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Abstract

This Standard provides requirements for the analysis, design, manufacture, qualification, and acceptance
for flight of metallic pressure vessels, pressurized structures, and pressure components for use in space
systems. The document includes specific requirements addressing pressure vessels with hazardous and
non-hazardous failure modes and special pressurized equipment such as batteries, heat pipes, cryostats,
and pressure components.
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Foreword

This document was prepared following a draft
military standard, Mil-Std-1522B (USAF), dated
14 July 1995, entitled “Requirements for Design
and Operation of Pressurized Missile and Space
Systems,” developed by The Aerospace Corpora-
tion, El Segundo, California, under USAF contract
F04701-88-C-0089. J.B. Chang was the principal
investigator of this development effort. This
contract was administered by the Air Force Space
and Missile Systems Center (AF/SMC), Los
Angeles, California. Dr. L. C-P Huang was the Air
Force Project Manager. That military standard
was never released officially. This American
National Standard is intended to replace the
current military standard.

Under the sponsorship of National Aeronautics
and Space Administration (NASA) Headquarters,
technical staff from Jet Propulsion Laboratory
(JPL), Pasadena, California, also participated in
the development of Mil-Std-1522B. Dr. M.C. Lou
was the team leader.

The AIAA Aerospace Pressure Vessel Standard
Working Group operates within the AIAA Struc-
tures Committee on Standards. It was formed in
March 1996 with an emphasis on inclusion of
aerospace prime companies, pressurized system
suppliers, and all interested government agen-
cies. Deliberations focused heavily on adapting
the standard to address commercial procurement
of aerospace pressurized systems. One of the
goals of the project was to provide a performance
standard which could be used by commercial
launch operators in seeking licenses from the US
Department of Transportation. Another goal was
to assist the US Department of Defense in its
transition to procuring aerospace hardware on a
commercial basis to the maximum extent
possible.

The AIAA Standards Procedures provide that all
approved Standards, Recommended Practices,
and Guides are advisory only. Their use by any-
one engaged in industry or trade is entirely volun-
tary. There is no agreement to adhere to any
AIAA standards publication and no commitment
to conform to or be guided by any standards re-
port. In formulating, revising, and approving stan-
dards publications, the Committees on Standards
will not consider patents which may apply to the
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subject matter. Prospective users of the publica-
tions are responsible for protecting themselves
against liability for infringement of patents or
copyrights, or both.

At the time of approval of this Standard, the AIAA
Aerospace Pressure Vessel Standards Working
Group included the following members:

Harold Beeson (NASA White Sands Test Facility)

Robert Breaux (Kaiser Compositek)

James Chang (Aerospace Corporation)

Ralph Eberhardt (Lockheed Martin Astronautics)

Robert Edman (Keystone Engineering)

Wayne Frazier (NASA Headquarters)

Cornelius Murray (Lincoln Composites)

Arne Graffer (TRW, Inc.)

Michael Hersh (Pressure Systems, Inc.)

Reid Hopkins (Structural Composites, Inc.)

Louis Huang (US Air Force Space & Missile
Systems Center)

Lawrence Inokuchi (The Boeing Company)

Stewart Jackson (FAA)

Richard Kunz (Thiokol Corporation)

Richard Lee (Management & Engineering Con-
sultants)

Michael Lou (Jet Propulsion Laboratory)

Michael Miller (Hughes Space & Commun-
ications)

Larry Mosher (JHU Applied Physics Laboratory)

Kirk Sneddon (Arde, Inc.)

Bobby Webb (USAF 45th Space Wing)

The document was approved by the AIAA Struc-
tures Committee on Standards on December 2,
1998.

The document was accepted for publication by
the Standards Executive Council on January 19,
1999.

This Standard is technically equivalent to ISO
146231-1, “Space systems - Pressure vessels
and pressurized structures — Part 1: Metallic
hardware.”
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1. Scope

1.1 Purpose

This standard establishes baseline requirements
for the design, fabrication, test, inspection,
operation and maintenance of the metallic
pressurized hardware used in space systems
such as spacecraft and launch vehicles. These
requirements when implemented on a particular
system, will assure a high level of confidence in
achieving safe and reliable operation.

1.2 Application

This standard is applicable to space flight metallic
pressurized hardware. Included are all pressure
vessels, pressurized structures, batteries, heat
pipes, cryostats, sealed containers, and pressure
components such as lines, fittings, and hoses
made of metals. A companion standard, AIAA-S-
081, is applicable to space flight composite
overwrapped pressure vessels (COPV).

The requirements specified in this standard may
be tailored to specific programs with the
agreement of the appropriate approval authority.

2. Reference Documents

The latest issue of the following are references for
this standard.

Mil-Hdbk-5 Metallic Materials and Elements for
Aerospace Vehicle Structures

Code of Federal Regulations - Title 49, Code of
Federal Regulation(CFR)
Depart of Transportation (DOT) CFR

American Society of Mechanical Engineers
ASME Boiler and Pressure
Vessel Code, Section VIII, Divisions 1 and 2.

CINDAS/USAF CRDA Handbook Operation,
Purdue University, Lafayette, Indiana.
Aerospace Structural Metals Handbook and
Damage Tolerance Design Handbook,

3.  Vocabulary

The following definitions of significant terms are
provided to ensure precision of meaning and
consistency of usage In the event of a conflict, the
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definitions listed here apply.

“A” Basis Allowable: The mechanical strength
values guaranteed by the material producers/
suppliers such that at least 99% of the material
they produce/supply will meet or exceed the
specified values with a 95% confidence level.

Acceptance Tests: The required formal tests
conducted on the flight hardware to ascertain that
the materials, manufacturing processes, and
workmanship meet specifications and that the
hardware is acceptable for intended usage.

Allowable Load (Stress): The maximum load
(stress) that can be accommodated by a structure
(material) without rupture, collapse, or detrimental
deformation in a given environment. Allowable
stresses are commonly the statistically based
ultimate strength, buckling strength, and yield
strength, respectively.

Applied Load (Stress): The actual load (stress)
imposed on the structure in the service
environment.

"B" Basis Allowable: The mechanical strength
values specified by material producers/suppliers
such that at least 90% of the materials they
produce/supply will meet or exceed the specified
values with a 95% confidence level.

Brittle Fracture: A type of catastrophic failure
mode in structural materials that usually occurs
without prior plastic deformation and at extremely
high speed. The fracture is usually characterized
by a flat fracture surface with little or no shear lips
(slant fracture surface) and at average stress
levels below those of general yielding.

Burst Factor (BF): A multiplying factor applied to
the maximum expected operating pressure
(MEOP) to obtain the design burst pressure.

Burst Pressure: The pressure level at which
rupture or unstable fracture of the pressurized
hardware occurs.

Component: A functional unit that is viewed as
an entity for the purpose of analysis,
manufacturing, maintenance, or record keeping.

Critical Condition: The most severe
environmental condition in terms of loads,
pressures, and temperatures, or combinations
thereof, imposed on systems, subsystems, and
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components during service life.

Critical Flaw: A specific shape of a flaw or a
crack-like defect existing in the metallic hardware
with sufficient size that unstable growth will occur
under the specific operating load and
environment.

Critical Stress Intensity Factor: The value of
the stress intensity factor at which unstable
fracture occurs.

Damage Tolerance: The ability of structures to
resist failure due to the presence of flaws, crack-
like defects, delaminations, scratches or impact
damage for a specified period of un-repaired
usage.

Design Burst Pressure: A pressure that the
pressurized hardware must withstand without
rupture in the applicable operating environment.
It is equal to the product of the MEOP and a burst
factor.

Design Safety Factor (DSF): A multiplying
factor to be applied to limit loads and/or MEOP
for purposes of analytical assessment and/or test
verification of structural adequacy.

Destabilizing Pressure: A pressure that
produces compressive stresses in  the
pressurized hardware.

Detrimental Deformation: The  structural
deformation deflection, or displacement that
prevents any portion of the structure from
performing its intended function, or that reduces
the probability of successful completion of the
mission.

Development Test Program: A test program
that is conducted by the manufacturer in order to
provide design information that may be used to
check the validity of analytic techniques and
assumed design parameters; to uncover
unexpected system response characteristics; to
evaluate design changes; to determine interface
compatibility; to prove qualification and
acceptance procedures and techniques; or to
establish accept/reject criteria for nondestructive
inspection (NDI); or any other purpose necessary
to establish the validity of the design and
manufacturing processes.

Ductile Fracture: A type of failure mode in
structural materials generally preceded by a large

amount of plastic deformation and in which the
fracture surface is inclined to the direction of the
applied stress.

Fatigue: The process of progressive localized
permanent structural change occurring in a
material subjected to conditions which produce
fluctuating stresses and strains at some point or
points and which may culminate in cracks or
complete fracture after a sufficient number of
fluctuations.

Fatigue Life: The number of cycles of applied
external load and/or pressurization that the
unflawed pressurized hardware can sustain
before failure of a specified nature could occur.

Fittings: Pressure components of a pressurized
system utilized to connect lines, other pressure
components and/or pressure vessels within the
system.

Flaw: A local discontinuity in a structural
material, such as a scratch, notch, crack or void.

Flaw Shape (a/2c or a/c): The shape of a
surface flaw, or a corner flaw, where "a" is the
depth and "2c" or “c” is the length of the flaw.

Fracture Control: The application of design
philosophy, analysis method, manufacturing
technology, quality assurance, and operating
procedures to prevent premature structural failure
due to the propagation of cracks or crack-like
defects during fabrication, testing, transportation
and handling, and service.

Fracture Mechanics: An engineering discipline
which describes the behavior of cracks or crack-
like defects in materials under stress.

Fracture Toughness: A generic term for
measures of resistance to extension of a crack.

Hazard: An existing or potential condition that
can result in an accident.

Hydrogen Embrittlement: A  mechanical-
environmental failure process that results from
the initial presence or absorption of excessive
amounts of hydrogen in metals, usually in
combination with residual or applied tensile
stresses.

Initial Flaw: A flaw or a crack-like defect in a
structural material before the application of load
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and/or deleterious environment.

Leak-Before-Burst (LBB): A design concept in
which potentially critical flaws will grow through
the wall of the pressurized hardware and cause
pressure relieving leakage rather than burst
(catastrophic failure) at MEOP.

Limit Load: The maximum expected external
load or combination of loads, which a structure
may experience during the performance of
specified missions in specified environments.
When a statistical estimate is applicable, the limit
load is that load not expected to be exceeded at
99% probability with 90% confidence.

Lines: Tubular pressure components of a
pressurized system provided as a means for
transferring fluids between components of the
system. Flex hoses are included.

Loading Spectrum: A representation of the
cumulative loading anticipated for the structure
under all expected operating environments.
Significant transportation and handling loads are
included.

Margin of Safety (MS):

MS = (Allowable Load/ Limit Load x DSF) - 1

Note: Load may mean stress or strain.

Maximum Expected Operating Pressure
(MEOP): The maximum pressure which the
pressurized hardware is expected to experience
during its service life, in association with its
applicable operating environments.

Pressure Vessel: A container designed primarily
for the storage of pressurized fluids and which (1)
contains stored energy of 14,240 foot-pounds
(19,130 joules) or greater, based on adiabatic
expansion of a perfect gas, (2) contains gas or
liquid which will create a mishap (accident) if
released, or (3) will experience a MEOP greater
than 100 psia (700 kPa). Special pressurized
equipment such as batteries, heat pipes,
cryostats and sealed containers are not included.

Pressure Component: A component in a
pressurized system, other than a pressure vessel,
pressurized structure, or special pressurized
equipment that is designed largely by the internal
pressure. Examples are lines, fittings, gauges,
valves, bellows, and hoses.
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Pressurized Hardware: Those hardware items
which contain primarily internal pressure. Included
are pressure vessels, pressurized structures,
special pressurized equipment and pressure
components.

Pressurized Structures: Structures designed to
carry both internal pressure and vehicle structural
loads. The main propellant tank of a launch
vehicle is a typical example.

Pressurized System: A system which consists
of pressure vessels, or pressurized structures, or
both, and other pressure components such as
lines, fittings, valves, and bellows that are
exposed to and structurally designed largely by
the acting pressure. Not included are electrical or
other control devices required for system
operation. A pressurized system is often called a
pressure system.

Proof Factor: A multiplying factor applied to the
limit load or MEOP to obtain proof load or proof
pressure for use in the acceptance testing.

Proof Pressure: The proof pressure is used to
give evidence of satisfactory workmanship and
material quality and/or establish maximum initial
flaw sizes for safe-life demonstration. It is equal
to the product of MEOP and a proof factor.

Qualification Tests: The required formal
contractual tests used to demonstrate that the
design, manufacturing, and assembly have
resulted in hardware designs conforming to
specification requirements.

Residual Strength: The maximum value of load
(stress) that a cracked or damaged hardware is
capable of sustaining.

Residual Stress: The stress which remains in a
structure after processing, fabrication, assembly,
testing, or operation. A typical example is the
welding induced residual stress.

Safe-Life: The required cycles and period during
which a structure, containing the largest
undetected crack, is shown by analysis or testing
not to fail in the expected service load and
environment.

Service Life: The period of time (or cycles)
starts with the manufacturing of the pressure
vessel or the pressurized structure, and continues
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