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PLEASE NOTE:

The information contained in this document was obtained from sources believed to be reliable and is based on
technical information and experience currently available from members of the Compressed Gas Association, Inc.
and others. However, the Association or its members, jointly or severally, make no guarantee of the results and
assume no liability or responsibility in connection with the information or suggestions herein contained. Moreover,
it should not be assumed that every acceptable commodity grade, test or safety procedure or method, precaution,
equipment or device is contained within, or that abnormal or unusual circumstances may not warrant or suggest
further requirements or additional procedure.

This document is subject to periodic review, and users are cautioned to obtain the latest edition. The Association
invites comments and suggestions for consideration. In connection with such review, any such comments or
suggestions will be fully reviewed by the Association after giving the party, upon request, a reasonable oppor-
tunity to be heard. Proposed changes may be submitted via the Internet at our website, www.cganet.com.

This document should not be confused with federal, state, provincial, or municipal specifications or regulations;
insurance requirements; or national safety codes. While the Association recommends reference to or use of this
document by government agencies and others, this document is purely voluntary and not binding unless adopted
by reference in regulations.

A listing of all publications, audiovisual programs, safety and technical bulletins, and safety posters is available
via the Internet at our website at www.cganet.com. For more information contact CGA at Phone: 703-788-2700,
ext. 799. E-mail: customerservice@cganet.com.

Work Item 18-033
Cylinder Specifications Committee

NOTE—Technical changes from the previous edition are underlined.

NOTE—Appendices A and B (Informative) are for information only.
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1 Introduction

Composite high pressure cylinders have been used in commercial service since 1976. Several million composite
cylinders are currently in service. These cylinders have been manufactured under various government standards
including:

e Special permits granted by the U.S. Department of Transportation (DOT) based on:

e DOT FRP-1 Standard, Basic Requirements for Fiber Reinforced Plastic Type 3FC Composite Cylinders,
for full-wrapped cylinders [1]

o DOT FRP-2 Standard, Basic Requirements for Fiber Reinforced Plastic Type 3HW Composite Cylinders,
for hoop-wrapped cylinders [2]

e Basic Requirements for Fully Wrapped Carbon-Fiber Reinforced Aluminum Lined Cylinders (DOT-
CFFC), for carbon full-wrapped cylinders [3];

e Transport Canada (TC) specifications TC-3FCM for full-wrapped cylinders and TC-3HWM for hoop-wrapped
cylinders, as specified in CSA B339, Cylinders, spheres, and tubes for the transportation of dangerous goods
[4];and

e Special permits issued by the former Canadian Transport Commission (CTC) and equivalency certificates
(formerly called permits for equivalent level of safety) issued by TC in Transportation of Dangerous Goods
Regulations, Part 14 [5].

The technology for these cylinders was developed by the aerospace industry during the 1960s for rocket motor
cases and other pressure vessels. Composite cylinders have successfully provided high pressure gas contain-
ment for those applications where minimal weight and high strength is critical or desired.

2 Scope and purpose
21 Scope

This standard addresses the techniques for the inspection and requalification of composite overwrapped high
pressure cylinders. The use of this standard is required in the United States by Title 49 of the U.S. Code of
Federal Regulations (49 CFR) Part 180.205(f)(1) and in Canada by CSA B339, Clause 24 [6, 4]. The requalifica-
tion consists primarily of an internal and external visual inspection followed by hydrostatic testing. This standard
highlights those items that are essential for an accurate appraisal of a composite overwrapped cylinder for com-
pressed gas service. For information on requirements of general cylinder inspection and requalification (visual
inspection and hydrostatic testing), refer to the publications listed in Section 4.

NOTE—49 CFR and CSA B341, UN pressure receptacles and multiple-element gas containers for transport of dangerous
goods allow the use of UN certified composite cylinders in the United States and Canada [6, 7]. Periodic inspection and testing
of UN composite cylinders shall be conducted in accordance with ISO 11623, Gas cylinder—Composite construction—Peri-
odic inspection and testing [8].

It is important to be aware of the design life of the cylinder before filling or requalifying. The user or requalifier
shall consult the appropriate special permit, equivalency certificate, or specification to determine the appropriate
design life. The composite cylinder shall be removed from service and condemned at the termination of the
cylinder design life (i.e., the appropriate period in years following the original manufacturer’s test date). Failure
to do so is in direct violation of federal regulations and can increase the risk to public safety.

Not all of the considerations for requalification (visual inspection and hydrostatic testing) of composite cylinders
are covered in this standard. Questions regarding specific cylinders should be directed to the manufacturer.

' References are shown by bracketed numbers and are listed in order of appearance in the reference section.
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2.2 Purpose

The purpose of this standard is to provide sufficient data and details about composite cylinders so an experienced
cylinder requalifier registered with DOT, TC, or both can examine and hydrostatically test these cylinders to the
requirements of specific special permits, equivalency certificates, or specifications.

3 Definitions

For the purpose of this standard, the following definitions apply.

31 Publication terminology

311 Shall
Indicates that the procedure is mandatory. It is used wherever the criterion for conformance to specific recom-
mendations allows no deviation.

3.1.2 Should
Indicates that a procedure is recommended.

313 May
Indicates that the procedure is optional.

314 Will
Is used only to indicate the future, not a degree of requirement.

3.1.5 Can
Indicates a possibility or ability.

3.2 Technical definitions

3.21 Autofrettage
Pressure application procedure that strains the metal liner past its yield point sufficient to cause permanent plastic
deformation.

NOTE—This results in compressive stresses developed in the liner and tensile stresses in the fibers when at zero internal
pressure.

3.2.2 Composite cylinder
Fibers, resin, and metal liner as a combined unit.

3.23 Composite overwrap
Combined structure of the fibers and resin matrix not including the metal liner.

3.24 Condemned cylinder

No longer fit for service. A condemned cylinder is required to be removed from service.
NOTE—See 14.1.

3.25 Crazing (craze cracks)

Hairline (surface) cracking of the resin.

NOTE—Resin crazing is usually very linear in shape and normally runs in the same direction as the fiber. It can also cause
cracking of the painted surface. It can occur after several pressurizations and is not associated with any damage.

3.2.6 Delamination
Lifting, peeling back, or separation of fibers because of a deep cut or impact.

NOTE—It can appear as a frosted white area, like a flat blister, indicating possible damage to the composite due to impact. It
can also occur as a separation between plies of the overwrap or at the overwrap liner interface.
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3.2.7 Disbond
Void between layers of two different fiber materials.

NOTE—Most commonly noted between either the aramid or carbon fiber layer and the outer glass fiber layer. It can appear
like a delamination but it is inherent in the structure and not caused by impact.

3.2.8 Exterior coating
Layer of material applied to the cylinder as a protective coating or for cosmetic purposes.

NOTE—The coating can be clear or tinted. Not all composite cylinders have a special exterior coating.

3.29 Fiber
Load carrying portion of the overwrap consisting of continuous filaments. The three approved fiber types are as
follows.

3.291 Aramid fiber
Yellow-colored organic reinforcing fiber used in a composite overwrap.

3.29.2 Carbon fiber
Black-colored reinforcing fiber used in a composite overwrap.

3.29.3 Glass fiber
White-colored reinforcing fiber used in a composite overwrap.

3.2.10 Full-wrapped cylinder
Cylinder reinforced with both hoop and longitudinal wrap.

NOTE—See Figures 1 and 2.

lanufacturer's IEITTIIr —\‘
i {ﬂ'
- M\! e
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WY W ““./
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Overwrap /

Figure 1—Full-wrapped cylinder with one port

Metal liner

Manufacturer's label

| Lo W !fi m|
=N

Overwrap

i |

W/

Metal liner

Figure 2—Full-wrapped cylinder with two ports
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3.2.11 Hoop wrap

CGA C-6.2—2019

Layers in the composite overwrap are filament wound to provide additional circumferential strength in the cylin-

drical section of the cylinder.

NOTE—The strands of reinforcing fibers are oriented parallel to the circumferential direction.

3.212 Hoop-wrapped cylinder
Cylinder reinforced with hoop wrap only.

NOTE—See Figures 3, 4, and 5.

Manufacturer's label
—

A

= ] v -

QOverwrap —/

Figure 3—Hoop-wrapped cylinder with flat bottom

/— Manufacturer's label

L

Overwrap-/

Figure 4—Hoop-wrapped cylinder with round bottom

/— Manufacturer's label

1 e i
5 'R

L COverwrap

Figure 5—Hoop-wrapped cylinder with two ports
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3.213 Liner
Internal component of the cylinder that prevents leakage of gas through the composite cylinder structure and
carries a portion of the cylinder’s pressure load.

NOTE—In this standard, the liner is the metal portion of the composite cylinder.

3.2.14 Longitudinal wrap
Fibers running in the general direction of the long axis of the cylinder.

3.2.15 Manufacturer’s label
Label containing markings required by DOT in the United States or by TC in Canada.

NOTE—See Section 11 for required markings.

3.2.16 Port
Threaded opening at the end of the cylinder in which valves, pressure relief devices (PRD), or plugs are installed.

3.217 Protective sleeve
Exterior plastic sleeve that is not an integral part of the cylinder and is removable for cylinder inspection.

NOTE—This is used as a protective device. Not all cylinders have a protective sleeve.

3.2.18 Rejection elastic expansion (REE)
Hydrostatic test expansion criteria used for the acceptance or rejection of a carbon composite cylinder.

NOTE—This value is marked on the cylinder or printed on the label in accordance with Basic Requirements for Fully Wrapped

Carbon-Fiber Reinforced Aluminum Lined Cylinders (DOT-CFFC) [3]. REE criteria are applicable for DOT-CFFC carbon com-
posite cylinders only. They are not applicable to TC dual marked cylinders when requalified in Canada.

3.2.19 Resin
Material that is used to bind the fibers together providing a means to accomplish load transfer among fibers.

4 Required publications

For the proper testing and inspection of compressed gas cylinders, use of the following CGA and government
publications is required:

e CGA C-1, Methods for Pressure Testing Compressed Gas Cylinders [9];

e CGA C-6, Standard for Visual Inspection of Steel Compressed Gas Cylinders [10];

e CGA C-6.1, Standard for Visual Inspection of High Pressure Aluminum Alloy Compressed Gas Cylinders

111;
e CGAP-22, The Responsible Management and Disposition of Compressed Gases and their Cylinders [12];
e 49 CFR6];

e Appropriate special permits as issued by DOT'’s Pipeline and Hazardous Materials Safety Administration
(PHMSA), Office of Hazardous Materials Safety. See 49 CFR Part 107, Subpart B [6]. Copies of the current
special permits for the specific cylinders being tested shall be available at the requalification facility as re-
quired by 49 CFR 180.215(a)(5) [6];

e CSA B339 [4];

e CSA B340, Selection and use of cylinders, spheres, tubes, and other containers for the transportation of
dangerous goods, Class 2 [13]; and

e Appropriate CTC special permits and TC equivalency certificates. See TC’s Transportation of Dangerous
Goods Regulations [5]. Cylinders shall be requalified in accordance with the requirements of the applicable
special permit or equivalency certificate. Copies of the current special permits or equivalency certificates for
the specific cylinders being tested should be available at the requalification facility.
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5 General design information

Composite cylinders are manufactured in compliance with DOT special permits or TC specifications or equiva-
lency certificates, as noted on the cylinder manufacturer’s label.

Composite cylinders represent an optimum lightweight approach to cylinder design. Additional tests and stringent
quality control measures are used to ensure that the quality of composite cylinders is maintained at a high level.
The burden for maintaining a high quality cylinder rests with the cylinder user, shipper, charging facility, and
requalification facility. These entities shall ensure the maintenance of each element critical to a cylinder's integrity.
In some cases, a cylinder may be part of a final assembly that is certified or approved by a governmental regu-
latory authority such as a self-contained breathing apparatus (SCBA) assembly by the National Institute for Oc-
cupational Safety and Health (NIOSH). In such cases, ensure that all attachments are maintained in accordance
with the applicable regulations. Replacement parts such as O-rings or valves shall be obtained from the manu-
facturer of the assembly or their authorized representatives.

5.1 Composite cylinders

Composite cylinders are produced by the application of resin-impregnated high strength continuous fibers over
an inner aluminum or steel liner. Three fiber materials are currently in use: aramid, carbon, and glass. See 3.2.9.
Reinforcement is accomplished by one of three methods:

e Dual-direction winding fully covering the liner and leaving only the port(s) exposed using a single type of fiber
for structural reinforcement. See Figures 1 and 2. When carbon fiber or aramid fiber is used for structural
reinforcement, it is common for the cylinder to have protective layers of glass fiber to increase damage
resistance;

e Dual-direction winding of two fibers at the same time. This type of cylinder is commonly referred to as a
hybrid cylinder. Again, when carbon fiber or aramid fiber is used for structural reinforcement, it is common
for the cylinder to have protective layers of glass fiber to increase damage resistance; or

¢ Hoop winding, leaving the metal ends exposed. See Figures 3, 4, and 5.
5.2 Carbon composite cylinders

Carbon composite cylinders were introduced into commercial use in the United States and Canada as early as
1997. Some special considerations or attributes need to be identified for the benefit of anyone who is requalifying
this type of cylinder. Although clear-coated composite cylinders have been manufactured in the past, there is a
notable increase in the use of the clear-coated surface for the carbon cylinder. Some of the attributes that can
be associated with a carbon composite cylinder are:

e The outer layer of glass fiber serves primarily as a protective layer to the carbon composite. This layer is
limited in the amount of strength it is allowed to contribute to the design;

e For DOT cylinders, the hydrostatic test criteria are different from previous types of composite cylinders. It is
marked with an REE value. See 13.6;

e Discoloration of the clear-coated surface can be more notable. See 8.6 and Section 10 for examples of
nonstructural cosmetic attributes of the outer surface; and

e Areas of nonstructural disbond between the outer glass fiber layer and the inner carbon layer can be visible
and can vary in size or shape. See 10.7.2.

5.3 Cylinder components

Each component of the cylinder has a unique function and its integrity shall be verified and preserved. The liner
serves as a gas-tight membrane, provides a portion of the cylinder’s strength, and incorporates a port for valving.
The reinforcing fibers provide the majority of the cylinder’s strength. The resin provides a means to accomplish

load transfer among fibers. The exterior surface is often coated with a paint or barrier coating for cosmetic pur-
poses and additional environmental protection.
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Sometimes the barrier coat is clear or transparent, which allows the user to see some typical attributes that
cannot normally be seen on a painted cylinder. In some cases, a small area of 0.25 in to 0.75 in
(6.4 mm to 19.1 mm) diameter at the center of the closed dome is not covered with composite. Instead, this area
could be filled with resin, a resin and filler substance, or an actual plastic button. This is a normal element of the
original manufacturing process.

6 Recommended inspection equipment
The following is a list of recommended inspection equipment:
e depth and length gauge for measuring cuts and gouges;
¢ high-intensity light for internal inspection; and

e hydrostatic test equipment, see CGA C-1 for information on hydrostatic test equipment [9].

7 Exterior inspection
71 Inspection procedure for composite cylinders

The exterior surface of a composite cylinder does not look or feel the same as that of an all-metal cylinder;
therefore, one should be prepared for differences in appearance and acceptance criteria. However, the visual
inspection procedure for composite cylinders is similar to that for metal cylinders. Inspection of exposed exterior
metal surfaces shall be performed according to CGA C-6 or CGA C-6.1, as appropriate [10, 11]. Types of damage
are defined in Section 8 in general terms, levels of damage are defined in Section 9, and acceptance criteria are
defined in Section 10 and Appendices A and B.

7.2 Preparation for inspection

The cylinder should be clean and free from dirt, labels, or attachments that can interfere with visual inspection.
However, the cylinder manufacturer’s label shall not be removed.

7.21 Paint removal

Complete paint removal is not recommended. If paint removal for inspection or other reasons is required, the
cylinder manufacturer shall verify the paint removal procedure. Most chemical paint removers can damage the
overwrap. See Figure 6. Abrasive or other mechanical means of paint removal such as shot blast or wire brush
are not recommended.
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Figure 6—Paint stripping (condemned)
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7.2.2 Removable protective sleeve or end boot

A protective sleeve or end boot may not be an integral part of the cylinder. Unless specified in a special permit,
these items shall be removed from the cylinder before inspection. See Figure 7 for an example of a cylinder with
protective end boots. When removing a sleeve or end boot, it is important to ensure that the surface fibers of the
cylinder are not cut or damaged.

Refer to the cylinder manufacturer’s guidelines and/or special permits for removal of sleeves or end boots. If the
sleeve or end boot is not damaged during removal, it may be reapplied to the cylinder. The manufacturer’s guide-
lines and/or special permits shall be followed as particular adhesives may be used.

Figure 7—Cylinder with protective end boots

8 Types of damage
8.1 Abrasion damage
Abrasion damage is caused by a wearing, grinding, or rubbing away of the protective coating or the outer layers

of fiber by friction. Scuffs are minor abrasion damage to the protective coating (for example, paint). See
Figure 8.

Figure 8—Abrasion level 1 (glass fiber)
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