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NASA AEROSPACE PRESSURE VESSEL SAFETY STANDARD
NSS/ HP-1740. 1
PURPCSE

The purpose of this safety standard is to provide criteria
for utilizing fracture control techniques to design,
fabricate, test, and operate aerospace pressure vessels so
that associ ated personnel will be safe.

SCOPE

Pressure vessels and systens covered by this standard
cannot be designed, fabricated, or tested to nmeet the
requi renents specified by the ASME Boil er and Pressure
Vessel code, Section VIII, Divisions 1 and 2, because
they are lighter weight to nmeet flight use requirenents
The operational requirenents herein are applicable during
devel opment, testing, and operations on the ground and
during flight.

DEFI NI TI ONS

CRITICAL FLAW SI ZE The flaw size which, for a given
applied stress, causes unstable crack propagation.

DESI GN BURST PRESSURE: The pressure at which an unfl awed
pressure vessel should burst if all of the sizing allowables
(material strength, thickness, etc.) are at their mninum
speci fied val ues.

DESI GN MAXI MUM OPERATI NG PRESSURE: The maxi mum pressure
whi ch can be applied to a vessel by the pressurizing
system when pressure regulators and relief valves are
set at their upper linmts and when the fluid flowrate
i s maxi mum

FLAW OR CRACK- LI KE DEFECTS: Def ects which behave I|ike
cracks and nmay be initiated during production, fabrication,
testing, handling or service of a conponent.

FRACTURE CONTROL: The rigorous application of those
branches of engi neering, manufacturing, and operations
technol ogy dealing with the understanding and prevention

of flaw propagation that could | ead to catastrophic failure.

FRACTURE MECHANI CS: An engi neering discipline which
descri bes the behavior of flaws or crack-1like defects in
mat eri al s under | oad.
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FRACTURE TOUGHNESS: An i nherent nmaterial property which
descri bes the resistance to fracture.

INITIAL FLAW SI ZES. The maxi num fl aw si ze, as defined by
proof test or nondestructive inspection, which could exist
in a pressure vessel prior to initial introduction into
servi ce.

OPERATI NG PRESSURE. The maxi mum static pressure a vessel
will be operated at without requiring actuation of pressure
regul ators, relief valves, etc.

PROOF FACTOR: The factor by which the design maxi mum
operating pressure is nultiplied by to give the proof
pressure.

PROOF PRESSURE: The pressure a vessel is subjected to
during acceptance testing to give evidence of satisfactory
wor kmanshi p and material quality. Proof pressure is the
product of design maxi mum operating pressure, tines the
proof factor.

PROOF TEST: The test at proof pressure which will give
evidence of satisfactory workmanship and naterial quality
or will establish the conponent initial flaw size.

QUALI FI CATION TEST: A test or series of tests conducted
on actual typical production pressure vessels which
establish that the general design and fabrication are
acceptable for the intended use.

STRESS I NTENSITY FACTOR: A neasure of the stress-field
intensity near the tip of an ideal crack in a linear
elastic material.

STRESS I NTENSI TY FACTOR RATIO The ratio of the initial
flaw stress/critical flaw stress intensity factors.

THRESHOLD STRESS | NTENSI TY FACTOR: The maxi mum val ue of

the stress intensity factor for a given material for which
environnmental |y induced flaw growth, under static tensile
stress, does not occur for the specific environment in
questi on.

VERI FI CATI ON TEST: A proof test conducted to establish the
integrity of a pressure vessel after it has been subjected
to sonme adverse condition or after sone specific period of
operation or storage.

99% EXCEEDANCE, 95% CONFI DENCE LEVEL: The val ue which will

be exceeded in 99%of the neasurenments nade, provided that
di stribution of random neasurenents fits sone detern ned
distribution function in 95% of the cases.
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Downloaded from http://www.everyspec.com

| MPLEMENTATI ON

New aer ospace pressure vessels certified to the requirenents
of this safety standard will not be required to neet the
design, fabrication, or test requirenments of the ASME Boil er
and Pressure Vessel Code. Existing pressure vessels are
considered to neet the intent of the requirements of this

st andard provi ded:

A. There has been a history of failure-free operationa
service, and

B. The operational and maintenance restraints of the

pressure vessels are controlled by NASA-approved procedures
or equivalent, or

C. The pressure vessels are operated remptely within the
confines of a NASA-desighated hazardous test or personne
excl usi on area.

POTENTI AL FAI LURE MODES

Possi bl e causes of failure which are considered by this
safety standard i ncl ude:

A. Growth of existing cracks or flawlike inclusions.

B. Gowh of flaws initiated by fatigue

C. Gowh of flaws caused by stress corrosion

D. Material contamination or environnentally induced
enbrittl enent.

E. Material inconpatibility with the intended environnment.

F. High local stresses due to any discontinuities (refer
to NASA SP-8083).

FRACTURE CONTROL PLAN

A fracture control plan shall be devel oped for each pressure
vessel design. The plan must consider and constrain the
entire devel opnent and operational |life of the pressure
vessel including: material selection and procurenent,

design, fabrication, in-process inspection, acceptance and
periodic verification procedures, tests, operational service,
stress anal ysis, maintenance, and quality control procedures.

MANAGEMENT

The manager havi ng cogni zance over the pressure vesse
system shal | devel op, docunent, approve, and inplenment the
fracture control plan. The plan shall include:
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A. Definition of tasks and assignments of responsibilities
to control the devel opnent and operational life of the
pressure vessel

B. Requirenents for the manager's review of design
mat eri al s, manufacturing, processing, and non-destructive
testing techniques.

C. Requirenents for continuing review, performance
apprai sal, and control by the manager.

VI11. DESIGNS, LOADS AND ENVI RONMENTS

Fracture control pressure vessels shall be designed to avoid
service failure caused by the propagation of flaws. The

desi gn shall consider and account for pressures, tenperatures,
i nternal and external environments, and stresses whether

i nposed by internal or external forces or other sources of
stress to which the vessel may nornally be exposed. Material
properties or characteristics used in design or analysis

shal |l be taken fromreliable sources of data, such as:

M L-HDBK 5, or be deternined by test.

A. The maximuminitial flaw size pernitted in pressure
vessel s shall not be | arge enough to becone of critica
size during the vessel's design service life or between
reverification tests. The initial stress-intensity
factor ratio used in pressure vessel designs shall be
sel ected to ensure that stresses do not become critica
during the design life of the vessel

B. Where technically possible, each pressure vesse

shall be designed to accommpdate proof and verification
testing. Where possible, the proof pressure |evel shal

be selected to denpnstrate that the vessel is free of

flaws |arger than the pernissible size or that the stress
intensity ratio is acceptable. Wiere the proof test (see
XV. B.) does not provide definitive flaw detection, other
flaw detection techniques shall be required. Thernmally

i nduced stresses or changes in material properties shall be
consi dered and accounted for in the design of each pressure
vessel. A conplete internal pressure-tine-tenperature

hi story of the vessel and the internal and external |iquid
and gaseous environnments which the vessel will be exposed
to during test, cleaning, flushing, storage, and service
shall be considered in the design

C. Local yielding caused by stresses resulting from

exi sting residual stresses and/or design or manufacturing
discontinuities shall be permtted at the proof-test
pressure |l evel. Ceneral yielding shall not be pernitted
at the proof-pressure |evel unless the pressure vessel is
designed to acconmpdate it (see XV.B.6.).
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D. The cumul ative static and dynam c | oadi ng and t herma
and chenical environnents anticipated in the various
phases of the service life shall be defined and shal
include all flight and ground phases. The foll ow ng
factors and their statistical variations shall be
consi der ed:

1. The explicitly defined nodel of the Iife spectrum
2. The frequency of application of the various types
of | oads, |oad |evels, and environnents.

3. The environnmental ly induced | oads.

4. The environments acting sinmultaneously with | oads
with their proper relationships.

5. The prescribed service-life requirenents.

E. The design spectra shall be used for both design analysis
and testing. The | oad-tenperature spectra shall be revised

as the structural design devel ops and the aerodynam c,

t hernodynami ¢, and | oads data i nprove in accuracy and
conpl et eness.

F. Fracture control plans shall specify any requirenents
for structural instrumentation necessary for the periodic
eval uation of remaining service life.

MATERI ALS

Mat eri al mechani cal properties used in the design of
pressure vessels shall be statistically significant at the
99% exceedance, 95% confidence |evel. Values shall be
obtained for parent material. Material fracture property
bounds for weldnents and heat affected zones shall be
accounted for in material selection and include:

A. Fracture toughness.

B. Resi stance to initiation and propagation of fatigue
and environnmental ly induced cracking.

C. Threshol d val ues of stress intensity under sustained
and cyclic | oading.

D. The effect of fabrication and joining processes

i ncluding test of base material and wel ds.

E. The effects of cleaning agents, dye penetrants,
flushi ng agents and coati ngs.

F. Crack propagation characteristics, including real-tine
effects (e.g., tinme at peak | oad).

G Ef fects of tenperature and other environnenta

condi ti ons.
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NOTE 1: Materials and their design nmaxi num operating
stress levels shall be selected so that the required
life for a given conponent can be eval uated by non-

destructive inspection techniques, proof test, or by
a conbi nati on of the two:

NOTE 2: Standard test procedures shall be enpl oyed
for determ nation of material fracture properties.
The test specinens and procedures utilized shal
provi de test data for the intended application.

Test procedures shall be approved by the responsible
manager. Property values shall be obtained on a
sufficient nunber of material lots to permt

eval uation of lot-to-lot variation. Where lot-to-Iot
vari ati on has not been experinentally established,
data shall be obtained for each lot used in the
construction of pressure vessels.

ANALYSES

Anal yses shall be performed to verify adequacy of pressure
vessel s. Where adequate theoretical techniques do not
exi st or where experinental correlation with theory is

i nadequate, the analyses shall be supplenented by tests.
The foll owi ng anal yses shall be provi ded as applicable:

A. Static and dynam c | oads and thernal stresses.

B. Fatigue-life for unflawed structures.

C. Characteristics and probable locations of critica
structural defects.

D. Flaw growth for predicted operational | oads.

E. Test requirements including materials tests, structura
devel opnent and qualification tests, and proof tests.

FABRI CATI ON

Est abl i shed and verified procedures shall be used to
precl ude damageor material degradation during processing
and fabrication. These procedures shall include:

A. Pertinent fracture control requirenents and precautions
in applicable drawi ngs and specifications.

B. Detailed fabrication instructions and controls to
properly inplenment the fracture control requirenents
and provide special precautions guardi ng agai nst
processi ng danage or other structural degradation.

C. Validation of the quality of finished parts, including
the fracture control practices to be inplenented in the
precedi ng steps to account for mechanical fracture
properties and physical conditions that could contribute
to flaw initiation or grow h.
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QUALI TY ASSURANCE

The quality assurance system shall ensure that materials,
parts, subassenblies, assenblies and conpleted tanks with
associ ated accessories conformto applicabl e draw ngs

and specifications; that no danage or degradation has
occurred during fabrication, processing, inspecting,
testing, shipping, storage or operational use; and that
defects which could cause failure are detected, eval uated
and corrected. The system should focus on control and
prevention of defects as well as their detection. As a

m nimum the follow ng quality control considerations shal
be included in the fracture plans:

A. Appropriate inspection points and nondestructive

i nspection techni ques shall be used to verify and ensure
conpliance with specifications pertinent to fracture
control. In choosing inspection points and techniques,
consi deration should be given to material, structura
configuration, accessibility for inspection, and predicted
size, location, and characteristics for critical initia
flaws.

B. Non-destructive testing techni ques which have

val idated capabilities to reliably detect critical flaws
for conditions of the anticipated life cycle shall be
sel ected. Where such validating information is not

avail abl e, capability shall be based on anal ysis of
critical flaw sizes during the Iife cycle of the vessel
Techni ques which pernmit the confidence of flaw detection
to be expressed quantitatively, on a statistical basis,
are desired.

C. Procedures shall be established to ensure that

unpl anned events which could be detrinmental to the
fracture resistance of conmponents selected for fracture
control are reported and eval uated through formal review.

D. Procedures for identifying each pressure vessel with
appropriate specifications, such as: operating pressure
proof pressure, draw ng nunber, etc. are required. No
degradati on of pressure vessel quality stall occur as a
result of stanping, marking, or tagging. A serial nunber
shall be used to correlate a given task with such data
and the logs required in paragraph XiI1. bel ow

DOCUMENTATI ON LOGS

Docunent ati on | ogs shall be devel oped and mai ntai ned

t hroughout the |ife of each pressure vessel. This
docunent ati on shall be kept current and shall be avail able
to the pressure vessel operator, fracture control analyst,
saf ety engi neer, or cognizant agencies for review
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eval uation, and information, and shall contain the
following as a m ni mum

A. Atinme and cycle history of tank pressurizations
for both tests and operations, including the fluid
medi a used.

B. A tenperature history correlatable with the pressure
hi story.

C. Descriptions of any storage and/or mai ntenance
conditions and anal yses supporting the design and
nmodi fication which might influence future use capability.

D. Nunber of pressurization cycles allowed for the
pressure vessel

E. Results of any inspections conducted on the pressure
vessel .

PROTECTI VE DEVI CES

Provi sion shall be included in the fracture control plan

for the use of devices to limt the maximum pressure

i mposed on a vessel to that pressure consistent with the
maxi mum al | owabl e flaw size or stress intensity requirenent
noted in paragraph VIIlI. Pressure relief capability

shall be provided for vessels whose contents or operation
are capabl e of causing an increase in internal pressure.

For those vessel s whose pressure can only remain constant

or decrease, active relief capability is not required

provi ded pressure fluctuations due to external anbient
tenperature changes can not cause the maxi mum safe operating
pressure to be exceeded. \Were nechanical protective devices
are required, the size selected shall accommpdate the

maxi num possi bl e internally generated gas fl ow wi thout
exceedi ng desi gn maxi mum operating pressure. |n addition
consideration shall be given to the effects of thrust

or torque inparted to the pressure vessel or associated

equi pnment by actuation of the relief device.

TESTS

Tests shall be performed to confirmthe design approach
manuf acturi ng processes, and service life. Qualification
tests shall be conducted on flight-quality hardware to
denonstrate the structural adequacy of the design.

A. Specinens shall be tested to denbnstrate the absence
of critical flaws. Proper |oads and environnments shall be
sequenced to sinulate the operational service. Appropriate
proof | oads shall be included in their proper sequence.
To confirmthis denonstration, periodic inspections shal
be conducted at intervals specified in the fracture contro
pl an.

8
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B. As a minimum all pressure vessels shall be subjected
to an acceptance proof test. Fracture nmechanics theory

and test data shall be used, where appropriate, to
establish proof-test conditions which will verify that

no flaws present could cause failure during the pressure
vessel's service life or reverification period. Periodic

i nspections shall be performed as specified in the fracture
control plan to confirmthe absence of such defects.

1. The proof-test conditions, where required for

flaw definition, shall account for all significant
factors which could influence service-life performance.
These factors include, but are not Iimted to, conbined
| oadi ngs, tenperatures thermal cycles and stresses,

and at mospheric or chenical environnent effects.

2. When the linear elastic fracture mechanics

theory is inapplicable (i.e., for thin gages or

stresses close to yield), appropriate tests shal

be perfornmed on preflawed | aboratory coupons which

simul ate the structure (e.g., thickness and heat
treatment) to establish valid proof-test conditions
which permt prediction of service-life characteristics.

3. For integral tankage, where conventional proof-
testing (i.e., pressure |loading only) does not include
all critical flight-load conditions, a conbined
pressure and external |oading test shall be conducted
unless it can be denpnstrated that nondestructive

i nspection can provi de adequate flaw definition

4. Al proof tests are to be considered hazardous

and conducted renotely. Suitable facilities shal

be utilized during devel opnent, qualification and
acceptance testing. A pre-proof-test inspection

shall be performed to establish the initial condition
of the structure. It is preferred that a nonhazardous,
liquid, pressurizing nmedium be used in proof testing.

5. Post-proof-test inspection is mandatory where the
proof test does not provide, by direct denmonstration,
assurance of satisfactory perfornmance over the specified
service life.

6. For pressure vessels not designed for genera

yi el di ng, the maxi num al | owabl e proof-test stress
shall be equal to the yield stress producing 0.2%
permanent strain. As a mninmm the proof test

shall apply pressures and/or stresses which exceed
maxi mum desi gn operating pressure in critical sections
of the test article. When a proof test is conducted

at a tenperature different fromthe critical design
condition, suitable correction shall be made to the
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the proof l|oading to account for the difference
in structural strength and fracture characteristics

at the two tenperatures.

OPERATI ONS AND MAI NTENANCE

The foll owi ng nust be included in t
pl an:

A. Required inspection intervals f
based on flaw growth anal yses and t

he fracture control

or pressure vessels
he results of

devel opnent and qualification tests.

B. Probabl e | ocati on and character

of defects and

critical flaw sizes for pressure vessels schedul ed for
periodic inspection. Characteristics should be based
on total experience gained over the fracture contro
program including data derived fromfabrication
structural devel opnent, and structural qualification

tests.

C. Inspection procedures to reliably detect critica

structural defects and determ ne fl
condi ti ons of use.

D. Requirements for environnental
control needed for physical and cor

aw si ze under the

condi tioning or
rosi on protection

during maintenance or storage cycles.

E. Requirenments for periodic verif
necessary, and the conditions under

ication tests, if
whi ch reproof or

re-inspection are required in the event of inadvertent
violation of any fracture control constraint.

F. Witten procedures for the oper

ation of pressure

vessels. These procedures shall be consistent with
safety requirenents and personnel exclusion requirenents
at the facility where the operations are conduct ed.
As a minimm they shall contain requirements for system

safety anal yses to insure conpati bi

lity, of the pressure

vessel with system operating characteristics. For initial
tests in newinstallations, tests should not exceed 50%

of normal operating pressures unti
can be established and stabilized.

operating characteristics

G Procedures for recording and anal yzi ng operationa
data as it is accunulated to update fracture contro

i nformati on and to determ ne any ar
corrective action. Analyses shal
of remaining life and reassessnent
i nterval s.

10

eas that require
i ncl ude prediction
of required inspection
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H  Systems which are connected to pressure vessels

For either operational, test, or maintenance purposes,
shall be conpatible with the pressure vessel constraints
i nposed by this safety standard. The design requirenents
for these systens are not covered herein.

XVI. STORAGE

When pressure vessels are to be put into storage, the
foll owi ng nust be provided for

A. Prevention of nechani cal danage, such as scratches,
dents, dropping, etc.

B. Protection against exposure to adverse environnments
whi ch coul d cause corrosion or stress corrosion.

C. Prevention of induced stresses due to storage fixture
constrai nts.

XVI11. REFERENCE DOCUMENTS

Docunents |isted bel ow are included for information
pur poses only and are not intended to be a part of this
st andar d.

NASA SP-8040, Fracture Control of Metallic Pressure Vessels

NASA SP-8082, Stress-Corrosion Cracking in Metals

NASA SP-8083, Discontinuity Stresses in Metallic Pressure
Vessel s

M L- HDBK 5, Metallic Material and Elenents for Aerospace
Vehicle Structures

GPO 874-075
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