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PLEASE NOTE:  
 
The information  contained in  this document was obtained from sources bel ieved to be rel iable and is based on  
technical  information  and experience currently avai lable from members of the Compressed Gas Association,  Inc.  
and others.  However,  the Association  or i ts members,  jointly or several ly,  make no guarantee of the results and 
assume no l iabi l i ty or responsibi l i ty in  connection  with  the information  or suggestions herein  contained.  Moreover,  
i t 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 wi l l  be ful ly reviewed by the Association  after g iving  the party,  upon request,  a reasonable oppor-
tunity to be heard.  Proposed changes may be submitted via the Internet at our web site,  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,  th is document is purely voluntary and not binding  unless adopted  
by reference in  regulations.  
 
A l isting  of al l  publ ications,  audiovisual  programs,  safety and technical  bul letins,  and safety posters is avai lable 
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 I tem 1 7-033 
 Cyl inder Specifications Committee 

 
NOTE—Technical  changes from the previous edition  are underl ined.  
 
NOTE—Appendices A and D (Informative)  are for information  only.  
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THIRD EDITION:  2021  
SECOND EDITION:   201 4 
FIRST EDITION:  2005 

© 2021  The Compressed Gas Association,  Inc.  Al l  rights reserved.  
Al l  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 information  
storage and retrieval  system without permission  in  writing  from The Compressed Gas Association,  Inc.  Al l  requests for  
permission  to reproduce material  from this work should be directed to The Compressed Gas Association,  Inc. ,  8484 Westpark Drive,  
Suite 220,  McLean VA 221 02.  You  may not alter or remove any trademark,  copyright or other notice from this work.  

Full document details: CGA C-20-2021

http://www.avadocuments.com/doc/cga-c-20-2021
http://www.avadocuments.com/doc/cga-c-20-2021


CGA C-20—2021  COMPRESSED GAS ASSOCIATION ,  INC.  PAGE i i i  
 

Contents Page 

1   Introduction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5  

2   Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5  

3   Definitions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5  

4   Personnel  qual ification  and responsibi l i ties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8  

5   Ultrasonic testing  equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9  

5.1   Power supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2  

5.2   Analog-to-digital  converter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2  

5.3   Pulser/receiver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2  

5.4   Rate generator. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2  

5.5   Transducer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3  

5.6   Software (automated systems)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3  

5.7   Display . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3  

5.8   Instrument controls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5  

5.9   Motion  controls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5  

5.1 0   Data storage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5  

5.1 1   Ultrasonic testing  equipment maintenance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5  

6   System cal ibration  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  

6.1   Calibration  cyl inder standard requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22  

6.2   Required simulated defects in  cal ibration  standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22  

6.3   Ultrasonic testing  system cal ibration  procedure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25  

6.4   Care and maintenance of cal ibration  standard . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26  

6.5   Verification  of equipment cal ibration. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26  

7   Examination  procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26  

7.1   Preliminary steps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27  

7.2   Cylinder inspection  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27  

7.3   Ultrasonic testing  of the cyl inder. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28  

7.4   Requirements for u ltrasonic testing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28  

7.5   Monitoring  of acoustic coupling  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28  

7.6   Procedure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29  

7.7   Cylinder disposition  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29  

8   Ultrasonic testing  acceptance/rejection  cri teria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29  

9   Secondary ultrasonic testing  evaluation  and disposition  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30  

1 0   Reporting  and  documentation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30  

1 1   Cylinder marking  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31  

1 2   References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31  

1 3   Additional  references . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32  

 
Figures 
Figure 1 —Example of a pulse-echo unit,  block diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0  

Figure 2—Example of u ltrasonic testing  equipment (cyl inders)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1  

Figure 3—Example of u ltrasonic testing  equipment (tubes)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1  

Figure 4—Example of u ltrasonic testing  equipment (cyl inders)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2  

Figure 5a—Example of an  analog  A-scan display . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3  

Figure 5b—Example of a dig ital  A-scan  display . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  

Figure 6—Example of a B-scan display . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  

Figure 7—Example of a C-scan display . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5  

Full document details: CGA C-20-2021

http://www.avadocuments.com/doc/cga-c-20-2021
http://www.avadocuments.com/doc/cga-c-20-2021


PAGE iv COMPRESSED GAS ASSOCIATION ,  INC.  CGA  C-20—2021  

Figure 8a—Example of a cal ibration  standard (cyl inder)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23  

Figure 8b—Example of a cal ibration  standard (tube)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24  

Figure 9—Sidewall-to-base transition  notch  diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25  

Figure 1 0—Example of typical  sound path  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26  

 
Tables 
Table 1 a—Minimum required simulated defect criteria for cal ibration  standards (U.S.  units)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  

Table 1 b—Minimum required simulated defect criteria for cal ibration  standards (SI  units)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 9  

Table 2—Common cyl inder diameter ranges al lowed to test with  referenced  cal ibration  standard diameter . . . .  22  

 
Appendices 
Appendix A—Examples of common types of defects found in  cyl inders or tubes (Informative)  . . . . . . . . . . . . . . . . . . . . . . . . .  33  

Appendix B—Manual  u ltrasonic testing  technique selection  (Normative)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36  

Appendix C—Ultrasonic testing  secondary evaluation   acceptance/rejection  criteria (Normative)  . . . . . . . . . . . . . . . . . . . . .  42  

Appendix D—Relevant and nonrelevant indications (Informative)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  47  

 
Appendices Figures 
Figure A-1 —Cracks in  the transition  area base—cyl indrical  part (Photo courtesy of Swiss TS)  . . . . . . . . . . . . . . . . . . . . . . . .  33  

Figure A-2—Detai led view of crack(s)  in  the transition  area base (Photo courtesy of Swiss TS)  . . . . . . . . . . . . . . . . . . . . . . .  33  

Figure A-3—Detai led view of pitting  corrosion  in  the transition  area base cyl indrical  part— 
concave base (Photo courtesy of Swiss TS)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34  

Figure A-4—Detai led view of crack in  cyl inder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34  

Figure A-5—Detai led view of pitting  corrosion  in  a cyl inder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35  

Figure C-1 —Flaw envelope (l  x a)  required by acceptance/rejection  criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42  

Figure C-2—Requirements for treating  multiple flaws as a single large flaw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42  

 
Appendix Table 
Table C-1 a—Ultrasonic examination  secondary evaluation  acceptance/rejection  criteria (U.S.  units)  . . . . . . . . . . . . . . .  43  

Table C-1 b—Ultrasonic examination  secondary evaluation  acceptance/rejection  criteria (SI  Units)  . . . . . . . . . . . . . . . . . .  45  

 
 

Full document details: CGA C-20-2021

http://www.avadocuments.com/doc/cga-c-20-2021
http://www.avadocuments.com/doc/cga-c-20-2021


CGA  C-20—2021  COMPRESSED GAS ASSOCIATION ,  INC.  PAGE 5 
 

1  Introduction 

This standard is used for the requalification  of metal l ic seamless cyl inders and tubes using  u ltrasonic testing  
(UT).   

UT of cyl inders and tubes provides for measurement of wall  thickness and detection  of both  internal  and external  
pits,  cracks,  and other flaws that cannot be easi ly discerned by visual  inspection  or hydrostatic test methods.   
UT can be performed without removal  of the valve and contents.   

A cyl inder or tube that has been rejected by UT shal l  not be subsequently requalified for continued service by 
the use of the hydrostatic test method.    

WARNING: Cylinder requalification can subject the personnel performing examinations to certain hazards such 
as exposure to containers under pressure and flammable or toxic gases,  which can result in death or serious 
injury.  

2 Scope 

This standard identifies and describes the various acceptable UT  methods (also known as ultrasonic examination  
[UE]  methods)  that may be used in  place of internal  visual  inspection  and hydrostatic requalification  methods 
used to examine certain  metal l ic,  U.S.  Department of Transportation  (DOT)/Transport Canada (TC)   
3-series gas cyl inders and tubes as mandated by Title 49 of the U.S.  Code of Federal Regulations (49 CFR)  and 
TC’s Transportation of Dangerous Goods Regulations,  and cyl inders manufactured under certain  DOT special  
permits or TC equivalency certificates [1 ,  2] . 1  This standard also specifies the al lowable flaw acceptance/rejection  
criteria to be used.  This standard may also be applied  to other seamless steel  and aluminum al loy cyl inders and 
tubes when authorized by the regulatory authority.   

Aluminum al loy cyl inders susceptible to sustained load cracking  such  as those manufactured from 6351  alumi-
num al loy shal l  also have the shoulder and neck area internal ly visual ly inspected and an  eddy current examina-
tion  of neck threads completed in  accordance with  establ ished regulatory requirements.   

This standard does not address any safety,  health,  or environmental  considerations associated with  UT or regu-
lations and codes.  Operating  procedures and processes regarding  worker safety precautions and requirements 
shal l  be met.  See additional  references in  Section  1 3.  

3 Definitions 

For the purpose of this publ ication,  the fol lowing  definitions apply.  

3.1  Publication terminology 

3.1 .1  Shall  
Indicates that the procedure is mandatory.  I t is used wherever the criterion  for conformance to specific recom-
mendations al lows no deviation.   

3.1 .2 Should   
Indicates that a procedure is recommended.   

3.1 .3 May  
Indicate that the procedure is optional.   

3.1 .4 Will   
Is used only to indicate the future,  not a degree of requirement.   

3.1 .5 Can  
Indicates a possibi l i ty or abi l i ty.  

 
1  References are shown by bracketed numbers and are l isted in  order of appearance in  the reference section.   
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3.2 Technical  definitions 

3.2.1  A-scan 
Ultrasonic data presentation  where the horizontal  base l ine indicates time or distance and vertical  deflection  from 
the base l ine indicates ampli tude of reflected and received energy.  

3.2.2 Amplitude 
Vertical  pulse height of a signal,  usually base to peak,  when indicated by an  A-scan presentation.   

NOTE—The height of the signal  is dependent upon the amount of reflected energy from a surface interface.   

3.2.3 Authority having  jurisdiction (AHJ)  
Organization,  office,  or individual  responsible for enforcing  the requirements of a code or standard or responsible 
for approving  equipment,  materials,  instal lations,  or procedures.  

3.2.4 B-scan 
Ultrasonic data presentation  that displays a cross section  of the specimen indicating  the length  and depth  (area)  
of reflectors and their relative positions.  

3.2.5 C-scan 
Ultrasonic data presentation  that provides a plan  view (top view looking  down)  of the specimen and shows the 
length,  orientation,  and location  of discontinuities therein  and could  display amplitude and depth.   

3.2.6 Calibration  
Process of adjusting  UT system parameters using  a cal ibration  standard to establ ish  a condition  to which  cyl in-
ders and tubes under test wi l l  be compared.   

NOTE—Also known as standardization.    

3.2.7 Calibration standard  
Cylinder or cyl inder section  possessing  simi lar acoustic properties,  surface fin ish,  and metal lurgical  conditions 
as cyl inders under test that has simulated defects of g iven dimension  representing  acceptance/rejection  criteria.   

NOTE—It is used to produce ultrasonic reflections of known characteristics and cal ibrate the UT system.   

NOTE—Also known as a reference standard.  

3.2.8 Condemned cylinder 
Cylinder no longer fi t for service.  A condemned cyl inder is required to be removed from service.   

3.2.9 Couplant 
Substance used between the transducer and test surface to el iminate the presence of air and faci l i tate transmis-
sion  of u ltrasonic energy.   

3.2.1 0 Cylinder 
Pressure vessel  designed to standards or regulations to contain  pressure 40 psi  or greater and having  a circular 
cross section.   

NOTE—It does not include a portable tank,  multi-unit tank car tank,  cargo tank,  or tank car.   

NOTE—Also described by TC’s Transportation of Dangerous Goods Regulations as a container with  a water capacity not 
greater than 450 L,  in  a cyl indrical  shape,  and capable of withstanding  an  internal  absolute pressure greater than 275 kPa 
[2].2   

NOTE—For purposes of this standard,  cyl inder(s)  also means tubes and tons unless otherwise stated.    

3.2.1 1  Defect 
Flaw that exceeds the establ ished acceptance criteria.   

 
2  kPa shall  indicate gauge pressure unless otherwise noted as (kPa,  abs)  for absolute pressure or (kPa,  differential)  for differential  
pressure.  All  kPa values are rounded off per CGA P-1 1 ,  Guideline for Metric Practice in the Compressed Gas Industry [3].  
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3.2.1 2 Discontinuity  
Interruption  in  the normal  configuration  of a cyl inder due to a flaw,  geometry (for example,  sidewall-to-base tran-
sition  area),  or an  imperfection  (for example,  draw marks).    

3.2.1 3 Flaw 
Imperfection  or discontinuity that may or may not be acceptable based upon  establ ished acceptance/rejection  
criteria (for example,  corrosion,  scratches,  cracks,  cuts,  gouges,  or pits) .    

3.2.1 4 Gain 
Ultrasonic equipment control  that when  adjusted,  increases or decreases the sensitivity of the UT system to 
detect discontinuities.   

NOTE—Gain  is normally measured in  decibels (dB),  which is a logarithmic measure of amplification.   

3.2.1 5 Indication 
Signal  shown on  the u ltrasonic instrument display.    

3.2.1 6 Isolated pit  
Small  hole in  metal  created by local ized corrosion.   

3.2.1 7 Lack-of-expected response (LER)  
Absence or significant reduction  of the indication  of the back surface signal  of the cyl inder being  inspected.  

NOTE—Also known as loss-of-back wal l  echo.   

3.2.1 8 Laminar flaw 
Subsurface void,  crack,  or delamination-type discontinuity lying  paral lel  to the surface of the test piece typical ly 
resulting  from the application  of primary manufacturing  processes such as rol l ing  or extrusion.  

3.2.1 9 Longitudinal  wave 
Wave in  which  the particle motion  of the material  is essential ly in  the same direction  as the wave propagation.    

NOTE—Typically used to conduct straight-beam testing  to measure wall  thickness or detect potential  laminar reflectors.  

NOTE—Also known as a compression wave.    

3.2.20 Minimum design wall  thickness (td)  
Minimum wall  th ickness required by the specification  at the time the cyl inder was manufactured.   

3.2.21  Minimum wall  thickness (tmin)  
Minimum wall  th ickness permitted for cyl inders whi le in  service in  accordance with  this standard.  tmin  is less than  
minimum design  wal l  thickness  (td) .   

NOTE—Also known as minimum al lowable in-service wal l  thickness (t is) .   

3.2.22 Mode 
Type of u ltrasonic wave propagating  in  the materials as characterized by the particle motion  (for example,  longi-
tudinal,  transverse,  etc. )   

3.2.23 Nondestructive testing  (NDT) 
Test methodologies that detect flaws without destroying  or altering  the materials.   

NOTE—Also known as nondestructive evaluation  (NDE).   

3.2.24 Nonrelevant indications 
Signal  generated by a condition  or type of discontinuity that is not rejectable.  

3.2.25 Pulse-echo method 
UT technique in  which  discontinuities are detected from return  echoes from transmitted pulses thus enabling  ful l  
volumetric examination  by accessing  only one side of the object being  examined.   
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3.2.26 Rejected cylinder  
Cylinder deemed unacceptable and removed from service.   

NOTE—Any rejected cyl inder may be condemned,  further evaluated,  or returned to service after repair,  rebui ld,  or requal ifi-
cation  by UT.    

3.2.27 Shear wave 
Wave in  which  the particle motion  is perpendicular to the direction  of propagation.   

NOTE—Used to perform angle beam testing  to detect discontinuities orientated in  a planar direction.   

NOTE—Also known as a transverse wave.    

3.2.28 Sidewall-to-base transition (SBT) area 
Area between where the wall  of the cyl inder begins to thicken (where the inside wal l  of the cyl inder departs from 
the paral lel  relation  with  the outside wall  of the cyl inder)  and where the cyl inder sidewall  transition  meets the 
base of the cyl inder.   

3.2.29 Simulated defects  
Machined defects of a g iven  dimension  in  the cal ibration  standard representing  acceptance/rejection  criteria used  
for UT system cal ibration.    

3.2.30 Straight beam 
Vibrating  pulse wave train  travel ing  perpendicular to the test surface.   

NOTE—Used to measure wal l  thickness and detect laminar orientated discontinuities.   

NOTE—Also known as zero degrees or normal  incident angle.  

3.2.31  Transducer  
Electro-acoustic device comprised of piezoelectric element,  damping  material ,  and electrical  leads enclosed in  a 
housing  that is used to transmit and receive electrical  and mechanical  energy.   

NOTE—Also known as a search  unit.   

3.2.32 Tube 
Seamless container of cyl indrical  shape with  openings at both  ends and a water capacity greater than  450 L.   

NOTE—Also described by TC’s Transportation of Dangerous Goods Regulations as a container with  a water capacity greater than  
450 L,  in  a seamless cyl indrical  form,  and capable of withstanding  an  internal  service pressure of at least 1 2.4 MPa [2].   

NOTE—For purposes of this standard,  cyl inder(s)  also means tubes unless otherwise stated.    

3.2.33 Ultrasonic testing  (UT) 
Nondestructive method that uses high  frequency sound waves to examine material .   

NOTE—Also known as u l trasonic examination  (UE).   

4 Personnel  qualification and responsibilities    

An individual  in  the process of becoming  qual ified and/or certified shal l  be a trainee.  This individual  shal l  not 

independently conduct any UT.  A trainee shal l  work under the on-site supervision  of a certified Level  I I  or I I I .  

Level  I ,  Level  I I ,  and Level  I I I  personnel  shal l  be trained,  qual ified,  and certified in  accordance with  The American  
Society for Nondestructive Testing  (ASNT)  SNT-TC-1 A,  Personnel Qualification and Certification in Nondestruc-
tive Testing,  CAN/CGSB-48.971 2-201 4/ISO 971 2:201 2,  IDT,  Non-destructive Testing – Qualification and Certi-
fication of NDT Personnel (ISO 9712:2012,  IDT),  or any other national  standard,  as authorized and requirements 
of this section  [4,  5] .  

Personnel  certi fied as a Level  I  may independently start up the UT equipment,  confirm cal ibration  (excluding  
configuration  of cal ibration  parameters),  perform UT,  and record results in  accordance with  written  instructions.  
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These testing  activities shal l  be performed under the on-site supervision  of a certi fied Level  I I  or I I I .  A Level  I  
shal l  not independently evaluate UT results.  

Level  I  operators shal l  receive a minimum of 20 hours of sufficiently organized training  and shal l  have a minimum 
of 80 hours experience on  UT equipment.   

Personnel  certified as a Level  I I  may set up and cal ibrate the test equipment,  conduct tests,  and  interpret/evalu-
ate results in  accordance with  approved procedures in  accordance with  this standard.  The individual  shal l  be 
thoroughly knowledgeable with  the scope and l imitations of the method (for example,  automated UT,  manual   
UT,  phased array UT),  and be able to conduct on-the-job training  and supervision  of lesser certified  personnel.    

Level  I I  operators shal l  receive a minimum of 40 hours of sufficiently organized training  and shal l  have a minimum 
of 1 60 hours experience on  UT equipment.   

A Responsible Level  I I I  is  a person who oversees the NDT/UT program,  provides written  UT procedures,  training,  

qual ification,  certification  of company Level  I ,  I I ,  and I I I  employees,  technical  guidance to operators,  and reviews 

and verifies UT results.  The Responsible Level  I I I  shall  have a thorough understanding  of DOT/TC regulations 

pertaining  to the requalification  and reuse of DOT/TC cyl inders.  A Responsible Level  I I I  may be an  employee of 
the company or a contracted consultant.    

Responsible Level  I I I  personnel  shal l  be designated and certified by the employer after meeting  the requirements 

of a Level  I I I  as defined in  SNT-TC-1 A,  CAN/CGSB-48.971 2-201 4/ISO 971 2:201 2,  IDT,  or any other national  
standard,  as authorized by the regulatory authority,  and possessing  at least one of the fol lowing  [4,  5]:  

  Level  I I I  certification  from ASNT or from Natural  Resources Canada (NRCAN)  National  Non-Destructive 
Testing  Certification  Body (NDTCB)  in  UT,  as authorized by the regulatory authority;  or  

  Professional  Engineer (P.E.  or P.Eng)  License with  a minimum of 2 years documented experience in  NDT 
of pressure vessels,  pipel ines,  or other structures using  the UT technique;  or 

  Ph.D.  degree in  a discipl ine of Engineering  or Physics with  a minimum of 1  year documented experience in  
NDT of pressure vessels,  pipel ine,  or other structures using  the UT technique or research/thesis work and 
authoring/co-authoring  of technical  papers publ ished in  recognized technical  journals.   

The employer is responsible for compliance with  regulatory requirements and ensuring  that each operator and 

Responsible Level  I I I  maintains the required certification  described in  this standard.   

5 Ultrasonic testing  equipment  

The UT equipment shal l  repeatedly detect simulated defects and measure the specified thickness of the ma-
chined thin  area on  the cal ibration  standard in  accordance with  this standard.   

The UT equipment shal l  introduce ultrasonic waves via contact or immersion  methods using  the pulse-echo 
technique.    

The equipment shal l  be capable of:  

  performing  complete examination  of 1 00% of the cyl inder’s sidewall  using  straight beam for thickness meas-
urement and using  angle beam for defect detection;   

  introducing  sound in  longitudinal  (forward and reverse)  and circumferential  (clockwise and counterclockwise)  
directions;   

  examining  the entire sidewall-to-base transition  (SBT)  area;  

  repeatedly detecting  and locating  simulated defects;   

  continuously monitoring  for lack-of-expected response (LER)  independent of operator actions;   

Full document details: CGA C-20-2021

http://www.avadocuments.com/doc/cga-c-20-2021
http://www.avadocuments.com/doc/cga-c-20-2021


PAGE 1 0 COMPRESSED GAS ASSOCIATION ,  INC.  CGA  C-20—2021  
 

  d isplaying  and  recording  examination  results;  and  

  remote access to assist with  oversight,  equipment troubleshooting,  and set up.  

An  example of UT equipment features is shown in  Figure 1 .  Examples of UT equipment are shown in  Figures 2,  
3,  and 4.   

 

 

Figure 1—Example of a pulse-echo unit,  block diagram   
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Figure 2—Example of ultrasonic testing  equipment (cylinders)  

 

Figure 3—Example of ultrasonic testing  equipment (tubes)  
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Figure 4—Example of ultrasonic testing  equipment (cylinders)  

The fol lowing  components shal l  be a part of the UT equipment.    

5.1  Power supply 

AC/DC electrical  circuits shal l  be used to supply the necessary current to provide power to operate basic functions 
of the UT equipment.  

5.2 Analog-to-digital  converter  

An analog-to-dig ital  converter (ADC)  is used to convert returning  signals into a digital  format.  The fol lowing  factors 
are important when  choosing  the digitizer for the system:  sample rate,  bandwidth,  vertical  resolution,  triggering  
features,  and bus and memory type.  

5.3 Pulser/receiver 

This device provides high  voltage pulses required to activate the u ltrasonic transducer and provide signal  condi-
tioning  before the analog  signal  is passed to the ADC.  The device is ini tial ized prior to testing  to set the pulse 
voltage level,  pulse repetition  frequency,  damping,  and band pass fi l tering  settings.  The motion  control ler,  digi-
tizer,  and pulser/receiver operate as one col lective unit during  the test to ensure accuracy of results and brevity 
of test time.  The pulser/receiver shal l  have a frequency range compatible with  the transducer(s)  employed.  

5.4 Rate generator  

The rate generator triggers the pulser/receiver and provides a synchronized signal  to the ADC where transmitted 
bursts of acoustic energy are received to measure time or distance on  the display.   
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5.5 Transducer 

The UT equipment shal l  use a single transducer or a probe containing  multiple transducers.  Transducers of  
2.0 MHz to 20.0 MHz nominal  frequency and 0.1 25 in  to 2.000 in  diameter shal l  be used.  Alternative frequencies,  
sizes,  and shapes may be al lowed per approval  of the regulatory authority.  Focusing  of the transducer beam is 
permitted.     

A transducer emits short evenly timed pulses of u ltrasonic waves that are transmitted into the material  being  
tested to locate discontinuities and measure cyl inder wal l  thickness.  These pulses are generated by h igh  voltage 
electrical  energy that is appl ied  to a piezoelectric crystal  within  the transducer.  The piezoelectric crystal  converts 
these electrical  pulses to mechanical  vibrations and converts mechanical  energy back to electrical  energy.  A 
transducer can both  send and receive energy.  The size (diameter) ,  frequency,  and material  of a transducer in-
fluence the sound beam,  resolution,  and sensitivi ty.    

5.6 Software (automated systems) 

UT appl ication  software combines multiple types of inputs and outputs,  analysis algorithms,  and presentation  
techniques.  The application  software comprises three basic parts:  acquisition/control,  analysis,  and presentation.  
Acquisition/control  refers to the interface between the application  software and the physical ly moving  hardware.    

Software shal l  be designed such that the fol lowing  functions can be performed:  

  prevent testing  unless an  acceptable system cal ibration  is performed;   

  alert the operator when  defects or potential  defects are detected and prevent further testing  unti l  the alert is  
acknowledged by the operator;    

  provide presentation  of location,  type,  and  orientation  of defects;  

  provide required reports,  see Section  1 0;  and   

  control  movement of transducers and/or cyl inders and simultaneous data acquisition.    

5.7  Display 

The UT system shall  have the capabil i ty of displaying  an  A-scan  presentation  or an  alternative method of veri fying  
system performance.  In  addition,  a display is required to  show the location  and type of flaws such  as a B-scan  
and/or C-scan presentation.  Alternative type displays may be used depending  upon the type of u ltrasonic testing  
technology employed such as the phased array technique.   

Figures 5a,  5b,  6,  and 7 provide examples of A-,  B-  and C-scan displays.   

 

Figure 5a—Example of an  analog  A-scan display 
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Figure 5b—Example of a digital  A-scan display 

 

 

Figure 6—Example of a B-scan display 
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Figure 7—Example of a C-scan display  

5.8 Instrument controls 

Instrument controls are used to perform UT system cal ibration  and ensure display of signal  responses obtained 
from the cal ibration  standard.  Precise adjustments of these controls are used to position  and enhance the visual  
image of the signals received from the cyl inder or cal ibration  standard being  tested.  The fol lowing  instrument 
controls are required,  as a minimum:  

  gain  (sensitivity)—adjustment of this control  amplifies signal  responses received from cal ibration  standard 
simulated defects;   

  gate—adjustment of these controls (start,  width,  and threshold)  establ ishes the desired height of signal  re-
sponses and range (beginning  and end)  where signals are recorded;  and  

  pu lse repetition  rate and hel ix—adjustment of these controls ensures appropriate cal ibration  and examina-
tion  coverage.   

5.9 Motion controls 

Automated ultrasonic test systems shal l  control  cyl inder rotation  and transducer movement to col lect multiple 
data points.  The combined control  of the transducer(s)  position  and  orientation,  cyl inder surface scanning  speed,  
and pulse repetition  rate is required to ensure the test is accurate and repeatable.  

5.1 0 Data storage 

Equipment shal l  contain  or be connected to a data storage device such as hard drives,  rewriteable disks or drives,  
or printed hard copy to store processed data for replay,  documentation,  and/or archiving.   

5.1 1  Ultrasonic testing  equipment maintenance  

UT equipment shal l  be maintained to ensure accuracy and repeatabi l i ty of results.    
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