause other than the heat treatment applied, all cylinders with

imperfections shall be either rejected or repaired such that the repaired cylinders pass the
test(s) required for the repair. They shall then be re-instated as part of the original batch.

18
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12.2 Leak test

Containers with leaks not meeting the requirements of 10.3 shall not be placed in service.

12.3 Hydrostatic test

Rejected containers not meeting the requirements of 10.2 shall not be placed in service.

12.4 Cycle test

Containers from rejected batches (see 11.5) shall not be placed in service.

12.5 Burst test

Conthiners from rejected batches (see 11.4) shall not be placed in service.

13 Pressure relief devices

Conthiners shall be protected from rupture in a fire situation. This¢protection shall be provided by a
pressure relief device(s) complying with ISO 19882. The effectiveness of the pressure r¢lief devices
shall{be demonstrated in accordance with 17.3.8.

Instqllation standards may permit alternative configurations'if they can be demonstrategl to provide
adequate levels of safety. A vehicle manufacturer may ‘specify additional PRD locations|for specific
vehigle installations to optimize safety considerations.

14 Records of manufacture

The fontainer manufacturer shall record “‘appropriate information on the materials, mgnufacturing
processes and test results for the fuel.containers. These records shall be clear, legible and in general
accordance with the forms in Annex €.

The Inspector shall furnish completed test reports to the container manufacturer.

The Inspector's record shall bejretained by the container manufacturer and the Inspector for a minimum
of the service life of the container plus five years from the original test date on the containgrs.

15 Marking and dispatch
15.1] Markings

15.1{1General

On each container, the container manufacturer shall provide clear permanent markings. Markings may
be included on either a single label or divided among multiple labels. All labels should be located such
that they are not obscured by mounting brackets. Label position should be agreed with the vehicle
manufacturer to assist reading when installed in the vehicle. Duplicate labels are allowed.

15.1.2 Marking information
Each container meeting the requirements of this document shall be marked as follows:
a) Mandatory information:

1) name and contact information of the container manufacturer;

2) date of manufacture;
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date of removal from service;

number of cycles used in the test program (Category B containers only);

[SO 19881:xxxx-Hyyz (where “xxxx” denotes the year of the standard according to which the

container is designed, “yy” denotes the nominal working pressure designation identified in
4.2.1, and “z” denotes the A, B or C designation identified in 4.3);

6)
7)

MFP xx.x (where “xx.x” denotes the maximum fueling pressure);

container manufacturer's part number and serial number;

8) the

DeV

the
bet

9)

10) the

Inst

b)
be conf]
separat

The markin|
match the sj

15.2 Disp4

Prior to dis
and every d
immediately
method that

16 Qualit

Tests and e
calibrated b

17 Design qualification tests

17.1 Gene

Qualificatio

Non-mandatory information can be added but it shall be presented ifi such a form so as n|

igs shall be placed in the listed sequence but the specific arrangement may be vari

ices and Valves”;

statement “Container Service Life Ends after Use in a Single Vehicle — Containet Tra
veen Vehicles Is Prohibited”;

statement “Mounting Shall Be in Accordance with the Container Manufacty
ructions.”

ised with the mandatory information. All non-mandatory infermation shall follow
e from the mandatory information sequence.

bace available.

itch inspection

ontainer shall be inspected as requiréd by the container manufacturer. Container
' closed by the fitting of a valve, and-safety devices if applicable, shall be closed us
prevents condensation and entry of fluids and protects threads.

y assurance

efore being put inté-service and thereafter according to an established programme.

ral

h ‘testing shall be conducted on finished containers that are representative of the ng

statement "For Use Unly with the Container Manufacturers Approved Pressure Relief

nsfer

rer’s

ot to
br be

bd to

patch from the container manufacturer, every container shall be internally clean and dry

5 not
ing a

kaminations performed to demonstrate compliance shall be conducted using instrunpents

rmal

production (including a protective coating if part of the design, unless otherwise specified) and
complete with identification marks.

17.2 Test requirements

Containers representative of each design and design change shall successfully meet the requirements
of a Category A, Category B, or Category C design qualification test.

Category A design qualification requirements are prescribed in Table 3, using procedures found in 17.3.

Category B design qualification requirements are prescribed in Table 4, using procedures found in 1

and 17.5.
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Category C design qualification requirements are prescribed in Table 3, using procedures found in 17.3
and with the conditions and limitations found in 17.6.

The container pressure during cycle testing shall be monitored by a transducer located after the
container, i.e., the container shall be located between the pressure source and the transducer.
Alternatively, it shall be demonstrated to the satisfaction of the Inspector or demonstrated by the
test agency that the pressure measured at the maximum cycle pressure is the “true” pressure, i.e.,
there is no pressure drop between the container and the pressure transducer. This may be achieved
by incorporating a 1 s hold in the cycle at the maximum pressure and the minimum pressure. The
pressure cycle rate during cycle testing shall not exceed the rate at which the pressure verification was
performed.

If nqt otherwise specified, the pressure cycling rate shall be at the discretion of‘“thle container
manfifacturer but shall not exceed 10 cycles per minute.

Cautlon shall be taken to confirm that the specified test temperature and test pressure are[maintained.
Unlefs stated otherwise, the tests specified herein shall be conducted with théfollowing tplerances on
specified temperatures and pressures:

a) 140°C (0,-5)°C;

b) 185°C (0,-5)°C;

€) Pmax+2,0 MPa.

Temperatures and pressures may be exceeded if specified.by the manufacturer.

Composite reinforcement on containers subjected™~to qualification tests shall be fully cured.
Completeness of the cure shall be verified on all units‘used in qualification tests.

Table 3 — Test requirements for Category A and C containers (See 9.9 and 17/2.)

(lause Test pame Type1l | Type 2 | Type(3 | Type 4
17.3.2 Ambient cycling test . . . .
17.3.3 Environmental test . . .
17.3.4 Extreme temperature cycling test . . .
17.3.5 Hydrostatic burst test . . . .
17.3.6 Flaw toleranee test . . . .
17.3.7 Drop test . . .
17.3.8 Fire test . . . .
17.3.9 Accelerated stress rupture test . . .

17.3.10 High strain rate impact test o . . .

17.341 Permeation test .
7312 Boss torque test .

17.3.13 Hydrogen gas cycling test . J . .

17.3.14 Leak before break test . .

Table 4 — Test requirements for Category B containers (See 9.9 and 17.2.)

Clause Test name

17.5.2 Ambient cycling test (per 17.3.2)

17.5.3 Hydrostatic burst test (per 17.3.5)

17.5.4 Container test for performance durability
17.3.8 Fire test

.5 Container test for expected on-road performance

—
~N
[@a1
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17.3 Category A, B and C: design qualification tests

17.3.1 Testrequirements

Category A and C containers shall be subjected to the tests specified in 17.3. Category B containers shall
be subjected to the tests specified in 17.3, as applicable.

17.3.2 Ambient cycling test

17.3.2.1 Sampling

Three finished containers shall be subjected to the ambient pressure cycle test.

17.3.2.2 Procedure
Pressure cygling shall be performed in accordance with the following procedure:
a) Fill the fontainer to be tested with a non-corrosive fluid such as oil, inhibited water or glycol.

b) Cycle tHe pressure in the container between 2 MPa + 1 MPa and 125 % "of the nominal working
pressurg at a rate not greater than 10 cycles per minute for the following number of cycles:

1) Catpgory A containers: Number of cycles equivalent to 1<500 times the service life of the
confainer in years.

2) Category B containers: Number of cycles equivalent toc1 000, 15 000 or 22 000 cycles forp 15-
yeaf service life.

3) Category C containers: Number of cycles equivalent to 2 250 times the service life of the
confainer in years.

17.3.2.3 Adceptable results

a) Categorly A containers shall not leak before reaching a number of cycles equivalent to 750 flimes
and shall not rupture before reachifng 1 500 times the service life of the container in years.

b) Categorly B containers shall notleak before reaching a number of cycles equivalent to 5 500, 7 500
or 11 00 cycles and shall netrupture before reaching 11 000, 15 000 or 22 000 cycles for a 15{year
service |ife.

c) Categorly C containers.shall not leak before reaching a number of cycles equivalent to 1 125 times,
and shall not rupture before reaching 2 250 times the service life of the container in years.

d) For Typgs 2, 3,and 4 containers, the fibers in the overwrap are not allowed to fail.

NOTE It|iS~acceptable for the pressurizing fluid to rise above the ambient temperature as long as the
temperature of The test chamber and the f1uid do Not eXCeed the maximum SpPeciiied teMperature of the container.

17.3.3 Environmental test

17.3.3.1 Sampling

One finished container including coating, if part of the design, shall be subjected to the
environmental test.
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17.3.3.2 Procedure

17.3.3.2.1 General

The environmental test shall be performed in accordance with the following procedure.

The upper section of the container shall be divided into five distinct areas and marked for pendulum
impact preconditioning and fluid exposure (see Figure 1). The areas shall be nominally 10 cm in
diameter. While convenient for testing, the areas need not be oriented along a single line, but shall not
overlap.

tion of the
contqiner, all of the container, including the domed sections, shall be as resistant totthe exposure
environments as the exposed areas.

Figure 1 — Container orientation and layout of exposure areas (See 17.3.3.2.1 and 17.3.3.2.2)

17.3{3.2.2 Pendulum impact preconditioning

The Impact body shall be of steel and have.the shape of a pyramid with equilateral triangle faces at a
45° dngle and a square base, the summitdnd the edges being rounded to a radius of 3 mmn]. The center
of percussion of the pendulum shall coincide with the center of gravity of the pyramid. The total mass
of the pendulum referred to its centerof percussion shall be 15 kg. The energy of the pendulum at the
momlent of impact shall be not les$\than 30 Nm and as close to that value as possible.

Duripg pendulum impact, th€ tontainer shall be held in position by the end bosses or by the intended
mounting brackets. Each ©of,the five areas identified in Figure 1 shall be preconditioned by the impact
of the pendulum body.summit at the center of the area. The container shall be unpressurized during
preconditioning.

17.3{3.2.3 Envirenmental fluids for exposure

Each|marked area shall be exposed to one of the five solutions. The five solutions are

a) gulfuric acid - 190 ml/l in water,

b) sodium hydroxide - 25 % solution by weight in water,

c¢) methanol/gasoline -5 %/95 % concentration of M5 fuel meeting the requirements of ASTM D4814,
d) ammonium nitrate - 28 % by weight in water, and

e) windshield washer fluid (500 ml/l methanol in water).

When exposed, the test sample is oriented with the exposure area uppermost. A pad of glass wool
approximately 0,5 mm thick and between 90 mm and 100 mm in diameter shall be placed on the
exposure area. Apply an amount of the test fluid to the glass wool sufficient to wet the pad evenly across
its surface and through its thickness immediately prior to the start of pressure cycling. Reapply the test
fluid as needed to maintain the pad saturation.
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17.3.3.2.4 Pressure cycle and pressure hold

Containers shall be hydraulically pressure cycled between 2 MPa + 1 MPa and 125 % of the nominal
working pressure for a total of 3 000 cycles. The maximum pressurization rate shall be 2,75 MPa
per second. After pressure cycling, containers shall be pressurized to 125 % of the nominal working
pressure and held at that pressure a minimum of 24 h and until the elapsed exposure time (pressure
cycling and pressure hold) to the environmental fluids totals a minimum of 48 h.

17.3.3.2.5 Acceptable results

Following the above test sequence, the residual burst strength of the container shall be no less than 180 %
of the nomirfal working pressure when tested in accordance with the hydrostatic burst testin 17.3.5

17.3.4 Extreme temperature cycling test

17.3.4.1 Sdmpling

One finished container shall be subjected to the extreme temperature cycling test:

17.3.4.2 Procedure
The extrem¢ temperature cycle test shall be performed in accordancedwith the following procedute:
a) Stabilize the container at 85 °C or higher.

b) Hydraulically pressure cycle between 2 MPa + 1 MPa and 125 % of the nominal working pressure for
4 000 cycles for Category A containers and 4 500 cycles for Category C containers. The temperature
limits specified in a) shall be met on the containerskin and in the working fluid in the contpiner
throughout the cycling.

c) Stabilize the container at ambient conditions;
d) Stabilize the container at —40 °C or lowefr.

e) Hydraulically pressure cycle between2 MPa + 1 MPa and 80 % of the nominal working pressure for
4 000 cycles for Category A containers and 4 500 cycles for Category C containers. The temperature
limits specified in d) shall be met on the container skin and in the working fluid in the container
throughout the cycling.

The cycling frate shall not excéed 10 cycles per minute.

17.3.4.3 Ad¢ceptableresults

Following pfessurecycling at extreme temperatures, the container shall not leak or rupture ang the
residual bupst-strength of the container shall be no less than 180 % of the nominal working pregsure
when tested.in-accordance with the hydrostatic burst testin 17.3.5

17.3.5 Hydrostatic burst test

17.3.5.1 Sampling

Three finished containers shall be subjected to the hydrostatic burst test.

17.3.5.2 Procedure
The hydrostatic burst test shall be performed in accordance with the following procedure:

The rate of pressurization shall not exceed 1,4 MPa per second at pressures in excess of 150 % of the
nominal working pressure. If the rate of pressurization at pressures in excess of 150 % of the nominal
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working pressure exceeds 0,35 MPa per second, either the container shall be placed schematically
between the pressure source and the pressure measurement device or there shall be a 5 s hold at the
minimum required burst pressure.

17.3.5.3 Acceptable results
The actual burst pressure shall be recorded.

The minimum required burst pressure shall be at least 225 % of the nominal working pressure and in
no case less than the value necessary to meet the burst/nominal working pressure ratio requirement of
7.1, for Type 1 containers or the stress ratio requirement of 7.3.2, when analysed in accordance with the
requfrements of 7.3.1.

17.3|6 Flaw tolerance test

17.3|6.1 Sampling

One finished container shall be subjected to the flaw tolerance test.

17.3|6.2 Procedure
The flaw tolerance test shall be performed in accordance with thefollowing procedure:
For Type 1 containers:

a) (ne uncoated container shall have two saw cuts in&he longitudinal direction cut into the container
gidewall. One flaw shall be minimum 25 mm longrand minimum 0,42 mm deep and the other flaw
ghall be minimum 200 mm long and minimum-0,25 mm deep.

b) The flawed container shall then be pressure cycled, from 2 MPa * 1 MPa and 125 % ofthe nominal
yorking pressure for a number of cycles equivalent to 750 times the service life of the container
in years for Category A containers,©or to 1 125 times the service life of the container|in years for
[ategory C containers.

For Types 2, 3, and 4 containers:

c) One uncoated containershall have two flaws in the longitudinal direction cut into the composite
gidewall. One flaw shall be minimum 25 mm long and minimum 1,25 mm deep and the other flaw
ghall be minimum 200 mm long and minimum 0,75 mm deep.

d) The flawed centainer shall then be pressure cycled, from 2 MPa + 1 MPa and 125 % of|the nominal
orking pressure for a number of cycles equivalent to 750 times the service life of the container
iin yearsfoy Category A containers, or to 1 125 times the service life of the container|in years for
[ategory C containers.

17.3l6.3 Ar‘r‘npfﬂh]n results

The container shall not leak or rupture within the first 3 000 cycles, but may fail by leakage up to the
maximum number of cycles. All containers that complete this test shall be destroyed.

17.3.7 Drop test

17.3.7.1 Sampling

One or more finished containers shall be subjected to the drop test.
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17.3.7.2 Procedure

For Types 2,

3, and 4 containers only:

a) One or more finished containers shall be drop tested at the ambient temperature without internal
pressurization or attached valves. The surface onto which the containers are dropped shall be
a smooth, horizontal concrete pad or flooring. One container shall be dropped in a horizontal
position with the lowest point of the container no less than 1,83 m above the surface onto which it
is dropped. One container shall be dropped vertically on each end at a sufficient height above the
floor or pad so that the potential energy is 488 ], but in no case shall the height of the lower end be
greater than 1,83 m. One container shall be dropped at a 45° angle onto a dome from a height such

that th
the dro
1,83 m.
impact.
prevent]

b) Followi
the nomn
contain

years fgr Category C containers.

c) For Catg
17.3.7.2

1) Onsg
be

2) If nf
sha
leal
11

3) Thd

iii)

cemnterof gravity tsat 1831 howeverifthetowerendisclosertothe gr ourrd-tham
b angle shall be changed to maintain a minimum height of 0,6 m and a center of grav
The container(s) shall be allowed to bounce on the concrete pad or flooring afterithe i
No attempt shall be made to prevent this secondary impacting, but the containér m
ed from toppling during the vertical drop test.

hg the drop impact, the container(s) shall be pressure cycled, 2 MPa #\1“MPa to 125
inal working pressure for a number of cycles equivalent to 750 timés the service life ¢
er in years for Category A containers, or to 1 125 times the servicélife of the contain

eoory B containers the orientation of the container being dropped [per the requiremsg
a)] is determined as follows:

sed to accomplish the four drop orientations.

jore than one container is used to execute all three drop specifications, those conta
l undergo pressure cycling according to17.3.2 until either leakage or 22 000 cycles wit
tage have occurred. Leakage shall not occur within the number of cycles (5 500, 7 5
00).

container used for further testing shall be identified as follows:

dropped shall undergo'further testing as specified;

If more than one container is used to execute the four drop orientations and if all conta
reach 22 000 eycles without leakage, the orientation of the container being dropped i
45° orientationy and that the container shall then undergo further testing as specified

If morethah one container is used to execute the four drop orientations and if any cont
does.not reach 22 000 cycles without leakage, the new container shall be subject
thé\drop orientation(s) that resulted in the lowest number of cycles to leakage and

or more additional container(s) shall be dropped in’each of the orientations described.
drolt) orientations may be executed with a single contdiner or as many as four containers

,6 m,
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hitial
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% of
f the
er in

nt of

The
may

iners
hout
D0 or

If a single container was)subjected to all four drop orientations, the container Ipeing

iners
s the

hiner
bd to
then

undergo further testing as specified.

17.3.7.3 Acceptable results

The container(s) shall not leak or rupture within the first 3 000 cycles, but may fail by leakage up to the

maximum n

umber of cycles. All containers that complete this test shall be destroyed.

17.3.8 Fire test

17.3.8.1 Sampling

One finished container shall be subjected to the fire test.
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17.3.8.2 Procedure

17.3.8.2.1 General
The fire test shall be performed in accordance with the following procedure.

The fire test shall be designed to demonstrate that finished containers complete with the pressure relief
devices specified in the design along with additional relevant features including the venting system
(such as the vent line and vent line covering) and any shielding affixed directly to the container (such
as thermal wraps and/or coverings/barriers over the pressure relief device) will prevent the rupture
of the container when tested under the specified fire conditions. The specified fire conditions include

both

Extr

17.3

The

devig
a wd
devig
as th
shall
with
spec

Ifas
that
in ad
whic
to th|
to th
fire

pass

Cont

localized and engulfing fire threats.

bme caution shall be exercised during fire testing. Container rupture can occur.

8.2.2 Container set-up

ocalized fire exposure area shall be the area on the container farthest from the pr¢
e(s). If the container is not cylindrically symmetrical, it shall be periented over the fi
rst-case configuration. The container shall only include thermal-shielding or othe
es affixed directly to the container that are used in all vehicle applications. Venting sys
e vent line and vent line covering) and/or coverings/barriers over the pressure rel

but representative components, retesting of that container shall be required if a vehiclg
fies the use of these types of components.

pecific vehicle installation configuration is specified and the qualification of the system
specific vehicle installation configuration, the.test setup may also include other vehicle
dition to the hydrogen storage system. These vehicle components (such as shielding

e storage system) shall be included in the test setup in the vehicle-installed configura
e hydrogen storage system. This lo€alized fire test shall be conducted on the worst-c4
bxposure areas based on the four fire orientations: fires originating from the dire
bnger compartment, cargo/luggage compartment, wheel wells or ground-pooled gasol

hiners shall be pressurjzed with hydrogen to the nominal working pressure (+1 MP

essure relief
re source in
I mitigation
tem(s) (such
ief device(s)

be included in the test if they are anticipated for use impany application. If a container is tested

application

is limited to
components
or barriers,

h are permanently attached to the vehicle's structure by means of welding or bolts and not affixed

tion relative
se localized
ction of the
ne.

@), pressure

compensated for the ambient’ test temperature, such that the proper mass of gas is conptained, and

placd
sour
expo
cont

17.3
The

d horizontally with the container bottom approximately 100 mm above the fire sou
Ce shall initiate within a 250 mm * 50 mm longitudinal expanse positioned under 4
sure area of thé'container. The width of the fire source shall encompass the entire dia
hiner.

8.2.3 Fire source

fire,source shall consist of LPG burners configured to produce a uniform minimum ¢

rce. The fire
he localized
meter of the

emperature

on tl

4 . - | - - 4} h | -] . - |l |
€ COITtATIIET UETIIEU a5 d MO VIITE Tmmimaver dgEt PET tUIET mocoupie WITT U 5 Lucrmocouples

covering the length of the container up to 1,65 m maximum (atleast 2 thermocouples within the localized
fire area, and at least 3 thermocouples equally spaced and no more than 50 cm apart in the remaining
area) located 25 mm * 10 mm from the outside surface of the container along its longitudinal axis.
At the option of the container manufacturer or Inspector or testing facility, additional thermocouples
may be located at pressure relief device sensing points or any other locations for optional diagnostic
purposes.

Wind shields shall be utilized to allow uniform heating.

17.3.8.2.4 Test requirements

The test temperature profile for the localized fire test is shown in Figure 2 and detailed thermal
requirements are provided in Table 5. The temperature at the thermocouples in the localized fire area
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shall be increased continuously to at least 300 °C within 1 min of ignition, to at least 600 °C within
3 min of ignition, and a rolling average temperature of at least 600 °C shall be maintained for the next
7 min. Then, within the next 2 min interval, the temperature at the thermocouples in the fire source
shall be increased to at least 800 °C and the fire source shall be extended to produce a rolling average
temperature of at least 800 °C along the entire length and width of the container (engulfing fire). Note
that the temperature outside the region of the initial fire source is not specified during the initial 10 min
from the time of ignition.

X  minutes

Y Minimurh temperature

a2 Engulfing region outside the localized area (burner ramp rate).

b Ignite the main burner.

Table 5-=-Fire test procedure description (See 17.3.8.2.4)

Figure 2 — Minimum temperature during the fire test (See 17.3.8.2.4)

A i Localized fire exposure i Engulfing fire N
800 °C - ,,’ >
Localized area / ,’
> 600°C - - ¢ i
V4 i
4 I~
4 I
300°C ---® . 4
I |
I ' 1
I b i
L .
01 3 10 12
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Localized fire region Time period Engulfing fgre region (o_u tside
the localized fire region)
Actign Ignite burners 0 to 1 min No burner operation
Minimum temperature Not specified Not specified
Maximum teripera Lessthan900°C Not specified
ture
Increase the temperature and
Action stabilize the fire for the start of 1 to 3 min No burner operation
localized fire exposure
Minimum temperature Greater than 300 °C Not specified
Maximum tempera- Less than 900 °C Not specified
ture
Action Localized fire exposure continues 1grtnoin No burner operation
.. 1 min rolling average greater than .
Minimum temperature 600 °C Not specified
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Table 5 (continued)
. . . . . Engulfing fire region (outside
Localized fire region Time period the localized fire region)
Maximum tempera- 1 min rolling average less than .
ture 900 °C Not specified
Action Increase the temperature 1110rrt1(i)n Main burner ignited at 10 min
. 1 min rolling average greater than g
Minimum temperature 600 °C Not specified
Maximum fpmpprn- 1 min rn"ing average less than o
ture 1100 °C Lessthan 1,10)0 °C
Increase the temperature and 11 to Increase the témperfture and
Action stabilize the fire for the start of 12 min stabilize the five for ghe start of
engulfing fire exposure engulfing fire exposure
- 1 min rolling average o
Minimum temperature greater than 600 °C Greater than 30 °C
Makimum tempera- 1 min rolling average o
ture less than 1 100 °C Less than 1100 °C
. Engulfing fire exposure continues | 12 mins - end| Engulfing fire exposute continues
Action . . . .
1 min rolling average of test 1 min rolling average
Minimum temperature Greater than 800 °C Greater than 80 °C
Makimum tempera- 1 min rolling average 1 min rolling average
ture less than 1 100 °C less than 1 100 °C
17.3({8.3 Acceptable results
The ¢ontainer shall be held at the temperature.(engulfing fire condition) until the hydrogen vé¢nts through
the gressure relief device(s) and the test shall continue until the pressure falls to less thar] 1 MPa. The

venti
releg
flam

The
the @

to the start of venting through the pressure relief device(s) and the maximum pressure
1ation until a pressure of less than 1 MPa is reached. Thermocouple temperatures afd container

evac
pres
spec

17.3

ng shall be continuous (without interruption) and the container shall not rupture. A
se through leakage [not includingrelease through the pressure relief device(s)] that
e with a length greater than 0,5 m beyond the perimeter of the applied flame shall not o

hrrangement of the fire shall be recorded in sufficient detail to confirm the rate of i
ontainer is reproducible. The results shall include the elapsed time from the ignitio

sure shall be recorded at intervals of every 10 s or less during the test. Any failure
fied temperature requirements during a test invalidates the result.

9 Accelerated stress rupture test

17.3

n additional
results in a
ccur.

eat input to
h of the fire
and time of

to maintain

9:D Sampling

One finished Type 2, 3 or 4 container shall be subjected to the accelerated stress rupture test.

17.3.

9.2 Procedure

The accelerated stress rupture test shall be performed in accordance with the following procedure.

The container shall be hydrostatically pressurized to 125 % of the nominal working pressure (+1 MPa)
while at a temperature of 85 °C. The container shall be held at this pressure and temperature for 1 000 h.

At th

© ISO

e completion of the test the container shall be burst.
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17.3.9.3 Acceptable results

The container shall exceed 75 % of the minimum burst pressure when tested in accordance with the
hydrostatic burst test in 17.3.5.

The residual burst strength of the container shall be no less than 180 % of the nominal working pressure
when tested in accordance with the hydrostatic burst test in 17.3.5.

17.3.10High strain rate impact test

17.3.10.1 Sampling

One finished container shall be subjected to the high strain rate impact test.

17.3.10.2 Procedure

A container|shall be pressurized to the nominal working pressure (*1 MPa) withnitrogen, helium or
hydrogen and be impacted by either:

a) a762nmm diameter armor-piercing projectile (specified as 7,62 mm x 51 mm NATO, armor piefcing
bullet) with a nominal velocity of 850 m/s. The bullet shall be fired fromja distance of no more|than
45 m, of

b) a steel projectile having a minimum hardness of 870 Hv, with a diameter between 6,08 mm and
7,62 mm, having a mass of between 3,8 g and 9,75 g, a conical shape with a nose angle of 45°, a
nominal velocity of 850 m/s and impacting with a minimum energy of 3 300 J.

The projectile shall impact the sidewall of the container atia 90° angle but shall not be required to|pass
through the|sidewall of the container.

17.3.10.3 Acceptable results

The containgr shall not rupture.
17.3.11Permeation test

17.3.11.1 Sampling
This test shall only be requifed on Type 4 containers.

One finished container.shall be subjected to the permeation test.

17.3.11.2 Procedure

The permeatien test shall be performed in accordance with the following procedure.

Containers may be located in enclosed spaces for extended periods of time.

One container shall be filled with hydrogen to the nominal working pressure (+1 MPa), placed in an
enclosed sealed container at 15 °C £ 5 °C. The test shall continue until the measured permeation reaches
a steady state based on at least 3 consecutive readings separated by at least 12 h being within +10 % of
the previous reading.
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17.3.11.3 Acceptable results

The steady state permeation rate for hydrogen gas shall be less than 6,0 Ncc of hydrogen per hour per
liter water capacity.

NOTE For the purposes of this document, the combination of permeation and leakage, if below the allowable
permeation rate according to 17.3.11, constitutes compliance with the permeation requirements, and if above the
allowable permeation rate according to 17.3.11, constitutes lack of compliance with the permeation requirements.

17.3.12Boss torque test

17.3(12.1 Sampling
This test shall only be required on Type 4 containers.

One finished container shall be subjected to the boss torque test.

17.3{12.2 Procedure

One ¢ontainer shall be preconditioned with the boss subjected to twicéfhe installation torque specified
for the fittings. The container shall then be subjected to 10.3.

17.3|12.3 Acceptable results

Any gas detected beyond the allowable permeation rate shall be a cause for rejection.
17.3{13Hydrogen gas cycling test

17.3j13.1 Sampling

One finished container shall be subjectedte the hydrogen gas cycling test.

17.3}13.2 Procedure
The hydrogen gas cycling test §hall be performed in accordance with the following procedyre.

The tontainer shall be pressure cycled using hydrogen from 2 MPa + 1 MPa to 125 % of the nominal
working pressure for 14000 cycles. The end boss at the valve end (the end where the fill/discharge
occufs) may be grounded. Each cycle shall consist of filling and venting of the container. [The fill rate
shall not exceed60./g/s and the maximum allowable gas temperature shall not be exteeded. The
defueling rate shall be specified by the container manufacturer.

The first 500-eycles shall be conducted at the ambient temperature, followed by a static hold at 115 % of
the ominal working pressure (1 MPa) at 55 °C for a minimum of 30 h. The second 500 cy[cles shall be
condueted with the container at an ambient temperature of -30 °C (250 cycles) and at 50 °C [250 cycles).

Subscale specimens may be used for this test with diameters reduced by as much as 20 % and lengths
reduced by as much as 50 %.

17.3.13.3 Acceptable results

Following the completion of the test, the container shall meet the requirements of the leak test in 11.3.
Type 4 containers shall then be sectioned and the liner and liner/end boss interface inspected for
evidence of any deterioration, such as fatigue cracking, disbonding of plastic, deterioration of seals or
damage from electrostatic discharge.
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17.3.14Leak before break test

17.3.14.1

Sampling

One finished container shall be subjected to the leak before break test.

17.3.14.2

Procedure

The leak before break test shall be performed in accordance with the following procedure.

This test only applies to Type 1 and Type 2 containers.

The contain
working pre

17.3.14.3

All containe
category.

17.4 Chan

Category A
shall be per

Design chan
minor desig
reduced tes

A design apj
second desif
are not perq
testing requ
be applied t

ers shall be pressure cycled between not more than 2 MPa + 1 MPa and 150 % of theqnof]
ssure at a rate not to exceed 10 cycles per minute in accordance with 17.3.2.

Acceptable results

s shall either fail by leakage or exceed the maximum number of filling cycles for the d

pe of design

and C container designs that are sufficiently similar tolan’existing fully qualified d
mitted to be qualified through a reduced test program:as defined in Table 6.

n change is not defined in Table 6, the Inspectot.or test agency shall determine the ley
[ing required for requalification.

proved by a reduced series of tests (a desigi change) shall not be used as the sole basis
bn change approval with a reduced set oftests (i.e., multiple changes from an original d
nitted). However, if a test has beenonducted on a design change (X) that falls withi
irements for a second design change (Y), the test result for the first design change (X)
b the new design change (Y) test program.

ninal

Psign

Psign

ges not falling within the guidelines in Table 6 shall be qualified as an original design. If a

el of

fora
Psign
h the
may
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Category B: design qualification tests

17.5.1 General test requirements

Category B containers shall be subjected to the tests specified in 17.5.

Containers subjected to these tests are intended to be integrated into a compressed hydrogen storage
system, including all closure devices (such as shut-off valves, check valves, pressure relief devices,
etc.) and piping, and are expected to meet the additional test requirements [Verification Test for
Expected On-Road Performance (Sequential Pneumatic Tests), Verification Test for Service Terminating
Performance in Fire in the UN GTR No. 13 or SAE ]J2579].

17.5

Cont

17.5

Cont

supply documentation (measurements and statistical analyses) that establishes the mid

pres

All ¢
ofth
worK
7.3.2
recoj

17.5

17.5

If all
if the
17.5.

The
indiv

2 Ambient cycling test

hiners shall be subjected to the pressure cycling test specified in 17.3.2.

3 Hydrostatic burst test

hiners shall be subjected to the burst test specified in 17.3.5. The-container manufg

bure of new containers.

bntainers tested shall have a burst pressure within +10 % of the midpoint and greaten
e nominal working pressure and in no case less than thelvalue necessary to meet the bu
ing pressure ratio requirement of 7.1, for Type 1 ¢ontainers, or the stress ratio req
when analysed in accordance with the requirements of 7.3.1. The actual burst press
rded.

4 Container test for performance durability

4.1 Testrequirements

y are all within +25 % of eachrother, only one container shall be subjected to the tests
1. Otherwise, three containeérs shall be tested.

rontainer(s) shall not leak during the following sequence of tests, which are applied in
idual container(s)and which are illustrated in Figure 3.

cturer shall
Ipoint burst

than 225 %
rst/nominal
uirement of
ure shall be

three pressure cycle life measuréments determined per 17.5.2 are greater than 11 000 cycles or

specified in

series to an

© ISO 2018 - All rights reserved

35


https://standardsiso.com/api/?name=9c701674f365ba5a759c2c5f25be3136

ISO 19881:2018(E)

BP,—»
<20 %
b -« Burst
| 180 % NWP (4 min)
° Chemical
5 exposure 1‘ """"""""""""" ~——150 % NWP
; A .
= R || e O -y -+ <——125 % NWP
2 71 M - T -- <—— 80 9% NWP
O
g Il
Q
=
= Iy U U -
Elalol kO SN A A J > Time
22| % v - v
2 la|g 60 % # cycles 1000 h
=, S 15°Cto 25°C +85°C
§ 20 % # cycles
=N +85°C, 95 % RH
10 cycles 20 % # cycles
48h 15°Cto 25°C -40°C
Residual strength
NOTE BP, is the midpoint burst pressure of new containers.

Figure 3 — Verification test for performance durability (See 17.5.4.1.)

17.5.4.2 Proof pressure test

Containers shall be subjected to the proof pressure test specified in 11.2. If a container has previpusly
undergone g proof pressure test in manufacture, then the container shall be exempt from this test

17.5.4.3 Drop test

Containers ghall be subjected to the\drop test conditioning specified in 17.3.7.2 a).

17.5.4.4 Suyrface damage test

Containers ghall be subjeeted to the surface flaw conditioning specified in 17.3.6.2 a) or 17.3.6/2 c),
except that fthe flaws-shall be introduced in the bottom surface of the container and the 25 mm|long
cut shall be|situateditoward the valve end of the container and the 200 mm long cut shall be situated
opposite theg valve’end of the container.

The upper surface of the container shall he subhjected to the pendulum impact conditioning specified in
17.3.3.2.1 and 17.3.3.2.2, except that the container shall be preconditioned at —40 °C for 12 h prior to the
pendulum impacts.

17.5.4.5 Chemical exposure and ambient pressure cycling

Containers shall be subjected to the chemical conditioning specified in 17.3.3.2.3, except that the
container shall be held at the ambient temperature and 125 % of the nominal working pressure (+1 MPa)
for 48 h before the container is subjected to further testing.

Containers shall be subjected to the pressure cycling test specified in 17.3.2 to 60 % of 5 500, 7 500
or 11 000 cycles, as appropriate. Chemical exposure shall be discontinued by removing the glass wool
pads and rinsing the container surface with water before the last 10 cycles, which shall be conducted to
150 % of the nominal working pressure (+1 MPa).
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17.5.4.6 High temperature static pressure test

Containers shall be pressurized to 125 % of the nominal working pressure (¥1 MPa) while at a
temperature of 85 °C. The container shall be held at this pressure and temperature for 1 000 h.

17.5.4.7 Extreme temperature pressure cycling test

Containers shall be pressure cycled at -40 °C or lower to 80 % of the nominal working pressure (+1 MPa)
in accordance with the test procedure specified in 17.3.4.2 c), d) and e), except that the container shall
be cycled to 20 % of 5 500, 7 500 or 11 000 cycles, as appropriate.

Contpimrers—strattbepressure tycled—at85—°Cortigherto— 12596 of the momimat-working pressure
(1 MPa) in accordance with the test procedure specified in 17.3.4.2 a) and b), except thatthe container
shalllbe cycled at 95 % relative humidity and to 20 % of 5 500, 7 500 or 11 000 cycles,\as apjpropriate.

17.5}4.8 Hydraulic residual pressure test

Contpiners shall be pressurized to 180 % of the nominal working pressure and held for] 4 min. The
contginer shall not rupture.

17.5(4.9 Residual burst test

Conthiners shall be subjected to the burst test specified in 17.3)5¥The container shall burst gt a pressure
that |s at least 80 % of the burst pressure determined in 17:3.5.

17.5(5 Container test for expected on-road performance

In or(der for a Category B container to be fully quatlified for on-road vehicle usage, a contairer test shall
be cqnducted at a system level in accordance withthe UN GTR No. 13, SAE J2579 or equivalent hydrogen
and fluel cell vehicle standards.

17.4 Category C: design qualification conditions and limitations

17.6}]1 Marking information

15.1.2 a) 8) does not apply.

17.6]2 Material tests-for steel containers and liners

If th¢ container ordiner is made of steel, appropriate material tests in accordance with ISO 9809-1:2010,
10.2 o 10.4, or1S0 9809-2:2010, 10.2 to 10.4, shall be carried out on one liner. The tensile strength shall
meetf the centainer manufacturer’s design specifications. For Type 1 and Type 2 containgrs the steel
elongatienchall be at least 14 %. For Type 3 containers the tensile strength and elongatiop shall meet
the cpontainer manufacturer’s design specifications.

17.6.3 Material tests for aluminum alloy containers and liners

For Type 1 containers and Type 2 liners using aluminum alloy, appropriate material tests as required
in ISO 7866:2012 10.2 and 10.3, as well as Annexes A and B, shall be carried out on one container or
liner. The materials properties shall meet the container manufacturer’s design specifications. The
elongation shall be at least 12 %. For Type 3 liners using aluminum alloy, materials tests as required in
[SO 7866:2012 10.2 and Annex B shall be carried out on one liner. The materials properties, including
elongation, shall meet the container manufacturer’s design specifications.

A suitable aluminium alloy for hydrogen service is AA6061 in the T6, T62, T651 or T6511 heat treats.
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17.7 Qualification test results

A record of all tests for each design describing test setup, procedure and result shall be kept on file
by the container manufacturer. These records shall include the complete Inspector's Record and the
information contained in Table 7 and Table 8 for each container design tested.

Container type (check one):

Manufacturs

Table 7 — Container design information (See 17.7)

T

Service pres
Hydrostatic
Autofrettageg
Minimum prj
Volur
Leng
Insid
Outsi
Liner|
Boss
Filan]
Resin
Contd
Liner|
Comy
Liner
Liner
Comy
Comy

Comy

sure MPa

fest pressure MPa

MPa

pressure

escribed burst pressure MPa

ne (water)
th

b diameter

de diameter

material

material

ent material

system material

hiner weight (nominal)

weight (nominal)

osite weight (nominal)

sidewall thickness (minimum)

yield strength (minimum)

osite longitudinal thickness (nominal)

osite circumferential thickness (nominal)

osite resin shear strength water boil (minimum) MPa

Table 8 —£€ontainer stress distribution information (See 17.7)

Stress distribution

Direction Distribution

MPa

Distribution
%

Pressure

Long. Circ. Liner Overwrap Liner Overwr

Zero

7T

Service

Test

Burst

Inspector

Date

38

© ISO 2018 - All rights reserved



https://standardsiso.com/api/?name=9c701674f365ba5a759c2c5f25be3136

NOTE

ISO 19881:2018(E)

Annex A
(informative)

Visual inspection

This informative Annex has been written in mandatory language to facilitate the adopti

wishing to do so.

on by anyone

A1l

(HGV) fuel containers and their installations

The 1
mani
Gas 4
shall
using

Cont
infon
ident
mani

A2

Cont

comprehensive list, see ISO 19078:2013, 74.1 or the Compressed Gas Association (CGA) C-§

caus
Cont
the

mant

Methods for external visual inspection of compressed hydrogen gas

nspection shall be performed by a qualified container Inspector in accordance with tl
hfacturer's recommendations and the inspection procedures provided inISO 19078 or
\ssociation (CGA) C-6.4. Inspections shall be documented by the Inspector and the dog
be made available to the AHJ upon request. Alternatively, containers' may be inspected
b a non-destructive test method approved by the container manufacturer.

hiners without labels containing mandatory information, or with labels containing
mation that is illegible in any way, shall be removed from‘ervice. If the container can 1
ified by container manufacturer and serial numberya yeplacement label supplied by tl
hfacturer may be applied to the container and it may remain in service.

Conditions requiring immediate inspections

hiners that have been involved in cellisions, accidents, fires or other events |

e damage shall be subjected to jnspection procedures provided in ISO 19078:2013 o
hiners that have not experienced”any rejectable damage may be returned to service
rontainer shall be destroyediper 1SO 19078:2013 or CGA C-6.4 or returned to th
ifacturer for evaluation,

vehicle

he container
Compressed
umentation
as installed

mandatory
be positively
e container

for a more
4] that may
r CGA C-6.4.
; otherwise,
e container

© ISO

2018 - All rights reserved

39


https://standardsiso.com/api/?name=9c701674f365ba5a759c2c5f25be3136

ISO 19881:2018(E)

Annex B
(informative)

Non-destructive examination

NOTE This informative Annex has been written in mandatory language to facilitate the adoption by anyone
wishing to do so.

B.1 Non-

For Type 1,
determined

B.2 NDE

For any met
all fatigue c
hydrogen er

Calculation{

a) Fatigue
b) Theapp
working

as outli
c) The ben
d) The miy

e) The fatigue crack propagation data shall be determined in air in accordance with ASTM E64

ISO 121
to the ¢
shall be
data arg

f) Theam
shall bd

the relationship between the rate of fatigue crack propagation, as established in B.2 e), an

destructive examination (NDE) defect size determination

P, and 3 designs, the NDE defect size required for production inspection under10.1 shj
using a method as described under B.2, B.3, or other suitable methods.

defect size by engineering critical assessment

h] whose fatigue performance is adversely affected by exposure-to high-pressure hydr
hlculations shall use property data that has been determinied by test in the represent

shall be performed in accordance with BS 7910-2005;’section 8, using the following sf
cracks shall be modelled at the high stress location in the wall/liner as planar flaws.

lied stress range at the fatigue sensitive sitefdue to a pressure between 10 % of the nox
b pressure and the nominal working pressture, shall be established from the stress ang
ned above.

ding and membrane stress component may be used separately.

imum number of pressure cycles is 750 times the service life in years.

08. The crack plane grientation shall be in the C-L direction (i.e. crack plane perpendi
ircumferences andCalong the axis of the container), as illustrated in ASTM E399. The
determined as ahraverage of three specimen tests. Where specific fatigue crack propag
available forthe material and service condition, they may be used in the assessment.

punt of crack growth in the thickness direction and in the length direction per pressure
determined in accordance with the steps outlined in BS 7910, section 8.4, by integr

vironment. ANSI/CSA CHMC 1 provides guidance for appropriate material test methodls.

]l be

hbgen,
ative

eps:

ninal
lysis

17, or
rular
rate
htion

cycle
ating
1 the

range o

F ¢rack driving force corresponding to the applied pressure cycle.

g) Theincremental crack dimension or stress intensity factor calculated in B.2 f) should be compared
with the limiting value, as per BS 7910, section 8.2.4.

h) Using the above steps, calculate the maximum allowable defect depth and length that shall not cause
the failure of the container during the service life due to either fatigue or rupture. The defect size
for NDE shall be equal to or less than the calculated maximum allowable defect size for the design.

B.3 NDE

defect size by flawed container cycling

When metals whose fatigue performance is adversely affected by exposure to high-pressure hydrogen are
used, the flawed container cycling shall be performed using hydrogen gas meeting the purity limits in 4.5.
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For Type 1, 2, and 3 designs, three containers containing artificial defects that exceed the defect length
and depth detection capability of the NDE inspection method required in 10.1 shall be pressure cycled
to failure in accordance with the test method in 17.3.2. For Type 1 designs having a fatigue sensitive site
in the cylindrical part, external flaws shall be introduced in the side wall. For Type 1 designs having
the fatigue sensitive site outside the side wall and for Type 2 and 3 designs, internal flaws shall be
introduced. Internal flaws may be machined prior to the heat treating and closing of the end of the
container.

The containers shall not leak or rupture in less than a number of cycles equivalent to 750 times the
service life of the container in years.

The ; rat location.
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