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Abstract

This Guide assists in establishing baseline requirements for the design, analysis, fabrication, test,
inspection, operation, and maintenance of composite overwrapped pressure vessels (COPVs) with a plastic
non-metallic liner. These COPVs are used for pressurized, hazardous, or nonhazardous liquid or gas
storage in space systems including spacecraft and launch vehicles. This Guide is applicable to COPVs
constructed with a plastic liner and a carbon fiber/polymer overwrap.



AlAA G-082-2022

Published by
American Institute of Aeronautics and Astronautics
12700 Sunrise Valley Drive, Suite 200, Reston, VA 20191

Copyright © 2023 American Institute of Aeronautics and
Astronautics
All rights reserved.

No part of this publication may be reproduced in any form, in an electronic retrieval
system or otherwise, without prior written permission of the publisher.

Printed in the United States of America

ISBN 978-1-62410-706-1



AlAA G-082-2023

Contents
3 Y ol o TS 1
1.1 e o = - 1
1.2 Y o] o1 1107 1o 11 1 372 O 1
1.3 Designation of Responsibilities..........cccceeeeciiiiiiiiicc e 1
1.3.1 OWNIET .t s 1
1.3.2 Procuring AULNOIILY .........ii e e e e e eeeee s 2
1.3.3 =T a1 01 = Tod (8] =Y PP PTRPTPR 2
2 - 11 [ 4 11 V- ST PRPRt 2
3 APPlICabIE DOCUMENTS....ccuciieeiireniertenietenertenierenseeteasereesserrasesssssesesssessnsesssssesssssessnsssssnnens 3
LR VLo Tor=1 < 11 | -1 o V2PN 5
4.1 Acronyms and Abbreviated Terms..........ccoeeeccriiiirrriccccr e 5
4.2 Terms and Definitions ... 6
LT CT=T 41T o 1 T=T (R 13
5.1 System ANAlYSIS .......ccoiiiiiiiiecriir s s r e e e rnnnnnan 13
51.1 RESEIVEA ... s 13
51.2 RESEIVEA ... e 13
51.3 Maximum Expected Operating PresSSure............ovvvevviieeiiiiiiiieiiiiieiiiieeeieeeneenennnnns 13
51.4 Maximum External Pressure Differential ..............oooooiiiiiiiiiiiiiiiiiiiiiiis 13
5.1.5 Load, Acoustic, Shock, and Vibration Environment.............ccooviiiiiiiiiiiiiiiee, 13
5.1.6 SEIVICE L@ ..ttt s 14
51.7 VOolUME CaPaACIY......cciiiiiiiiee e 14
51.8 RESEIVEA ... s 14
51.9 Physical ENVEIOPE. .....coiiiiiiiiiiiiiiieeeeee e 14
5110 Acceptable Leak Rate........coooiiiiiii i 14
o Tt P I T |V - = T 14
5112 Cleanlin@SS LEVEL........uueei e a e e e e 14
STt I T [ o R 15
5.1.14  Shipping ENVIFONMENT ... .. 15
5.1.15  Mechanical Damage Environment ... 15
5116 Thermal ENVIFONMENT... ..o 15
5.1.17  Unique Operating ENVIFONMENTS .........uumii e 15
5118  REl@DIlIY ... 15
5.1.19  Electrical CoNAUCEIVIEY .......uuuieeeee e 15
5.2 Composite Overwrapped Pressure Vessel Design Parameters............................ 15
5.2.1 T U = G = T (o U 15
522 Design BUrSt PreSSUIe ......oooo i 16
5.2.3 e oo B o (YT U = 16
5.2.4 Design Safety FAaCOr .......cooiiiiiiiiiiiiiiiiiie 17
5.2.5 Margin Of Safety........ooviiiiiiiiiiiii 17
5.2.6 Negative Pressure Differential Design...........ccccooiiiiiiiiiiiiiiccee e, 17
5.2.7 Volume Capacity DEeSIgN.......uuueii i 18
5.2.8 Physical Envelope DeSigN.........c.uuuiiiiiiiiicce e 18
5.2.9 MASS DESIGN ...ttt 18
5.2.10  Structural Stability DeSIGN ........cooiiiiiiiiiiii e 18
5.2.10.1 Structural Stability Design, COPV ... 18
5.2.10.2 Structural Stability Design, LINEr ............ccoiiiiiiiiiiiiieee e 18
5.2.11  Fluid Compatibility DeSIgN........ceiiiiiiiiiiiiiiee e 19



AlAA G-082-2023

5.2.12  Load, Acoustic, Shock, and Vibration Environment Design .............cccccuviveeenenn. 19
5.2.13  Fracture Control DeSIgN ..........uuiiii i e 19
5.2.13.1 Damage Tolerance Life, Metallic Portion of the Liner, Design .............cccccevvvenn... 19
o B T o (=T T= Y Y= o 20
5.2.13.3 Damage Tolerance Life, Plastic Portion of the Liner, Design..............ccccuvveeeeen. 20
5214  Fatigue Life DeSIGN . ..o i i 20
5.2.15  Stress RUPIUrE DESIGN ......uueiiiiiiiiiiiiiee e 20
5.2.16  Unique Operating Environments Design ...........cccuuiiiiiiiiiiiiiiiieeeee e 20
o A - (=Y 1= Y=o [ 21
I B T & (=Y 1= Y=o [ 21
5.2.19  RESEIVEA ... 21
I I & (=Y T= ) Y=o [ 21
A T & (=Y 1= Y=o [ 21
5.2.22  Reliability DESIGN ... 21
5.2.23  Electrical Conductivity DESIGN ........ooiiiiiiiiiieiieiceee e 21
5.2.24  Materials and Thermal Compatibility Design ..........cccoooeiiiiiiiiiiiiiieeee, 21
5.2.25 Permeation Rate DeSIgN ........cooiiiiiiiieieeee e 21
5.3 Damage Control Plan ... s 21
54 =Y =Y 3 1 22
L= T=T = T IV Z =T 1 or- 1 4 o 1 22
6.1 Structural Stability Verification..........cceeoiiiiiice s 22
6.2 Fracture Control Verification ... ssnnes 22
6.2.1 Damage Tolerance Life, Metallic Portion of the Liner, Verification...................... 22
6.2.2 RESEIVEA ...t 23
6.3 Unique Operating Environments Verification.........cccceevivimiiiiiiiirinineenesnseeeeeeeeenenene 23
Verification DY ANAlYSIS ...cceuiiieeiiiieieiieiieienierteieteenerteeeeressereaseeresseessssersnsesssssesssssessnsseses 23
71 Metallic Material Properties ... 23
7.2 Composite and Plastic Material Properties.........ccccccooviiimmiiicccein e eeeeeees 24
7.2.1 Composite Material Properties, Composite Overwrap...........ccccccveeeieeeeeeevnvnnnnnnn. 24
7.2.2 Plastic Material Properties, LINEr..........cooiiiiiii e, 25
7.2.3 Material Properties, Bonded JOIntS ..., 26
7.3 Analysis Model ... —————————— 26
7.3.1 Analysis Model — Strength ... 26
7.3.2 Analysis Model — Loads .........coooiiiiiiiii 27
7.3.3 AnNalysis Model — LINEr ... 27
7.3.4 Analysis Model — OVEIWIAD ....coooeiiiieeeeeeeee e 27
7.3.5 Analysis Model — SHIffNESS ......ooooiiiiiii 27
7.3.6 Analysis Model — Thermal Effects ..., 27
7.4 COPYV ANAlYSiS.....uuuuuunnnnin s 27
7.4.1 Proof Pressure ANalYSiS........oovvviviiiiiiiiiiiiiiiiiiiieeeeeeeteeeeeaee e eeaeeennnnnnnnnnnes 27
7.4.2 Design Burst Pressure Analysis ... 28
7.4.3 Margin of Safety ANalySiS.........couuiuiiiiiiiei e 28
7.4.4 Negative Pressure Differential Analysis ..........cccccoooiiiiiiiiiiiee e 28
7.4.5 Structural Stability ANalySiS............eeiiiiiiii 28
7.4.5.1 Linear Buckling ANAIYSIS .......oouuiiiiiiii e 29
7.4.5.2 Nonlinear Buckling ANalySiS........ccooeiiiiiiiiiiiii e 29
7.4.6 Volume Capacity ANAIYSIS.......coiuiiiiiiiiiii e 29
7.4.7 Physical Envelope ANalYSIS .......ooouiiiiiiiiiiiiiiiiiiiiiiiiiieieeeeeeeeee e 29
7.4.8 Y T g o Y 30



AlAA G-082-2023

7.4.9 Load, Acoustic, Shock, and Vibration Environment Analysis...........cccccccvvveeeeee.. 30
7.4.10 Unique Operating Environments ANalysis ...........coouiiiiiiiiiiiicc e, 30
7.4.11  Fluid Compatibility ANAIYSIS .......coiiieiiiiiiiceie e 30
7.4.12  Fatigue Life ANalySiS.........ueeiiiiiiiiie e 30
7.4.13  Stress RUpture AnalysSis.........ooooiiiiiiiiiii e 31
7.4.14  Damage Control Plan ANalySiS...........couuuiiiiiiiiiiieieee e 31
A 2 B T (=== Y= T 31
A 3 L T (=== Y=o 31
A T A & (=Y 1= Y=o [T 31
A T T & (=Y T= ) Y=o [ 31
7.4.19  Electrical Conductivity ANalYSiS..........uuuiiiiiiiiiiiiiiiiiiieee e 31
7.4.20  Permeation ANAIYSIS ... .. 31
7.5 Fracture Control ANalySis .........cuuuuieiimmimimmmmeminnni s 32
7.51 Damage Tolerance Life, Metallic Portion of the Liner, Analysis.........ccccccceevee.... 32
7.5.2 RESEIVEA ... 33
7.6 Reliability Engineering ANalysSis..........cuuuiuieimmmmmmmmmmmmmmnnnnsnnnnsnnnnas 33
7.6.1 Reliability ANAIYSIS ......oovviiiiiiiiiiiiiiiiiiee e 33
7.6.2 Failure Modes and Effects Analysis ... 33
L (V= 1 TV L= ot {0 T - RN 33
8.1 Process CONLrol..........ooeiiiiiiiiiiiiiiiiiineeee s 33
8.2 Corrosion Control and Fluid Compatibility.........cccccceeiiimmmiiiiccei s 33
8.3 Embrittlement Control...........eeieeeeeeeeeenee s 34
8.4 Liner Fabrication and Process Control.............cueueeeeemmmmemmeeemmmemnmsnnnnnnnnnnsnnsnsnsnnsnnnes 34
8.5 Overwrap Fabrication and Process Control .........cc...cooiiiiiiiececcnin e eeeeee 34
9 QUANILY ASSUIANCE...ceuuuuriiiiiiiiiininnusiisiiniiirenssssssssssiermmmssssssssssssssressssssssssssssssssssssssssssssssns 34
9.1 QA Program ProCedures...........ccocoeinssssssssssssssssss s s 34
9.2 QUAlILY Plan.... e 34
9.3  Qualification Plan ... 35
9.4 X o7 7= o3 - 1 Lo =30 o - 1 o 1 SO 35
9.5 Inspection and Test Plan..........ooeiicii s 35
9.5.1 Inspection and Test Plan - LiNer..........o e 35
9.5.2 Inspection and Test Plan - Composite Overwrap ............coevvviiiiiiiiiiiieieeeeeeeeeee 36
9.6 Inspector Qualification and Certification ... 36
9.6.1 Inspector Qualification, LINEr.............uuiiiiiiiiicc e 36
9.6.2 Inspector Qualification, Composite Overwrap ...........ccccoeviiiiiiieeeee 36
9.6.3 Inspector Certification ... 36
9.7  Quality Documentation ...........ccoiiiiiiinniir 36
10 Verification DY Test...ccccciiiiiuiiiiiiiiiiiiiiiiiiiieiiiireiiireessisiresssissiesssssssressssssssssssssssssnses 37
10.1 Damage Tolerance Life, TeSt ........cccommiiiiecciiiiiirrrrcccss e e s s s r e s s 37
10.1.1  Damage Tolerance Life, Metallic Portion of the Liner, Test—Coupon Specimens
37

10.1.2 Damage Tolerance Life, Metallic Portion of the Liner, Test—COPV Specimens 38
10.1.3 Damage Tolerance Life, Plastic Portion of the Liner, Test—COPV Specimens..39

10.1.4 Damage Tolerance Life Pressure Cycle Test.......cccccceeviiiiiiiiiiiiiiiieeee e, 41
10.2  RESEIVEd ..... . s s e e s s e s s s s e e e s s mm e s s e e e e rnnmn s e e e e e nnnnn 41
10.3 Damage Control Test........ccoiiecciiiiiirrrriercs s e s s s s e r e s s s s s s e e e e s mm s nnsseennnns 41

10.3.1  Worst-case threat damage tolerance life testing ..., 41

10.3.2  Visual mechanical damage threshold testing ..............cccc 42

10.3.3  Protective cover testing..........coooiiiiiiiiiii 42



AlAA G-082-2023

10.3.4 Damage indicator teStiNg ...........cooviiiiiiiiiii 42
10.4 Qualification Test ......ccccciiirrr e 43
10.4.1  Qualification Test Instrumentation................c 45
10.4.2  Nondestructive Testing .........oooiiiiiiiiiiii e 45
10.4.3  Physical Envelope Test........oooiiiiiie 46
10.4.4  MASS TSt ..ottt 46
10.4.5 Volume Capacity TesSt. ... 46
10.4.6  Proof Test ... 46
LR S A =Y |G 1= RPN 46
10.4.8  Pressure CycCle Test. ... 46
10.4.9 Load, Acoustic, Shock, Vibration, and External Loads Test .........ccovvvvveveenneenn... 47
10.4.10 Unique Operating Environments Test ... 47
(O TR S B T = 10 ] A =Y RSP 47
10.4.12  Stability TeSt....coi ittt 48
TO0.4.13  RESEIVEA ...t e ettt e e e e e e e e et e e e e e eeenees 48
10.4.14 Negative Pressure Differential Test............oooo 48
10.4.15 Permeation TeSt .....cooo i 48
10.5 Validation of Analysis Model with Qualification Test Data..............cccovimmrreerrnnn. 48
0 Voo =Y o =Y Lo = == O 49
10.6.1  Structural Proof Load TeSt ......coi i 50
10.6.2  Acceptance Volume Capacity Test ..o 50
11 Operations and MaiNtENANCE .......ccciveeiieeireeireeiieeiereereereserestresssensernssrassresssesssensesnnesnnes 51
11.1  Operating Procedures...........coiiiieeeminn s 51
11.2 Safe Operating Limits.........ccoeemciiiiiiiiiicccss e s s s s s e s e e s s 51
11.3 Special Requirements for Pressurized COPVS............ooiiiiiimmmmmneseeeneeen 51
11.4 Embrittlement Control....... .. 52
11.5 Inspection and Maintenance.............ccvreeeiciiiiiirrrrccrcs e e e s e 52
11.6  Material Review Board ..........cceueiiiiiiiiiiiccccn s s rr s s e s s s s s s s e e s mma s s s s neees 52
11.7 Repair and Refurbishment.............. 52
1.8 StOrage ... ——————————————— 52
11.9 Operations Documentation..........cccccceiiirinrirrrnn 53
12 Documentation Retention .........ccccciiiiieuiiiiiiniiiiiiiiiiiinrisnrsss s ssssasssssenees 53
ANNEX (INFOrMATIVE) ceuuieeniiiinieiieieieeerteeertenietensereenerenseeesssessassessnsssssssessnsssssnsesssssessnnsessnnans 54
Tables

vi



AlAA G-082-2023

Table 1 — Determination of Burst Factor, Proof Factor, Negative Pressure Factor, and
Design Safety FACTON ... ...ttt e e ea e ne e e e 17
Table 2 — Design Requirements Verification MatriX..........ccoouiiiiiiiii e 54

Figures

FIGURE 1 - REPRESENTATIVE FLOW CHART FOR VERIFICATION BY TEST OF DAMAGE TOLERANCE LIFE,
PLASTIC PORTION OF THE LINER.......ooiiiii e e 40

FIGURE 2 — REPRESENTATIVE FLOW CHART FOR A QUALIFICATION TEST PROGRAM. NOTE THAT THE
ACCEPTANCE TEST PROGRAM IS PART OF THIS OVERALL TEST PROGRAM AND IS INDICATED BY

Vii



AlAA G-082-2022

Foreword

This Guide is sponsored by the American Institute of Aeronautics and Astronautics (AIAA) as part of its
Standards Program.

This Guide was developed in collaboration with manufacturers, launch site operators, range safety
authorities, and individuals affiliated with universities and government entities.

The AIAA Aerospace Pressure Vessels (APV) Committee on Standards (CoS) was initially formed in March
1996 as a working group within the AIAA Structures Committee on Standards with an emphasis on inclusion
of aerospace prime companies, pressure vessel suppliers, and all applicable government agencies.
Deliberations focused on adapting the standard to address commercial procurement of aerospace
composite pressure vessels.

The APV CoS in 2018 published: ANSI/AIAA S-080A-2018 Space Systems—NMetallic Pressure Vessels,
Pressurized Structures, and Pressure Components (Revision of AIAA S-080-1998) and ANSI/AIAA S-
081B-2018 Space Systems—Composite Overwrapped Pressure Vessels (Revision of AIAA S-081A-2006).
These two standards followed a consistent numbering; sections (requirements) that are common between
the two have the same number in both documents. If one document has a section (requirement) that is not
applicable (while it is relevant for the companion document) then the section is marked reserved to keep
the numbering consistent. The same consistency has been followed in this Guide with respect to the two
other standards.

ANSI/AIAA S-081B-2018 is applicable to COPVs constructed with a metal liner and a carbon fiber/polymer
overwrap. The incorporation of a non-metallic liner changes the approach to certifying this class of COPVs
and necessitates a distinct set of baseline requirements. Because the technology associated with the use
of these COPVs has not been used extensively in space applications, the AIAA Aerospace Pressure Vessel
Committee on Standards decided to develop this Guide in order to establish the framework for such
requirements. It is hoped that this Guide will develop into a standard as the industry adopts the usage of
these vessels and a consensus set of requirements emerges.

The AIAA Standards Program Procedures defines a Guide as:

technical information that supports present or future Standards or Recommended Practices and
provides instruction for their application; this category includes handbooks and uses “may”
statements, indicating a permissive position

In this Guide, the requirements that are retained from ANSI/AIAA S-081B-2018 are indicated with Asterisks,
i.e., they are expressed as “may*’ statements. It is noted that ANSI/AIAA S-080A-2018 and ANSI/AIAA S-
081B-2018 follow the same document structure, so this Guide matches the organization of these two
standards.

The Guide includes new sections to provide guidance for establishing design and verification requirements
related to the non-metallic liner.

In general, the committee chose not to update sections of the document not affected by the change of the
liner material. In some areas, it was felt necessary to offer improvements based on experience. The
following changes to baseline requirements are included:

¢ Additional clarification was provided for the use of the Environmental Correction Factor (ECF).

o Definitions were updated. Definitions were added for liner, hydrogen embrittlement, and glass
transition temperature.

e Requirements for reliability were added as they appear to be an error in the previous standards.

It is anticipated that these changes might later be incorporated into future revisions of ANSI/AIAA S-080A-
2018 and ANSI/AIAA S-081B-2018.
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The above consensus body approved this document on 16 September 2022.

The AIAA Standards Steering Committee (Paul Lambertson, Chair) accepted the document for publication
on 6 December 2022.

The AIAA Standards Procedures dictates that all approved standards, recommended practices, and guides
are advisory only. Their use by anyone engaged in industry or trade is entirely voluntary. There is no
agreement to adhere to any AIAA standards publication and no commitment to conform to or be guided by
standards reports. In formulating, revising, and approving standards publications, the committees on
standards will not consider patents that may apply to the subject matter. Prospective users of the
publications are responsible for protecting themselves against liability for infringement of patents or
copyright, or both.
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1 Scope

This Guide provides guidance for establishing baseline requirements for the design, analysis,
manufacturing, test, and operation of composite overwrapped pressure vessels (COPV) with a plastic liner
used for aerospace systems such as spacecraft and launch vehicles. This Guide is only applicable for a
COPV with a plastic liner; the liner includes the metallic portions such as the bosses.

Requirements for COPVs levied from other authorities (such as Range Safety, FAA, DOT, etc.) may also
be applicable. Specific applications, particularly those involving human spaceflight, may have additional
requirements. There may also be additional requirements for hardware elements that are not addressed by
this document, such as the presence of a propellant management device or diaphragm. The full set of these
requirements may be identified before the design process begins and may be addressed through all stages
of the lifecycle.

11 Purpose

This guidance for establishing requirements is intended to assure the safety and enhance the success of
the operation of a COPV in an aerospace system.

1.2  Applicability

This Guide is applicable only to COPVs containing a plastic liner and constructed with a carbon
fiber/polymer matrix overwrap. Applicable plastic liners are comprised of thermoset or thermoplastic
polymer material and includes a metallic boss.

COPVs that include a fiberglass overwrap layer that serves only to protect the vessel from impact damage
are permitted.

There are two companion standards to this Guide: ANSI/AIAA S-080A Space Systems—Metallic Pressure
Vessels, Pressurized Structures, and Pressure Components and ANSI/AIAA S-081B-2018 Space
Systems—Composite Overwrapped Pressure Vessels.

1.3 Designation of Responsibilities
This section identifies the responsibilities for the key agents: owner, procuring authority, and manufacturer.
It is noted that the owner and procuring authority may be the same entity.

The procuring authority and the manufacturer may also be the same entity, in which case additional
consideration may be given regarding independent oversight.

1.3.1 Owner

The owner establishes the system level requirements. The owner develops the aerospace system
incorporating the COPV to meet these system level requirements. The owner performs the system analysis
on the aerospace system to identify the operational envelope, establishing the design requirements.

The owner is responsible for reviewing and approving any tailoring of requirements including the use of a
document revision other than what is specified in Section 3.

The owner specifies options provided in the Guide before contracting with the manufacturer. For example,
the burst factor (Section 5.2.1) and design safety factor (Section 5.2.4) are established. In addition, for the
conditions established in Section 5.2.10, there may be options for the liner design and verification approach
(Section 6.1).

The owner is responsible for recognizing the certification of trained COPV visual inspectors and the
approval and implementation of the Inspection and Test Plan (ITP), including accept and reject criteria of
necessary inspections and the creation and adherence to the Damage Control Plan (DCP).





