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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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Introduction

From the beginning of the space age, hazard control has been a prime consideration in manned or unmanned
flights in outer space. The rapid development of space activities and their associated technologies required
the implementation of ever-increasing amounts of energy sources. Space activities can be hazardous and
could cause harm to people and damage to public and prlvate property and the enwronment It is therefore
vide realistic
reco mendatlons in terms of safety and safety rlsk control. Furthermore, building space systgms such as
telecommunication satellites and their launch systems is costly; it is necessary to achieve high mission
relialility. The variety of professional disciplines linked to these activities requires international [standards to
protect Earth populations against the consequences of a possible mishap caused by the failure of a highly
presgqurized hardware item.

Therg is significant history to the analysis and design of pressure vessels and pressurized structufes for use in
space systems. This International Standard establishes the preferred methiods for these techniques in both
the traditional metallic tanks, and the newer composite overwrapped pressure vessels. The [emphasis is
equally on adequate design and safe, as well as reliable, operation.

© 1SO 2003 — Al rights reserved \
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INTERNATIONAL STANDARD ISO 14623:2003(E)

Space systems — Pressure vessels and pressurized
structures — Design and operation

1 cope

This International Standard, based on general space experience and practice, specifies general|and detailed
requifements for metallic pressure vessels, composite overwrapped pressure vessels-with metallic liners and
metallic pressurized structures used in space systems. It is not applicable to pressure compgnents (lines,
fittings, valves, hoses, etc.) or to special pressurized hardware (batteries, heatypipes, cryostats and sealed
contdiners).

2 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

21
A-bakis allowable
mectjanical strength value above which at least 99 %, of the population of values is expected fo fall, with a
confiflence level of 95 %

cf. “B” basis allowable (2.6)

2.2
acceptance tests
required formal tests conducted ontflight hardware to ascertain that the materials, manufacturing processes
and workmanship meet specifications and that the hardware is acceptable for intended usage

2.3
aIIovr;sze load (stress)
maximum load (stress) that can be accommodated by a material/structure without potential rupture, collapse
or defrimental deformation in a given environment

NOTE Allowable loads (stresses) commonly correspond to the statistically based minimum ultithate strength,
buckling strengthy’and yield strength, respectively.

24

applieddoadfstress]
actual load [stress] imposed on the structure in the service environment

25

autofrettage

vessel-sizing operation where pressure-driven deflection is used to plastically yield the metal liner into the
overlying composite in order to induce initial compressive stress states in the metal liner

2.6

B-basis allowable

mechanical strength value above which at least 90 % of the population of values is expected to fall, with a
confidence level of 95 %

cf. “A” basis allowable (2.1)

© 1SO 2003 — Al rights reserved 1
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2.7

brittle fracture

catastrophic

failure mode in a material/structure that usually occurs without prior plastic deformation and at

extremely high speed

NOTE 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.

2.8
burst factor

multiplying factor applied to the maximum expected operating pressure (MEOP), or maximum design pressure

(MDP), to obtain the design burst pressure

NOTE 1 BJrst factor is synonymous with design factor of safety for burst.

NOTE 2 de
pressure”.

29
burst strengd
BAI

actual burst
event

210

component
functional ur
keeping

211
composite d
pressure ves

NOTE TH
composite ove

212
critical cond
most severe
imposed on §

213

critical flaw
specific shap
and environn

214

sign burst pressure (2.16) sometimes referred to as burst pressure, is synonymousywith “ulfimate

th after impact

pressure of a composite overwrapped pressure vessel after it has_been subjected to an irhpact

it that is viewed as an entity for purpose of analysis, manufacturing, maintenance, or record

verwrapped pressure vessel
sel with a fibre-based composite system fully or partially encapsulating a liner

e liner serves as a fluid permeation/barrier and may or may not carry substantial pressure loadg. The
rwraps generally carry pressure and.environmental loads.

ition
environmental condition in terms of loads, pressures and temperatures or combination thereof
ystems, subsystems; structures and components during service life

e of flawwith sufficient size such that unstable growth will occur under the specific operating load
hent

critical stress intensity factor
stress intensity factor at which unstable fracture occurs

215

damage tolerance
ability of a material/structure to resist failure due to the presence of flaws, cracks, delaminations, impact
damage or other mechanical damage for a specified period of unrepaired usage

© ISO 2003 — Al rights reserved
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design burst pressure

burst

pressure

“ultimate pressure”
differential pressure that pressurized hardware must withstand without burst in the applicable operational
environment

NOTE Design burst pressure is equal to the product of the MEOP or MDP and a design burst factor.

217

design safety factor

desi

facto
multi

218

n-factorof safety
- or safety
blying factor to be applied to the limit load and/or MEOP(or MDP)

destabilizing pressure

differ|

219
detri
struc
from

2.20

Eential pressure that produces compressive stresses in pressure hardware

mental deformation
ural deformation, deflection, or displacement that prevents any portion of the structure or
performing its intended function

deve]lopment test

test
desid
deter
mant

2.21

b provide design information that may be used to check the validity of analytic technique 3
n parameters, to uncover unexpected system response characteristics, to evaluate desigr

facturing technology, or to establish accept/reject criteria

ductile fracture

type
2.22

bf failure mode in a material/structdre ‘generally preceded by a large amount of plastic deforn

elastically responding metallic-liner

meta
respq

lic liner of a composite overwrapped pressure vessel that responds elastically (experienc
nse) at all pressure-up’/to and including the vessel's acceptance proof pressure after the

operation

2.23

fatig
proce
cond
cracK

e
ss of pregressive localized permanent structural change occurring in a material/structure
tions which produce fluctuating stresses and strains at some point or points and which may
s,or complete fracture after a sufficient number of fluctuations

bther system

nd assumed
changes, to

mine interface compatibility, to prove qualificationand acceptance procedures and techniglies, to check

hation

es no plastic
autofrettage

subjected to
culminate in

2.24

fatigue life
number of cycles of stress or strain of a specified character that a given material or structure can sustain

befor

2.25
flaw
local

2.26

e failure of a specified nature could occur

discontinuity in a structural material such as a scratch, notch or crack

flaw shape
shape of a surface crack or corner crack

© IS0

2003 — All rights reserved
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NOTE For a surface crack, the flaw shape is expressed as a/2¢, where a is the crack depth and 2¢ is the crack length.
For a corner crack, the flaw shape is expressed as a/c, where a is the crack depth and c¢ is the crack length

2.27

fracture control

application of design philosophy, analysis method, manufacturing technology, verification methodology, quality
assurance, and operating procedures to prevent premature structural failure caused by the propagation of
cracks or crack-like flaws during fabrication, testing, transportation, handling and service

2.28
fracture mechanics
engineering ier‘ipline that describes the behaviour of cracks or crack-like flaws in materials or structures

under stress

2.29
fracture toughness
generic term(for measures of resistance to the extension of a crack

2.30
hazard
existing or potential condition that can result in an accident

2.31
hydrogen e£brittlement

mechanical-¢nvironmental process that results from the initial presence.or absorption of excessive amoupts of
hydrogen in metals, usually in combination with residual or applied tensile stresses

2.32
impact damage
induced faulfin the composite overwrap or the metallic liner’of a composite overwrapped pressure vessgl that
is caused by|an object strike on the vessel or vessel strike on an object

2.33
impact damage protector
physical device that can be used to prevent.impact damage

2.34
initial flaw
flaw in a struftural material before-the application of load and/or deleterious environment

2.35
leak-before-purst
LBB
design concmpt whichshows that at MEOP potentially critical flaws will grow through the wall of a métallic
pressurized hardware item or the metal liner of a composite overwrapped pressure vessel and cause prepsure
relieving leaage rather than burst or rupture (catastrophic failure)

2.36

limit load

highest predicted load or combination of loads that a structure can experience during its service life in
association with the applicable operating environments

NOTE The corresponding stress is called limit stress.

2.37

loading case

particular condition of pressure/temperature/loads that can occur for some parts of pressurized structures at
the same time during their service life

4 © ISO 2003 — Al rights reserved
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2.38

loading spectrum

representation of the cumulating loading anticipated for the structure under all expected operating
environments

NOTE Significant transportation and handling loads are included.

2.39

margin of safety

MS

margin expressed by the following equation:

3 Allowable load B

Limit load x Factor of safety

NOTH Load can mean stress or strain.

2.40

maximum design pressure

MDP

highgst pressure defined by maximum relief pressure, maximum, régulator pressure, and/pr maximum
tempprature, including transient pressures, at which a pressure yvessel retains two-fault tolergnce without
failure

NOTEH In this document, the term MDP is only applicable to pressure vessels.
2.41

ma)(()iglum expected operating pressure

ME

highgst differential pressure which a pressurized hardware item is expected to experience during its service
life and retain its functionality, in association with-its applicable operating environments

2.42
mechanical damage
induded flaw in the composite overwrap or metallic liner of a composite overwrapped pressure vgssel, caused
by surface abrasions or cuts or_impact

2.43
metall-lined composite‘overwrapped pressure vessel
composite overwrapped_pressure vessel having a metallic liner

NOTEH Throughout this document, the term “composite overwrapped pressure vessel” means metal-lined composite
overwrapped pressure vessel.

2.44
metqllic hardware items
hardware 1tems made of metallic materials

NOTE In this document, the term covers metallic pressure vessels, metallic pressurized structures and metallic liners
of composite overwrapped pressure vessels.

2.45

plastically responding metallic liner

metallic liner of a composite overwrapped pressure vessel that could at least once experience plastic
response when pressurized to any pressure up to and including acceptance proof pressure after the
autofrettage operation

© 1SO 2003 — Al rights reserved 5
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2.46

pressure vessel
container designed primarily for the storage of pressurized fluid that fulfils at least one of the following criteria:

a) contains

b) contains
c) contains

NOTE 1

gas or liquid with high energy level;
gas or liquid which will create a mishap (accident) if released;

gas or liquid with high pressure level

This definition excludes pressurized structures, pressure components and pressurized hardware.

NOTE 2
appropriate v3

stored en

MEOP is

2.47
pressurized

lues are not defined by the project, the following levels are used:
ergy is 19 310 J or greater based on adiabatic expansion of perfect gas;

0,69 MPa or greater.

hardware

hardware ites that contain primarily internal pressure

NOTE In

2.48
pressurized
structure des

EXAMPLE

2.49
pressurized

this document, the term covers all pressure vessels and pressurizéd structures (2.48).
structure
igned to carry both internal pressure and vehicle structural loads

Launch vehicle main propellant tanks, crew cabins‘or manned modules.

system

system whicl consists of pressure vessels, or pressurized structures, or both, and other pressure compo

such as line

5, fittings, valves and bellows, which are exposed to, and structurally designed largely b

acting pressuyre

NOTE El
2.50
proof factor|

multiplying f3
the acceptan

2.51
proof press

bctrical or other control devices required for system operations are covered by this term.

ctor applied {0-the limit load or MEOP (or MDP) to obtain proof load or proof pressure for U
ce testing

re

product of M

Erlergy and pressure level are defined by each project, and approved by the procuring authority (custorlmer); if

hents
, the

se in

FOP (or MDP) and a proof factor

NOTE
establish maxi

2.52

mum initial flaw sizes for the safe-life demonstration of a metallic hardware item.

qualification tests
required formal contractual tests used to demonstrate that the design, manufacturing, and assembly have
resulted in hardware designs conforming to specification requirements

2.53

residual strength

maximum value of load and/or pressure (stress) that a cracked or damaged body is capable of sustaining

The proof pressure is used to provide evidence of satisfactory workmanship and material quality and/or to

© ISO 2003 — Al rights reserved
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2.54
residual stress
stress that remains in a structure after processing, fabrication, assembly, testing, or operation

EXA

MPLE Welding-induced residual stress.

2.55

safe life
required period during which a metallic hardware item, even containing the largest undetected crack, is shown
by analysis or testing not to fail catastrophically in the expected service load and environment

2.56
sealid container

sing

mainfain an internal non-hazardous environments, and has stored energy of less than 19 3
internjal pressure of less than 0,69 MPa

2.57
service life

period of time (or cycles) that starts with the manufacturing of the pressurized hardware a
through all acceptance testing, handling, storage, transportation, launch operations, orbita
refurbishment, re-testing, re-entry or recovery from orbit and reuse that.may be required or spg

item

2.58

sizinp pressure

presgure to which a composite overwrapped pressure vessel is taken with the intent of yielding
liner

NOTH The sizing operation, also referred to as autofrettage, is considered to be part of the manufag

and i conducted prior to acceptance proof testing.

2.59

stre

mechanical-environmental induced, failure process in which sustained tensile stress and che

com

2.60

stre

para

2.61
stre
mini

effecys of'stress level(s), time at stress level(s), and associated environments

I¢, independent (not part of a pressurized system) container, component or housing~that

gs-corrosion cracking

Rine to initiate and propagate a-Grack or a crack-like flaw in a metal part

jr? intensity factor

gs-rupture life
mum_ time during which composite hardware maintains structural integrity, considering t

is sealed to
10J and an

nd continues
operations,
cified for the

the metallic

turing process

mical attack

eter used in linearelastic fracture mechanics to characterize the stress—strain behaviour at the tip of a
cracK contained in ainear elastic and homogeneous body

e combined

2.62
ultimate load
product of the limit load and the design ultimate factor of safety

2.63
visual damage threshold
impact energy level shown by a test or tests that creates an indication that is barely detectable by a trained

insp

ector using an unaided visual inspection technique

2.64
yield load
product of the limit load and the design yield factor of safety

© 1SO 2003 — Al rights reserved
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3 General requirements

3.1

Introduction

This clause presents general requirements for the analysis, design and verification of pressurized hardware,

covering:

a) system analysis,

b) structura
material

fatigue a

quality a
9)

3.2 Syste

A detailed a
performed to|

the MEOP shall be determined; failure tolerance requirements shall-be considered; pressure regulator lo

characteristidg
evaluated for

3.3 Gene

3.3.1 Load

The entire anticipated load/pressure/temperature history and associated environments throughout the s

life shall be
factors and t

a) the envir
b) the envir

c) the frequ
cycles, g

fracture @and/or damage control,

operation and maintenance.

m analysis requirements

Is, pressures and environments

| design and analysis,

selection,

nd /or safe-life demonstration,

ssurance, and

establish the correct MEOP. The effect of each of the other component operating parametg

s, valve actuation and water hammer, and any “external loads and environments, sha
the entire service life of the hardware.

ral design requirements

determined in accordance.with specified mission requirements. As a minimum, the foll
neir statistical variations_shall be considered as appropriate:

bnmentally induced\oads and pressures;

uration-and sequence.

These data s

bnments acting-simultaneously with these loads and pressures with their proper relationships;

nalysis of the pressurized system in which the pressurized hardware will be operated shall be

rs on
Ck-up
Il be

rvice
wing

4

ency of ‘application of those loads, pressures and environments including their level, number of

hall be used to define the design load/environments spectra that shall be used for both d

Bsign

analysis and testing. The design spectra shall be revised as the structural design develops and the load
analysis matures.

MDP and MEOP are two baseline pressure levels that can be used for design and testing of pressure vessels.
In this document, MEOP is used as the baseline pressure level. If it is required that MDP be used as the
baseline pressure level, MDP may be substituted for MEOP.

© ISO 2003 — Al rights reserved
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3.3.2 Strength

3.3.21  Pressure vessels

All pressure vessels shall possess sufficient strength to withstand limit loads and simultaneously occurring
internal pressures in the expected operating environments throughout their respective service lives, without
experiencing detrimental deformation. They shall be able to withstand ultimate loads and simultaneously
occurring internal pressures in the expected operating environments without experiencing rupture or collapse.
They shall be also capable of withstanding ultimate external loads and ultimate external pressures
(destabilizing) without collapse or rupture when internally pressurized to the minimum anticipated operating
pressure.

All pllessure vessels shall be able to sustain proof pressure in proof-testing without detrimental deformation

and design burst pressure in qualification test without collapse or rupture.

When a proof or qualification test is conducted at a temperature other than design temperature, the change of

mate
safet
leveld

3.3.2

From
takin
marg
comh

All pr
a) p

b) d

rial properties at the temperature shall be accounted for in determining the load/pressure. Tl
y shall be positive and shall be determined by analysis or test at the design ultimate ang
, as appropriate, at the temperatures expected for all critical conditions,

2 Pressurized structures

the load/pressure time history, the critical loading cases for a pressurized structure shal
) into account load/temperature/differential pressure combinations. For each critical loadi
n of safety shall be determined for every part of the.pressurized structure, accounting

ination of loads, differential pressures and temperaturge, with corresponding design safety fa
pssurized structures shall sustain the following:

roof pressure without gross yielding or detrimental deformation in proof-testing;

esign burst pressure without rupture.or collapse in qualification testing.

When a proof pressure test is conducted at a temperature other than the design temperature, t

mate|

Press
degra
buck
local

rial properties at the proof temperature shall be accounted for in determining proof pressure.

urized structures subject-to instability modes of failure shall not collapse under ultima
de the functioning of.any system because of elastic buckling deformation under limit loads.
ing strength shall _consider the combined action of all stresses and their effects on gene

shall

3.3.3

onent that tends’ to alleviate buckling shall not be increased by the ultimate design fac
bilizing pressure shall be increased by the ultimate design factor, but internal stabilizing p
increased unless it reduces structural capability. The minimum margin of safety must be
be demonstrated by analysis or tests.

he margin of
design limit

be selected

ng case, the
or the worst
ctors.

ne change in

te loads nor
Fvaluation of
al instability,

or panel instabjlity,-and crippling. Design loads for buckling shall be ultimate loads, except that any loads

or of safety.
ressure shall
positive and

All pressurized hardware shall possess adequate stiffness to preclude detrimental deformation at limit loads
and pressure in the expected operating environments throughout their respective service lives. The stiffness
properties of pressurized hardware shall prevent all detrimental effects of the loads and dynamic responses
that are associated with structural flexibility, and avoid adverse interaction with other vehicle systems. Where
applicable, the minimum internal pressure required for structural stabilization shall be identified and included
in the acceptance data package.

© 1SO 2003 — Al rights reserved
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3.3.4 Thermal

The design of all pressurized hardware shall consider the following thermal effects, as appropriate:

a) heating rates;

b) temperatures;

c) thermal gradients;

d) thermal stresses and deformations;

e) changes

The effects
environment

3.3.5 Stregs analysis

3.3.5.1

A detailed a
conducted u
determine st
and its grad
external load

a) geometri
b) design ¢

c) structura

d) material
Loads and p
pressures, a
external (sug
all metallic h
are simple €|
techniques

loading condglitions. Local~structure models shall be constructed, as necessary, to augment the o
del in areas of rapidly varying stresses. The analysis methodology shall be verified using re

structural md
test results.

Metallic hardware items

ghall be used_to”calculate the stress, strains and displacements for complex geometries

in the physical and mechanical properties of the materials of construction.

shall be based on temperature extremes that simulate those predicted for-the” ope
5, plus a design margin as appropriate.

nd comprehensive stress analysis of each new design of the-metallic hardware items sh
hder the assumption that there are no crack-like flaws in)the hardware. The analysis

ients. Both membrane stresses and bending stresses\resulting from internal pressures
s shall be calculated to account for the following effects; as appropriate:

cal discontinuities;
bnfiguration;
support attachments;
and geometry nonlinear effects.

essures shall be combined\using the appropriate design safety factor on the individual load
hd the corresponding results shall be compared to material allowable. Design safety facto

ardware items, classical solutions are acceptable if the design geometry and loading cond
hough to warrant, their application. Finite element or other proven equivalent structural an

Minimum m4d

ating

il be
shall

resses resulting from the combined effects of pressure, ground or flight loads, and temperature

and

5 and
I's on

port) loads shall be as-assigned to the primary structure supporting the pressurized systen. For

tions
blysis
and
verall
iable

yer, if

based on adequate test and theoretical ground, nominal material gages can be used for buckling analysis with
the agreement of the procuring authority (customer). When appropriate, influence of tolerances (including
overall dimensions and thickness) shall be considered for evaluating the most critical condition.

The allowable of material strength shall reflect the effects of temperature, thermal cycling and gradients,
processing variables, and time associated with the design environments. Minimum margins of safety
associated with the parent materials, weld joints and heat-affected zones shall be calculated and tabulated for
all metallic hardware items along with their locations and stress levels. The margin of safety shall be positive
against the strength and stiffness requirements of 3.3.2 and 3.3.3, respectively.

10
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3.3.5.2 Composite overwrapped pressure vessel

A detailed and comprehensive stress analysis of the composite overwrap of a new composite overwrapped
pressure vessel design shall be conducted with the assumption that there is no mechanical damage existing
in the overwrap. Loads and pressures shall be combined by using the appropriate design factors of safety on
the individual load and pressure and comparing the results to the material allowable.

Finite element method or other proven equivalent structural analysis techniques using appropriate composite
theories shall be employed to analyse the composite overwrap. Effects of ply orientation, stacking sequence
and geometrical discontinuities shall be assessed. The effect of variation in material thickness and its
gradients as specified in the design documentation shall be used in calculating the stresses and strains in the
compesite—everwrap—ocal-structural-moedels—shall- be—constructed,—as—necessary—to—augment the overall
strucfural model in areas of rapidly varying stresses. The analysis methodology shall be verified{Jy test results.
The argins of safety shall be positive for all load conditions applied on the composite overwrap by using
A-basis allowable.

3.3.5|3  Stress analysis report
Records of the stress analysis shall be maintained and shall be included in.the stress analysis feport, which
consists of the input parameters, data, assumptions, rationales, methods,/’references and a|summary of

significant analysis results. The analysis shall be revised and updated whenever changes to inpyt parameters
occut, in order to maintain currency for the life of the program.

3.3.6/ LBB failure mode demonstration

3.3.6/1 General
LBB |failure mode for all metallic pressure vessels;' metallic pressurized structures and the elastically
respgnding metallic liners of composite overwrapped pressure vessels shall be demonstrated by analysis or
test. For plastically responding liners of composite overwrapped pressure vessels, LBB failure mjode shall be
demg@nstrated by test only.

The [ BB demonstration may be omitted if there are adequate data from similar designs thdt have been
dema@nstrated to exhibit LBB failure mode.

3.3.6/2 LBB analysis
When LBB failure modecis-demonstrated by analysis, linear elastic fracture mechanics principles shall be
emplpyed. It shall be shown that, at MEOP, an initial surface crack with a flaw shape (a/2¢), ranging from 0,1
to 0,8, will meet the following conditions:

a) ifwill not faihas a surface crack;

b)

f will.grow through the wall of the hardware to become a through crack with a length equal tol 10 times the
vall-thickness of the metallic hardware item and will remain stable.

3.3.6.3 LBB test

When LBB failure mode is demonstrated by testing coupons or full-scale articles with pre-fabricated surface
crack(s) shall be used as test specimens. Coupons shall duplicate the materials (parent metals, weld joints
and heat-affected zones) and the thickness of the metallic hardware items. When the full-scale article is used,
it shall be representative of the flight hardware. The flaw shape of the prefabricated surface crack(s) shall
range from 0,1 to 0,5. If coupons are used as the test specimens, stress (or strain) cycles shall be applied to
the specimens with the maximum stress (or strain) corresponding to the MEOP level and minimum stress (or
strain) kept to zero, or actual minimum stress (or strain), whichever is the more conservative, until the surface
crack grows through the specimen's thickness to become a through crack. LBB failure mode is demonstrated
if the length of the through crack becomes > 10 times the specimen's thickness and remains stable.

© 1SO 2003 — Al rights reserved 1


https://standardsiso.com/api/?name=c622c3ef79213f3edfacb7187c5c2a11

ISO 14623:2003(E)

3.3.7 Fatigue life

3.3.7.1  Metallic hardware items

When conventional fatigue analysis is used to demonstrate the fatigue life of an unflawed metallic hardware
item, nominal values of fatigue-life characteristics, including stress-life (S-N) data or strain-life (&-N) data of the
structural material or materials, shall be used. These data shall be taken from reliable sources that are
approved by the procuring authority (customer). The analysis shall account for the spectra of expected
operating loads, pressure and environments. The cumulative linear damage rule (Miner's rule) is an
acceptable method for handling variable amplitude fatigue cyclic loading. Unless otherwise specified, a life
factor of four shall be used in the fatigue analysis. The limit for the accumulated fatigue damage using Miner's

rule shall be BU % of normal Imit. In the mathematical form, Miners rule IS expressed as.

Zn;IN; 0,8
where

n; is fqur times the number of cycles applied at stress level i;

N; is the number of cycles to failure at stress level i, and the summation is i =*1to &.
Testing of unflawed specimens to demonstrate fatigue-life of a metallic hardware item is an acceptable
alternative tp analytical prediction. Fatigue-life requirements are met\ when the unflawed specimens,
representing|critical areas such as membrane section, weld joints, heattaffected zones and boss tranisition
section, or alfull-scale article, successfully sustain the service loads, and pressures in the expected opefating
environments for the specified test cycles and duration without rupture. The required test duration is at|least
four times th¢ specified service life or number of cycles.
3.3.7.2 Composite overwrapped pressure vessels
For the composite overwraps of a composite overwrapped pressure vessel, the analysis shall address the
alternating s{ress response for all spectra of expected operating loads, pressures and environments. Tgsting
of unflawed [specimens using coupons or full-sgale articles is an acceptable option. When this option is
adapted, theltest requirements specified in 3.3.71 shall be met.
3.3.7.3  Fatigue analysis or test report
A fatigue anglysis or test report shall be prepared and shall be closely coordinated with the stress anglysis
report. The fptigue analysis report shall document loading spectra, environments, fatigue (S-N) or (&-N) data
and analysis|results. The fatigue-test report shall present the specimen configuration, test set-up, test lopding

spectra/envir

3.3.8 Safe-

onment, andthe test results.

life demonstration

3.3.8.1

General

The safe life of metallic hardware items shall be demonstrated by analysis, test or both and shall be at least
four times the specified service life for those hardware items that are not accessible for periodic inspections
and repair. The safe life of the hardware item containing hazardous fluids ends when leakage occurs. For the
metallic hardware item which is readily accessible for periodic inspection and repair, the safe life shall be at
least four times the interval between scheduled inspections.

3.3.8.2 Safe-life analysis

When fracture mechanics crack growth analysis is used to determine the safe life of a metallic hardware item,
undetected flaws shall be assumed to be in the critical locations and in the most unfavourable orientation with
respect to the applied stress and material properties. The assumed flaw sizes shall be based on either the
flaw detection capabilities of appropriate non-destructive inspection (NDI) techniques or defined by the
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acceptance proof testing. The flaw shape (a/2¢) in the range of 0,1 to 0,5 shall be considered for surface
cracks. For corner cracks, the flaw shape (a/c) in the range of 0,2 to 1,0 shall be considered.

Nominal values of fracture toughness and fatigue crack-growth rate data associated with each alloy, temper,
product form, and thermal and chemical environments shall be used in the safe-life analysis. However, if proof
test logic is used for establishing the initial flaw size, an upper bound fracture toughness value shall be used in
determining both the initial flaw size and the critical flaw size at fracture. A metallic hardware item which
experiences sustained stresses shall also show that the corresponding maximum stress intensity factor (K,,5x)
during sustained load in operation is less than the stress-corrosion cracking threshold (K|gcc) data in the

appropriate environment, i.e. K, <K|gcc. Detrimental tensile residual stress shall be included in the
analysis.
A prqven crack growth methodology shall be used to conduct the safe-life analysis. For part-thfough cracks

(surface flaws or corner cracks), the flaw shape changes shall be accounted for in the analysis

effec
proctu

3.3.8

For n
com
For t
articl
less

testin
loads

3.3.8

When safe life is demonstrated by analysis, an* analysis report shall be prepared and sha

C0O0rdq
sizes|

significant results shall be clearly presented.

3.3.9

Al p

Whe
minir]:
specfra and environments, and significant test results.

s on crack growth rates from variable amplitude loading shall not be considered without ap
ring authority (customer).

3 Safe-life test

netallic pressure vessels, metallic pressurized structures and the elastically responding me
he plastically responding liners, safe-life shall be demonstrated,only by testing. Coupons
ps with pre-fabricated flaws shall be used in the safe-life test as appropriate. These flaws
han the flaw sizes established by the selected NDI methed or methods or by the acce

g. Safe life is considered demonstrated when the pre-flawed specimens successfully sus
and pressure cycles in the expected operating environments without leaking.

4  Safe-life analysis or test report

inated with the stress analysis report. In“the report, loading spectra, environments, assum
crack-growth models, fatigue crack growth rates and fracture data shall be delineated. A

safe-life is demonstrated by\test, a test report shall be prepared. The report shall dog
um, the specimen configdrations, initial crack sizes, test set-up, test procedures, test p

Leakage

ressurized hardware shall meet leak rate requirements ensuring that operation of th

Retardation
proval by the

allic liners of

osite overwrapped pressure vessels, the safe-life test is an acceptable option for safe-life dgmonstration.

or full-scale
shall not be
ptance proof
tain the limit

Il be closely
bd initial flaw
summary of

ument, as a
essure-cycle

e system is

mainfained throughout the intended lifetime.
3.3.1p Miscellaneous
The 'stroetural—desigr—ef—al—pressurized—hardware—shal—employ—prever—processes—and—procedures for

manufacture and repair. The design shall emphasize the following needs:

a)

S

© IS0

access;

inspection;

ervice;

repair (include replacement of some parts);

refurbishment.
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For all reusable pressurized hardware, the structural design shall permit the hardware to be maintained in and
refurbished to a flight-worthy condition. Repaired and refurbished hardware shall meet all stipulated conditions
of flight worthiness.

3.4 Composite overwrapped pressure vessel-specific design requirements

3.4.1 General

The following gives the specific design requirements for a composite overwrapped pressure vessel. Included
are

stress-rupture life,

damage|control,

corrosioh control, and

embrittigment control.

3.4.2 Stregs-rupture life

A composite|overwrapped pressure vessel shall be designed to meet the design life, considering the timg it is
under sustaimed load. There shall be no credible stress-rupture-failure modes based on stress-rupture dgta for
a probability pf survival of 0,999.

3.4.3 Damage control

3.4.3.1 General

All composit¢ overwrapped pressure vessels shall be placed under damage control except for those vessels
that have a design burst factor of 4,0 or greater and_a total wall thickness of 6,35 mm or greater.
essel

Mechanical flamage that could degrade the .performance of the composite overwrapped pressure V

below the
mitigation, a

a) Approad

inimum strength requirements: specified in 3.3.2 shall be prevented. For mechanical da
minimum of one of the follewing approaches shall be adapted:

h A: using mechanieal-damage protection or indication or both;

nage

b) Approagh B: demonstrating damage tolerance abilities by testing.

3.43.2 Damage control plan

A damage cpntrol'‘plan shall be prepared for the new composite overwrapped pressure vessel that is yinder
damage con}rol, The damage control plan shall contain a threat analysis which documents the condjtions
(source and i izati i >ssel)
under which mechanical damage can occur. The damage control plan shall delineate all events and inspection
points from the time at which the composite overwrapped pressure vessel reinforcing matrix is cured to the

end of vessel life. As a minimum, visual inspection shall be conducted prior to

a) each pressurization when rupture of the composite overwrapped pressure vessel could create a
hazardous condition, and

b) closeout after which inspection is impossible or impractical, or mechanical damage is no longer credible.

The damage control plan shall identify the approach to be taken for the composite overwrapped pressure
vessel-specific design.
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3.4.3.3 Approach A, mechanical damage protection/indication

3.4.3.3.1 General

Mechanical damage protection covers shall provide isolation from a potential mechanic damage event. When
this approach is adapted, the following requirements shall apply.

3.4.3.3.2 Protective covers

The effectiveness of protective covers shall be demonstrated by testing. Protective covers or standoffs which
isolate _the vessel are required when personnel will be exposed to pressurized composite overwrapped

press
prote|
the d

3.4.3

The

demq
com
work

ure vessels (having stored energy level in excess of 19 310 J or containing hazardous
ctive cover shall be designed to completely protect the vessel under the worst credible.thrg
bhmage control plan. Protective covers shall not be removed before the last moment prior to |

3.3 Indicators

bffectiveness of the indicators to provide positive evidence of a mechanical damage e
nstrated by testing. The use of an indicator as the sole means of nitigating threats fo
osite overwrapped pressure vessels as defined in the damage™ control plan, durin
hround, is prohibited.

fluids). The
at defined in
aunch.

ent shall be
pressurized
g personnel

3.4.3]4 Approach B, damage tolerance demonstration
3.4.3|41 General
Mechanical damage tolerance demonstration is another approach to satisfying the dampage control

requi
3.43
Impa

Impa
pend

The minimum impact energy levels shall be the greater of the worst-case threat, or visual dama
). The damage shall_be-induced at the most damage critical condition (e.g. pressufized versus.
unprgssurized) and locations! After inducing impact damage to the composite overwrapped pre

(VDT

the vi
desig

343

Dam
analy

rement. This approach may be used as a complément to mechanical damage protective cov,

4.2 Impact damage tolerance

ct damage tolerance of a composite overwrapped pressure vessel shall be demonstrate
Ct damage shall be induced using a drop type impactor with a 12,7 mm diameter, hemisp
Llum type arrangement is allowed if an analysis substantiates energy levels equivalent to

essel shall be tested 1o failure to show that the BAI of the damaged vessel is equal to or gr
n burst pressure:

4.3 Other mechanical damage tolerance

hge tolerance of other mechanical damage such as abrasions and surface cuts shall be den
sis_or testing. The sizes of abrasion or cut shall be based on the threat analysis. It shall bp

other

ers.

d by testing.
nerical tup (a
a drop test).
ge threshold

bsure vessel,
pater than its

onstrated by
e shown that

credible mechanical damnnn will not r‘lngrarln the burst efrnnnfh of-the r‘r\mnr\clfo overwrap

ed pressure

vessel to below its design burst pressure

344

Corrosion control and prevention

Operational, test and manufacturing support fluids that come in contact with the composite overwrapped
pressure vessel shall be identified, along with the frequency of contact, duration of contact and fluid
temperatures. These fluids shall be compatible with the liner and composite material and shall not result in
general corrosion, stress corrosion and galvanic corrosion. The composite overwrapped pressure vessel
design shall provide for isolation of the metallic liner from electrically conductive elements in the reinforcing
composite matrix.
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3.4.5 Embrittlement control

All known embrittlement mechanisms such as hydrogen and liquid metal embrittlement, applicable to the
metallic liner, fibre and resin shall be identified and controlled in the design, fabrication and operation of the
composite overwrapped pressure vessel.

3.5 Material requirements

3.5.1

3.5.1.1

Metallic materials

TtroTT

Materials us¢d for fabricating metallic hardware items shall be selected on the basis of proven environm

compatibility
characteristiq
for metallic

Materials' B-
would result
as practicabl
be analysed
material selg

a) fracture f

b) thresholg

c) sub-critig

material strengths, fracture properties, fatigue life, crack growth and stress corrosion cra
s consistent with the overall program requirements. Materials' A-allowable values shall be
hardware items where failure of a single load path would result in loss of, structural inte
pllowable values may be used for redundant structural elements where failure of one ele
n a safe redistribution of applied loads to other elements. The fracture toughness shall be as
e within the context of structural efficiency and fracture resistance. Formetallic hardware ite
with linear elastic fracture mechanics, the following fracture properties' shall be accounted
ction:

oughness;
values of stress intensity under sustained loading;

al crack growth characteristics under cyclic loading.

The effects ¢f fabrication and joining processes; the effectof cleaning agents, dye (fluorescent) penet

coating, and
shall be accq

3512 M

The materia

proof test fluids and the effects of temperature, load spectra, and other environmental cond
unted for.

btallic material evaluation

s selected for design shall™be evaluated with respect to the materials processing, fabrig

methods, manufacturing operations, refurbishment procedures and processes, and other pertinent fa

which affect
refurbished g
properties ug
compatible W
stress-corrog
tests when a

3513 M

the resulting strength™and fracture properties of the material in the fabricated as well a
onfigurations. The gvaluation shall ascertain that the mechanical properties, strength and fr3
ed in design and_analyses will be realized in the actual hardware and that these propertie
ith the fluid cohtents and the expected operating environments. Materials that are suscepti
ion cracking.or hydrogen embrittlement shall be evaluated by performing sustained load-frg
bplicabledata are not available

btallic'material characterization

ental
cking
used
grity.
ment
high
ms to
for in

ants,
tions

ation
ctors
S the
cture
s are
ble to
cture

The allowab

e mechanical strength, and fracture properties of all materials selected for metallic hardware

items shall be characterized in sufficient detail to permit reliable and high-confidence predictions of their
structural performance in the expected operating environments, unless these properties are available from
reliable sources. Where material properties are not available, they shall be determined by recognized
standard test methods or methods approved by the procuring authority (customer). The characterization shall
produce the following strength and fracture properties for the parent metals, weld-joints, and heat-affected
zones as a function of the fluid contents, loading spectra, and the expected operating environments, including
proof-test environments.

a) tensile yield strength, ultimate tensile strength, and elongation;

b) plane strain fracture toughness K., effective fracture toughness Kg, and stress-corrosion cracking
threshold toughness Kgcc;
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c) fatigue crack-growth rate (da/dN) versus stress intensity factor range AK; and

d) fatigue data S-N (&-N).

The test specimens and procedures utilized shall provide valid test data for the intended application. Enough
tests shall be conducted so that meaningful nominal values of fracture toughness and flaw-growth rate data
corresponding to each alloy system, temper, product form, thermal and chemical environments and loading
spectra can be established to evaluate compliance with the safe-life requirements of 3.3.8.2. The test plan and

test results shall be approved by the procuring authority (customer).

3.56.2 Composite materials

3.5.21 Composite materials selection

Composite material systems used for fabricating composite overwrapped pressure vessels shall be selected
on the basis of proven environmental compatibility, material strength/modulus, stréss‘rupture ljfe data, and
compatibility with metal liner materials. If an electrically conductive fibre reinforcement is used, the design
shall incorporate a means to prevent galvanic corrosion with metallic components.

The g¢ffects of fabrication processes, coatings, fluids and the effects of temperature, load spectfa, and other
envirpnmental conditions which affect the strength and stiffness of the material in the fabricated ¢onfiguration,
shall |pe included in the rationale for selecting the composite material-system.

3.5.2|12 Composite material system characterization

The ¢lastic and strength properties of the composite matétials selected shall be characterized in sufficient

detai
ope
decl
inclu

to permit reliable and high confidence predictions of the structural performance in th

red for each fibre/resin system. Supporting\data to justify and validate the declared al
e items a) and/or b) as given below, and may include supporting data from items c) and

r%ting environments. Composite material systems-allowable properties on the as-wrapped ve

eir expected
ssel shall be
owable shall
d) for quality

contrpl purposes, for checking new in-coming_yarn lots:

a) previous qualification burst test results;

b) burst test results from design-development tests;

c) A-basis fibre strength values from impregnated strand testing;

d) fibre manufactureris-literature and certification test results.

The $upporting data~shall provide justification for the declared elastic and strength properties, and sustained
load pbehavioureonsistent with the operating and non-operating environments.

Unifoarm testprocedures shall be employed by determining material properties as required. Thesg procedures
csjt;?;l ’\C,??}]:.Zr?.:tic.i.;igof;;ﬁijtiit:,ndards' The test specimens and procedures utilized shall provlde valid test

The stress-rupture life data of composite materials shall be characterized if there is no existing data.

3.5.2

3

Composite material strength allowable

A-basis strength allowable shall be generated from bursting of sub-scale and/or full-scale composite
overwrapped pressure vessels. Coupons are acceptable specimens only if data are available which show the
correlation between delivered fibre strengths in coupons and vessels. Test results from at least two lots of
yarn shall be used in the A-allowable calculations unless all of the vessels are fabricated from the same lot of
material. The results from production vessels of different configurations and sub-scale vessels may be pooled
together if they have comparable thickness.
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3.5.2.4 Composite material control

A material control system shall be in place to control raw materials. This shall include the following as a
minimum:

a) procurement of the materials to approved specifications;

b) validation (inspection) checks for resin/resin constituent, chemistry/purity and reinforcing fibre material
properties against the material specification and purchase order requirements;

c) controlled environmental storage as applicable;

d) shelf-life[control.

3.6 Fabri¢ation and process control requirements

3.6.1 Meta|lic hardware items

Proven procgsses and procedures for fabrication and repair shall be used to preClude damage or material
degradation [during material processing, manufacturing operations and refurbishment. In particular, special

attention shdll be given to ascertaining that the melt process, thermal treatmeént, welding process, forming,
joining, machining, drilling, grinding, repair and re-welding operations, etc.-are within the state-of-the-aft and
have been pfoven on similar hardware. Mechanical, physical and fracture ‘properties of the parent matgrials,
weld joints gnd heat-affected zones shall be within established design.limits after exposure to the intgnded
fabrication processes.

The dimensipnal stability of the materials during machining, forfaing, joining, welding and thermal treatments
shall be ensdred, and through-thickness hardening characteristics shall be compatible with the manufacjuring
processes. Hracture control requirements and precautions.shall be defined in applicable drawings, process

specification
to ensure pri
throughout t
degradation.

3.6.2 Com

The compoq
materials sh
reliable perf

5 or other appropriate documents. Detailed-fabrication instructions and controls shall be pro
bper implementation of the fracture control requirements. Special precautions shall be exer
ne manufacturing operations to guard against processing-damaged or other structural int

posite overwrap

ite overwrap fabrication.“process shall be a controlled documented process. Incorpg
bll have certifications-that demonstrate acceptable variable ranges to ensure repeatable
prmance. An inspection plan shall be developed per 3.7.2 to identify all critical param

vided
cised

bgrity

rated
and
eters

essential for ation

shall be verif]

verification. Theyamount of incorporated material on the article from the composite fabrig
ed.

3.7 Quality assurance requirements

3.7.1 QualjtyZassurance program

A quality assurance program, based on a comprehensive study of the product and engineering requirements,
such as drawings, material specifications, process specifications, workmanship standards, design review
records and failure mode analysis, shall be established to ensure that the necessary NDI and acceptance
tests are effectively performed and to verify that the product meets the requirements of this International
Standard.

The program shall ensure that materials, parts, subassemblies, assemblies and all completed and refurbished
hardware conform to applicable drawings and process specifications, that no damage or degradation has
occurred during material processing, fabrication, inspection, acceptance tests, shipping, storage, operational
use and refurbishment, and that defects which could cause failure are detected or evaluated and corrected.
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3.7.2 Inspection plan

An inspection master plan shall be established prior to the start of fabrication. The plan shall specify
inspection points and inspection techniques for use throughout the program, beginning with material
procurement and continuing through fabrication, assembly, acceptance proof test, operation and
refurbishment, as appropriate. In establishing inspection points and inspection techniques, consideration shall
be given to the material characteristics, fabrication processes, design concepts, structural configuration and
accessibility for inspection of flaws. For metallic hardware items, the flaw geometry shall encompass defects
commonly encountered, including surface cracks, corner cracks or through cracks. Acceptance and rejection

criteria shall be established for each phase of inspection and for each type of inspection technique.

3.7.3

3.7.3

The most appropriate NDI technique or techniques for detecting commonly encountered flaw ty

used
shall
multi
differ|

Two

one I
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—Inspection techniques

1 Metallic hardware items

for all metallic hardware items along with their flaw detection capabilities. The. 'selected NL

ble flaws exist — the location of each with respect to the other and the\distance between
entiate among flaw types — from tight cracks to spherical voids.

br more NDI methods shall be used for a part or assembly that‘eannot be adequately exa
hethod. The flaw detection capability of each selected NDI teehnique for metallic hardware i
] on past experience on similar hardware. Where this experience is not available or is n
sive to provide reliable results, the capability, under produetion or operational inspection cor
termined experimentally and demonstrated by tests approved by the procuring authority (cy
sentative material product form, thickness and desigh configuration.

law detection capability shall be expressed :in‘terms of detectable crack length and crac
ted NDI technique should be capable of détecting allowable initial flaw size correspondir
bility of detection (POD) at a 95 % confidence level.

2 Composite overwraps

minimum, after overwrapping;-all composite overwrapped pressure vessels shall be subje
ction for detecting impact-damage. State-of-the-art NDI techniques shall be selected for ins
anical damage induced_on’the composite overwrap as appropriate. The NDI procedures sH
e of multiple NDI-methods to perform survey inspections or diagnostic inspections.
ctions shall be conducted when the location of the potential damage zone is unknown, wh
hspections shall-be’performed within a localized suspect zone to characterize the type and
ge. All NDI teehniques, whether used as a single inspection technique or as a combinatiory
have the_capability to detect impact and other mechanical damages that may cause th
vrapped-pressure vessel to fail to meet the requirements of its performance specifig
rements:of this International Standard.

The damage detection capability of each selected NDI technigue or combination of NDI technigu

pes shall be
| techniques

have the capability to determine the size, geometry, location and orientation ‘of a flaw, to ofptain — where

them and to

ined by only
ems shall be
bt sufficiently
ditions, shall
stomer) on a

K depth. The
gtoa90%

ted to visual
becting other
all be based
Survey NDI
le diagnostic
extent of the
of methods,
e composite
ation or the

ps as applied

to the composite overwrap shall be based on similar data from prior test programs. Where this data is not
available or is not sufficiently extensive to provide reliable results, the capability — under production of
operational inspection conditions — shall be determined experimentally and demonstrated by tests on
representative material product form, thickness, design configuration and damage source articles.

3.7.4 Inspection data

Inspection data in the form of flaw histories shall be maintained throughout the life of the pressurized
hardware. These data shall be periodically reviewed and assessed to evaluate trends and anomalies
associated with the inspection procedures, hardware and personnel, material characteristics, fabrication
processes, design concept, and structural configuration. The result of this assessment shall form the basis of
any required corrective action.
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3.7.5 Acceptance proof test

Each piece of pressurized hardware shall be proof-pressure tested to verify that the hardware has sufficient

structural integrity to sustain the subsequent service loads, pressures, temperatures and environments

. The

temperature shall be consistent with the critical use temperature or, as an alternative, tests may be conducted
at an alternate temperature if the test pressures are suitably adjusted to account for temperature effects on
strength and fracture toughness. Proof-test fluids shall not pose a hazard to test personnel and shall be

compatible with the structural materials in the pressurized hardware. If such compatibility data is not avai

lable,

required testing shall be conducted to demonstrate that the proposed test fluid does not deteriorate the test
article. Accept/reject criteria shall be formulated prior to acceptance testing. Pressurized hardware shall not

leak, rupture or experience detrimental deformation during acceptance proof testing.

3.8 Opergtion and maintenance requirements

3.8.1 Operpting procedures

Operating procedures shall be established for each pressurized hardware item. These, procedures sh
compatible ith the safety requirements and personnel control requirements of-the' facility wher
operations afe conducted. Step-by-step directions shall be written with sufficient detail to allow a qu
technician off mechanic to accomplish the operations. Schematics, which identify~\the location and pre
limits of a felief valve and burst disc, shall be provided when applicable yand procedures to e

il be

the
lified
Ssure
nsure

compatibility|of the pressurizing system with the structural capability of the/pressurized hardware shall be

established.

Prior to initigting or performing a procedure involving hazardous operations with pressure systems, practice

runs shall bg conducted on non-pressurized systems until the operating procedures are well-rehearsed.
tests shall then be conducted at pressure levels not to exceed<50 % of the nominal operating pressure
operating characteristics can be established. Only qualified and trained personnel shall be assigned to
on or with high-pressure systems. Warning signs with the-hazard identified shall be posted at the opera
facility prior tp pressurization.

3.8.2 Safe pperating limit

Safe operatipng limits shall be established, for each pressurized hardware item, based on the appro
analysis and|testing employed in its desigh-and qualification. These safe operating limits shall be summa
in a format, {hat provides rapid visibility‘\of the important structural characteristics and capability. The de
information shall include, but not belimited to, the following data:
a) fabricatign materials;

b) critical désign conditions;

c) MEOP;

d) nominal pperating or working pressure;

Initial

until
work
tions

Driate
rized
sired

e) proof pressure;

f) design burst pressure;

g) pressurization and depressurization sequence;
h) operational cycle limits;

i) design and operating temperatures;

j) operational system fluid, cleaning agent;

20 © 1SO 2003 — All rights reserved


https://standardsiso.com/api/?name=c622c3ef79213f3edfacb7187c5c2a11

ISO 14623:2003(E)

k) permissible thermal and chemical environments;

1)

For pressurized hardware items with a potential brittle fracture failure mode, the critical flaw sizes and
maximum permissible flaw sizes shall also be included as appropriate. Applicable references to design
drawings, detail analyses, inspection records, test reports and other backup documentation shall be indicated.

admissible leakage levels versus pressure values.

3.8.3 Inspection and maintenance

The results of the appropriate stress- and safe-life analyses shall be used in conjunction with the appropriate

resulfs from the structural development and qualification tests 1o develop a quantitafive approach

and
so th
requi

rlepair. Allowable damage limits shall be established for each pressure vessel and pressuri

At the required inspection interval and repair schedule can be established to maintain har
rements of this document.

NDI fechnique and inspection procedures for reliably detecting defects and detefmining flaw si

cond
recor
correl
intery

3.8.4

tion of use shall be developed for use in the field and at depot levels. Procedures shall be e

to inspection
ved structure
dware to the

ze under the
stablished for

ding, tracking and analysing operational data as it is accumulated tolidentify critical ar¢as requiring

ctive actions. Analyses shall include prediction of remaining life and reassessment of requir
als.

Repair and refurbishment

When inspections reveal structural damage or defects exceeding the permissible levels, t
vare shall be repaired, refurbished or replaced, as appropriate. All repaired or refurbished hardware shall

hard
be rg
verify

3.8.5

certified after each repair and refurbishment by the“appropriate proven acceptance test
its structural integrity and to establish its suitability for continued service.

Storage

When pressure vessels and pressurized.(structures are put into storage, they shall be prote

bd inspection

he damaged

procedure to

cted against

expogure to adverse environments that could cause corrosion, or other forms of material degradation. In

additlon, they shall be protected against mechanical damages resulting from scratches, dents pr accidental

dropping of the hardware. Induced:stresses due to storage fixture constraints shall be minimized by suitable
storape fixture design. In the event storage requirements are violated, re-certification shall be required prior to
acceptance for use.

3.8.6 Documentation

Inspgction, maintenance and operation records shall be kept and maintained throughout the] life of each

presqure vesseh'and each pressurized structure. As a minimum, the records shall contain fhe following

information:

a) ttfmperature, pressurization history, and pressurizing fluid for both tests and operations;

b) number of pressurization cycles experienced, as well as the number allowed in safe-life analysis or test;

c) results of any inspection conducted, including inspector, inspection dates, inspection techniques
employed, location and character of defects, defect origin and cause, taking in inspection made during
fabrication;

d) storage condition;

e) maintenance and corrective action performed from manufacturing to operational use, including
refurbishment;

f) sketches and photographs to show areas of structural damage and the extent of repair;
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g) acceptance and re-certification testing performed, including test condition and results;

h) analyses supporting the repair or modification which may influence future use capability.

3.9 Reactivation requirements

Pressure vessels and pressurized structures which are reactivated for use after an extensive period in either
an unknown, unprotected or unregulated storage environment shall be re-certified to ascertain their structural
integrity and suitability for continued service before commitment to flight. Re-certification tests for pressurized
hardware shall be in accordance with the appropriate re-certification test requirements. A purposeful
inspection for corrosion and incidental damage prior to re-certification testing shall be performed.

3.10 Servi¢e-life extension requirements

For LBB norf-hazardous pressurized hardware, the allowable service life can be determined-by)convenfional
fatigue analysis or testing. It can be extended without additional test or inspection, if thefe is avdilable
adequate dafa such as actual pressure, loads and environments from the past period of service life.

Actual loadinig spectrum and environmental data should be used as the fatigue equivalent condition ¢f the
qualification [test by using analysis or both analytical and experimental methads.” The part of cumujative

damage corresponding to the past period of a service life should be evaluated{ For brittle or LBB hazafdous
pressurized hardware, the allowable service life shall be determined by fracture mechanic analysis.

4 Specifjc requirements

4.1 General
This clause| presents specific requirements for pressurized hardware. Included are factor of gafety
requirementd, failure mode demonstration requiremeénts, cyclic and burst test requirements, vibration test

requirementd, safe-life demonstration requirements and other requirements specifically applicable to special
items.

4.2 Pressiure vessels

4.2.1 Gengdral

Two types of pressure vess€lyare covered in this document: metallic pressure vessels and composite
overwrapped pressure vessels. The specific requirements for these two types of pressure vessgl are
delineated in[the following:

4.2.2 Metallic pressure vessels

4221 Geéneral approach

Based on the results of the failure mode determination, one of two verification approaches shall be satisfied:

a) Approach 1: LBB with leakage of the contents not creating a condition which could lead to a mishap
(such as toxic gas venting or pressurization of a compartment not capable of the pressure increase);

b) Approach 2: brittle fracture failure mode or hazardous LBB failure mode in which, if the metallic pressure
vessel leaks, the leak will cause a hazard.

The verification requirements for Approach 1 are given in 4.2.2.2 and the verification requirements for
Approach 2 in 4.2.2.3.
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4.2.2.2 Metallic pressure vessels with non-hazardous LBB failure mode

42221 LBB demonstration
A metallic pressure vessel containing non-hazardous fluid and exhibiting LBB failure mode is considered not
fracture critical. Analysis or test per requirements specified in 3.3.6 shall demonstrate the LBB failure mode.

4.2.2.2.2 Design factor of safety

Metallic pressure vessels which satisfy the non-hazardous LBB failure mode criterion may be designed
conventionally, wherein the design factors of safety and proof test factors are selected on the basis of
successful past experience. Unless otherwise specified, the minimum burst factor shall be 1,5.

The flactor of safety to the external (supporting) loads shall be same as that assigned to the prima
The
man

ry structures.
minimum ultimate safety factor to the external loads shall be 1,25 for unmanned-systems and 1,4 for
ed systems.

4.2.2{2.3 Fatigue-life demonstration

The fatigue life of the metallic pressure vessel with a non-hazardous LBB:failure mode shall be demonstrated
by analysis or test as specified in 3.3.7.
4.2.212.4 Qualification test requirements
Qual
adeq

fication tests shall be conducted on flight-quality metallic pressure vessels to demonstrate structural
lication shall

be re
tests
suffigient data to ensure proper application of the ‘accept/reject criteria, which shall be establi
testing. The sequences, combinations, levels_and duration of loads, pressures and enviro
demd
press

a)

b)

c)

Llacy of the design. The test fixtures, support structures and methods of environmental apy
presentative of operational conditions. The types of instrumentation and their locations in
shall be based on the results of the stress analysis according to 3.3.5. The instrumentation

ure and leak tests. The following delineates the required testing.

Vibration testing

ibration qualification testing”shall be conducted. When the vibration loads are enveloped
ualification tests, andapproved by the procuring authority (customer), the vibration tests arg

ressure testing

equired qualification pressure testing levels the shall be as shown in Table 1. The reqg
pplication™of external loads in combination with internal pressures during testing shall

ased on~the relative magnitude and/or destabilizing effect of stresses due to the externa
ombined tensile stresses are enveloped by test pressure stresses, the application of extern

qualification
shall provide
shed prior to
ments shall

nstrate that design requirements havel.been met. Qualification testing shall at least inclyde vibration,

by the other
not required.

uirement for
pbe evaluated
load. If limit
Bl loads shall
limit for four

of*be required. If the application of external loads is required, the load shall be cycled to

destabilizing load with constant minimum internal pressure or maximum additive load wit
MEOP).

Leak test

The leak test shall be conducted after the pressure cycle test.

for example,
h a constant

The qualification test procedure shall be approved by the procuring authority (customer). In the case of
changing manufacturing, the qualification test shall be repeated unless specified otherwise by the procuring
authority.

© 1SO 2003 — Al rights reserved

23


https://standardsiso.com/api/?name=c622c3ef79213f3edfacb7187c5c2a11

ISO 14623:2003(E)

Table 1 — Qualification pressure test requirements

Test item No yield after No burst?
Vessel No. 1P — Burst factor x MEOP
Vessel No. 2 Pressure: 1,5 x MEOP Burst factor x MEOP

Cycle: 2 x predicted number
or

Pressure: 1,0 x MEOP

Cycle: 4 x predicted number

Unless otherwise specified, after demonstrating no burst at the design burst pressure test level,
ncrease pressure to actual burst of vessel.

Test may be deleted at discretion of the procuring authority (customer).

42225

Acceptance

Accept/reject

designed to

following are|required as a minimum.
a) Nondesfructive inspection

A complete inspection by the selected NDI technique shall b€ performed prior to the proof pressure {
establish the initial condition of the hardware. The NDI priar to proof test can be substituted for that
manufagturing process.

b) Proof-p

Every mletallic pressure vessel shall be proof-pressure tested to verify that the materials, manufac
processgs and workmanship meet design—specifications, and that the hardware is suitable for
Maximu duration of proof test shall nat.exceed the appropriate time to avoid potential crack propag
due to a|stress corrosion cracking mechanism.

The follqwing is the guideline forithe minimum proof-pressure (pproof) levels:
—  Ppropf = (1 + burst factor )/2 x (MEOP), for a burst factor less than 2,0;
—  Ppropf = 1.5 xAMEOP), for a burst factor equal or greater than 2,0.

c) Leak tedt

The leaktestshaltbe conducted after the proof pressure test.

4.22.2.6

Acceptance test
tests shall be conducted on every metallic pressure vessel before commitment to

pbermit application of all test loads without jeopardizing the flight worthiness of the test article

essure test

flight.

criteria shall be formulated prior to testing. The test fixtures and,'support structures shall be

. The

bst to
Df the

uring

flight.

ation

Re-certification test

All refurbished metallic pressure vessels shall undergo the same acceptance tests as specified for new
vessels, in order to verify their structural integrity and to establish their suitability for continued service before
commitment to flight. Deviations from this requirement are only allowed if it can be demonstrated that the
refurbished parts of the metallic pressure vessel are not affected by the corresponding tests.

Metallic pressure vessels that have exceeded the specified storage environment (temperature, humidity, time,
etc.) shall also be re-certified by the acceptance test requirements for new hardware.
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