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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

Structures are the backbones of all spaceflight systems. A structural failure could cause the loss of human
lives for manned space systems or could jeopardize the intended mission for unmanned space systems.
Currently, there is no International Standard that covers all the aspects that can be used for spaceflight
structural items such as spacecraft platforms, interstage adaptors, launch vehicle buses and rocket motor
cases

The purpose of this International Standard is to establish general requirements for structures: It|provides the
unifofm requirements necessary to minimize the duplication of effort and the differences between approaches
taker] by the participating nations and their commercial space communities in developing structures. In
additjon, the use of agreed-upon standards will facilitate cooperation and communication among space
proggmmes.

© 1S0O 2011 — All rights reserved Vv
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Space systems — Structural components and assemblies

1 Scope

This
fabrig
laund
spac
missi

This
in sp
and t

2 Normative references

The

refergnces, only the edition cited applies. For undated ' references, the latest edition of th

docu

ISO 1

ISO 1

ISO 1
testin

ISO

ISO

ISO

ISO ?

ISO ?

nternational Standard establishes requirements for the design; material selection and;characterization;

b system, will assure high confidence in achieving safe and reliable operation in @ll‘phases
on.

nternational Standard applies specifically to all structural items, including fracture-critical ha

hermal protection systems.

following referenced documents are indispensable for the application of this documen
ment (including any amendments) applies.

4622:2000, Space systems —Structural design — Loads and induced environment

4953:2000, Space systems — Structural design — Determination of loading levels for static
g of launch vehicles

4954:2005, Space systems — Dynamic and static analysis — Exchange of mathematical m
5864:2004, Space‘systems — General test methods for space craft, subsystems and units
6454:2007, Space systems — Structural design — Stress analysis requirements
1347:2005, Space systems — Fracture and damage control

1648:2008, Space systems — Flywheel module design and testing

ation; testing and inspection of all structural items in space systems, including expendable pnd reusable
h vehicles, satellites and their payloads. This International Standard, when implemented fgr a particular

f its planned

rdware used

hce systems during all phases of the mission, with the following exceptions: adaptive structdres, engines

t. For dated
b referenced

4623:2003, Space systems — Pressure vessels and pressurized structures — Design and ¢peration

qualification

Ddels

ISO 22010:2007, Space systems — Mass properties control

ISO 24638:2008, Space systems — Pressure components and pressure system integration

ISO 24917:2010, Space systems — General test requirements for launch vehicles

MIL-STD-1540, Revision D Test Requirements for Space Vehicles
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2011(E)

and definitions

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

3.1

A-basis allowable
A-basis design allowable

A-value

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

[ISO 16454:2007]

3.2

acceptance test
required formal test conducted on flight hardware to ascertain that the materials, manufacturing proce
and workmanmship meet specifications and that the hardware is acceptable for intended usage

[ISO 14623:3

3.3

adaptive str
autonomous
changing en
suppression,

003]

ictures

structural systems which incorporate sensors, processors, and actuators to enable adaptat
vironmental conditions, thereby enhancing safety, stabilityy vibration damping, acoustic
aerodynamic performance and optimization, pointing_accuracy, load redistribution, da

response, stuctural integrity, etc.

3.4

allowable lo
maximum lo
potential rupt

NOTE 1 “A
yield strength,

NOTE2 A

3.5
assembly
combination

3.6
B-basis allo

ad

hd that can be accommodated by a structure*or a component of a structural assembly w
ure, collapse, or detrimental deformation.in_a given environment

lowable loads” commonly correspond.to.the statistically based ultimate strength, buckling strength
or maximum strain (for ductile materials).

lowable load” is often referred to'as just “allowable”.

pf parts, components and units which forms a functional entity

wable

B-basis desi
B-value
mechanical

n allowablée

trength value above which at least 90 % of the population of values is expected to fall, V

SSes,

on to
hoise
mage

thout

, and

vith a

confidence levelof 95 %

[ISO 16454:2007]

3.7
buckling

failure mode in which an infinitesimal increase in the load could lead to sudden collapse or detrimental
deformation of a structure

EXAMPLE

Snapping of slender beams, columns, struts and thin-wall shells.

© 1S0O 2011 — All rights reserved
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catastrophic failure
failure which results in the loss of human life, mission or a major ground facility, or long-term detrimental
environmental effects

3.9

collapse
failure mode induced by quasi-static loads (compression, shear or combined stress) accompanied by
irreversible loss of load-carrying capability

3.10

compesite-material

coml
NOTH
NOTH
[ISO
EXAM
— f
— |
—

3.11

composite overwrapped pressure vessel

COP
press

NOTH
The ¢

[ISO
3.12

composite structure

struc

3.13

damage tolerance

ability
crack

ination of materials different in composition or form on a macro scale

1 The constituents retain their identities in the composite.

2  The constituents can normally be physically identified, and there is an interface between them.
16454:2007]

PLE Composites include

brous (composed of fibres, usually in a matrix),

Bminar (layers of materials), and

ybrid (combination of fibrous and laminar).

v
ure vessel with a fibre-based composite system fully or partially encapsulating a liner

The liner serves as a liquid or gas (permeation barrier and may or may not carry substantial p
bmposite overwraps generally carry pressure and environmental loads.
14623:2003]

ural components that.are made of composite materials

of a structure or a component of a structural assembly to resist failure due to the prese|
s, or other damage for a specified period of unrepaired usage

ressure loads.

hce of flaws,

[ISO

P1347:2005]

3.14

design parameter

physi

cal feature which influences the design performance of the design of structural items

NOTE According to the nature of the design variables, different design problems can be identified such

— structural sizing for the dimensioning of beams, shells, etc.;

— shape optimization;

— material selection;

— structural topology.

©I1SO

2011 — All rights reserved
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3.15

design safety factor
factor by which limit loads are multiplied in order to account for uncertainties and variations that cannot be
analysed or accounted for explicitly in a rational manner

NOTE Design safety factor is sometimes referred to as design factor of safety, factor of safety or just safety factor.
3.16
detrimental deformation

structural deformation, deflection or displacement that prevents any portion of the structure or some other

system from

performing its intended function or that jeopardizes mission success

3.17
developmern
test to provig
parameters,
interface con
technology, ¢

[ISO 16454:3

3.18

dynamic load

time-depend

3.19

failure mode

rupture, collg
to sustain log

NOTE TH

3.20
fail-safe stru
structural ite
structure ren
with an ultim

[1ISO 21347:2
3.21

fatigue life
number of cy
assembly ca

3.22

t test

e information that can be used to check the validity of analytic techniques and assumed d
uncover unexpected system response characteristics, evaluate design changes, dete
hpatibility, prove qualification and acceptance procedures and techniques, chéck’manufac
r establish accept/reject criteria

007]

ent load with deterministic or stochastic variation

ds, pressures and corresponding environments, or that jeopardizes mission success

is definition applies to structural failure.

cture

m for which it can be shown by, analysis or test that, as a result of structural redundanc
aining after the failure of any_element of the structural item can sustain the redistributed limi
hte safety factor of 1,0

005]

cles of stress’or strain of a specified character that a given structure or component of a stru
n sustainqwithout the presence of flaw) before failure of a specified nature could occur

Esign
mine
uring

pse, detrimental deformation, excessive wear or afy*other phenomenon resulting in an inability

, the
load,

Ctural

failure modef effects and critically analysis

FMECA

analysis performed to systematically evaluate the potential effect of each functional or hardware failure on
mission success, personnel and system safety, system performance, maintainability and maintenance
requirements

NOTE It is also used to rank by the severity of its effect.

3.23

flaw

local discontinuity in a structural material

EXAMPLES Crack, cut, scratch, void, delamination disbond, impact damage and other kinds of mechanical damage.
[ISO 21347:2005]

4 © 1S0O 2011 — All rights reserved
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3.24

fracture control

application of design philosophy, analysis methods, manufacturing technology, verification methodology,
quality assurance, including non-destructive evaluation (NDE) and operating procedures to prevent premature
structural failure caused by the presence and/or propagation of flaws during fabrication, testing, transportation,
handling, and service events such as launch, in-orbit operation, and return

3.25

fracture-critical item

fracture-critical part

structural part whose failure due to the presence of a flaw would result in a catastrophic failure

3.26
full scale article
full-size test article which represents the whole flight structure or a part of the .flight sfructure with
representative loading and boundary conditions

3.27
hydrpgen embrittlement
mechanical-environmental process that results from the initial presence or absorption of excessive amounts of
hydrggen in metals, usually in combination with residual or applied tensileistresses

[1SO [14623:2003]

3.28
human vibration
vibration transmitted to and/or induced by the crew members

3.29
life factor
coefflcient by which the number of cycles or_time is multiplied in order to account for uncertainties in the
statistical distribution of loads and cycles, as well as uncertainties of the methodology used in the life related
analyses

NOTH 1 Life factor and scatter factor.are interchangeable terms in some documents.
NOTH 2  Life factor is sometimes ‘referred to as scatter factor when uncertainties are material uncertaintiep.
EXAMPLE Factors used'in/fatigue (life) analysis and damage tolerance life (crack growth safe-life) andlysis.

3.30
limit load
LL
maximum expected load, or combination of loads, which a structure or a component in a structdral assembly
is exlnected to experience during its service life in association with the applicable operating environments

NOTH_1 Load is a generic term for thermal load. pressure, external mechanical load (force, moment, or enforced
displacement) or internal mechanical load (residual stress, pretension, or inertial load).

NOTE 2  The corresponding stress or strain is called limit stress or limit strain.
NOTE 3  Limit load is sometimes referred to as design limit load. See informative Annex A.

3.31

loading case

combined loading case

particular condition of single (or combined) mechanical load, pressure and temperature, which can occur for
some structural components or a structural assembly at the same time during their service life

© 1S0O 2011 — All rights reserved 5
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3.32

loading spectrum
representation of the cumulative loading levels and associated cycles anticipated for the structure or
component of a structural assembly according to its service life under all expected operating environments

NOTE

3.33

Significant transportation, test, and handling loads are included in this definition.

margin of safety

MS

measure of a structure's predicted reserve strength in excess of the design criteria

NOTE 1 Fq

r a single loading condition, MS is expressed as:

MS = { [Allowable Load (Yield or Ultimate)] / [Limit Load x Factor of Safety (Yield or Ultimate)]} -1

NOTE2 Ld

NOTE 3  Th
linear for all th

3.34

ad may mean force, stress, or strain, if the load-stress relationship is linear.

e relation also can be expressed for a combined loading case, when the load-stress relationship re
e contributors of the loading case. Also see alternative methods in Annex D.

mass and inertia properties

mass and ing
and productg

3.35
maximum e}
MEOP
highest diffe

brtia properties of a structure comprise its mass, the locatiomof/ts centre of gravity, its mor
of inertia, and, where applicable, its balancing masses

kpected operating pressure

ential pressure which a pressurized hardwareldtem is expected to experience during its se

life and retain its functionality, in association with its applicable operating environments

NOTE 1 M
acceleration,

NOTE2  Sq

FOP includes the effects of temperature;;transient peaks, relief pressures, regulator pressure, \
hase changes, transient pressure excursions, and relief valve tolerance.

me particular project may replace\MEOP by Maximum Design Pressure (MDP), which takes into aq

more conservative conditions.

3.36
metallic stru

ctural item

structural iteqn made of metals

NOTE In

3.37
moving med
MMA

this document, load bearing metallic liners of COPVs are also referred to as metallic structural items.

hanical assembly

mains

nents

rvice

ehicle

count

mechanical
relative to an

EXAMPLES
bearings.

3.38
POGO

retectromechanicaldevice thatcontrofs—themoverment of one mechanicapartof a v
other part

hicle

Gimbals, actuators, despin and separation mechanisms, motors, latches, clutch springs, dampers, or

instability due to the coupling between the vehicle axial motion and the dynamic response characteristic of the
propulsion system

© 1S0O 2011 — All rights reserved
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3.39

pressure component

component in a pressurized system, other than a pressure vessel, pressurized structure that is designed
largely by the internal pressure

[1ISO 24638:2008]
EXAMPLES Valves, pumps, lines, fittings, hoses and bellows.

3.40

pressure vessel
contgin : A energy level
of 19,310 joules (14 240 foot pounds) or greater based on ad|abat|c expansmn of a perfect gas; or (2)
contgins gas or liquid that will create a mishap (accident) if released; or (3) will experience\aMEOP greater
than 700 kPa (100 psi)

NOTE Pressurized structures, pressure components and pressurized equipment are excluded from thiq definition.

3.41
pressurized equipment

special pressurized equipment
piecq of equipment that meets the pressure vessel definition, but for which it is not feasible or cost effective to
comply with the requirements applicable to pressure vessels

EXAMPLES Batteries, heat pipes, cryostats and sealed containers.

3.42
pressurized hardware
presqurized hardware includes pressure vessels;\‘pressurized structures, pressure components and
presgurized equipment

3.43
pressurized structure
strucjure designed to carry both internal pressure and vehicle structural loads

[1SO [14623:2003], [ISO 24638:2008)

EXAMPLES Main propellant tanks and solid rocket motor cases of launch vehicles, and crew cabihs of manned
modules.

3.44
primary structure
part of a structure-that carries the main flight loads and defines the overall stiffness of the sfructure, thus
influgncing its\natural frequencies and mode shapes

3.45

proof factor
multiplying factor applied to the limit load or MEOP to obtain proof load or proof pressure for use in the
acceptance testing

3.46

protoqualification test

test of the flight-quality article to a higher load level and duration than the acceptance test applied to flight
units under prototype qualification strategy

NOTE The testing consists of the same types and sequences as used in qualification testing.

© 1S0O 2011 — All rights reserved 7
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qualification test
required formal contractual test conducted at load levels and durations to demonstrate that the design,
manufacturing, and assembly of flight-quality structures have resulted in hardware that conforms to

specification

NOTE

requirements

procedures, equipment, instrumentation, and software.

3.48

random load

vibrating loa

Qr f|lI{‘|'I121’ing load whase instantaneous magnihldpq are Qppr‘ifipd nnly hy pmhnhility distrih

In addition, the qualification test may validate the planned acceptance progamme including test techniques,

ution

functions giv
range
NOTE A

3.49

residual strength

maximum v{
sustaining w

3.50

residual stress

stress that rg
EXAMPLE
[1ISO 146237

3.51

S-basis allowable

mechanical
contractor's 4

EXAMPLES

3.52
safe life
(1) design cr

(2) required
analysis or te

NOTE 1 Anl
environment”.

ng the probable fraction of the total time that the instantaneous magnitude lies within a spe

fandom load contains non-periodic or quasi-periodic constituents.

lue of load and/or pressure (stress) that a flawed or damaged structural item is capal
thout further damage or collapse, considering appropriate environmental conditions

mains in a structure after processing, fabrication, assembly;, testing or operation
Welding-induced residual stress.

003]

strength value specified as a minimum,*by the governing industrial specification, or a part
pecification

Properties given in MMPDS (Metallic Materials Properties Development and Standardization).

terion under whichfailure does not occur in the expected environment during the service life

period during’which a structural item, even containing the largest undetected flaw, is shov
sting not to'fail catastrophically under the expected service load and environment

equivalent definition is “period during which the structure is predicted not to fail in the expected servi

cified

le of

cular

vn by

ce life

NOTE 2

3.53

Safe life is also referred as damage tolerance life or fatigue life.

safe-life structure
structure designed according to the safe-life design criterion

3.54

scatter factor
coefficient by which the number of cycles or time defined in service life is multiplied in order to account for

uncertainties

NOTE

in material properties when performing fatigue and/or crack growth analysis

Scatter factor is sometimes referred to as life factor, which is usually used for just the difference in material

data used in the analysis; for example, S-N data used in fatigue life analysis, or da/dN data used in crack grow analysis.

© 1S0O 2011 — All rights reserved
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ndary structure

structure attached to the primary structure with negligible participation in the main load transfer and overall
stiffness

3.56
servi

ce life

period of time (or cycles) that starts with item inspection after manufacturing and continues through all testing,
handling storage, transportation, launch operations, orbital operations, refurbishment, retesting, re-entry or
recovery from orbit, and reuse that can be required or specified for the item

3.57
sho

spec
beloy

3.58
stiffn
ratio

3.59

stregs-corrosion cracking
anically and environmentally induced failure process in which\sustained stress and che¢mical attack

mech
comb

[ISO

3.60

stress-rupture life

k load
al type of transient load, where the load shows significant peaks and the duration ©f the
the typical response time of the structure

ess

between an applied force and the resulting displacement

ine to initiate and/or propagate a crack or a crack-like flaw in.a metal part

P1347:2005]

load is well

minimum time during which a non-metallic structural item maintains structural integrity, copsidering the
compiined effects of stress level(s), time at stress)level(s), and associated environments

3.61

strugtural component

mechanical part(s) in a functionalyhardware item designed to sustain load and/or pressure| or maintain
alignment

EXAMPLES Antenna suppert structure, instrument housing, and pressure vessel.

3.62

strugtural design

procégss used to détermine geometries/dimensions and to select materials of a structure

3.63

strugturaliitem

structure, ‘'structural subsystem (assembly), or structural component

EXAMPLES Spacecraft trusses, launch vehicle fairings, pressure vessels and pressurized structures; also fasteners,

instrument housing and support brackets.

3.64

structural mathematical model
analytical or numerical representation of a structure

NOTE

loads/pressures/temperatures.

[ISO

©I1SO
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3.65
structure

2011(E)

structural assembly
set of mechanical components or assemblies designed to sustain (carry) internal and/or external loads or
pressures; provide (maintain) stiffness, alignment, and/or stability; and provide support or containment for

other system
NOTE

3.66

s or subsystems

The space vehicle structure is usually categorized into primary and secondary structures.

system threat analysis energy level

maximum e

pected-energy level due toan impact resultingfrom a3 credible threat event determine

system threa

3.67

static load
quasi-static |
load which i
structure is i

NOTE
the natural fre

3.68

transient logd
magnitude or direction varies with time and for which the' dynamic response of the structyire is

load whose
significant

[1ISO 14622:3

NOTE TH
physical impa

3.69
ultimate loa
UL
maximum de
limit load mu
NOTE TH

3.70
ultimate str

maximum load or stress)that a structure or material can withstand without incurring rupture or collapse

3.71
vibroacoust

Quasi-static loads comprise both static and dynamic loads and are applied at a frequency sufficiently

t analysis

bad
5 independent of time or are varying slowly with time, so that the dynamie response ¢
significant

uency of the considered part, thus being equivalent to static loads in their effects on the structure.

000]

ese loads can be induced by transportation, gusts, engine ignition or shutdown, separation, orbital do
t, or deployment of appendages.

o]

sign load that the structure_shall withstand without rupture or collapse, which is expressed
tiplied by an ultimate design safety factor

e corresponding stress.and/or strain is called ultimate stress and/or strain.

ngth

C

f the

below

cking,

as a

environment induced by high-intensity acoustic noise associated with various segments of the flight profile

NOTE
random vibrati

3.72
visual dama
VDT

on.

ge threshold

It manifests itself throughout the structure in the form of transmitted acoustic excitation and as structure-borne

impact energy level shown by test(s) to create an indication that is barely detectable by a trained inspector

using an una

ided visual inspection technique

[1ISO 21347:2005]

10
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3.73

yield load

YL

maximum design load that the structure shall withstand without detrimental deformation, which is expressed
as a limit load multiplied by a yield design safety factor

NOTE The corresponding stress and/or strain is called yield stress and/or strain.

3.74

yield strength
maximum load or stress that a structure or material can withstand without incurring a specified permanent
deformation-oryield

NOTE The vyield is usually determined by measuring the departure of the actual stress-strain diagram from an
extension of the initial straight proportion. The specified value is often taken as an offset unit strain 6f/0,002.

4 Symbols and abbreviated terms

The fpllowing abbreviated terms are defined and used within this document:

e-N fatigue strain-life data

2niN| Miner's rule

AIT assembly, integration and tests
AOCPH attitude and orbit control system
BIT built-in testing

CAD computer aided design

CAE computer aided engineering

CAM computer aided mafufacturing
COPyV composite overwrapped pressure vessel
da/dy fatigue crack growth rate

DDF design-definition file

DJF design justification file

DOF degree(s) of freedom

DSF design safety factor

ECLS environment control and life support
EMC electromagnetic compatibility

EVA extra-vehicular activity

FCI fracture critical item

FEA finite element analysis

© 1SO 2011 — All rights reserved 11
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FE

FM
FMECA
FOS
FSI
HDBK
Hz

ICD

KPP
LBB
LCDA
LL
MDP
MEOP
MEOS
MMPDS
M/OD
MS
NASA
NDE
NDI
NDT
PFO
RMS
SEP
S-N

VDT

12

finite element

flight model

failure mode effects and criticality analysis
factor of safety

fluid structure interaction

handbook

hertz
nterface control document

fracture toughness

key process parameter

eak-before-burst

auncher coupled dynamic analysis

imit load

maximum design pressure

maximum expected operating pressure
maximum expected operating speed

[Metallic Materials Properties Development and Standardization
meteoroid and orbital debris

margin of safety

National Aeronautics-and Space Administration
hon-destructiye-evaluation (examination)
hon-desttuctive inspection

hon-destructive test

particle fall out
root-mean-square
system engineering plan
fatigue stress-life data

visual damage threshold
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5 Tailoring

For a specific progamme or project, the requirements defined in this International Standard may be tailored to
match the actual requirements of the particular progamme or project. Tailoring of requirements shall be
undertaken in agreement with the procuring authority where applicable.

Tailoring is a process by which individual requirements or specifications, standards, and related documents
are evaluated and made applicable to a specific progamme or project by selection, and in some exceptional
cases, by modification and addition of requirements in the standards.

Requirements for a human-rated progamme or project can be adjusted for a specified use by a procurement
agenfy-

6 Requirements

6.1 | General
Clauge 6 presents the general requirements for the design; material selection-and characterization; fabrication

and process control; quality assurance; storage and transportation; repair_and refurbishment for] all structural
items.

6.2 | Design requirements
6.2.1| Static strength

6.2.1]1 Ultimate strength

All stfuctural items shall have the strength and stiffness in all necessary configurations to support the ultimate
loadg, pressure and operating environments throughout their respective service lives without| catastrophic
failurge or collapse.

6.2.112 Yield strength

All structural items shall have(the strength and stiffness in all necessary configurations to support the yield
loadg, pressure and operating -environments throughout their respective service lives, including the expected
tests|without detrimentalC{excessive or permanent) deformation, yielding, gapping, sliding, or losing rigidity
that gan jeopardize theZmission objectives.

NOTH 1 For functional requirements (e.g. no excessive deformation, gapping, sliding, loss of rigidity) some projects
may donsider limit,/6ads only instead of yield loads.

NOTH 2 For metal structural components, local yielding may exist. This local yielding is acceptable if it does not cause
overall permanent set instability or fatigue failure of the structure, and remains compliant with the functional quuirements.

6.2.2 Buckling strength

Buckling shall not cause structural failure when ultimate loads are applied, nor shall it cause excessive
deformations to degrade functioning of any system or produce changes in any loads that shall be accounted
for. All structural items subjected to significant in-plane stresses (compression and/or shear) or external
pressure under any combination of ground loads, flight loads, or loads resulting from temperature changes,
shall be analysed or tested for buckling failure. Buckling evaluation shall address local or global instability,
crippling, and creep. Design loads for buckling shall be ultimate loads, except that the minimum anticipated
value shall be used for any load component that tends to alleviate buckling.

© 1SO 2011 — All rights reserved 13


https://standardsiso.com/api/?name=2310e4da06bd4e8402b8f3e6a4201185

ISO 10786:2011(E)

Local buckling shall be prevented unless:

a) the buckling is reversible;
b) the resulting stiffness and deformations still conform to the structural and functional requirements.
6.2.3 Margin of safety (MS)

The MS for every structural strength or buckling calculation shall be positive under single or combined loads,
pressures, and accompanying environments such as temperature for each design condition.

“

NOTE

6.2.4 Stiffn

All structura
correspondin

They shall g

elastic, pernpanent, and thermal deformations shall not degrade structural capability or adversely

aerodynamic

a) the stru

conditiofs, and

b) the stiff

function

NOTE St

Deformationg

gapping at j
Attitude and

6.2.5 Dynamic behaviour

The natural
major excita

Spacecraft s
of each strug
under transig
the vehicle fl

The spacecr]

Jrequencies of a structure shall be within specified bandwidths to prevent dynamic coupling

psifive” means equal to or greater than the margin specified in the margin policy Tor the sfructural item.

ess

items shall possess adequate stiffness to preclude detrimental deformations’ due to
g to the expected test and operating environments throughout their respective. service lives.

Iso possess adequate stiffness to preclude collapse at design ultimate/load. The cumu
characteristics. In addition:
ture shall be designed to conform to required stiffness under.the specified load and bou
ess of subassemblies and components and interfaces shall be such that the structura
| performance requirements are met.
ffness is often expressed in terms of a minimum natdral frequency requirement.

leading to the following failure modes\shall be avoided: violations of specified envel

pints, the creation of inefficient load paths and dynamic coupling with other subsystems
Drbit Control System (AOCS).

on frequencies (e.glaunch vehicle fundamental frequencies).

tural item shall-be consistent with the minimum required stiffness to ensure structural adeg
nt dynamic l0ads. In addition, the body-bending frequencies shall be within the limits impos
ght control'system.

bft-shall be designed to avoid load-inducing dynamic coupling of flexible modes during la

oads

ative
hffect

ndary

| and

bpes,
e.g.

with

ructures shall ke designed to avoid coupling with the launch vehicle control system. The stiffness

uacy
ed by

Linch,

f the

in-orbit oper

ations _and Ianding When n\/niding such r‘nnpling is nat pmr‘tir‘al) careful evaluation d

resulting dynamic loads, and their simulation by analysis or test, shall be required.

Structural components and assemblies shall be capable of performance within specification after exposure to
sinusoidal vibration, random vibration, vibroacoustic and shock environment as appropriate.

6.2.6 Dimensional stability

Structural materials shall remain dimensionally stable under given environments during ground, flight, landing,
and post-landing operations. The structural item shall not lose alignment that would impact the mission under
the action of applied loads, including the effects of temperature, humidity, and venting. In addition:

a) Dimensional stability of the structure shall conform to mission specified system and payload requirements.
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b) The design of a structure shall ensure that no loss of alignment which jeopardizes or degrades the
mission objectives can be caused by the action of applied loads (e.g. launch loads, deployment loads,
thermal stress and moisture release).

c) Selected materials shall take into account the stability of the material under the specified environment in-
service.

NOTE Dimensional stability requirements address the short, medium and long-term alignment stability of a space
structure under the operational environment.

6.2.7 Tolerances and alignments

The Lccuracy of the system of tolerances applied to the mechanical design shall guarantee copformance to
geonjetrical interface requirements.

The pngular and position tolerances shall be consistent with the alignment or pdinting accuracy of the
asseimnbly to achieve the mission objectives.

In cgses where alignment adjustability is specified, either at assembly level Jor at spacecraff level, these

provisions shall be included in the mechanical design together with the devices (e.g. alignment cubes) and
procgdures required for measurement or checking of the alignment.

6.2.8) Thermal

The fesign of space structures shall conform to the constraints imposed by thermal design|to meet the
missipn objectives.

The [ftemperatures and temperature variations and«gradients during all phases of a missipn, including

manufacturing and storage, shall be taken into acéount, both in the material selection and in the design in
order| to achieve the specified functional and structural performance.

6.2.9] Thermal distortion

Detrimental distortion of structural items due to thermal loading shall be prevented during transferjorbit, in orbit,
or in pafe mode operation including:the effects of the molecular heating.

It is [necessary that thermal ‘distortion effects for spacecraft pointing and/or co-alignment off sensors be
reduged.

6.2.1D Interface requirements

Interflaces of striictural parts that include joints and connections shall be taken into considgration in the
strucfural design. The structural integrity of bond joints, weld joints, and other forms of joints and connections
shall pe assessed, including the potential interaction among failure modes.

Th an-aof-baltadiainteahall i Ll wffiaian
e Colyim Ul VUTLTU JUTTTILS otfTair 1 TUUGS SuUuTmuoitctl

6.2.11 Electromagnetic compatibility

Structural requirements imposed by electromagnetic compatibility (EMC) of the equipment and payload
structures shall be taken into account.
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6.2.12 Lightning protection

The structure of launch vehicles shall be designed to:

a) dissipate static electrical charges;

b)

c)

provide electromagnetic protection; and

6.2.13 Mass and inertia properties

provide means of diverting electrical current arising from lightning strike so as not to endanger the vehicle.

Mass, centrg
During the d
and moment

of gravity and moment of inertia properties shall be compliant with the mass budget alloc
bvelopment, fabrication and system test phases continuous refinement of mass, centre_of g
of inertia shall be performed. ISO 22010 specifies the mass properties control.

6.2.14 Fatigue life

All non-fract

re-critical structural items shall have adequate fatigue life in order tocachieve mission sug

Unless othenwise specified, fatigue life shall be at least four times the service, lifé" with no assumed
damage or defects.

6.2.15 Frac
A fracture co
to the growth
shall be integ
as a minimur
a) hazard @
b) fail-safe
c) formulat
d) demons
e) demons
Unless speci

6.2.15.1

A structural i

ure control

ntrol progamme shall be established and implemented for structural items when their failur
of undetected flaws can result in a catastrophic or critical hazard. The fracture control progg
jrated in the design and verification process. This, progamme shall include the following act
n:

nalysis and structural screening to identifyfracture critical items (FCls);

analysis/or test for the structural assembly exempting from fracture control;

on of a nondestructive evaluation (NDE) policy;

ration of damage tolerance life for metallic FCls; and

ration of impact damage tolerance for composite FCls.

fied by the proguring agency, other requirements set forth in ISO 21347 shall be met.

F3qil-safe

em/assembly shall meet the following requirements to be qualified as a fail-safe item:

htion.
ravity

cess.
initial

b due
mme
vities

o Showm by anatysis or test thatdueto-structurat Tedundarncy, the structures Temaiming aft

r any

single failure can sustain the redistributed limit load with a safety factor of 1,0 without losing limit-specified
performance. The change of dynamic loading caused by failure of structure members shall be taken into

For other structural items except attachments, requiring basic fail-safe design is not recommended to
avoid unnecessary increases in the mass of these items

Failure of the structural item shall not result in the release of any part or fragment which could lead to any
event having catastrophic or critical consequences.

It shall be shown that no cracks or other defects will initiate and cause failure within the service life or
inspection interval where an appropriate life factor is used.

a) lItshallt
account.

b)

c)
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6.2.15.2 Damage-tolerance life (safe life)

Each fracture-critical item (FCI) shall be damage tolerant, i.e., have an adequate damage tolerance life (safe
life). For metallic structural items, it is required that the largest undetected crack (consistent in size with the
proof test limits or sensitivity of the applied NDE) that could exist in the FCI will not grow to failure when
subjected to cyclic and sustained loads in a specified number of service life times. For composite structural
items, except composite overwrapped pressure vessels (COPV), the broader range of flaws shall be
considered. If some attachment is single, and if it is FCI, then it shall take into account safe-life requirements.

Loads to be considered include testing, launch and/or landing, and normal operational cycles and durations
encountered in service. Unless otherwise specified, the required damage tolerance life (safe life) shall be at
least feurtimesthes Hareusabletaunch-vehiclea spacecraft,
or payloads which have scheduled inspection intervals, the required damage tolerance life (safe|life) shall be
at legst four times the inspection interval.

Eaor ctriiot
T O otraGt

anz

co lifa rral Harm o ~ ndmrdtiomical
CTVvICCT e oo e o O oot oot

Deta
used
tolers

ed damage tolerance requirements shall be specified by the procuring authority.) ISO 21347 shall be
for the appropriate applications. For pressure vessels and other pressdrized hardware, damage
nce requirements set forth in ISO 14623 shall be met.

6.2.1p Impact damage

The rfesidual strength of composite structural items after impact shalléhot be degraded below a pfedetermined

level
shall
threa
requi
spec

6.2.1
Com
cons

credi
other

6.2.1

The
cons

as specified by the procuring authority for the specific appfication. For COPVs, the resi
not be degraded below their ultimate load requirements after being subjected to the lesse
I analysis energy level or visual damage threshold (VDT) level impact. Detailed impact dama
fements shall be specified by the procuring authority. 1SO 21347 may be used if appro
fic application. For COPVs, impact damage tolerange-requirements set forth in ISO 14623 s

7 Stress-rupture life
posite and other nonmetallic structural items shall be designed to meet the service life
dering the time they are under sustained load. These items shall be designed such tha

ble stress-rupture failure mode based.on stress-rupture data for a specified probability of su
wise specified, the minimum probability of survival associated with catastrophic failure shall

B Corrosion and stress corrosion control

pffects of the following-factors on material properties over the service life of the structural
dered:

orrosive or incempatible environments;
alvanic sorrosion; and

tress-corrosion cracking.

!

jual strength
of a system
ge tolerance
riate for the
all be met.

requirement

t there is no
vival. Unless
be 0.999.

tem shall be

6.2.19 Outgassing

The selection of structural materials and processes shall consider the effects of outgassing on the structural
items and the surrounding elements or systems.

6.2.20 Meteoroid and orbital debris protection

When required, the space vehicle primary structures, pressurized hardware, thermal radiators, battery cells,
and electronic boxes, etc., shall be protected from meteoroid and orbital debris (M/OD) impact in order to
prevent risk of catastrophic failure. The selection and design of material and M/OD protection systems shall be
based on a defined probability of survival, which may be influenced by the probability of impact, critical M/OD
size, and material response to hypervelocity impacts. The magnitude and characteristics of M/OD flux, as well
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as methods of calculating the probability of penetration, shall be determined in accordance with the
requirements specified by government or industry standards.

Furthermore, the space vehicle structural item shall be designed in a manner that complies with international
guidelines that are in place to limit the amount of debris created from the item disintegrated during its mission.

6.3 Material requirements

For all the materials in structural items, mechanical properties at room temperature and at the operating
temperatures expected over the service life of the item shall be considered in selection, evaluation, and
characterization of the materials. Mechanical properties shall include but not be limited to stiffness, strength
allowable, fitlgue data, fracture toughness and crack growth data. The stress-strain curve shall be incjuded
when the material exhibits nonlinear-elastic behaviour.

6.3.1 Metallic materials

6.3.1.1 Metallic material selection

Material selgction for metallic structures shall be based on well documented mfaterial strengths, physical
properties, anpd fatigue/fracture characteristics consistent with overall system requirements.

6.3.1.2 Metallic material evaluation

Selected mefals shall be evaluated for material processing, fabrication*methods, manufacturing operations,
refurbishmernt procedures and processes, and other factors that affect the resulting strength| and
fatigue/fracture properties of the material in the fabricated and refarbished configurations.

Metals susceptible to stress-corrosion cracking or mechanisms such as hydrogen embrittlement shall be
evaluated by|performing sustained load fracture tests when applicable data are not available.

6.3.1.3 Metallic material characterization

Allowable mé¢chanical properties of all metals selected for structural items shall be characterized in sufficient
detail to perfmit reliable and high-confidence predictions of their structural performance in the expgcted
operating enyironments, unless these properties are available from reliable sources.

Where material properties are not _available, they shall be characterized by tests. Uniform test proceflures
shall be used to determine material strength and fracture properties as required. These procedures|shall
conform to rgcognized standards.

NOTE THe following ‘publications are examples of such recognized standards: ASTM E-399, ASTM E-647, and
ASTM E-740, developed.by the American Society for Testing and Materials (ASTM).

Test specians and procedures utilized shall provide valid test data for the intended application.

For fracture-critical items, sufficient tesis shall be conducted so that meaningful nominal values of fracture
toughness, fatigue data, and crack 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 strength, fatigue life and damage tolerance life (safe life) requirements.

6.3.1.4  Metallic material strength allowables

For all primary metallic structures that are not fail-safe, A-basis strength values shall be used for margin of

safety calculations. As a minimum, B-basis values shall be used for fail-safe or secondary structures. In
special circumstances where design data at the required statistical level are not established, limited data
acquisition tests to establish S-basis allowables may be conducted.

For fracture-critical items, the calculation shall be based on the material's A-basis allowable.
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6.3.2 Glass and ceramics materials

For glass and ceramics, the lack of ductility results in very low failure strains. The large scatter is primarily
caused by the variable severity of embedded flaws or surface flaws. The different nature of the flaws results in
dissimilar failure response to identical external loading conditions. Due to the random distribution of flaws in
these materials, the failure of a complex structural part can be initiated at any point, and not just at the location
in the part experiencing the highest stress or possessing the weakest strength.

6.3.2.1 Glass and ceramics material selection

Material selection for glass or ceramic structures shall be based on well documented material properties

apprd
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priate for the intended application. Key characteristics 1o be considered shall Include fractun
ess, Weibull parameters, dimensional tolerances, environmental compatibility, elastic prope
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3 Glass/ceramic material characterization
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heters required to predict probability of survival also shall be characterized. Potential sou
nclude material suppliers,-technical publications, and established databases.
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6.3.2

' g b allowables-foral I . il

Strength allowables for glass and ceramics shall be selected on a statistical basis. The allowables to be used
with the predicted design limit stresses shall be such that the probability of failure of the structural item is
consistent with the reliability requirements for this kind of material set by the procuring authority. In the
absencse of an allocated reliability to the structural item, the probability of failure shall not be greater than
1x107°,

6.3.3 Composite materials

The strength and stiffness of composite fibre reinforced materials are functions of fibre properties, matrix
properties, fibre content and orientation of fibres, and the processes used to construct the composite material.
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The properties of composites are determined by both fibres and matrix. By placing fibres in different directions,
the material properties can range from highly anisotropic to quasi-isotropic.

6.3.3.1 Composite material selection

At a minimum, composite materials used for fabricating structural items shall be selected on the basis of
environmental compatibility, material strength and modulus, stress-rupture, and outgassing properties. The
effects of fabrication process, temperature and humidity, load spectra, and other conditions, which can affect
strength, stiffness, and dimensional stability of the material in the fabricated configuration, shall be included in

the rationale

for selecting the composite materials.

6.3.3.2

Materials selected for a composite structure shall be evaluated with respect to the material"proces
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taken from a part fabricated using the same process and similar geometry as the full-scale structure. The tests
shall develop relationships between strength/temperature and strength/moisture for the entire range of storage,
transportation, and operational environments for each critical area of the structure. A series of test specimens
of increasing complexity from coupons, sub-scale, to full-scale shall be used to establish allowables for
full-scale structures.
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6.3.4 Polymeric materials

6.3.4.1 Polymeric material selection

Adhesives and other polymeric materials used for a structural item shall be selected on the basis of
environmental compatibility, adjacent materials, material strength and modulus, fatigue, creep deformation
and relaxation, and stress-rupture properties as dictated by the application. Effects of fabrication processes,
temperature and humidity, load spectra, and other conditions that can affect strength, stiffness, and
dimensional tolerance of the material in the fabricated configuration shall also be included in the rationale for
selecting polymeric materials. Other material selection considerations shall include flammability, toxicity, and
outgassing.
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2  Polymeric material evaluation

fials selected for a polymeric structural item shall be evaluated with respect to the materiag
facturing operations and processes, operating environments, service life, and ether pertiner
resulting strength, stiffness, and dimensional tolerance properties of materialin fabricated g

3  Polymeric material characterization
prties of the polymeric materials selected shall be characterized ‘in their expected config
ting environments. Test methods using samples representative ‘of manufacturing processe
ural hardware fabrication shall be used to determine matefial’properties as required. Tes
procedures shall follow standardized test methods whenever available in order to provide v,
e intended application.

PLE ASTM also publishes standardized test methods.

4  Strength allowables for polymeric materials
gth allowables for polymeric materials_shall be determined from testing of coupons, 5
bn/sub-scale data and full-scale data’shall be established.

ases for design allowables for.primary and secondary structural components shall correspo
-basis values, respectively-For fail-safe primary structural components, the B-basis allow3

In special circumstanees wWhere design data at the required statistical level are not establi
d data acquisition tests-to establish S-basis allowables may be conducted.

Adhesive materials in bonded joints

bsign allewables for adhesive materials in bonded joints (stress or strain) shall be defin
ards agreed upon with the customer.
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Manufacturing and interfaces requirements

The production engineering shall ensure that all structural components and assemblies can be manufactured
in the way intended to conform to the quality, reliability and reproducibility requirements.

The production of space structures includes the following:

a) fabrication of structural components (parts) in the factory;

b) integration of structural assemblies in the factory; and

c) integration of structural subsystems either in the factory or at the launch site.

© 1S0O 2011 — All rights reserved
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Manufacturing requirements

Design of structural items shall use well characterized fabrication processes and procedures. The fabrication
processes of each structural item shall be controlled and documented and all such fabrication processes and
operators shall have all required certifications. Proven processes and procedures for fabrication and repair
shall be used to preclude damage or material degradation during material processing and manufacturing
operations. In particular, special attention shall be given to ascertain that the thermal treatment, machining,

drilling, grind

ing, and other operations are within the state of the art and appropriate for the application.

For fracture-critical structures, fracture toughness, fatigue crack growth rate, mechanical, and physical
properties shall be within established design limits after exposure to the intended fabrication processes.

Fracture co
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specification
implementati

For composi

the as-built flight articles satisfy design and analysis assumptions and are representative of the verifig

test articles.

Materials sh

repeatable gnd reliable performance. The fabrication processes shall control “or eliminate detrim

conditions in

An inspectio
In-process if
parameters

6.4.2

The selected
qualified befi
first be estab

6.4.2.1

Manufacturin

a) samples

b) prototyp
process

c) flightha

M4gnufacturing process

Manufacturing activities
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5. Detailed fabrication instructions and controls shall be developed and used to ensure“p

pn of fracture control requirements.

e structures, coupon tests and manufacturing process checks shall be performed’to shoy

bll have certifications that demonstrate acceptable variability in material properties to e
the fabricated article.

n plan shall be developed to identify all key process parameters (KPP) essential for verific
spection or process monitoring shall be used to verify:the setup and acceptability of ¢
uring the fabrication process/procedure.

manufacturing process shall be demonstrated to be reliable and repeatable, and have
brehand. In case a new technology is implemented, a development and qualification plan
ished.

g activities to be developed.include:
for evaluation and testing;

bs, components, (representative sections or whole structures in order to prove manufac
ps and procedures, test and evaluate, and determine and prove inspection procedures; and

dware, components and structure for use.

6.4.2.2

Manufacturing drawings
Manufacturinmmm

Precess

roper

that
ation

hsure
ental

ation.
ritical

been
shall

uring

requirements shall be used.

tional

Manufacturing drawings shall take into account the quality requirements, the manufacturing process and the
manufacturing steps.

6.4.2.3

Tooling

Requirements for tooling, including assembly jigs and fixtures, shall take into account the following:

a)

b)

22

materials used in manufacture;

thermal conditions required for the process;
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c) geometry of the parts; and
d) serial numbers of parts.

Tooling design shall cover the acceptability of the finished components quality, size, shape and surface finish.

6.4.2.4 Component manufacturing

During design development, component manufacturing requirements shall be taken into account through
inputs from the production engineering evaluation.

The gomponent manufacturing fechniques shall be faken info account in the evaluation of compelitive designs.

All cgmponent manufacturing operations shall conform to product assurance requirements:

6.4.3| Integration requirements and procedures
The |ntegration covers both component integration and assembly integration~Component integration is the
activity of joining together of individual parts to form a structural component. Assembly integration is the
conngection of either components, e.g. launcher stage assembly, or final construction of the launch vehicle and
its pgyloads.

Component integration procedures shall include at least:
a) gpecifications of parts and materials;

b) inspection and test; and

c) iptegration instructions that include

1) preparation,

) equipment,

TNEY

3) parts and materials,
4) preload specification (bolt torque, clam-band tension and so on),

method, and

LR
~

®) cleaning.

Majof integration operations shall be accompanied by inspection and tests.

6.5 | Quality assurance

6.5.1 General

A quality assurance or inspection progamme based on a comprehensive study of the product and engineering
requirements shall be established in accordance with 6.9.2 and 6.9.3 to ensure that necessary NDE and
acceptance proof tests are performed effectively. The progamme shall ensure that no damage or degradation
occurs during material processing, fabrication, inspection, acceptance tests, shipping, storage, assembly, and
operational use and refurbishment, and such defects that could cause failure are detected or evaluated and
corrected. Quality assurance data for all structural items shall be maintained throughout the service life. As a
minimum, inspection, acceptance proof test and traceability shall be included in the quality assurance
progamme. Details are specified in 6.5.2 and 6.5.3.

NOTE The inspection progamme can be linked with fracture control and impact damage analysis.
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6.5.2 Inspection

6.5.2.1 Inspection plans

An inspection master plan shall be established before fabrication begins. The plan shall specify appropriate
inspection points, and inspection techniques for use throughout the progamme, beginning with material
procurement and continuing through fabrication, assembly, acceptance proof test, shipment, assembly, and
operation as appropriate. In establishing inspection points and inspection techniques, emphasis shall be
placed on verification of key analysis parameters. Consideration shall be given to the material characteristics,
fabrication processes, design concepts, presence of corrosion such as pitting and crevice cracking, and

accessibility for inspection of defects.

6.5.2.2 Ianection techniques

For fracture-
geometry, o
penetrant, m
appropriate.

confidence le

Inspection tg
appropriate

nonuniform @
machining d
inspections {
of cracks o
computed tg
appropriate.
defects shal
government

6.5.2.3

For structurs
performed as

6.5.2.4

Inspection data for the structuralitems shall be maintained throughout the service life. These data sh
reviewed and <asSessed to evaluate trends and anomalies associated with the inspegction

periodically
procedures,

structural conpfiguration=~Fhe result of this assessment shall form the basis of any required corrective actig

Teardown inspection

Inspection data

cation, and orientation of a crack or a crack-like defect. Inspection techniques, such as
agnetic particle, eddy current, radiography, and ultrasound, shall be used %0, detect crac
NDE techniques used shall have a demonstrated 90 % probability of detection at a
vel as a minimum.

chniques for composite materials shall include visual inspection performed in conjunction
state-of-the-art NDE techniques. Inspections shall be perforfaed to look for flaws sug
r broken fibres, delaminations, fibre wrinkles and waviness, dry.fibres (i.e., fuzzing or “broon
amage, impact damage, and uniformity of surface coatings, if applicable. When req
hall be augmented by use of optical magnification or solvent wipe techniques (i.e., for dets

delaminations). Proven NDE techniques, such as),ultrasound, radiography, thermogr
mography, and shearography, shall be used toxidentify and characterize critical defec|
The appropriateness and ability of the NDE methods selected to detect and characterize G
be established. NDE shall be performed in.@ccordance with applicable published indus
standards.

appropriate when damage tolerance demonstration is based on the inspection interval.

equipment and-personnel, material characteristics, fabrication processes, design concept

6.5.3 Acce

tance proof test

critical metallic structural items, selected inspection techniques shall be able to detérmine thé¢ size,

dye
s as
95 %

with
h as
Ning”),
ired,
ction
Aphy,
[s as
ritical
ry or

| items in reusable launch vehicles or multi-mission payloads, a teardown inspection shall be

bl be

and
n.

Unless otherwise Specified, all fibre-reinforced composite and bonded primary structures shall be proof tested.
When the proof tests are conducted at temperature and humidity conditions other than the worst-case design
environment, the change in material properties at the test conditions shall be accounted for in the test. The
test configuration shall simulate structural interfaces in order to replicate launch and flight external load
distributions.

Unless otherwise specified, all glass and ceramic material primary structures shall be proof tested.
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Traceability

Traceability of design and development processes and the relationship between each other shall be ensured.

Traceability shall be maintained on all fracture-critical structural items throughout their development,
manufacturing, testing, and service. As a minimum, serialization shall be required on all fracture-critical items
and they shall have traceability to material heat treat lot or composite manufacture and cure lot. A log shall be
maintained for each fracture-critical item to record all significant manufacturing assembly processes, load
cycles, inspections, and tests occurring during the time period from fabrication to the end of service life.
Engineering drawings for fracture-critical items shall contain notes that label the hardware item as “fracture
critical” and specify the appropriate inspections or flaw screening methods to be used. Computer aided design

(CAD
analy

6.7
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sis and test documentation shall be included.

Deliverables

Is, structural

All products (e.g. hardware, software, models and documents) to be delivered during the cours¢ of a project

shall

6.7.1

be specified at the beginning of a project. See Clause 9 for documentation requirements.

Packing, handling, transportation

When structural items are transported, they shall be packaged in amanner that will provide prote

damg
adve

ge from physical or environmental sources. These sources’inelude, but are not limited to
se environmental conditions (e.g., temperature extremes, humidity, water, prolonged

sunlight, etc.), physical impact, vibration, and shock during transport.

Critic
such
recor

as temperature extremes, excessive vibrationjtor shock loading shall be recorded. T
ding (i.e. continuous vs. maximum) and parameters to be monitored shall be commensu

threal assessment for the method of transportation and the consequences of these transportatio

on th

As a

B structural item.

minimum, records documenting transportation events, packaging used, method of convey

or company responsible for transport, dates of shipment and receipt, and a written rep

photg
obse

6.7.2

graphs of visual inspection results of the package and its contents shall be kept. Any adve
vations shall be recorded.-and assessed for implications about the integrity of the structural i

Storage

When structural items)are stored, they shall be protected against exposure to adverse enviro

temp
etc.

~

q
y
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Critical environmental conditions shall be recorded.

btorage-conditions shall prevent the degradations of the structural material or its geometric ¢

ction against
exposure to
exposure to

al environmental and transportation conditions that)pose a threat to the integrity of the sfructural item

ne nature of
rate with the
N parameters

hnce, person
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'se events or
em.

nments (e.g.

erature, humidity, etc.). In addition, they shall be protected against damage (e.g. abrasion, clitting, impact,

bnfiguration
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specific storage requirements shall be marked according to specific procedure

or those with

For parts or components, which cannot be inspected prior to flight and for which the structural

degradation during storage is uncertain, representative specimens (witness specimens) shall be stored
together with the flight hardware.
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Prior to acceptance for flight, the samples shall be inspected or tested for any structural degradation.
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6.8 In-service requirements

6.8.1 Ground inspection

Ground inspection of integrated structures shall be performed prior to launch. Ground inspection shall be
performed after the return of a recoverable structure.

6.8.2 In-orbit inspection

6.8.2.1 General

An in-orbit ingpection is performed to ensure that a structure has not deteriorated while in use such that flIthher
operation would render it unsafe.

In-orbit inspgction equipment is designed in such a way that:
a) itis able[to detect damage in a reliable and cost-effective way;
b) itis easy to use; and

c) it can bg used without the need for specialist personnel, extensive resources-and expert interpretatio

-

6.8.2.2 Provisions
Built-in-testing (BIT) systems shall be developed for continuous menitoring of long-term deployed strucjures,
where accesfs is limited or the area is critical to the integrity and safety of the structure. Such systems|shall
identify damaged areas as the damage occurs.

In case damjage is identified, other techniques agreed upon with the customer shall be used to investigate
local damagg sites, as directed by the global monitoring-system.

6.8.3 Evalyation of damage

When a defdctive or damaged area is located, its criticality with regard to the operations and safety shall be
assessed. The defect size, location and {potential propagation rate shall be determined.

The following factors shall be taken.into account in determining the criticality of the damage:
a) operatiopal conditions (loading and environment);
b) maintengince schedules;

c) as-designed structural requirements; and

d) service life-of the structure

Depending on the outcome of the evaluation of the damage, a decision shall be made and justified to repair,
replace or use as is the affected parts of the structure.

6.9 Maintenance requirements

6.9.1 General maintenance requirements
All maintenance actions shall be documented, including:

a) the specification of inspection methods;
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b) recording of results;

c) category of damage;

d) repair methods; and

e) compilation of service history documents.

The maintenance schedules shall be determined during the design process, and procedures shall be specified
for all of the actions to be performed.

6.9.2

Preventive maintenance shall be performed on parts classified as:

a)

b) i

c) parts experiencing high or low temperature use;
d) 1moving parts experiencing wear;

e) 4qccess points of structures (doors and hatches); and

f) 4

NOTH
parts

NOTH

6.9.3

Corre
expe

Depe
to be

NOTH
either

As c
repla

Preventive maintenance

ritical to the safety and function of the structure;

Hentified parts with low service life;

urfaces experiencing general “wear-and-tear”.

1 Preventive maintenance includes the replacement of parts approaching the end of their stated li
bs needed and adequately lubricating moving parts, where relevant.

2 “Wear-and-tear” refers to the gradual deterioration of an asset which results naturally from usagy

Corrective maintenance

ctive maintenance shall be «performed on parts incurring damage and those undergoing
Cted rates of deterioration,

nding on the criticality.of the damage or deterioration, procedures shall be specified for whd
taken for both in-orbit’and on-ground cases.

Correctivé_maintenance includes replacing or repairing parts and assemblies which have b
by accident ©p-as a result of a higher than expected rate of deterioration.

es, repainting

higher than

t actions are

ben damaged,

brrective. maintenance involves the repair or replacement of damaged parts, the decisiorn
Ce shall be justified based upon at least an evaluation of the following considerations for

parts

to repair or
he damaged

a) damage sustained;

b) possibility to repair (i.e. to restore the as-designed mechanical and environmental performance for the
remaining designed service life, by known and proven techniques);

c) capability to replace; and

d) remaining service life.

©I1SO
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6.10 Repair and refurbishment

When inspections reveal structural damage or defects exceeding permissible levels, nonconforming hardware
shall be assessed by a material review board. All repairs and refurbishments shall use an approved repair
process. All repaired or refurbished hardware shall be re-verified after each repair or refurbishment by the
applicable test procedure for new hardware to verify structural integrity and establish suitability for continued
service.

Special care and verification shall be focused on the boundary section between the repaired portion of the
structural item and un-repaired portion, as this boundary section could become the weakest location of the
structural item (due to the possibility of unfavorable load transfers caused by rigidity changes and local
geometric digturbat |uca).

The internal |oad transfer behaviour of the repaired item shall be re-analysed, taking into account the effect of
localized chgnges on the resulting margins of safety.

The following considerations shall apply to repair and refurbishment procedures.
a) On-grouhd and in-orbit repair procedures shall be specified.
b) All repaif procedures shall take into account the following factors:
1) struptural classification,
2) damage category,
3) repair procedure supported by mechanical and environmental testing progamme,
4) accessibility to damaged parts (e.g. one or both sides), and
5) avallability of equipment (e.g. repair material ‘@ahd services, and qualified personal).
c) Additionglly, in-orbit repair procedures shall-take into account the following factors:
1) reqgdirements for extra-vehicular adtivity,

2) transportability of materials{ t0 space (e.g. stability and outgassing properties of adhesives,
hazprdous cleaning and pfeparation chemicals),

3) preparation of surfaces)or damage removal (e.g. availability of appropriate hand-tools, control of dust,
and|contamination, and avoidance of space debris generation), and

4) repair manufacture difficulties.

d) All repair procedures shall be adequately qualified (i.e. with respect to their expected application jnode
and env(ronment).

7 Verification of general requirements

7.1 General
Clause 7 presents the general means for verifying that the requirements set forth in Clause 6 are satisfied.

Requirements for acceptance test requirements for flight hardware items, as well as qualification test
requirements for the new design are also presented.
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Verification methods appropriate to establish compliance with the design requirements specified in 6.2 are
summarized in a verification matrix shown in Table 1. Detailed requirements and discussion are presented in
7.2.1 to 7.2.20. In general, the verification methods rely on analysis, testing or some appropriate combination
of analysis and testing. Verification by similarity is an option for heritage structural designs. This option shall
be applied on a case-by-case basis and is therefore not listed in the verification matrix shown in Table 1.

7.21

Verification of static strength

Static strength of a specific structural item shall be verified by structural analysis and tests, considering

envir

perfo

7.21

Struc

stres
temp
for fli

Analy

and

fracty

1  Structural (stress) analysis

Table 1 — Design requirements verification matrix

bnments such as mechanical Toads, pressure, and temperature soak and gradients. Verifichtion may
rmed by analysis only if the conditions defined in 7.2.1.3 are met.

be

tural analysis shall be performed for all loads and environments to determine critical ipternal loads
(forces, stresses, and/or strains). Requirements set forth in 1ISO 16454 for the determination
ses and corresponding margin of safety (MS) shall be met. As appropriate, effects of ¢
eratures, and geometric nonlinearities shall be included in calculating internal loads. Struc
pht conditions shall be performed based on test-correlated analytical’ models.

of maximum
eformations,
ural analysis

sis of laminated composite structures shall address ply-by-ply.stress (strain) response to applied loads
environments to determine minimum margins of safety for_each applicable failure mode s
re, in-plane shear failure, and delamination.

uch as fibre

R:Jgi?;:‘::t Subclause title Verification method \:'?jrli)fif:ltjiso:
6.2.1 Static strength Analysis and test 7.2.1
6.2.2 Buckling strength Analysis and test 7.2.2
6.2.3 Margin of safety Analysis and test 7.2.3
6.2.4 Stiffness Analysis and test 7.2.4
6.2.5 Dynhamic behaviour Analysis and test 7.2.5
6.2.6 Dimensional stability Analysis and test 7.2.6
6.2.7 Tolerances and alignments Analysis and test 7.2.7
6.2.8 Thermal Analysis and test 7.2.8
6.2.9 Thermal distortion Analysis 7.29
6.2.10 Interface requirements Analysis and/or test 7.2.10
6.2.14 Electromagnetic compatibility Test 7.2.11
6:2.12 Lightning protection Analysis and test 7.212
6243 Mass-and-nertiaproperties Anatysis-and-test 7.2.13
6.2.14 Fatigue life Analysis and/or test 7.214

6.2.15.1 Fail-safe Analysis and/or test 7.2.151
6.2.15.2 Damage tolerance life (safe life) Analysis and test 7.2.15.2
6.2.16 Impact damage Test 7.2.16
6.2.17 Stress-rupture life Analysis and test 7.217
6.2.18 Corrosion and stress corrosion control Analysis 7.2.18
6.2.19 Outgassing Analysis and test 7.219
6.2.20 Meteoroid and orbital debris protection Analysis and test 7.2.20
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atic load test

Results of the qualification tests specified in 7.4 shall be used to verify rigidity and strength requirements.

7213 St

atic strength verification by analysis only

Static strength of a specific structural item may be verified by analysis only if the following conditions are met
and approval is granted by the procuring authority:

a) The item is metallic, or a secondary non-metallic structure.

b) The strd
defined
confiden

c) The strd
structurg

d) Develop
structurdg
has bee

7.2.2 BuckKling strength verification

7.2.21 Buckling analysis

Evaluation o
their effects
consideratior
procedures §
Defects and
strength sha

defects, geoetrical imperfections, and the structural item's configuration. Knockdown factors shall be &

on relevant t

In addition:
a) For case
b) Boundar
NOTE
assemb
¢) Minimun

ctural design I1s simple with easily determined load paths (e.g., statically determinate) andg
failure modes, it has been thoroughly analysed for all critical load conditions, and therenis ‘g
ce in the magnitude of all significant loading events.

cture is similar in overall configuration, design detail, and critical load conditions to a pre
which was successfully test-verified, with good correlation of test results to analytical predi

ment and/or component tests have been successfully completed on ‘critical elements ¢

N demonstrated.

f buckling strength shall consider the combined action of primary and secondary stresse
on general stability, local or panel instability; crippling, and creep. Analysis shall in
of the relative deflection of adjoining structures. Bifurcation buckling and/or nonlinear an
s appropriate shall be used to predict the loads at which the onset of structural instability o¢

geometrical imperfections in the structures shall be adequately taken into account. The bu
| be the predicted buckling load times_an appropriate knockdown factor to account for unk

st data or experiences that provide a lower bound for the buckling strength.

s where elastic fullysreversible buckling is accepted, post-buckling behaviour shall be analys
y conditions, defects and geometrical imperfections in the structure shall be taken into accod

Geometrical imperfections refer to any deviation from the nominal shape including effects @
y tolerances.

N gauge shall be used for buckling analysis.

well
high

vious
tions.

f the

, for which it had been difficult to analyse, and good analytical model-correlation to test results

5 and
clude
hlysis
curs.
tkling
hown
ased

nt.

ue to

7.2.2.2 Buckling test

Buckling strength verification can be accomplished by a buckling test. Representative structural items shall be
tested under the conditions cited in 6.4.3. As a minimum, development tests for primary structures shall be
conducted simulating compressive and/or shear load and/or external pressure when any of the following

apply:

a) configurations are shells of complex shape,

b) coupling

between various modes of failure is possible, and

c) no theory or test correlation factor exists.
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7.2.3 Margin-of-safety (MS) verification

The MS shall be determined by analysis using the appropriate statistically based material allowable. Test data
shall be used to validate results when necessary. Selection of factors of safety in MS determination shall be
predetermined by the procurement agency. Annex C contains factors of safety used by different regional
documents. Additional design factors for the following special situations shall be established based on prior
experience or test data:

a) personnel safety when the structural item contains stored energy;

b) highly localized stresses at locations such as holes, corners, or fillets;

c) stresses in complex joints and fittings; and
d) gtresses along discontinuities in composite structures.

MS dqalculations for reusable structural items shall consider degradation of material properties| if any, after
beind subjected to the service life.

7.2.4| Stiffness verification

7.2.4|1 Stiffness analysis

Stiffness analysis shall be performed to verify structural response to quasi-static loads. Analysis shall
determine required displacements and internal forces under representative applied loads apd boundary
condftions.

7.2.4|2 Stiffness test

When required, structural tests shall be conducted under maximum expected loads to determ|ne structural
stiffngéss and other responses including displacements and internal load distribution.

7.2.5| Verification of dynamic behaviour

7.2.51 Dynamic (response)(analysis

Dynamic (response) analysis ‘shall be performed for various flight events such as lift-off, enpine ignition,
aerodynamics, maneuyering, staging, reentry, and landing. Structural dynamic mathematical| models and
assogiated load transformation matrices shall be developed to support the loads analysis. Mddels used in
dynamic analyses/shall represent structural assemblies by characterization of dynamic paraméters (natural
frequencies andt{mode shapes) and associated effective masses and damping. Dynamic moglels shall be
updated to reflect changes in design and the loads environment as a progamme matures and m¢re data from
ground test.and flight test become available.

Low-frequency dynamic analysis shall be performed on an integrated spacecraft and launch vehjicle model to
verify frequency requirements and determine associated modal characteristics including natural frequencies
and mode shapes.

Loads analysis shall provide structural accelerations, internal member loads and stresses, deflections and
rotations, and interface forces at various components in sufficient detail to allow verification of structural
integrity. The analysis shall provide accelerations, velocities, and displacements at specified locations to a
certain probability level.

NOTE Some standards may currently use probability of 99,7 % with 90 % confidence, unless specified otherwise by
the procuring authority.

Verification loads analysis shall be performed to provide final definition of loads using structural dynamic
models and forcing functions verified by modal survey and other applicable tests. These analyses, including
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analysis methodologies, shall be verified by an independent organization when such requirements are
specified by the procuring authority.

a) Dynamic response analysis shall be used to verify the structural response due to excitations (e.g. force or
motion inputs via mechanical interfaces, thermal input such as eclipse transitions, spinner centrifugal
forces, and possible combinations thereof) either in the frequency domain (e.g. sine and random) or time
domain (transient) according to the definition of loads and information specified.

b) Coupled-load analyses shall be performed to verify the loads resulting from dynamic behaviour of
structural assemblies as follows:

1) Thermathematical-modets—applied-in—ecoupled-analyses—shalrepresentthe—struectural-assembties by

characterization of the dynamic parameters, namely natural frequencies, mode shapes, assogiated

gengralized and effective masses, and damping.

2) It is| not necessary to characterize natural frequencies with small effective masses)(e.g. mulfjlayer
insylation or small equipment) if it can be shown that these modes do not significantly influende the
ovefall dynamic behaviour.

7.2.5.2 Mopdal survey

7.2.5.21 Modal analysis
Modal analysis shall be performed 1) to verify that the structure\ conforms to the natural freqyency
requirementq, and 2) to determine associated modal characteristics.{e:g. natural frequencies, mode shppes,
and generalized and effective masses).

Pretension ahd spin effects shall be included.

For large lightweight structures (e.g. solar arrays, antenna reflectors), the effect of the surrounding air shgll be
taken into acount.

7.25.2.2 Modal survey test

Modal survey tests of flight-quality structures 'shall be conducted to verify mathematical models of dynarfically
complex strugtures such as spacecraft;-upper stages, and fairings.

All significant equipment components shall have an accurate dynamic representation in the test.

All significant modes of vibfation, mode shapes, frequencies, and associated damping over the freqyency
range of intgrest for loads™~analyses specified by the launch vehicle contractor shall be measured. Modal
correlation r%quirements shall be specified by the procuring authority. Modal survey test results shall be
certified by an independent organization that validates analytical models, when required by the proquring
authority.

7.25.3 Vibratiom,acousticand-shockverification

7.2.5.3.1 Vibration, acoustic and shock analysis (dynamic analysis: sine, random, shock)

Vibration, acoustic and shock analysis and/or survey shall be performed by the launch vehicle organization
using the launch vehicle environment to verify the acoustic spectrum and level in the payload bay/shroud or
external spacecraft location.

Vibroacoustic loads analysis shall provide structural accelerations, internal member loads and stresses,

deflections and rotations, and interface forces at various components in sufficient detail to allow verification of
structural integrity for the different structural parts including equipment supports.
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Shock analysis shall be performed on all shock-inducing events, including pyrotechnic initiation and
separation, to define environments at spacecraft locations where hardware sensitive to shock damage is
located.

7.2.5.3.2 Vibration, acoustic and shock tests (dynamic tests: sine, random, shock)

Vibration, acoustic and shock tests shall be conducted in accordance with the requirements of MIL-STD-1540
or as specified by the procuring authority. Dynamic tests shall be performed to verify the following objectives:

a) the dynamic behaviour, in terms of accelerations and interface forces (including units and appendages),

b) € compliance 1o the stiffness requirements,

c) e strength and alignment stability under dynamic loads, which include sinusoidal vibfation loads,
ndom vibration loads and shock loads when appropriate,

d) e compliance of the levels on equipment, considering their individual qualification levels,
e) e levels on equipment supports,

f) e validity of the lay out (e.g. the arrangement of equipment items and their supports to a structural item),
nd

g) the behaviour of various elements for which analysis is almost.unpractical (e.g. flexible items|or cables).

Acougtic tests shall verify the ability of the structure and its;equipment to withstand the vibrationjs induced by
the specified acoustic field.

Acougtic tests shall confirm the random dynamic design environment for subsystems and equipmegnt.

7.2.5|{4 Verification of microgravity, audible noise and human vibration

Verification of the microgravity, audible,noise and human vibration requirements shall be gerformed by
analysis.

The ¢onformance of equipment to/requirements of vibration and audible noise sources of equiprhent shall be
verifigd by test.

Strugture-to-structure acoustic transmissibility shall be validated by test.
7.2.5|5 Fluid structure interaction (FSlI)

The [structurenshall be verified against the effects of the interaction with fluids (e.g. sloshing, POGO,
cavitations'\effects and pressure fields).

Demonstration—shalt-be pcl"fuullcd by—tests;or-by-anatysis—supported-by-tests if mutt=physieat-tests are not

possible or practical.

7.25.6 Aero-thermodynamic test

Aero-thermodynamic tests shall be performed to verify the behaviour of the vehicle or a part of it during flight
in the atmosphere.

Tests performed with subscale models shall be verified to be representative of the flight structure.
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7.25.7

Aeroelasticity verification

Aeroelasticity analysis shall be used to assess the interaction between the aerodynamic flow and the structure.

Aeroelasticity tests shall be performed to verify the analytically predicted behaviour for each flight

configuration

and to determine application limits.

Aeroelasticity tests shall be performed on subscale and full-scale models and on flight vehicles on the ground
and in flight, if necessary.

7.2.6 Dime

nsional stability verification

As appropridte, dimensional stability shall be verified by material testing to determine changes in stru
dimensions @nd material properties due to environment influences such as moisture release andyabsor

aging, and c
a) Short, m
b) A stabilit

NOTE E

eep.

edium and long term effects of structural dimensional stability shall be analysed.

loads, zero-gfavity environment, micro-vibrations, material ageing (material propetrty changes), material dimen

instability, sett

c) Thedim
d) The con

ageing &
7.2.7 \Verifi

The verificati

Alignment ck
during manu

Dimensions

requirementq.

7.2.8 Verifi

7.281 Th

The survival
without failur

ng effect and spin effect.
ensional stability of the structure in operational environments shall be verified by test.

formance of material properties to specification in spite-of long-term effects (e.g. moisture re
nd creep) shall be verified by test.

cation of tolerances and alignments and geometric control
pn analysis shall assure that the design:tolerances conform to the alignment requirements.

ecks shall be performed in orderto verify the relative position and movements between
acturing, assembly and verification testing.

and tolerances shall be ‘controlled during and after manufacturing to conform to the func

cation of thermal-stress

ermal stress test

of the\Structure subjected to significant thermal loads (compared to the effect of the other |

y budget shall be established and the contributors shall be identified, apalysed and allocated.

ctural
btion,

amples of contributors affecting dimensional stability are thermo-elastic effects, moisture release, ip-orbit

sional

ease,

parts

fional

bads)

b shall be verified by thermal stress tests.

7.2.8.2

Thermal cycling test

Thermal cycling tests shall verify that the structure is able to survive without failure due to all of the thermal

cycling loads

expected during its service life.

Thermal cycling temperature ranges shall be increased to account for uncertainties in the thermal analysis.
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The following scatter factor should be applied for the thermal cycling tests, if necessary:

a) for launchers, re-entry vehicles and spacecraft subject to a low number of operational thermal cycles (e.g.
geostationary orbits):

1) a scatter factor of 4, for cycling within flight temperature ranges;

2) a scatter factor of 2 for cycling within the qualification temperature ranges.

b) a scatter factor of 1,5 for other spacecraft subjected to a large number of operational thermal cycles.

7.2.8[3 Thermo-stress analysis

Thermo-stress analysis shall be performed to compute stresses and deformationgy\due
tempgratures.

NOTE To perform thermo-stress analysis, temperature distributions defined by thermalanalysis are u
on the structural model.

Hydr

absofption according to the mission.

7.2.9| Verification of thermal distortion

A thgrmal distortion analysis shall be performed to ensurec.critical thermal distortion is not ex
analysis shall be based on appropriate thermal and structural mathematical models that shall b

fideli
wors

spec

to occurring

sually mapped

p-thermal analysis shall be performed to compute deformations due 1@ occurring moistufe release or

ceeded. The

t

matefial properties at the corresponding maximum-and minimum temperatures.

7.2.1p Verification of interface joints and connections

7.21

The
with

Fort
a)
b)
c)
d)
e)

f)

D.1 Bonded joints (adhesive connections)

valuation of bonded joints shall be performed in accordance with standards or procedures
he customer.

e mechanical characteristics of the bonded joints, the following items are usually taken into
influence of the’characteristics of the adhesive,
aterial of.the adherents,

rocess (heating, pressure applied),

of sufficient

y to predict displacement and rotation at critical parts, of the structure. The analysis shall be pased on the
-case flight temperature gradient or maximumsand minimum model temperature. Unleps otherwise
fied, the structure model shall incorporate :;nermal gauge dimension and account for the effects of

agreed upon

account:

any surface treatments,
dimensions of the bonded area, and

relative stiffness of the parts.

7.2.10.2 Bolted joints (connections)

Bolted joints shall be verified according to standards or procedures agreed upon with the customer.

The

sufficiency of thread engagement shall be verified.
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Minimum preload shall be considered for functional verification (no gapping, no sliding) and maximum preload
shall be considered for strength verification of the bolts or flanges.

NOTE

Generally, it is not necessary to apply a safety factor to preload in bolts when preload is defined considering

simultaneously conservative assumptions for the applied torque and its dispersion, the friction coefficients between the

different parts,

and other pertinent factors.

7.2.10.3 Welded joints (connections)

Welded joints shall be verified according to standards or procedures agreed upon with the customer.

TS

The analytic
a) stressc
b) type ang
c) local ma
d) residual
e) welding

: VA | iﬁuatiuu Uf VVC:dUd jU;I ItQ chdll Lakc ;I ItU daLLuUul It thU fU”UVV;I Y.

bncentrations,

quality of the weld,

ximum allowable geometrical defects (e.g. mismatch and peaking),

stresses and material characteristics changes due to local heating and ¢ooling, and

processes and procedures.

7.2.10.4 Riveted joints (connections)

Riveted joint

7.210.5 Jg
Inserts shall
NOTE In
7.2.10.6

Interface ver
drawings an

ints with inserts (connections)
pe verified according to standards or procedures agreed upon with the customer.

berts are generally used in sandwich constructions with cores of low strength.

Inspection and fit check

structural components.

7.2.11 V erification of electromagnetic compatibility (EMC)

The electron
be demonstr
generating e

mnissions.

5 shall be verified according to standards or procedures agreed upon with the customer.

ification shall be performed-by inspection (including geometrical control) of the manufac
| parts with respect te~the interface requirements, and with the aid of fit checks of interfacing

agnetic.itterference characteristics (emission and susceptibility) of a structural component
bted by"EMC test. Radiated emissions shall be performed on all structural components capa

uring

shall
ble of

7.2.12 Verification of lightning protection

The lightning

protection system shall be inspected and its function shall be tested.

7.2.13 Verification of mass and inertia properties

The inertia properties shall be computed to the specified accuracy using the inertia matrix of individual

components.

The quantities shall be monitored and presented in a mass budget report issued on a regular basis; a
breakdown of mass to component level shall be given together with mass contingency estimates based on the
design maturity.
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The mass and inertia data shall include mass, co-ordinates of the centre of mass with respect to a specified
co-ordinate system, moments of inertia with respect to a specified co-ordinate system, and the principal
moments of inertia and their orientation with respect to a specified coordinate system.

The mass and inertia properties of the structure shall be measured within the specified accuracy.

ISO 22010 specifies the mass properties control.

7.2.14 Verification of fatigue life

As appropriate, fatigue life shall be verified for non-fracture-critical structural items by fatigue analysis or test.

Fract
fatigye analysis or test.

7.2141

When a fatigue analysis is used to verify the fatigue life of a structural item,neminal valu
chargacteristics, including fatigue stress-life data (S-N) and/or fatigue strain-life (e-N) data of theﬂv‘;aterial shall

re-mechanics-hased damngp tolerance (anp-lifp) nnnlyqiq or_test may he used as a substitute for

Fatigue analysis

ps of fatigue

be used. These data shall be taken from reliable sources such as MMPDS-Q1 )and the Aerosp

Meta| Handbook. Analysis shall account for the spectra of expected operating’loads and environ

Minef's Rule (2n/N) is an acceptable method for predicting the effects”of variable amplitude

loading. The following requirements shall be met as a minimum:

a) [atigue analysis shall be performed to verify that fatigue® defect (crack or delamination
propagation resulting in structural failure or functional degradation cannot occur throughou
l|fe of the structure;

b) Effects of stress concentrations, stresses due o assembly, and/or residual stresses due
shall be taken into account;

c) The life of the structure shall be verified-for the specified envelope life multiplied by the spe

ctor; and

d) esign limit loads (without any safety factor) shall be used for fatigue analysis: all loads (alte

ermanent loads and acoustic,loads) and their combination and sequence shall be taken intg

NOTEH Fatigue analysis normally uses a cumulative damage approach which estimates fatigue li

spectfa and fatigue material@lowables (S-N curves).

7.214.2 Fatiguetest

Testi
with §

The number of tests shall be sufficient to form a statistically meaningful database. In addition:

a)

b)

tress.analysis, is an acceptable alternative to analytical prediction.

e Structural
ents.

atigue cyclic

initiation or
t the service

o fabrication

cified scatter

rnating loads,

account.

e from stress

hg of specimens in a representative environment to demonstrate fatigue life of a specific part, together

fatigue tests shall verify that the structure can survive, without degradation, at least the predicted service

life cycles with the specified scatter factor, and

fatigue tests shall verify that the cyclic loads do not cause cracks or crack-like defects that endanger the

integrity of the structure or change the behaviour significantly.
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7.2.15 Verification of fracture control

7.2.151 Fail-safe demonstration
A structural item shall meet the following requirements to be demonstrated as a fail-safe part:

a) It can be shown by analysis or test that, due to structural redundancy, the structure remaining after any
single failure can sustain the redistributed limit loads with an ultimate safety factor of 1,0 without losing
limit-specified performance. The change of dynamic loading caused by failure of structural members shall
be taken into account.

b) Failure ¢f the item shall not result in the release of any part or fragment which resulis in an eveni having
catastrophic or critical consequences.

c) It shall be shown that no cracks or other defects will initiate and cause failure within the service life or
inspectign interval where an appropriate scatter factor is used.

7.2.15.2 \Vegrification of damage-tolerance life (safe-life)

7.2.15.2.1 DPamage-tolerance life (safe-life) analysis
For all metallic, glass, and ceramic fracture-critical parts, damage-tolerange, life analysis (also referred [to as
safe-life fracfure mechanics analysis) shall be performed to verify that the ‘parts meet the damage-tolefance
(safe-life) requirements specified in 6.4.15. Undetected crack(s) shall be assumed to be in critical locat{on(s)
and in the mpst unfavorable orientation(s) with respect to the applied*stress and material properties.

The size of [the crack(s) shall be based on crack-screening, proof test-limits or the detection capability of
appropriate NDE technique(s) used in the acceptance tests . .Nominal values of fracture toughness and fatigue
crack growth|rate (da/dN) data shall be used in the analysis:

7.2.15.2.2 DPamage-tolerance life (safe-life) test
Damage-tolerance verification for fracture-critical metallic, glass, and ceramic parts may be performg¢d by
testing flightiquality parts with pre-fabricated crack(s) of controlled size(s) in a representative environfnent.
Coupons maly be allowed in lieu of full-scale, flight-quality articles only for metallic parts when the stresg field
is well defined and the material properties are representative of the flight parts. The size and shape of crack(s)
shall corresppnd to the detection capability of the NDE to be imposed on the flight parts.

Damage-tolerance verification for fracture-critical composite parts shall be performed by test only. Th¢ test
spectrum shall adequately represent all cycles, time, and environments associated with part history.

Proven accelerated tesf\techniques may be used. Damage-tolerance test(s) for fracture-critical composite
parts shall be performed by using full-scale, flight-quality articles, with pre-fabricated flaw(s). The size ¢f the
flaws shall b¢ baséd-on the detection capability of the NDE to be imposed on the flight parts.

NOTE 1 Analysis in order to reduce the number of cases to be performed by test may be acceptable, providing 4 good
correlation exists between results obtained using the proposed analysis method(s) and previous tests. However, some
minimum amount of testing remains mandatory.

NOTE 2  “Full-scale” means using either a full-size example of the whole specimen or a representative full-size part with
representative boundary conditions and loading.

For components where neither damage-tolerance analysis nor damage-tolerance testing is appropriate, such
as for some composite material failure modes, proof testing of each flight hardware item may be used to
establish confidence in a part's damage tolerance, provided it is approved by the procuring authority.
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7.2.16 Verification of impact damage

Testing in a representative environment is the only acceptable method to demonstrate impact damage
tolerance of fracture-critical composite parts. Impact damage tolerance is verified when it is shown that
residual strength does not degrade below the predetermined level. Full-scale articles, which are
representative of the flight part, with induced impact damage shall be used as the test specimens. For COPVs,
either system threat analysis energy levels or verified VDT energy levels, whichever is less, shall be used to

determine the impact energy level in the impact damage tolerance tests.

NOTE
decreases during time before the following NDE.

Some margin on the size of initial damage should be considered in such a case that the size of the defect

7.2.1F Verification of stress-rupture life

Stress-rupture life for composite and other non-metallic structural items shall be verified-bylanaly
by tept data. If an alternative way of demonstration is used (such as maintaining the Gtructure u
taking into account some factor on the load or on the time), the equivalence withthe probability
specified in 6.2.17 should be stated.

7.2.1B Verification of corrosion and stress-corrosion cracking control

A coffrosion control plan shall be developed for structural items that are prone to stress-corrosio
corrogion due to environmental or galvanic effects. The corrosion,cantrol plan shall be reviewed
and tfacked for effectiveness.

7.2.1P Outgassing verification

Outg
the s

bssing levels of structural materials for the specified operating conditions shall be shown to
pecified allowable by analysis, test, or documeénted engineering practice. The effects of o
matefial properties, dimensional characteristics,-and residual stresses shall be established and in
determination of material properties, analyticalvevaluations, and/or experimental validations for
itemsg.
7.2.2p Verification of meteoroid and .orbital debris shielding

When required by the procuring-authority, mission-critical components that are vulnerable to M
should be tested for M/OD damage at representative velocity levels.

7.3 | Acceptance tests

Acce
preve

btance tests,shall be performed on the flight hardware to demonstrate that no workms
nts a strdcture item from fulfilling specification requirements.

Acceptance tests shall include the following types of tests:

is supported
nder the load
of failure as

N cracking or
for adequacy

be less than
Ltgassing on
cluded in the
all structural

/OD impacts

nship defect

a) proof pressure tests of pressurized hardware,

b) static load tests of composite structures,

c) proof tests on sandwich inserts, and

d) vibration tests or other dynamic tests on structural components that are prone to experience dynamic
environments.

NOTE Acceptance tests may include structure-related functional tests when mechanisms are included.
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7.3.1 Non-destructive inspection (NDI)

Each structural item shall be subjected to inspection if required by the inspection plan of 6.5.2. NDI can be
conducted either at the component level, or at the assembly level for some structural items.

For fracture-critical parts, NDI shall be performed to verify that no defect (crack or delamination) larger than

the size specified by requirements are present.

7.3.2 Proof load and/or pressure test

Metallic structural components such as pressure vessels, pressurized structures, and heat pipes, shall be

subjected to

Composite a
of 1.1 times {

Glass struct
procurement

During acce
specification
pressure, an
properties ar
after each pr
the proof teg
establish pre

For non-pres

AN acceptance proof test using minimum proof test tactors shown in [able 2.

hd bonded primary structures shall be subjected to an acceptance proof test at a minimum
he limit load.

res shall be subjected to an acceptance proof test with a specific level ‘provided b
agency.

btance proof testing, the test item shall not rupture, experience, severe damage, or e
5 on linear and/or nonlinear deformation. If necessary, the proof-test parameters, such as
d temperature, shall be suitably adjusted to account for the efivironmental effects on ma
d stress fields in order to make the proof test representative.of the critical condition. Befor
pof test, appropriate NDI shall be performed to ensure that ho damage has been induced @
t. For pressure components including pressure vessels,~a leak check shall be conduct]
flight condition.

level

y the

ceed
load,
terial
b and
uring
ed to

surized structures, in cases where such acceptance testing is not practical, deviation may be

granted by the procuring authority, provided the manufacturer of the composite/bonded structural| item
demonstrates that:

a) certified[and controlled specifications are used,

b) personngl are properly trained and certified;

c¢) mechanjcal properties of each component are verified by tag end tests, and

d) NDIl is aflequate to validate the quality and integrity of the hardware.

7.3.3 Vibrgtion and shock-test

Vibration and shock tests” on structural items shall be conducted in accordance with the requirerpents
specified by the procuring authority.

7.4 Qualit

ication progamme (qualification tests)

Qualification tests shall be performed to verify that the structure design and manufacturing technique fulfil

specification

requirements.

The general test requirements for spacecraft or launch vehicle are specified by ISO 15864 and ISO 24917.

NOTE
thermal stress

test).

Qualification tests can include static tests, dynamic and acoustic tests, and other tests as appropriate. (e.g.

Every structural item (new design or redesign) shall be verified by a qualification progamme in accordance
with the test options shown in Annex C. Qualification tests shall be conducted on a flight-quality structural item
all of whose parts have been subjected to NDI and an acceptance proof test as described in 7.3.
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Tests can be conducted either at the component level, assembly level, or at a higher level of integration. The
following tests shall be conducted on all new or substantially modified structural items as appropriate:

a) inspection,

b) proof load and/or pressure tests,

c) vibration and shock tests, and

d) ultimate load and/or burst tests.

A fatl uc iIfC dlldIIUl Uldllldyu tUiUldl 1ICCT tUbt mriay diDU IUU d [.)dlht Uf ti 1< quaiifibatiun tcat pProydariitic,

In ggneral, a damage tolerance test shall be conducted on a separate test article. Howeve
condycted on the qualification test article whenever feasible.

7.4.1| Proof load and/or pressure tests

The
with 7.3.2.

7.4.2] Vibration and shock tests

A structural item shall undergo appropriate acceptance- and qualification-level vibration and sh
accordance with requirements specified by the procuring authority.

7.4.3| Inspection
Inspdgctions of the qualification test article shall be\pérformed in accordance with the requiremen

ensufe that the qualification hardware conforms to applicable drawings and specifications f
performance.

7.4.4| Qualification load and/or pressure tests

A qugplification load test shall bé“conducted on a flight-quality article to verify compliance wit

hualification test article shall be subjected to proof load and pressure \tests if required in

if required.

r, it may be

accordance

bk test(s) in

ts of 6.5.2 to
or functional

N the design

qualification factor of safety requirement established for each type of structural item. The qualificdtion load test

parameters such as load and temperature shall be suitably adjusted to account for environmen
matefial properties and stress fields in order to make the test representative of the lowest margin

The {est article shalkbe held at the qualification load level for at least the period required by {
authqrity. The test article shall not exhibit catastrophic failure at or prior to the end of the hold time.

One
degradation’ of material properties due to combined temperature and moisture effects:

a)

of the<following test approaches shall be used for composite/bonded structures to

al effects on
condition.

he procuring

account for

Perform the qualification test on the test article which has been environmentally precondition
worst-case combination of temperature and moisture conditions.

ed under the

The evaluation of qualification test results or data shall account for the worst hardware characteristics

which can be present in a flight unit but are not present in the test unit.

Perform the qualification test at ambient conditions where the actual applied load shall be adjusted by the
appropriate environmental and statistical knockdown factors derived from the design allowable test
results for the same failure mode. If thermal loads are low, ISO 14953 gives some formal procedures to

take thermal loads into account for static qualification test by increasing mechanical loads.

For all pressure vessels, pressurized structures, and pressure components, all qualification test requirements
shall be demonstrated in accordance with the appropriate ISO standards listed in 8.2.
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8 Special structural items

8.1 General

Clause 8 presents additional requirements for special structural items, including pressure vessels, pressurized
structures, special pressurized equipment, heat pipes, flywheel rotors, beryllium structural items, cryo
structures, hot structures, and sandwich structures. For items that already have published standards, the

standard is identified. For items without published standards, specific requirements are defined in 8.3.

8.2 Special structural items with published standards

Table 2 provides a list of special structural items that shall be designed, fabricated, verified, qualified, and
accepted baged on a set of requirements specified in the corresponding published standards.
Table 2 also [summarizes important requirements contained in these standards.
Tablg 2 — Published specific requirements for special structural items (minimum values)
Design Acceptance Corresponding
Hardware ultimate Fatigue life/ Damage tolerance | Post-proof .
type load/ | Proofloadl | c i ire mode (safe life) NDE published
Pressure Pressure standarld
Metallic Required for LBB Required‘for .
pressure 11’55?\;'(EL(|5|’3 1,25x MEOP failure mode, non-LBB\failure Rewe':gg on 1ISO 146P3
vessel ’ 4x service life mode, 4x Service life
Metallic Required for LBB Required for .
pressurized 1 125)2)?;\(/""5"0'3 1,17x MEOP failure mode, non-LBB failure Re(wel:cejg on 1ISO 146p3
structure ’ 4x service life mode, 4x service life
PPEH | 1 5x MEOP | 1,25x MEOP : hazardous LBB liner, |  visual ISO 146p3
pressure LBB/iner, e . .
) 4x service life inspection
vessel 4x.service life
Required for LBB Required for
Battery case 1,5x MEOP | 1,25x MEOP failure mode, hazardous LBB Not required 1ISO 24688
4x service life case, 4x service life
Sealed Required for LBB Required for
. 1,5x MEOP | 1,1xMEOP failure mode, hazardous LBB, Not required 1ISO 24688
container . . - .
4x service life 4x service life
Required for LBB Required for
Cryostat she|l | 1,5x MEOR/~1,25x MEOP failure mode, non-LBB failure Not required 1ISO 24688
4x service life mode, 4x service life
Heat pipe 2,5xMEOP | 1,5x MEOP Not required Not required Not required 1ISO 24688
Required for Required for
Flywheel rotqr 11,25x MEOS | 1,1 MEOS |unmanned system,| manned system, |Not required ISO 21648
4x service life 4x service life

NOTE

LBB applies only to metallic or metallic part of COVP.

8.3 Special structural items without published standards

This subclause addresses special structural items that shall be designed, fabricated, and tested in accordance
with a specific set of requirements in addition to the general requirements specified in Clauses 6 and 7.
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Beryllium structural items

All beryllium primary and secondary structural items shall undergo a proof load test to 1.4 times limit load.

No detrimental permanent deformation shall be allowed to occur as a result of applying the loads, and
applicable alignment requirements shall be met following the test. In addition, the following requirements shall

apply.

When using cross-rolled sheet, the design shall preclude out-of-plane loads and displacements during

assembly, testing, or service life.

b) Toraer o—accotn or—tmrcerta es—immatertal-properties
gafety factor of 1,6 shall be used in margin of safety analysis.

c) $tress analysis shall properly account for the lack of ductility of the material by-rigerous
applied loads, boundary conditions, assembly stresses, stress concentrations, -thermal
possible material anisotropy. The stress analysis shall take into account worst:€ase tolerance

d) All machined and/or mechanically disturbed surfaces shall be chemically) milled to ensur
gurface damage and residual stresses.

e) All parts shall undergo inspection for surface flaws in accordance/with 6.5.2.2.

8.3.2] Cryo structures and hot structures

In cgses where a primary load condition on the structure ‘is due to large thermal gradientg
tempprature ranges, testing shall be performed in acceordance with requirements specified by {
authqrity. As appropriate, testing shall include simulation of the temperatures and gradients on

validation of analytical models at the component(or subassembly level, and qualification of
hardware at higher levels of assembly.

A comprehensive test plan shall be developed and approved by the procuring authority. The té
defing what tests are required, the fidelity:of the simulations, and the stages of development at w
are performed.

8.3.3

Sandwich structures

mate design

treatment of
cycling, and
conditions.

e removal of

or extreme
he procuring
he structure,
flight-quality

st plan shall
nich the tests

Sandwich structures shall-normally use a vented core. The design shall utilize perforated core fitt

perfo
vent

In ex|
procu
requi
demg
asce

safely during aseent into orbit.

d with either

rated face sheets,and/or panel edge members that allow gases present within the sandwich|structures to

Ceptional cases where venting is not acceptable, use of a non-vented design shall be approved by the
ring authority. The structure shall withstand pressure buildup without violating strength[and stability
rements: For these cases, the integrity of each flight-quality article or flight article, if necessary, shall be
nsirated by specially tailored proof tests, including high rate depressurization, to simulaie the critical
ptenvironment. In_addition, the face sheet-to-core bondlines shall be examined for debpnds per the

requirements of 6.5.2.2.

9

9.1

Documentation requirements

Interface control documents

All interface control documents (ICD) related to structural items shall be recorded and subjected to review by
the procuring authority.

© 1S0O 2011 — All rights reserved
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9.2 Applicable (contractual) documents

All applicable documents shall be listed and a summary shall be prepared to show compliance with
requirements. Deviations from the applicable documents shall be identified. Justifications for deviations shall
be submitted to the procuring authority for review and approval. Approvals and denials of requested deviations
shall be provided in written format as part of the documentation package.

9.3 Analysis reports

When analysis is part of the verification of compliance with the requirements specified in Clause 6, a
corresponding report shall be prepared and submitted to the procuring authority for review and approval.

The specific fequirements for the analysis reports are specified in 9.3.1 to0 9.3.5.
Reports shall include sufficient information describing the structural mathematical modelsGand anglyses

performed tq demonstrate the verification and validation of the results generated. Supportingyanalyses|shall
be documented and shall be traceable to engineering drawings, material data, and loading.

9.3.1 Streds analysis report

A stress analysis report documenting the analysis results shall be prepared, As’a minimum, the report|shall
consist of the following sections:

a) analysis|inputs and assumptions, including:
1) strupture configuration and geometry,
2) structure materials and their properties,
3) limi{loads, pressures, and temperatures for every loading case considered,
4) safgty factors for every loading case and-structure element considered,
5) structural mathematical model description, including:
i) |assumptions and supporting/justification,
i) |[boundary conditions;
b) structurgl mathematicalkmodel checks and results;
c) failure modes considered;

d) failure criteria‘applied;

1 £ £ + A A Fhvar Lad-
e) descrlpt LIl Ur rclcrcllucs IUr LILLA~A IU\JS allu SUILVVarU appllcu,

f) summary of significant analysis results;
g) references.

The analysis shall be revised whenever changes of basic data occur and the revised results shall be
documented.
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Fatigue or damage tolerance life (safe- life) analysis reports

A fatigue or damage tolerance analysis report shall include the following as a minimum.

a) fatigue stress-life (S-N) data or fracture mechanics data, including fracture toughness (Kc) and fatigue
crack growth rates (da/dN);

b) loading spectrum and environments;

c) NDE methods and corresponding initial flaw sizes for damage tolerance analysis;

d) amatysisassumptionsandrationate;

e)

f) 4

alculation methodology, including software description;

ummary of significant results; and

g) rneferences.

9.3.3

As a
contr
and/d
and

requi
gene

The {
shall

9.3.4

The
minin

a) s

Fracture/impact damage control plan/report

minimum, the organization with primary responsibility for hardware development shall prov
bl plan and/or impact damage control plan. The plan shall-provide detailed hardware-spe
r impact damage control methodologies and procedures for testing, inspecting, handling, tr
pbperational life. The plan shall identify organizational «elements and their responsibilities
red to implement the plan, including review of design-and structural analyses, configuration
ration of required documentation such as a fracture/impact damage control summary report,

racture/impact damage control summary repoftsshall certify fracture control compliance, a
be submitted to the procuring authority.

Inspection reports

nspection report is a compilation of inspection sheets used by the inspector to record
hum, the inspection sheet shallidentify the following:

tructural item by name.and’part number;

b) 1aterial and condition;

c) ftype of NDE ahd-Sensitivity level;

d) s

ketch of\the item showing the area inspected and type of defects for which inspection wa

and

de a fracture
cific fracture
ansportation,
for activities
control, and
etc.

nd the report

esults. As a

s performed;

e) nesults of the inspection and the inspector's Qignn’rnrp, date _and stamp

9.3.5

Dynamic analysis

The dynamic analysis report shall include loads analysis methodologies, analysis models, forcing functions,
modal frequencies, and results of analysis/test correlations.
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10 Data exchange

10.1 Data set requirements

The International system of units (SI) shall be used for all drawings, specification and engineering data.

The data shall include the delivery of datasets in both:

the nativ

procure

All data, reg
the data, incl

a)

b) date ang
c) status of
d) respons
€) name ar
f) format o
During the d

includes datd exchange between all engineering disciplines and sub-disciplines including design, ang

manufacturin
as the mana

10.2 Syste

Data for the
complying w

10.3 Data ¢xchange between design and structural analysis

Geometrical

with open InternationakStandards or through direct interfaces agreed upon with the customer.

Other data

ardless of the format, shall be accompanied by documentation containing detailed déscriptiqg

native data format, and open international data format (name and version);

e data format of the software or facility used to produce the data, and

ent authority.

uding the following:

time stamp when the data were produced;

data;

ble organization and person who produced the data;

d version of the software or facility used to produce the‘data; and

f media (e.g. tape, back-up, and operating system).

bvelopment process, it is important to exchange data safely and quickly within the project

g and test, as well as geographically distributed teams and between different subsystems,
jement of project information and doctmentation.

m configuration data

system configuration should be exchanged in a computer sensible format through inter
th open International Standards or through direct interfaces agreed upon with the customer.

data shall be-'exchanged between CAD and CAE software tools through interfaces com

This
lysis,
such

faces

lying

d be

for”design and structural analysis (e.g. material definitions and their properties) shou

exchanged i

p_a-computer sensible format through interfaces complying with open international standands or

through direct interfaces agreed upon with the customer.

10.4 Data exchange between structural design and manufacturing

Data for structural design and manufacturing should be exchanged in a computer sensible format through
interfaces complying with open international standards or through direct interfaces agreed upon with the

customer.
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Data exchange with other subsystems

The transfer of data and interfacing software between structural and other subsystems (e.g. thermal control
and optical) can be achieved by means of standard-based or direct electronic interfaces where available or by

using

applicable documents.

NOTE The exchange of data with other subsystems can imply a mapping of entries or results between the different
models and the use of extrapolation methods.

10.6

Tests and structural analysis

Exchpnges of test and structural analysis data shall be based on standard-based electronic inte

orin
10.7

Exch

a) |

DO

b) |
c) |

Deta
modg

For L
static

Struc
item

1) the same software shall be used,

he format of tables or files.

Structural mathematical models
hnge of structural mathematical model data is made at three levels:

For physical models (e.g. finite element models and finite difference models)

) the same version of the software should be used,

) for model transfer between different codes, translation problems and differences in g
different software shall be considered, and

l) accompanying documents shall clearly describe the model, the software, the version or
parameters being used and the results of the performed model checks.

For mass and stiffness matrices: the modelis reduced in size and restitution matrices shall b

For mode components: the definition mnay depend upon the method used (e.g. clamped or fre

| requirements document:

CDA between launchers and its payloads, ISO 14954 specifies the exchange of mathematic
and dynamic analyses.

tural engineeting can use the practices given in Annex A to perform an adequate design @
Wwhich conforms to the functional and performance requirements of this International Standar

face formats

apabilities of

release, any

b used.

e).

ed numbering (nodes and elements) and modelling requirements shall be specified in a fijnite element

al models for

f a structural
.
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Annex A
(informative)

Recommended best practices for structural design

A.1 Structural design

Structural defign is an iterative process. The process starts with the conceptual design of possible alternelatives

which can bg considered to satisfy the general performance requirements and are likely to meet\the
mission congtraints (e.g. mass, interfaces, operation and cost). The various concepts are then eval
according to|a set of prioritized criteria in order to select the designs to develop in further détail. The

purpose of t
concepts me
comprehens
main missior]

NOTE St
the use of con|

A.2 Missi

A.2.1 Life

a) The ser
minimun

1) tran
2) allg

b) The pha

1) reqlirements of service.life (i.e. single mission, expendable, re-usable or long-term deployment)

2) effe
spa

3) exp

e evaluation is to identify the main mission requirements and to establish whether the sel
et the requirements. The selected concepts are evolved and evaluated in more detail aga

and functional requirements.

ventional materials, simplifying interfaces, and providing easy integratior.

Dn requirements

vice life of a structural item should be defined taking into account all phases including
h the following phases:

sportation, handling, testing and storage; and
hases of pre-launch, launch,operation and descent.

5es, applicable loads and.duration should be determined based on the following:

ct of all degradation mechanisms upon materials used in the construction (i.e. both terrestrie
Ce environments and all expected loading regimes); and

brience with similar structural items (e.g. qualification and problems identified in-service).

main
ated
main
bcted
nst a

ve set of mechanical requirements and interface constraints which arec“flowed down” from the

ructural engineering can satisfy this requirement more easily by aiming for simple load paths, maximizing

at a

| and

c) Service

ifée_evaluations should be applied to determine the following:

1) inspection and maintenance requirements;

2) when an item should be replaced (preventive maintenance); and

3) inspection and repair procedures and intervals (corrective maintenance).

d) When the methodology is linked with fatigue and damage tolerance analysis or tests, the service life
should be an envelope life, consisting of the most unfavorable sequence of events (e.g. loading cycles,
thermal cycles) to which the structure can be subjected during its defined service life. Then the service life

will:

1) include also manufacturing phases (as the proof test);
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2) be an envelope of all real phases and durations, retaining the most severe variants if there are
several ones;
3) take into account, for each phase, the maximum number of cycles; and

4) consider, for each phase, the limit level of the loads.

This service life is associated with the “life factor” (or “scatter factor” defined mainly for material dispersion), as
defined in 3.29 or 3.54.

A.2.2 Mass and inertia properties

Chan

A.2.]

Antic
load/

ISO
comgy

A.2.3.

Typid
inclu

14622 specifies loads and induced environment during the servicedlife of a space flight v4

ge of mass and inertia properties of the structure during the service life should be taken into

3 Loads and pressure

pated loads and pressures throughout the service life of a structural item should be used
bressure spectra for design, analysis, and testing. Updates to the design spectra should be ¢

onents.

1 Load events

al loading conditions relevant to the pre-launch, launch,and ascent phases which should b

e transportation, ground operations, operational pressures, engine ignition, thrust, aerodyf

account.

to define the
valuated.

hicle and its

e considered
hamic loads,

heat [flux, pyrotechnic shock, maneuvering, and separation. Loading conditions for the in-orbit phase should

inclugle operational loads and pressures, thrust, pyrotechnic and deployment shock, temperaty
and [meteoroid and debris impact. Loading relevant to reentry, descent, and landing sh
aerodynamic loads, temperatures, deployment, (anding (including contingency), and post-landing

a)

b)

|

A

Il relevant structural and thermal load-events expected throughout the service life of a stry
e identified and considered.

re, vibration,
pould include
heat soak.

cture should

loads should be defined ageording to their nature, (i.e. static or dynamic) and their leveld, occurrence
me and durations during(Service life.
\s a minimum the following load events should be considered:
1) Ground and.test loads:
i) handling, transportation and storage loads;
i)\ “assembly and integration loads;
fif—groundtesttoads; and
iv) ground environment (wind, earthquake, friction, etc.).
2) Launch loads as defined by the launcher authority including:
i)  launch preparation,
i) operational pressures,
iii) engine ignition,
iv) thrust built-up,
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v) aborted launch,

vi)  lift-off,

vii) thrust (constant or varying slowly),

viii) aerodynamic loads,

ix) heat flux from engine and aerodynamics,

X) gust,

xi) |dynamic interaction between the structure and propulsion system,
xii) | thrust decay,
xiii)| acoustic noise,
Xiv)| maneuvers,
xv) | pyrotechnics
xvi)| separation of parts (e.g. stage, fairing and spacecraft), and
xvii) depressurization.
3) In-orbit loads:
i) |operational pressures,
ii) |static and dynamic loads induced by thrusters,
iii) |shocks due to pyrotechnical operationand deployment of appendages,
iv) [thermo-elastic loads induced.by. temperature variations,
v) | hygroscopic-induced loads)due to variations in moisture content,
vi) | micro-vibrations induced by moving elements (e.g. momentum wheels) and thrusters,
vii) | micrometeoroids’and debris,
viii)| docking,

ix) |befthing,

x) crew-induced loads (e.g. on handles, rails and by movements),
xi) plume impingement,
xii) momentum gyro or control momentum gyro attitude adjustment, and
xiii) solar array pointing mechanism-induced loads.
4) Re-entry, descent and landing:
i) aerodynamic loads and thermal fluxes,

i) parachute ejection and deployment shocks,
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ii)

operational pressures,

iv) landing loads, and

v) impact loads.

A.2.3.2 Ground handling, transportation, and post-landing loads

As appropriate, the structural item should be instrumented during ground handling and transportation to
ensure that critical design loads and thermal and humidity levels are not exceeded. Loading conditions for all
logistic, ground handling and post-landing operations should be developed and considered in designing the
strucfural item.

A.2.3.3 Flight and orbital loads
The

trans
dock
the c

si-static and
rbit (such as
onsidered in

brincipal source of design loads for the structural item is the loads generated by the qua
ent phenomena occurring during the various operational phases of launch, flight, and o
ng and extra-vehicular activity (EVA) related loads, where applicable). Allloads should be
pmbinations that yield the specified statistical basis.

Load
flexib
envir
mech

5 in the low-frequency regime should be determined by analysis utilizing simulations and co
le body structural dynamic models, as appropriate for the event and the nature of the apy
bnment. Other significant low-frequency loads may occur\due to in-orbit operations
anical assemblies, such as appendage deployment, vehicle slewing.

ipled system
lied external
by moving

The frequency range for loads analyses should be supplied’by the launch vehicle organization up to an upper
frequency, depending on the resolution and fidelity ofxthe launch vehicle and satellite modelg and forcing
functjons. The payload dynamic model should have sufficient fidelity to capture the dynamic behaviour of the
paylgad in this frequency range.

The typical upper frequency required to\werify decoupling from launch vehicle or spacecraft strlicture sources
is up fo 70 Hz for spacecraft structures, and up t0;9100 Hz for equipment structures.

A.2.3.4 Pressure

All prlessure vessels, pressurized_structures, and other pressure components should withstand |
appligd simultaneously with_other limit loads in a loading case without experiencing detrimental
They|should withstand ultimate pressure applied simultaneously with relevant ultimate loads in a
withaut failure in the critical'environment.

Pressure vesselsCand pressurized structures should be able to withstand ultimate extern
(destpbilizing) .and- other loads without collapse or rupture when internally pressurized to f
anticipated operating pressure.

Provisions. should be made for venting, as required, to preclude damage due to over-pressuri

mit pressure
deformation.
loading case

bl pressures
he minimum

zation of the

laundh vehicle and spacecraft during service life.

A.2.3.5 Differential pressure

For structural components whose strength could be affected by the differential pressure (internal/external)
during flight ascent or descent, then the differential pressure should be considered depending on the failure

mode (minimum differential pressure for relieving differential pressure).

A.2.3.6 Combined loads

Load combination rules should be defined according to specified load events by establishing the loads to be
combined, their level and mathematical combination procedures (e.g. linear superposition or root of the sum of

the squares).
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