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Preface

This is the first edition of ANSI HGV 2, Compressed hydrogen gas vehicle fuel containers.

This Standard was prepared by the NGV 2/HGV 2 Technical Subcommittee on Standards for Compressed
Natural Gas and Compressed Hydrogen Vehicle Fuel Containers, under the jurisdiction of the Joint
Automotive Technical Committee, and had been formally approved by the Technical Committee, and the
American National Standards Institute.

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 publication 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 publication.

4) This Standard is subject to periodic review, and suggestions for their 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.

5) 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.

6) 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.
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ANSI HGV 2-2014
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 1 000 liters (35.4 ft3) water capacity; and

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

1.2 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.

All specifications as to construction set forth herein are to be satisfied by the construction actually
prescribed or such other construction as will provide at least equivalent performance.

1.3 Units of measurement

This standard contains SI (metric) units corresponding to the yard/pound quantities, the purpose being to
allow the standard to be used in SI (metric) units. IEEE/ASTM SI 10, or ISO 80000-1:2009, is used as a
guide in making metric conversion from yard/pound quantities. If a value for measurement and a
corresponding value in other units are stated, the first stated value is to be regarded as the requirement.
The given corresponding value may be approximate. If a value for a measurement and a corresponding
value in other units are both specified as a quoted marking requirement, the first stated unit, or both are
to be provided.

1.4 Terminology

In this Standard, “shall” is used to express a requirement, i.e., a provision that the user shall satisfy in
order to comply with the standard; “should” is used to express a recommendation or that which is
advised but not required; and “may” is used to express an option or that which is permissible within the
limits of the standard.

Notes accompanying clauses do not include requirements or alternative requirements; the purpose of a
note accompanying a clause is to separate from the text explanatory or informative material.

Notes to tables and figures are considered part of the table or figure and may be written as
requirements.

Annexes are designated normative (mandatory) or informative (non-mandatory) to define their

application.
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2 Reference publications

This Standard refers to the following publications, and where such reference is made, it shall be to the
edition listed below, including all amendments published thereto.

CSA Group

B51-09
Boiler, Pressure Vessel, and Pressure Piping Code

ANSI/CSA CHMC 1-2014
Test methods for evaluating material compatibility in compressed hydrogen applications - Metals

ANSI/CSA HPRD 1-2013
Thermally activated pressure relief devices for compressed hydrogen vehicle fuel containers

AIAA (American Institute of Aeronautics and Astronautics)

ANSI/AIAA G-095-2004e
Guide to Safety of Hydrogen and Hydrogen Systems

ASME (American Society of Mechanical Engineers)

B31.12-2008
Hydrogen Piping and Pipelines

- AsQ (American Society for Quality Control)
j ANSI/ISO/ASQ Q9000-2005
* Quality management systems — Fundamentals and vocabulary

ASTM International
' D638-10
- Standard Test Method for Tensile Properties of Plastics

D2344/D2344M-00 (R2006)
Standard Test Method for Short-Beam Strength of Polymer Matrix Composite Materials and Their
Laminates

D3359-09e2
Standard Test Methods for Measuring Adhesion by Tape Test

D4138-07a
Standard Practices for Measurement of Dry Film Thickness of Protective Coating Systems by Destructive,
Cross Sectioning Means

D4814-11b
Standard Specification for Automotive Spark-Ignition Engine Fuel

D7091-12
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
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E8/E8M-11
Standard Test Methods for Tension Testing of Metallic Materials

E23-07ael
Standard Test Methods for Notched Bar Impact Testing of Metallic Materials

E399-09e2
Standard Test Method for Linear-Elastic Plane-Strain Fracture Toughness K. of Metallic Materials

E647-11el
Standard Test Method for Measurement of Fatigue Crack Growth Rates

G154-12
Standard Practice for Operating Fluorescent Ultraviolet (UV) Lamp Apparatus for Exposure of Nonmetallic
Materials

BSI (British Standards Institute)

BS 7910:2005
Guide on Methods for Assessing the Acceptability of Flaws in Metallic Structures

CGA (Compressed Gas Association)
C-1-2009
Methods for Pressure Testing Compressed Gas Cylinders

C-6.4-2012
Methods for External Visual Inspection of Natural Gas Vehicle (NGV) and Hydrogen Gas Vehicle (HGV)
Fuel Containers and Their Installations

ISO (International Organization for Standardization)

148-1:2009
Metallic materials — Charpy pendulum impact test — Part 1: Test method

306:2004
Plastics — Thermoplastic Materials — Determination of Vicat Softening Temperature (VST)

7866:2012
Gas cylinders — Refillable seamless aluminium alloy gas cylinders — Design, construction and testing

9001:2008
Quality Management Systems — Requirements

9809-1:2010
Gas cylinders — Refillable seamless steel gas cylinders — Design, construction and testing — Part 1:
Quenched and tempered steel cylinders with tensile strength less than 1 100 MPa

12108:2012
~Metallic Materials — Fatigue testing — Fatigue crack growth method
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14687-2:2008
Hydrogen Fuel — Product Specification — Part 2: Proton exchange membrane (PEM) fuel cell applications
for road vehicles

80000-1:2009
Quantities and units — Part 1: General

SAE International

J2578:2009
Recommended Practice for General Fuel Cell Vehicle Safety

J2579:2013
Standard for Fuel Systems in Fuel Cell and Other Hydrogen Vehicles

J2601:2010
Fueling Protocols for Light Duty Gaseous Hydrogen Surface Vehicles

J2719:2011
Hydrogen Fuel Quality for Fuel Cell Vehicles

J2760:2011
Pressure Terminology Used in Fuel Cells and Other Hydrogen Vehicle Applications

Sandia National Laboratory
Technical Reference for Hydrogen Compatibility of Materials (2008)

United Nations
UN Global Technical Regulation on Hydrogen and Fuel Cell Vehicles

3 Definitions
The following definitions shall apply in this Standard:

Accredited registrar — a qualified organization accredited by a national or international body (e.g., the
Registrar Accreditation Board in the U.S. [RAB]) as operating a certification system (e.g., in accordance
with BS EN 45012:1998, Conformity Assessment Requirements for Bodies Providing Audit and
Certification Management Systems, that provides third-party assessment, certification, and registration of
suppliers' quality systems to applicable standards (e.g., the ANSI/ASQ Q9000 Series, Q9000 Series, Quality
Management Systems: Fundamentals and Vocabulary). The registrar's scope of accreditation is described
by the accrediting body for particular industry sectors (e.g., Standard Industrial Classification [SIC]). The
registrar is thereby authorized to issue accredited certificates of registration to suppliers in the
recognized industry.

Autofrettage — a pressure application procedure, used in manufacturing composite containers with
metal liners, which strains the liner past its yield point sufficiently to cause permanent plastic
deformation that results in the liner having residual compressive stresses and the fibers having residual
tensile stresses at zero internal pressure.

Burst pressure — the highest pressure reached in a container during a burst test.
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Composite — a filament and resin system.

Container category — Category A and Category B containers offer equivalent performance, but type, test
methods, and records are different to facilitate regulatory compliance. Category B containers are
intended to be further qualified in accordance with the UN GTR (Global Technical Regulation) for fuel cell
vehicles with a gross vehicle mass of 4 536 kg or less, or SAE J2579.

Container type — Type HGV2 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 percent of nominal working pressure. This container is hoop-wrapped;

c) Type 3 — Resin impregnated continuous filament with metal liner. This container is full-wrapped;
and

d) Type 4 — Resin impregnated continuous filament with a non-metallic liner.

Destroyed — physically made permanently unusable.
Fold — the place where two material flows meet in such a manner as to create a sharp, visual groove.

Full-wrapped — the reinforcement by a composite material applied over the entire liner including the
domes.

Hoop-wrapped — reinforcement by a composite material applied in a substantially circumferential
pattern over the cylindrical portion of the liner so that the filament does not transmit any significant
stresses in a direction parallel to the container longitudinal axis.

Leakage — release of contents through a defect or crack.
Liner — inner gas tight container or gas container to which the overwrap is applied.

Maximum service temperature — the maximum temperature to which the container will be subjected in
normal service.

Minimum required burst pressure — the minimum burst pressure that is to be met during a burst test.
This is the pressure needed to demonstrate the required stress ratio.

Nominal working pressure — the container pressure, as specified by the manufacturer, at a uniform gas
temperature of 15 °C (59°F) and full gas content.

Operating pressure — the varying pressure that is developed in a container during service.

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

Pressures — all pressures are gauge pressures unless otherwise specified.

Autofrettage pressure — the pressure to which a container is taken with the intent of yielding the
liner or inner surface of the container. The autofrettage operation is considered to be part of the
manufacturing operation and is conducted prior to proof testing.

Fill pressure — the pressure attained at the actual time of filling. Fill pressure varies according to the
gas temperature in the container, which is dependent on the filling parameters and the ambient
conditions. The maximum fill pressure should not exceed 125 percent of nominal working pressure.
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Hydrostatic pressure — the pressure to which a container is taken during acceptance testing (see
Clause 18.3.5).

Pressure relief device (PRD) — a device that, when activated under specified performance conditions, is
used to vent the container contents.

Pre-stressing — the process that puts the liner in compression. This can be done by autofrettage.

Rejectable damage — damage as outlined in CGA C-6.4, Methods for External Visual Inspection of
Natural Gas Vehicle Fuel Containers and Their Installations and in agreement with the manufacturer's
recommendations.

Rupture — sudden and unstable damage propagation in the structural components of the container
resulting in loss of contents (see Leakage).

Settled pressure — the gas pressure when a given settled temperature is reached.

Settled temperature — the uniform gas temperature after any change in temperature caused by filling
has dissipated.

Stress ratio — the minimum ultimate strength of the fiber, as determined in pressure container burst
tests, divided by the stress in the fiber at nominal working pressure.

4 Service conditions
4.1 General

4.1.1 Standard service conditions

The standard service conditions specified in this clause 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, and SAE J2579, or other equivalent
regulations and standards.

Note: The manufacturer of the container is responsible for certifying that the container meets all applicable
government regulations.

4.1.2 Category
Category A and Category B containers offer equivalent performance, but type, test methods, and records
are different to facilitate regulatory compliance.

Note: Category B containers are intended to be further qualified in accordance with the UN GTR for fuel cell vehicles
with a gross vehicle mass of 4 536 kg or less, or SAE J2579.

4.1.3 Service life

The service life for the containers shall be specified by the manufacturer. The specified life shall not be
less than 10 years or greater than 25 years as defined in Clause 4.3.

4.1.4 Periodic in-service inspections

Any requirements and procedures for periodic re-qualification by inspection or testing during the service
life shall be specified by the container or vehicle manufacturer on the basis of use under the service
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