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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 meth-
od, 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 Associa-
tion 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 op-
portunity 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.
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SEVENTH EDITION: 2013
SIXTH EDITION: 2009
FIFTH EDITION: 2005
FOURTH EDITION: 2003
© 2013 The Compressed Gas Association, Inc. All rights reserved.
All materials contained in this work are protected by United States and international copyright laws. No part of this work may be
reproduced or transmitted in any form or by any means, electronic or mechanical including photocopying, recording, or any infor-
mation storage and retrieval system without permission in writing from The Compressed Gas Association, Inc. All requests for
permission to reproduce material from this work should be directed to The Compressed Gas Association, Inc., 14501 George Carter
Way, Suite 103, Chantilly VA 20151. You may not alter or remove any trademark, copyright or other notice from this work.

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/CGA/919372967/CGA-C-6-2?src=spdf

CGA C-6.2—2013 COMPRESSED GAS ASSOCIATION, INC. PAGE iii

Contents Page
L B 101 (oo [8 o7 1o o PSPPSR U P PP OPPPPP 1
2 SCOPE AN PUIMDOSE ...t etee ettt e et e st e e et e e asee e aa st e st e e e s et e asee e smre e s st e e R et e bee e es et e sareeaar e e e neesaneesaneeenneeenneenares 1
2 T 1o o L= USRS 1
2.2 PUIPOSE ...ttt ettt h et E Rt Rt E et eR e n et E et et e e n e e s nre e aneenanes 1
[RU=To [UT1=To o101 o] ez=Vi{o] o 1< H OO PP EP O OPPPPPPPRPN 2
=T g1 o T g = SR 2
General design INFOIMIEATION .....coiuiiii ettt ra e a et e e et e e b et e es e e e be e e nteesaneeenee s 5
5.1 COmMPOSItE CYNNAEIS ...ttt sh et b et eb e re e e st e e b e esr e e naneeenne s 5
5.2 Carbon comMpPOSIte CYNNAEIS ..ot rb ettt et e b e e saee e smbeenneeeenes 6
5.3 CyliNder COMPONENES ...ttt ettt e bt sa e sa e st e e et et e ab et e sa bt e sab e e neneenareeenee s 6
Recommended iNSPeCtion EQUIPIMENT ........oo i ettt e st e e e s e e e e e sbeeeseneeeeenes 6
A = e (1 ToT T g 1] o T=To 1 o O O TR P RSP PRP PRI 6
71 Inspection procedure for composite CYNNAEIS .......cooueiii i 6
7.2 Preparation for iNSPECHION .......coiiii e 7
L T Y o T= T o] e P-4 F=To T PRSPPI 8
< T B Y o) = 1] [o g W L= Ty 4 F=To [ S TP U PR UPUPS PP 8
2 0101 o =1 1 =T [= ORI 11
T I [ 1] o T Te1a e = 14 = To = O PO P PP S PRPUPPOPPI 11
I S (40 To1 (B =1l E= g - o =SOSR 15
8.5 CheIMICAl EXPOSUIE ....cuuiieiieeetie ettt ettt ettt et et e bt e sa e st et e b et e abe e e sane e s be e s b et e eneeeaneeenneena 15
8.6 Heat OF fire AaAmMAgE. ... . ettt e e e e aae e e e ene e e e e e 15
O LEVEIS Of AAMAGE ... ettt bRt n e e n e e e n e e ene e nnneea 16
9.1 Level 1 damage (ACCEPADIR) .......oo i e 16
9.2 Level 2 damage (rejectable—additional inspection or rework required)........cccccoeeeecieeeeeeeeeeeniceeeeeenn. 16
9.3 Level 3 damage (condemned—not reWorkable) ...........coceiiiiiiiiiiiie e 16
O A oTer=] o] =g [T N 1 =] - PSP PPRRPT 17
L0 0 TR Y o = T3 o] 1= SRR 17
L0 O T | - S TSP PP 17
10.3  IMPACT AAMAGE .. .. ettt e e e e s e e e b et e s ae e e s e e s be e e e r e e enee s 18
10.4  Structural damage (IEVEI 3) .....eeee ittt e e e e st e e s st e e e anntee e e enre e e e enaeeennnaeeean 19
10.5 Chemical exposure damage (IEVEl 3) ........oe it 19
106 HEAL EXPOSUIE ...ttt e e ettt e e e e e e s s bbb e ittt e e e e s s e abbbe e e e e e e s sanbbbeeeeaeessanasaeeeeeeeannnnnes 19
10.7 General acceptable CONAIIONS ........oooiiiiiiiiee e e 20
LR I = =11 PP PSPPSR OUPUPOPRRN 23
L - U U = Vo (1 €Y =30 = o =Y SRR 25
B P Y = g 0T o == T g o] L= TP URPRTN 25
11.2  Canadian equivalencCy CertifiCateS ........uuiiiiiiiiie e s 25
L B2 01 (=T 4 o] T Y o =T o1 o] o OO P P PPPPPN 25
12.1  Preparation for internal iNSPECHION ........ciiiiiiiee et 25
L o] =TT [ PRSPPI 26
L= B @ B To e | =T o F T T USRS P R OU PP PPPOPI 26
L2 [ 01 (=14 T PSP UPRTII 26
2T =10 £ S SR 26
13 Hydrostatic test (requalifiCation) ..........o oo e 26
L TR TR =Y o= - S 26
LR T =T o] (=TT U = TSP 26
LS R =T - Lo =T =T T TSP R PP PPRPPROPI 27
LR T =T A= To (1] o101 1= o | SO ST UT PP TRPIR 27
13.5  TESE PrOCEAUIES. ...ttt et et e e bt e bt sa bt e s b et e b et e ene e e eab e e sabeesn e e e nneeenee s 27
LR TG T =T A (=] 4 = F TP UPRPIR 27

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/CGA/919372967/CGA-C-6-2?src=spdf

PAGE iv COMPRESSED GAS ASSOCIATION, INC. CGA C-6.2—2013

14 Special requirements for compoSIte CYNNAEIS.......cccuiiiiii i 27
L3 IR 0T To 1= 10 T T=Te I o311 To = SR 27
14.2  Marking Of CYIINAEIS. ...t e e e e e e enee s 27
L RS T 4 o TC N 1) (=S OSSPSR 28

L BT 2 1= (=T =10 oY SRR 28

Table

Table 1—Typical SErvice and tEST PrESSUIES ......cuiiii i et e e e s e s e re e e e e e s nnneaeeeas 26

Figures

Figure 1—Full-wrapped cylinder With ONE POM......coooi e 3

Figure 2—Full-wrapped cylinder With tWO POIS ........c.eiiiiiiiie e 3

Figure 3—Hoop-wrapped cylinder with flat DOtIOM ..o 4

Figure 4—Hoop-wrapped cylinder with round DOtOM .........c.uiiiiiii e 4

Figure 5—Hoop-wrapped cylinder With TWO POIS ........eiiiiiiii e e 4

Figure 6—Paint stripping (CONAEMNEA) ......eeiiuiiiiiiiii ettt e r e sn e sneeennne e 7

Figure 7—Cylinder with protective €Nd DOOLS .......oiiiuiiiiiie et eaee e 8

Figure 8—Abrasion 1evel 1 (g1ass fIDEI) ...c..ei i 8

Figure 9—Abrasion level 2 (g1ass fIDEI) ... . oo 9

Figure 10—Abrasion level 2 (aramid fIDEI) .......oooiiiie e 9

Figure 11—Abrasion 1evel 3 (g1ass fIDEI) .......eoi e s 10

Figure 12—Abrasion level 3 (aramid fIDEI) ..o e 10

Figure 13—Abrasion level 3 (Carbon fIDEI) ... e 10

Figure 14—Cut [evel 1 (GIaSS fIDEI) ..o e e e nee s 11

Figure 15—Cut [evel 1 (Carbon fIDEI) ......oo ittt e e e e e s 11

Figure 16—Cut level 3 (glass fiber with delamination and lifting fiber) ..o 12

Figure 17—Cut level 3 (aramid fIDEI) .....ooo e e et e e e e e e nee e e e eneeeaenes 12

Figure 18—Cut level 3 (Carbon fIDEI) .......oo it e e ee e et e e e s te e e e enaeeeeenreeeeanes 12

Figure 19—Cut level 3 (carbon fiDer)—dome ....... .o e 13

Figure 20—Impact Ievel 1 (g1ass fIDEI) ... e e e e e e ennees 13

Figure 21—Impact level 1 (Carbon fIDEI) ......oooeii e s 13

Figure 22—Impact level 3 (glass fiber) With CULS .......ooi e 14

Figure 23—Impact level 3 (glass fiber) with cut and fiber lifting..........covviiiriii e 14

Figure 24—Impact level 3 (carbon fiber) with liner indentation ... e 14

Figure 25—Structural damage level 3 (glass fIDEI) .....eii i 15

Figure 26—Heat damage level 3 (CarboN fIDEI) .....eiiii i 16

Figure 27—Fire damage level 3 (Carbon fiDEr) ..o s 16

Figure 28—Cut 1ength definition...........eeiieiiiie e e et e e s et e e e sneeeeenaeeeeesraeeeanns 18

Figure 29—Cut level 2 (repairable delamination of glass fiber over a label).........cccooeviiiiiiiiii e 18

Figure 30—Heat exposure level 1 (Carbon fIDEI) ......ooi i e 19

Figure 31—Heat exposure level 1 (Carbon fIDEI) ........cooiiiii e 20

Figure 32—Level 1 bottom filler material expansion cracking (acceptable) ..o 21

Figure 33—Level 1 resin expansion crack (ACCEPLaDI) .........cocuiiiiiiiiiiiiie e 21

Figure 34—Level 1 water seepage (ACCEPLADIE) ......ouuiii i e 22

Figure 35—Examples of variations in cylinder dome Shapes ..........cooceiiiiiiiiii i 22

Figure 36—Length measurement of level 2 cut (g1ass fIDEI) .......eeei i 23

Figure 37—Depth MEASUIEIMENT.........oo it e bt ab e se e s e e sin e e sneeenee s 23

Figure 38—ReSIN MIXING ...ttt st e e s a et e s s bbe e e e e bee e e sbeeeeenbeeeeanreeeaanns 24

Figure 39—ReSin @pPliCALION .......eiiii it e e s 24

o O I AN (= o1 U | O OO UUPPOPPPPN 24

Appendices

Appendix A—Hoop-wrapped cylinders (INfOrMative) .........cueeiiiiiiie e 29

Appendix B—Full-wrapped aramid and glass fiber cylinders (Informative)...........occeiiieiiiiiiii e, 30

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/CGA/919372967/CGA-C-6-2?src=spdf

CGA C-6.2—2013 COMPRESSED GAS ASSOCIATION, INC. PAGE 1

1 Introduction

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

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

— DOT FRP-1 Standard, Basic Requirements for Fiber Reinforced Plastic Type 3FC Composite Cylin-
ders, for full-wrapped cylinders [1]';

- DOT FRP-2 Standard, Basic Requirements for Fiber Reinforced Plastic Type 3HW Composite Cylin-
ders, for hoop-wrapped cylinders [2]; and

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

— Transport Canada (TC) specifications TC-3FCM for full-wrapped cylinders and TC-3HWM for hoop-
wrapped cylinders, as specified in Canadian Standards Association (CSA) B339, Cylinders, Spheres, and
Tubes for the Transportation of Dangerous Goods [4]; and

—  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
2.1 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 requalifi-
cation consists primarily of an internal and external visual inspection followed by hydrostatic testing. This
standard highlights those items essential for an accurate appraisal of a composite overwrapped cylinder for
compressed gas service. For information on requirements of general cylinder inspection and requalification
(visual inspection and hydrostatic testing), refer to the publications listed in Section 3.

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 appropri-
ate 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.

2.2 Purpose
The purpose of this standard is to provide sufficient data and details about composite cylinders so an experi-

enced cylinder requalifier registered with DOT, TC, or both can examine and hydrostatically test these cylinders
to the requirements of the specific special permits, equivalency certificates, or specifications.

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