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Canadian Standards Association (operating as “CSA Group”), under
whose auspices this National Standard has been produced, was
chartered in 1919 and accredited by the Standards Council of
Canada to the National Standards system in 1973. It is a not-for-
profit, nonstatutory, voluntary membership association engaged in
standards development and certification activities.

CSA Group standards reflect a national consensus of producers and
users — including manufacturers, consumers, retailers, unions and
professional organizations, and governmental agencies. The
standards are used widely by industry and commerce and often
adopted by municipal, provincial, and federal governments in their
regulations, particularly in the fields of health, safety, building and
construction, and the environment.

Individuals, companies, and associations across Canada indicate
their support for CSA Group’s standards development by
volunteering their time and skills to Committee work and supporting
CSA Group’s objectives through sustaining memberships. The more
than 7000 committee volunteers and the 2000 sustaining
memberships together form CSA Group’s total membership from
which its Directors are chosen. Sustaining memberships represent a
major source of income for CSA Group’s standards development
activities.

CSA Group offers certification and testing services in support of and
as an extension to its standards development activities. To ensure
the integrity of its certification process, CSA Group regularly and
continually audits and inspects products that bear the

CSA Group Mark.

In addition to its head office and laboratory complex in Toronto, CSA
Group has regional branch offices in major centres across Canada
and inspection and testing agencies in eight countries. Since 1919,
CSA Group has developed the necessary expertise to meet its
corporate mission: CSA Group is an independent service
organization whose mission is to provide an open and effective
forum for activities facilitating the exchange of goods and services
through the use of standards, certification and related services to
meet national and international needs.

For further information on CSA Group services, write to
CSA Group

178 Rexdale Boulevard

Toronto, Ontario, MOW 1R3
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A National Standard of Canada is a standard developed by a
Standards Council of Canada (SCC) accredited Standards
Development Organization, in compliance with requirements and
guidance set out by SCC. More information on National Standards of
Canada can be found at www.scc.ca.

SCC is a Crown corporation within the portfolio of Innovation,
Science and Economic Development (ISED) Canada. With the goal of
enhancing Canada's economic competitiveness and social well-
being, SCC leads and facilitates the development and use of national
and international standards. SCC also coordinates Canadian
participation in standards development, and identifies strategies to
advance Canadian standardization efforts.

Accreditation services are provided by SCC to various custom. *s,
including product certifiers, testing laboratories, and stanc. >rds
development organizations. A list of SCC programs and accre.'ited
bodies is publicly available at www.scc.ca.

Standards Council of Canada
600-55 Metcalfe Street
Ottawa, Ontario, K1P 6L5
Canada
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Cette Norme Nationale du Canada n’est disponible qu’en anglais.

Ai.houy. *he intended primary application of this Standard is stated in its Scope, it is important to note that it remains the responsibility of
the users to judge its suitability for their particular purpose.
®A trademark of the Canadian Standards Association, operating as “CSA Group”


http://www.scc.ca
http://www.scc.ca
https://www.stdhive.com/standards/csa-ansi-hgv-221-pdf/

CSA Group

The Canadian Standards Association (operating as
“CSA Group”), under whose auspices this National
Standard has been produced, was chartered in 1919
and accredited by the Standards Council of Canada to
the National Standards system in 1973. It is a not-for-
profit, nonstatutory, voluntary membership
association engaged in standards development and
certification activities.

CSA Group standards reflect a national consensus of
producers and users including manufacturers,
consumers, retailers, unions and professional
organizations, and governmental agencies. The
standards are used widely by industry and commerce
and often adopted by municipal, provincial, and
federal governments in their regulations, particularly
in the fields of health, safety, building and
construction, and the environment.

Individuals, companies, and associations across
Canada indicate their support for CSA Group’s
standards development by volunteering their time and
skills to Committee work and supporting CSA Group's
objectives through sustaining memberships. The more
than 7000 committee volunteers and the 2000
sustaining memberships together form CSA Group’s
total membership from which its Directors are chosen.
Sustaining memberships represent a major source of
income for CSA Group's standards development
activities.

CSA Group offers certification and testing services in
support of and as an extension to its standards
development activities. To ensure the integricy f .
certification process, CSA Group regulaiiy ar.”
continually audits and inspects products ti.at bear the
CSA Group Mark.

In addition to its head office and !z%orat- ry complex
in Toronto, CSA Group has regio 2’ oranch offices in
major centres across Canadz and \..cpection and
testing agencies in eight c=tntias. Since 1919, CSA
Group has developed ti'» ned 2ssary expertise to meet
its corporate mission: CSA =.oup is an independent
service organizatis,. whose r.ission is to provide an
open and effecti e foi um for activities facilitating the
exchange of gunds and services through the use of
standards. certification and related services to meet
national ai d international needs.

vor further information on CSA Group services, write
to

CSA Group

178 Rexdale Boulevard, Toronto, Ontario,

Canada M9W 1R3

American National Standards
Institute

The American National Standards Institute (ANSI), Inc.
is the nationally recognized coordinator of voluntary
standards development in the United States through
which voluntary organizations, representing virtually
every technical discipline and every facet of trade and
commerce, organized labor and consumer interests,
establish and improve the some 10,000 nationa!
consensus standards currently approved as Arerican
National Standards.

ANSI provides that the interests of the publiciray
have appropriate participation and ref. -ese. tati.a in
standardization activity, and cooperates . ‘ith
departments and agencies of U.S. Faderal, state and
local governments in achieving com atibility between
government codes and standa:ds ai.> the voluntary
standards of industry and comm. rce.

ANSI represents the inte==sts ~f “he United States in
international nontreat, orgc aizations such as the
International Organizatio. 7or Standardization (I1SO)
and the Interiiatic nal Electrotechnical Commission
(IEC). The Institu < 1iwaintains close ties with regional
organizatio/ s such as the Pacific Area Standards
Congrese (P, SC) and the Pan American Standards
Comn.'ssic > (COPANT). As such, ANSI coordinates the
activities involved in the U.S. participation in these
grups;

ANSi approval of standards is intended to verify that
the principles of openness and due process have been
followed in the approval procedure and that a
consensus of those directly and materially affected by
the standards has been achieved. ANSI coordination is
intended to assist the voluntary system to ensure that
national standards needs are identified and met with a
set of standards that are without conflict or
unnecessary duplication in their requirements.

Responsibility of approving American standards rests
with the

American National Standards Institute, Inc.

25 West 43rd Street, Fourth floor

New York, NY 10036


https://www.stdhive.com/standards/csa-ansi-hgv-221-pdf/

National Standard of Canada
American National Standard

CSA/ANSI HGV 2:21

Compressed hydrogen gas vehicle
fuel containers

CSA
GRCUP"

®A trademark of the Canadian Standr:s a.<ociation, operating as “CSA Group”

a pmerican Nationals
%,

O
QQ

',
C)
< >

4
‘Vf;"VADAEN DY
onaLE ©

American National ta:.74rds Institute, Inc.

Approved on January 8, 2021 by ANSI

A not-for-profit private sector organization
178 Rexdale Boulevard, Toronto, Ontario, Canada M9W 1R3

To purchase standards and related publications, visit our Online Store at www.csagroup.org/store/
or call toll-free 1-800-463-6727 or 416-747-4044.

ICS 27.075
ISBN 978-1-4883-3247-0

© 2021 Canadian Standards Association
All rights reserved. No part of this publication may be reproduced in any form whatsoever
without the prior permission of the publisher.


https://www.csagroup.org/store/
https://www.stdhive.com/standards/csa-ansi-hgv-221-pdf/

CSA/ANSI HGV 2:21 Compressed hydrogen gas vehicle fuel containers

Contents

Hydrogen Transportation Technical Committee 5
HGV 2 Subcommittee on Fuel Containers for Compressed Hydrogen Vehicles 8
Preface 11

1 Scope 12

1.1 General 12

1.2 Container type 12

1.3 Alternative construction or materials 12
1.4 Units of measurement 13

1.5 Terminology 13

2 Reference publications 13
3 Definitions 16

4 Service conditions 18

4.1 General 18

4.1.1  Standard service conditions 18
4.1.2 Category 18

4.1.3  Service life 19

4.1.4 Periodic in-service inspections 19
4.2 Pressures 19

42.1 Nominal working pressures 19
4.2.2 Maximum pressures 19

4.3 Maximum number of filling cycles 26
4.4 Temperature range 19

441  Settled gas temperatures _.1:
4.4.2 Container temperatures . 1.

4.4.3 Transient gas temperatu.2s 20
444  Test temperatures » .7

4.5 Gas composition 20
4.6 External surfa<es = 20
4.7 Installation requ’rements 20

5 Compliance 20

6 Mater 3l qualification tests and requirements 20

6.1 C=aeral 20

6.. Ma erial requirements 21

o3 Metal containers and metal liners 22

6.3.1 Material properties 22

6.3.2  Impact test for steel 22

6.3.3  Tensile tests for metals 23

6.3.4  Sustained load cracking (SLC) test for aluminum 23
6.3.5  Corrosion tests for aluminum 23

January 2021 © 2021 CSA America Standards Inc./ 1
© 2021 Canadian Standards Association


https://www.stdhive.com/standards/csa-ansi-hgv-221-pdf/

CSA/ANSI HGV 2:21 Compressed hydrogen gas vehicle fuel containers

6.4 Ultraviolet resistance of external coatings 23
6.5 Fibers 23

6.6 Resins 23

6.7 Nonmetallic liners (Type 4) 24

6.8 Bosses for Type 4 containers 24

7 Wall thickness 24

7.1 Type 1 containers 24

7.2 Liners for Type 2, Type 3, and Type 4 containers 24

7.3 Composite reinforcement for Type 2, Type 3, and Type 4 containers 24
7.3.1  Stress analysis 24

7.3.2 Stress ratios 25

7.33 Modified stress ratio test 25

7.3.4  Hybrid designs 25

7.4 External loads on containers 26

8 Threaded openings 26

9 Inspection requirements 26

9.1 Inspection during qualification 26
9.2 Inspection during manufacturing 26
9.3 Duties of inspector during manufacturing 26

9.3.1  Duties performed by all manufacturing inspectors - 2¢
9.3.2  Additional duties (to Clause 9.3.1) performed by hiru.vaiy inspectors 27
9.4 Inspection during service 27

10 Manufacture 28

10.1 General 28

10.2 Metal containers and metal liners 25

10.3 Nonmetallic liners 28

10.4 Composite containers with inete'lic liners 28
10.5 Composite containers with nor.metallic liners 28
10.6 Brazing 29

10.7 Welding 29

10.8 End closing by fornmiing -9

10.9 Mounting and protetion 29

10.10 Batch definiticns 29

10.11  Design qualificav.nn tests 29

11 Producti>n vosts and examinations 30
11.1 Genera.. 30

11.2 Pioof pressure test 31

11.3 Leck test 31

1. batchtests 31

12.1 General 31

12.2 Batch material tests 31
12.3 Coated containers 32
12.4 Burst test 32

12.4.1 Batch burst test 32

January 2021 © 2021 CSA America Standards Inc./ 2
© 2021 Canadian Standards Association


https://www.stdhive.com/standards/csa-ansi-hgv-221-pdf/

CSA/ANSI HGV 2:21 Compressed hydrogen gas vehicle fuel containers

12.4.2 Periodic burst test 32

12.5 Cycle test 33

12.5.1 Batch cycle test 33

12.5.2 Periodic pressure cycling test 33

13 Rejected containers and liners 33
13.1 Physical test 33

13.2 Leak test 34

13.3 Proof pressure test 34

13.4 Cycle test 34

13.5 Burst test 34

14 Pressure relief devices 34
15 Records of manufacture 34

16 Marking and dispatch 35
16.1 Markings 35

16.1.1 General 35

16.1.2 Marking information 35
16.2 Dispatch 35

17 Quality assurance 36
17.1 General 36
17.2 Independent inspection (Option 2) 36

18 Design qualification tests 36

18.1 General 36

18.2 Test requirements 36

18.3 Category A: design qualification tests+. 38
18.3.1 Test requirements 38

18.3.2 Ambient cycling test 38

18.3.3 Environmental test 39

18.3.4 Extreme temperature cy.'ing .est 41
18.3.5 Bursttest 41

18.3.6 Flaw tolerance test . 42

18.3.7 Droptest 4°

18.3.8 Bonfiretest 47

18.3.9 Accelerute ! stress rupture test 47
18.3.10 Penetravontest 47

18.3.11 Permectiontest 47

18.3.12 Bsstorque test 48

18.3.23 n, irogen gas cycling test 48
1€.2.14 Lea« before break test 48

124 Change of design 49

18.5 Category B: design qualification tests 52
18.5.1 General test requirements 52

18.5.2 Ambient cycling test 52

18.5.3 Bursttest 52

January 2021 © 2021 CSA America Standards Inc./ 3
© 2021 Canadian Standards Association


https://www.stdhive.com/standards/csa-ansi-hgv-221-pdf/

Compressed hydrogen gas vehicle fuel containers

CSA/ANSI HGV 2:21

18.5.4 Container test for performance durability 52
18.5.5 High strain rate impact test 54

18.5.6 Permeationtest 54

18.5.7 Container test for expected on-road performance
18.6 Mechanical tests 54

18.6.1 General 54

18.6.2 Container set-up and preparation 55

18.6.3 Vibration test 55

18.6.4 Mechanical shock test 56

18.6.5 System leakage test 57

18.6.6 Acceptance criteria 57

18.7 Quialification test results 58

54

Annex A (informative) — Visual inspection 61

Annex B (informative) — Non-destructive examination

Annex C (informative) — Records of manufacture 64
Annex D (informative) — Validation tests for durability of CT2 conformable tark sh>lls = 70

January 2021

62

© 2021 CSA America Standards Inc./

© 2021 Canadian Standards Association


https://www.stdhive.com/standards/csa-ansi-hgv-221-pdf/

CSA/ANSI HGV 2:21 Compressed hydrogen gas vehicle fuel containers

Preface

This is the second edition of CSA/ANSI HGV 2, Compressed hydrogen gas vehicle fuel containers. It
supersedes the previous edition published in 2014.

The major changes to this edition include the following:

a) distinction between category A and B containers;

b) inclusion of conformable container requirements; and
c) addition of mechanical tests.

This Standard is considered suitable for use for conformity assessment within the stated scope of the
Standard.

CSA Group acknowledges that the development of this Standard was made possible, in part, by the
financial support of Natural Resources Canada.

This Standard was prepared by the HGV 2 Subcommittee on Fuel Containers for Compressed Hydrogen
Vehicles, under the jurisdiction of the Hydrogen Transportation Technical Committee and the
Transportation Strategic Steering Committee, and has been formally approved by the Technical
Committee.

This Standard has been developed in compliance with Standards Council of Canada requirements for
National Standards of Canada. It has been published as a National Standard of Canada by CSA Group.

This Standard has been approved by the American National Standards Institute (ANSI) as an American
National Standard.

Notes:

1) Use of the singular does not exclude the plural (and vice versa) when the sense allows.

2) Although the intended primary application of this Standard is stated in its Scope, it is important to note that it
remains the responsibility of the users of the Standard to judge its suitability for their particular purpose.

3)  This Standard was developed by consensus, which is defined by CSA Policy governing standardization — Code
of good practice for standardization as “substantial agreement. Consensus implies much more than a simple
majority, but not necessarily unanimity”. It is consistent with this definition that a member may be included in
the Technical Committee list and yet not be in full agreement with all clauses of this Standard.

4) To submit a request for interpretation of this Standard, please send the following information to
inquiries@csagroup.org and include “Request for interpretation” in the subject line:

a) define the problem, making reference to the specific clause, and, where appropriate, include an
illustrative sketch;

b)  provide an explanation of circumstances surrounding the actual field condition; and

c)  where possible, phrase the request in such a way that a specific “yes” or “no” answer will address the
issue.

Committee interpretations are processed in accordance with the CSA Directives and guidelines governing

standardization and are available on the Current Standards Activities page at standardsactivities.csa.ca.

5)  This Standard is subject to review within five years from the date of publication. Suggestions for its
improvement will be referred to the appropriate committee. To submit a proposal for change, please send the
following information to inquiries@csagroup.org and include “Proposal for change” in the subject line:

a) Standard designation (number);

b) relevant clause, table, and/or figure number;
c) wording of the proposed change; and

d) rationale for the change.
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CSA/ANSI HGV 2:21
Compressed hydrogen gas vehicle fuel
containers

1 Scope

1.1 General

This Standard contains requirements for the material, design, manufacture, marking, and testing of
serially produced, refillable Type HGV2 containers intended only for the storage of compressed
hydrogen gas for on-road vehicle operation. These containers

a) are to be permanently attached to the vehicle;

b) have a capacity of up to 1000 L (35.4 ft3) water capacity; and

c¢) have a nominal working pressure that does not exceed 70 MPa.

1.2 Container type

1.2.1

Type HGV 2 containers are designated as follows:

a) Type 1: metal;

b) Type 2: resin-impregnated continuous filament with metal liner with a minimum burst pressure of
125% of service pressure. The container is hoop-wrapped;

c) Type 3: resin-impregnated continuous filament with metal liner. The container is full-wrapped; and

d) Type 4: resin-impregnated continuous filament with a nonmetallic liner.

1.2.2

Conformable container types are designated as follows:

a) CT1: container or assembly of a non-axisymmetric shape without a protective shell (i.e., outside
wall containing gas pressure);

b) CT2: container or assembly of non-axisymmetric shape within a full or partial protective shell that
is acting as a shield and not directly assisting the pressure containing elements with containing gas
pressure; and

c) CT3: container or assembly of non-axisymmetric shape within a conformable protective shell that is
acting as a shield and directly assisting the pressure containing elements with containing gas
pressure.

Note: The conformable container types are an additional identifier that is used in combination with the container

type. A conformable tank is designated based on the design as a Type 1 (metal) to Type 4 (resin-impregnated

continuous filament with a nonmetallic liner) with the additional conformable type identifier. For example, a

Type 4 CT2 container would be required to meet the criteria for a Type 4 container as well as the criteria specified

for a CT2 container.

1.3 Alternative construction or materials

The construction of the containers, whether specifically covered by the various provisions of this
Standard or not, is to be in accordance with reasonable concepts of safety, performance, and durability.
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