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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
non-governmental, in liaison with ISO_ also take part in the wark SO collaborates closely with the
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Introduction

From the beginning of the space age, structural integrity verification has been one of the main fields of
mechanical specialists’ activity. Mission failure and potential danger to human life, expensive ground
constructions and other public and private property are the most probable consequences in the case of space
structural integrity failure. Static strength is one of the most important critical conditions for structural integrity
analysi i in criteri i i is too heavy,
ission could be extremely expensive or impossible to achieve. If the space structure is underdesigned, it
result in structural failure, leading to high risk associated with safety of life, andAdoss pf expensive
hardware and other property. It is therefore necessary to specify unique requirements) for sfatic strength
analysis in order to provide cost effective design and light-weight, reliable and low risk«structues for space
appli¢ation.

The analysis and design of space structures has a long history. This International Standard establishes the
prefefred requirements related to these techniques for static strength criticalccondition.

© 1SO 2007 — All rights reserved \4
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INTERNATIONAL STANDARD ISO 16454:2007(E)

Space systems — Structural design — Stress analysis
requirements

1 cope

This [International Standard is intended to be used for the determination of the stress/strain digtribution and
margins of safety in launch vehicles and spacecraft primary structure design. Liquid propg¢llant engine
structures, solid propellant engine nozzles and the solid propellant itself are not covered, but liqdid propellant
tankd, pressure vessels and solid propellant cases are within the scope of this Interqational Standard.

This | International Standard provides requirements for the determination of maximum | stress and
corresponding margin of safety under loading, and defines criteria for static-strength failure moges, such as
rupture, collapse and detrimental yielding. Critical conditions associated with fatigue, creep and grack growths
are rfot covered. Notwithstanding these limitations in scope, the results of stress calculations pased on the
requifements of this International Standard are applicable to other¢ritical condition analyses.

In adcordance with the requirements of this International Standard, models, methods and prpcedures for
stresp determination can also be applied to the displacements and deformation calculations, as yell as to the
loadq definition, applied to substructures and structural mémbers of structures under consideratign. When this

Interpational Standard is applied, it is assumed that temperature distribution has been determined and is used
as input data.

2 ormative references
The following referenced documents are indispensable for the application of this document. For dated
refergnces, only the edition cited \applies. For undated references, the latest edition of the¢ referenced
document (including any amendments) applies.

ISO 14622, Space systems—: Structural design — Loads and induced environment

ISO 14623, Space systems — Pressure vessels and pressurized structures — Design and operation

3 Terms and definitions

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

31
A-basis allowable

mechanical strength value above which at least 99 % of the population of values is expected to fall, with a
confidence level of 95 %

3.2

allowable load

allowable stress

allowable strain

maximum load (stress, strain) that can be accommodated by a material/structure without potential rupture,
collapse or detrimental deformation in a given environment

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

© 1SO 2007 — All rights reserved 1
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3.3
basic data

input data required to perform stress analysis and to determine margins of safety

3.4

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 %

3.5
collapse
failure mode
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irreversible Igss of load resistance capability

3.6

composite material
combination pf materials different in composition or form on a macro scale

NOTE 1 THe constituents retain their identities in the composite.

NOTE 2  THe constituents can normally be physically identified, and there is an interfacé between them.

3.7

creep
process of 3
load

permanent material deformation resulting from long duration under constant or slowly a

NOTE THe ultimate creep deformation, corresponding to the loss of material integrity is often much large
ultimate deforiation in the case of short time loading.

3.8

critical condition
most severe [environmental condition in terms of logad and temperature, or combination thereof, imposed
structure, system, subsystem or component during ‘service life

3.9

critical location

structural point at which rupture, local buckling or detrimental deformation will first lead to structural failurg

3.10

design safety factor

coefficient b

which limitdeads are multiplied in order to account for the statistical variations of loads

structure res(stance, and\inaccuracies in the knowledge of their statistical distributions

3.11
destabilizint

load

Fyrapid

tered

than

on a

and

load that profuces compressive stress at critical location

3.12

detrimental yielding
(metallic structures) permanent deformation specified at the system level to be detrimental

3.13

development test
test to provide design information that can be used to check the validity of analytic technique and assumed
design parameters, to uncover unexpected system response characteristics, to evaluate design changes, to
determine interface compatibility, to prove qualification and acceptance procedures and techniques, to check
manufacturing technology, or to establish accept/reject criteria
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3.14

flight-type hardware test

test of a flight structure article, a protoflight model, a representative special model or a structural element
fabricated with the same or close to flight hardware technology

3.15

gauges

thickness and other structure dimensions which relative scattering could result in significant effect on stress
levels and/or margin of safety

3.16

knockdown coefficient
empifical coefficient, other than design safety factor, which is used to determine analytically ifh Ja simple way
actudl or allowable loads or stresses, and which is defined on the basis of test results of flight-tyge structures,
modal structures or structural members as compared with corresponding stress analysis data

3.17
limit load
maximum that can be expected during service life and in the presence of the environment

NOTH For stabilizing loads, the limit load is the minimum load.

3.18
loads
volume forces and moments, concentrated and/or distributed overthe structure surfaces or strugture, caused
by itg interaction with environment and adjacent parts of vehicley'and accelerations

NOTH This includes pressures, external loads and enforced displacements acted at considered strugtural element,
pretempsion, inertial loads caused by accelerations and thermal gradients.

3.19
loading case
partiqular condition described in terms of Igads/pressures/temperatures combinations, which dan occur for
somg parts of structure at the same time_during its service life

3.20
locallbuckling
failure mode, which occurs when“an alternative equilibrium mode of a structural member existg, and which
could lead to detrimental defermation or rupture of that member if it occurs under loading

3.21
mardin of safety
Mg
exprgssion of thexmargin of the limit load multiplied by design safety factor against the allowed logd

Another representation of the concept:

[
Mg =| AL 1 (1)
LfDSXFLLJ

where

Fp_ is the allowable load under specified functional conditions (e.g. yield, rupture, collapse, local
buckling);

F is the limit load;
Jfpbs is the design safety factor.

NOTE Load can imply corresponding stress or strain.

© 1SO 2007 — All rights reserved 3
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minimum allowable
minimum material mechanical properties warranted by the supplier

3.23
pressure
external load

NOTE

3.24

caused by fluid action on a structural surface

The terms “pressure” and “load” are sometimes referred to simultaneously in this International Standard.

primary structure

part of a veh

3.25
rupture

loss of integ
could preven

3.26
semi-finishe
product that

EXAMPLE

3.27

cle that carries the main loads and/or defines the fundamental resonance frequencies

ity by structure material differed from fatigue and ultimate creep deformation attainment,
t the structure from withstanding load combinations

d item
s used for structure manufacturing or assembling

Sheets, plates, profiles, strips, etc.

stabilizing lpad

load which d

3.28

static streng
property of
without ruptu

3.29

pcreases compressive stresses if applied in conjunction’with destabilizing loads

th
b structure, characterized by its capability, to withstand loads and temperature combing
re, collapse, detrimental local buckling.and-detrimental deformation

strength failure mode

condition of
analysis res\

3.30

A structure or a structural member considered as a critical condition in accordance with 9
Its

stress analysis

analytical prg

3.31
structure
primary stru

cedure to determine structure stress/strain distribution, deformations and margins of safety

Cture, Uit attachments, pressure/loads carrying elements of pressure vessels, loads ca

vhich

tions

tress

rying

elements of Tppendages

3.32

structural mathematical model
analytical or digital presentation of a structure

NOTE It

is advisable that the model provides adequate description of the structure's response

loads/pressures/temperatures.

3.33

ultimate load
limit load multiplied by ultimate design safety factor

3.34
unit

under

part of a vehicle which is designed mainly to provide vehicle functioning and which differs from a structure

© 1SO 2007 — All rights reserved
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4 Requirements

41 General

For structures used in space systems, such as launch and space vehicles, the stress analysis and
corresponding determination of margin of safety for various static strength failure modes shall meet the
requirements specified in this International Standard.

Basic data, structural models, methods for stress analysis and strength criteria are considered critical for the
successful completion of these procedures.

Unleg$s oOtherwiSe noted below, there are no fimitations set out In this International standard that restrict the
use df results from stress calculations for other applications.

4.2 | Basic data

4.21| General

Basig data used for space structure stress analyses shall meet the requirements’included in 4.2
Basig data shall include all the following information:

— gtructural configuration, geometry and gauges,

— gtructural materials and their properties, and

— Ipading case list, load and temperature combinations, and corresponding design safety factors for every
Ipading case.

4.2.2| Structural configuration, geometry and gauges

4.2.2(1 Structural configuration, geometry and gauge data (with tolerances) used for stress analyses shall
corregpond to drawings representing a relevant design stage.

4.2.2(2 The choice of particular thickness (minimum or nominal) for stress analyses shall be subject to
natiopal regulatory requirements. Otherwise, the following factors shall be taken into account:

— ¢onservatism of applied safety factors and knockdown coefficients;
— ¢orrespondence-between applied thickness and procedure for knockdown coefficient determination;
— gtress analySis'results dependence on and sensitivity to thickness;

— gimplification of stress analysis procedure application;

— linear or non-linear behaviour.

4223 Structural configuration, geometry and gauge data (with tolerance) shall be sufficient to
substantiate a given structural analytical model and to determine the corresponding parameters.

4.2.3 Structural materials and their properties

4231 This entire subclause (4.2.3) refers to individual material properties for any individual part of the
structure (junctions) for which the stress analyses require allowable values.

4.2.3.2 A list of materials used for the fabrication of the structure and its members shall correspond to the
design and technology documentation. The information about types of materials, semi-finished items and
technology processes shall be sufficient to evaluate possible variations of their properties used for stress
analysis and determination of margin of safety.

© 1SO 2007 — All rights reserved 5
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4.2.3.3 Material properties used for stress analysis and determination of margin of safety shall take into
account manufacturing processes, temperature and other significant environmental effects, including possible
aging during lifetime.

If appropriate data are not available, special development tests shall be conducted to evaluate corresponding
properties.

4.2.3.4 Appropriate ultimate and yield strength (for metal only) material properties shall be used for
margin of safety calculations. “A-basis allowable” values shall be used where failure of a single load path
would result in loss of structural integrity. “B-basis allowable” values may be used for redundant structural

elements where failure of one element would result in a safe redistribution of applied loads to other elements.
When |t iS d-F-F o aAhtain “A Ihooic o Hovaia hla” nnnl ‘R hacic A [TPERVYESY hla” vali H aibla to i the

fHEtHt—to—opta— D aSiS—anowapre—at DT oSTo amowaioTe vuluua, H—S Fullllloolulu o~ O

minimum valjues warranted by the material supplier and approved by the procuring agency.

Nominal modulus of elasticity and Poisson's ratio shall be used for the stress analysis.
4.2.3.5 If inertia loads are applied and corresponding basic data are described in terms«of accelergtions
or gravity constant, inertia material properties and masses of units and appendages data.shall be sufficient to
determine thpse inertia loads adequately.
Nominal majerial inertia properties and nominal units and appendages masses  and parameters of| their
arrangements shall be used for stress analyses. When an attachment can bg used for different types of|units
or appendaggs, nominal values for the most unfavourable type of equipment'shall be taken into account.
When equipment inertia scattering is considered significant, the most Unfavourable combinations of unitg and
appendages|masses and parameters of their arrangements shall bé.used for local stress analyses in greas
near corresppnding attachments.
4.2.3.6 Tlemperature effects on material and physical prgperties and thermal stresses shall be considered.

When appropriate, it is permissible to take into no account thermal stresses for materials with high ultjmate
deformation {as compared with thermal expansion) andlow yield strength.

4.2.3.7 When loading which exceeds an elastic limit is permitted and loads values are sufficient to ¢gause

significant npnlinear material behaviour, then corresponding stress-strain dependencies shall be usgd for
stress analyges.

4.2.4 Loadjng data
Load data sHall include:
— list of logding cases;

— load and temperature combinations for every loading case.

Load data sHalllinclude the ranges in which loads and temperatures can vary simultaneously for every lopding
case and every loading combination. Maximum loads values shall be limit loads.

Unless otherwise specified, load data shall meet the requirements of ISO 14622. Unless otherwise specified,
load/pressure data for metallic pressurized systems and composite overwrapped pressure vessels shall meet
the requirements of ISO 14623.

Unless otherwise specified, design safety factors shall meet the requirements of ISO 14622, where only their
minimum values are established. Design safety factors used for stress analysis and determination of margin of
safety may be higher, in which case their values shall be specified by a contract, taking into account national
industry specifications, relevant experience and other design and verification requirements. Unless otherwise
specified, design safety factors for metallic pressurized systems and composite overwrapped pressure
vessels shall meet the requirements of ISO 14623.

6 © 1SO 2007 — All rights reserved
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Subject to ISO 14622, the following types of external loads shall be taken into account, which can be generally

class

ified as:

— mechanical loads (quasi static or equivalent quasi-static loads for stresses analysis);

— pressure loads (or equivalent quasi-static pressure);

— thermal loads;

— pretension loads;

—
4.3

4.3.1

4.3.1
boun
sepa
corre

4.3.1

4.3.1
know

NOTH

4.3.2

4.3.2
analy

NOTH

4.3.2
loadi

When knockdown coefficients are used as input data for a software application, the software ver

be cq

4.4

ther preloads.
Analysis methodology and software

Analysis methodology
1 Either closed form structural analysis techniques or numerical methods, such as fi
Hary element methods, etc., may be used for stress analyses and.d€termination of mar
ately or in combination (e.g. stresses are calculated with a numerical method and marg
sponding to structural member local buckling are determined as glosed form solutions).

2 When numerical methods are applied, the required accuracy shall be demonstrated.

n test data.

Verification is not required by current internatiofial standard methods.

Software verification

1 Software used for stress analyses shall be verified by comparing the results of ca
tical results and/or results obtained-by using another verified software.

Verification is not required\for current international standard software.

2 Verification proCedures shall take into account typical structural models, boundar
ng conditions, materials applied, convergence and stability of numerical methods used.

nducted withgut accounting for the comparison with purely analytical results.

Structural mathematical model

441

nite element,
gin of safety
ins of safety

3 Commonly used stress analysis methods shall be’ verified by comparing calculation results and

culation with

y conditions,

fication shall

__General

When applied for stress analyses, the structural mathematical model shall generally be developed using
appropriate experience based on the results of flight-type hardware tests.

If such experience is not available or considered not applicable to a particular case, special development tests

shall

be conducted for structural model validation.

The structural mathematical model shall be developed to take into account the structural configuration,
materials applied, loading, environmental conditions and type of analysis.

Struc

©I1SO

tural mathematical models shall be checked for correlation with available test data.
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4.4.2 Boundary conditions

Boundary conditions are an integral part of the structural analytical model. The adjacent structures which
influence load transmission, stress distribution and collapse mode shall be evaluated to provide adequate
loading conditions for the structure under consideration. When any applied boundary conditions do not
represent the actual stress distribution, the analytical model of the adjacent structure or sufficiently large part
of the adjacent structure shall be developed and incorporated into the model of the structure under
consideration.

Notwithstanding that requirement, simplification of boundary conditions is permitted, such as reducing to
conservative conditions or to effective stiffness; however, it shall be demonstrated that those simplifications

provide a comservativeresuit:

In general, the adjacent structure model shall be developed to be the same as the one for the structure inder
consideration, except that only stiffness and its load transmission should be modelled properly.

4.5 Structure mathematical model check

When compliterized numerical methods are used for stress analyses, the structural mathematical rhodel
checks shall pbe conducted. It is recommended to follow the model in Annex A to as\far as possible.

4.6 Failune modes

4.6.1 Gengdral

The strength| criteria application shall be based on the appropriate“éxperience, including flight-type harqware
testing with @accounting for basic data, structural model, knockdown coefficients and fabrication technglogy.
When apprdpriate experience is not available or in case~of doubt, special development tests shill be
conducted for criteria validation.

4.6.2 Detrimental yielding

The margin| of safety for detrimental yielding failure mode shall be determined for prescribed| load
combinationg presented in loading data. It Shall be taken into account that a detrimental yielding failure jnode
occurs when(stress (strain) levels in the/prescribed locations are equal to, or exceed, the corresponding| yield
material progerties.

4.6.3 Rupture

Margins of qafety for ruptlre’failure mode shall be determined for any load combination presented ih the
loading data.

It shall be taken info*account that a rupture failure mode occurs when stress (strains) levels in any locat|on of
the structure|are“equal to, or exceed, the corresponding ultimate material properties.

4.6.4 Collapse

Margins of safety shall be determined for the collapse failure mode if compressive and/or shear stresses can
occur, when loads are varied in specified ranges.

Criterion for this failure mode is the result of an appropriate buckling analysis application that collapse occurs
for a given load combination. For collapse analyses, the initial deformations due to manufacturing operations
and thermal deformations due to temperature gradients shall be taken into account. It is permissible to take
them into account by the application of corresponding knockdown coefficients.

© 1SO 2007 — All rights reserved
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Local buckling

When not detrimental, post buckled structures are acceptable. Margins of safety for local buckling of all
structural parts shall be determined if compressive and/or shear stresses can occur in these parts, when loads
are varied within specified ranges. If the margin of safety is below zero for a part (or parts) of the structure and
local buckling is not considered as failure mode, and if it is acceptable at system level, margins of safety for

other

failure modes shall be determined with buckled elements accounted for.

Criterion for this failure mode is the result of an appropriate buckling analysis application, that local buckling
occurs for given stresses combination. For local buckling analyses, the initial deformations due to
manufacturing shall be taken into account. It is permissible to take them into account by applying

corre,

nnnnnnnnnnnnnnnnnnnnnnnn

4.7

Load
mate

Critical location analysis

ng conditions and stress distribution analysis shall be carried out to define'critical loc
rial or structural members are most sensitive to a failure mode attainment.

When margins of safety are determined for every critical location, the most_unfavourable cor

loadsg

4.8

4.8.1
deter

, pressures and temperatures in frames of specified ranges shall be acceunted for.

Determination margins of safety

Margins of safety (Mg) shall be calculated according to.Equation (1) (see 3.21), where
mined in accordance with the criteria stated in 4.6 and the-requirements of 4.2.

The application of design safety factors is based on thetintegral accounting of many different iss

ations where

nbinations of

Fp shall be

ues, such as

loadq statistical distributions, accuracy of loads and-stress analysis models, manufactory techinology level,
capabilities of test methods and facilities to provide ‘@dequate loading conditions, etc.
Margjns of safety express the margin of the ‘design load (fpg x £, ) against the allowed loafl. Load may
mean corresponding stress or strain. In the case of significant influence of residual stress, this sfress shall be
taker] into account when the margin of safety is determined.
4.8.2 For collapse and local buekling, failure mode stabilizing loads shall be accounted for if conjunction
with [design safety factor of A4,0.)If not otherwise specified, minimum values of stabilizing lpads (in the
presdribed ranges) shall be used instead of maximum ones in these cases.
4.8.3] Margins of safety,-Calculated in accordance with Equation (1), shall be non-negative for ¢very loading
case| and loading combination specified in basic data to demonstrate that a structure meets strength
requirements.
4.8.4) As an.alternative approach, a reserve factor, 7, may be determined according to Equation (2).
F
A ————— U (2)
(/DS *I'LL)

The requirement 7 > 1,0 is mathematically equivalent to the requirement formulated in 4.8.3.
© 1SO 2007 — All rights reserved 9
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4.9 Report

As a result of the stress analysis activity, a stress analysis report shall be issued. The report shall consist of:

basic da

— stat

— stru

— stru

ta, including:
us of structure configuration, geometry, gauges, materials;
ctural configuration, geometry and gauges;

cture materials and their properties;

—  limi
— safe
structura
— ratid
— bou
structura
foundati
failure m
strength
descript
summar
— info
— loag
— failu

— safq

loads/pressures/temperatures for every loading case considered;
ty factors for every loading case and structure elements considered;
I mathematical model description, including:

nales for its choice;

hdary conditions;

I mathematical model checks and their results;

bn of closed form solutions applied;

odes considered;

criteria applied;

on or references related to methods and-software applied;
y of significant analysis results including:

‘mation on structural element)considered;

ing case;

re mode;

ty factor corresponding to failure mode;

— maigin of;safety (or reserve factor); and

— con

ribvtion of main loads in the margin of safety (if applicable)

Any additional margins applied shall be clearly indicated in the report.

10
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