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Nationales Vorwort

Dieses Dokument (EN 16603-32:2014) wurde vom Technischen Komitee CEN/CLC/TC 5 ,Raumfahrt*
erarbeitet, dessen Sekretariat vom DIN (Deutschland) gehalten wird.

Das zustandige deutsche Normungsgremium ist der Arbeitsausschuss NA 131-10-01 AA ,Interoperabilitat von
Informations-, Kommunikations- und Navigationssystemen® im DIN-Normenausschuss Luft- und Raumfahrt (NL).

Dieses Dokument ersetzt DIN EN 14607-2:2006-12.
Dieses Dokument wurde speziell zur Behandlung von Raumfahrtsystemen erarbeitet und hat daher Vorrang

vor jeglicher Europaischer Norm, da es denselben Anwendungsbereich hat, jedoch Uber einen groéfReren
Geltungsbereich (z. B. Luft- und Raumfahrt) verfiigt.

Anderungen
Gegeniiber DIN EN 14607-2:2006-12 wurden folgende Anderungen vorgenommen:
a) Norm-Nummer geandert;

b) Norm redaktionell gedndert.

Friihere Ausgaben

DIN EN 14607-2: 2006-12
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Nationaler Anhang NA
(informativ)

Begriffe und Abklrzungen

3 Begriffe aus anderen Normen

Fur die Anwendung dieses Dokuments gelten die Begriffe nach ECSS-S-ST-00-01.

3.1 Fir diese Norm spezifische Begriffe

3.21

zulassiges A-basiertes Design

A-Wert

Wert einer mechanischen Eigenschaft, bei dessen Uberschreiten mindestens 99 % der Grundgesamtheit der
Werte mit einem Vertrauensintervall von 95 % voraussichtlich fallen werden

3.2.2

zuldssiges B-basiertes Design

B-Wert

Wert einer mechanischen Eigenschaft, bei dessen Uberschreiten mindestens 90 % der Grundgesamtheit der
Werte mit einem Vertrauensintervall von 95 % voraussichtlich fallen werden

3.23
Knicken
kein stabiles Gleichgewicht einer Struktur unter statisch oder dynamisch aufgebrachten Lasten

ANMERKUNG  Zum Knicken gehdren Bruch schmaler Trager, Beulen flacher Platten, Beulen zylindrischer Platten,
dreidimensional gekriimmte Schalen, Knicken von Langsversteifungen und Knicken der AuBenhiille einer Sandwich-
struktur.

3.24

Verbundwerkstoff

Kompositwerkstoff

Kombination aus Werkstoffen verschiedener Zusammensetzung oder Form auf Makroebene

ANMERKUNG 1  Verbundwerkstoffe bieten verbesserte Eigenschaften, die von keinem der Ausgangskomponenten
allein erreichbar sind.

ANMERKUNG 2  Die Bestandteile behalten ihre Eigenschaften in dem Verbundwerkstoff.

ANMERKUNG 3  Normalerweise konnen die Bestandteile physikalisch identifiziert werden; zwischen ihnen gibt es eine
Grenzflache.

ANMERKUNG 4  Zu den Verbundwerkstoffen gehéren:

— Faserverbundwerkstoffe (aus Fasern zusammengesetzt, die in einer Matrix eingebettet sind); und
— Laminate (Schichten von Werkstoffen); und

— Hybride (Kombinationen der zuvor genannten Verbundwerkstoffe).

ANMERKUNG 5  Verbundwerkstoffe konnen metallisch, nichtmetallisch oder eine Kombination aus metallisch und
nichtmetallisch sein.
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3.25

Verbundstruktur

Kompositstruktur

Struktur, die vollstandig oder teilweise aus Verbundwerkstoffen besteht

3.2.6
beitragende Lasten
Lasten, die den Sicherheitsspielraum reduzieren

3.2.7

Beschadigungstoleranz

Fahigkeit einer Struktur, fur einen festgelegten Nutzungszeitraum dem Versagen aufgrund vorhandener
Fehler, Risse oder anderer Beschadigungen ohne Untersuchung oder Reparatur standzuhalten

3.2.8
zuldssige Bemessung
auf die Versagensart bezogene statistisch basierte Fahigkeit, einer Beanspruchung standzuhalten

ANMERKUNG Zum Beispiel bei Lastwiderstand, Spannungswiderstand oder Dehnungsgrenze im Hinblick auf Bruch,
Zusammenbruch, nachteilige Verformung.

3.2.9
Bemessungsfaktor
Faktor zur Bestimmung der DLL unter Bericksichtigung von Unsicherheiten

ANMERKUNG Der Bemessungsfaktor berlcksichtigt Unsicherheiten in Bezug auf Lasten, Modelle und
projektbezogene Aspekte (d.h. Protoflug-Ansatz, Unsicherheit in der Umgebung des Raketenstarters, technische
Ausgereiftheit des Designs, Wachstumspotenzial und andere Designaspekte).

3.2.10

Bemessungsgrenzlast

DLL

mit einem Bemessungsfaktor multiplizierte Grenzlast

ANMERKUNG Bemessungsfaktoren sind in ECSS-E-ST-32-10 definiert.

3.2.11

Bemessungslast (DL)

Bemessungsgrenzlast oder BemessungsflieRlast oder Bemessungsbruchlast
3.212

Bemessungsparameter

Designparameter

physikalische Eigenschaften, die die Leistungsfahigkeit des Designs beeinflussen
ANMERKUNG  Je nach Art der Designvariablen kénnen unterschiedliche Designprobleme identifiziert werden, z. B.:
— strukturelle Auslegung fiir die Dimensionierung von Tragern und Schalen;

—  Formoptimierung;

—  Werkstoffauswahl;

— strukturelle Topologie.

3.2.13

Bemessungsbruchlast

DUL

mit einem Sicherheitsfaktor fiir Bruchlast multiplizierte Bemessungsgrenzlast
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3.214
Bemessungsbruchspannung
durch die Bemessungsbruchlast verursachte Spannung

ANMERKUNG  Nach dieser Definition existiert kein Zusammenhang mit der Bruchfestigkeit.

3.2.15

BemessungsflieRlast

DYL

mit einem Sicherheitsfaktor fur FlieBlast multiplizierte Bemessungsgrenzlast

3.2.16
BemessungsflieRspannung
durch die Bemessungsflielast verursachte Spannung

ANMERKUNG  Nach dieser Definition existiert kein Zusammenhang mit der Streckgrenze.

3.217

nachteilige Verformung

strukturelle Verformung, Durchbiegung oder Verschiebung, die verhindert, dass Teile der Struktur ihre
vorgesehene Funktion erfiillen, oder die die Wahrscheinlichkeit einer erfolgreichen Beendigung der Mission
verringert

3.218
dynamische Last
zeitlich sich andernde Last mit determistischer oder stochastischer Verteilung

3.219
effektive Masse
Mal fir den Massenanteil, der mit der Modeform in Bezug auf einen Referenz-Stitzpunkt zusammenhangt

3.2.20

Sicherheitsfaktor

FOS

Faktor, mit dem die Bemessungsgrenzlasten multipliziert werden, um Unsicherheiten der Verifikations-
verfahren und Unsicherheiten beim Fertigungsprozess sowie Unsicherheiten von Werkstoffeigenschaften zu
berucksichtigen

ANMERKUNG 1  Die Begriffe Sicherheitsfaktor und Faktor der Sicherheit werden synonym verwendet.
ANMERKUNG 2  Fir den Begriff Sicherheitsfaktor sind FS und SF auch anerkannte Abkirzungen.

ANMERKUNG 3  Der Sicherheitsfaktor ist eine Kombination aus Faktoren verschiedener Quellen von Unsicherheiten.
Seine GréRe basiert auf nachgewiesenen Prozessen und Verifikationsverfahren fur Analysen, Tests und fiir die Fertigung.
Zur Bericksichtigung von Unsicherheiten bei der Analyse werden bei der Verifikation durch ausschlielliche Analyse
normalerweise hohere Werte fiir den Sicherheitsfaktor verwendet. Ein héherer Wert fir den Sicherheitsfaktor wird auch
verwendet, wenn eine hdhere als bei der Bestimmung der Grenzlast angenommene Zuverlassigkeit gefordert ist.

3.2.21

Versagen

Ausfall

Bruch, Zusammenbruch, Degradation, vorzeitige Abnutzung oder jedes andere Phanomen, das dazu fihrt,
dass den Bemessungsgrenzlasten, Dricken (z. B. MDP) und Umgebungen nicht standgehalten werden kann

3.2.22

Faile-safe Struktur

ausfallsichere Struktur

Struktur, die durch ausreichende Redundanz sicherstellt, dass ein Ausfall eines Strukturelements keinen
Ausfall der gesamten Struktur verursacht

ANMERKUNG Bei der Versagensanalyse wird auf die Bemessungsgrenzlasten kein Sicherheitsfaktor angewendet.
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3.2.23
Fehler
lokale Inhomogenitat in einem Strukturwerkstoff

ANMERKUNG Zum Beispiel bei metallischen und homogenen nichtmetallischen Werkstoffen: Kratzer, Kerbe, Riss,
Hohlraum oder Poren; bei Verbundwerkstoffen: Delamination oder Porositat.

3.2.24
generalisierte Masse
Masse, die durch die Modeformen in den modalen Raum transformiert wird (d. h. modale Koordinaten)

3.2.25
Bauteil mit begrenzter Lebensdauer
Bauteil, das regelmafige Uberprifung oder Ersatz erfordert

3.2.26

Grenzlast

LL

grolte Last, die eine Struktur wahrend der Durchfiihrung festgelegter Missionen in festgelegten Umgebungen
mit einer gegebenen Wahrscheinlichkeit erwartungsgemaf erfahren wird

3.2.27

grofter Bemessungsdruck

MDP

Druck, der dem MEOP (K, Kp) entspricht

ANMERKUNG 1 Der MDP entspricht den Bemessungsgrenzlasten.
ANMERKUNG 2  Der MDP ist gleich oder gréf3er als der MEOP.

ANMERKUNG 3 K, ist ein Faktor, der die Représentativitdt der mathematischen Modelle beriicksichtigt, die den
MEOP vorhersagen; er ist durch die den MEOP definierende Funktionseinheit festgelegt (Definition von K, siehe

ECSS-E-ST-32-10 ,Sicherheitsfaktoren®).

ANMERKUNG 4 Kp ist der Projektfaktor (Definition von Kp siehe ECSS-E-ST-32-10 ,Sicherheitsfaktoren®)

3.2.28

groBter erwarteter Betriebsdruck

MEOP

grofter Druck, dem ein System oder ein Bauteil in seiner geeigneten Umgebung erwartungsgemafn wahrend
seiner Einsatzdauer ausgesetzt wird

ANMERKUNG 1 Fur Einsatzdauer siehe Definition in 3.2.29.
ANMERKUNG 2  Der MEOP entspricht den Grenzlasten.

ANMERKUNG 3  Der MEOP berticksichtigt die Auswirkungen von Temperatur und Beschleunigung auf Druck, grof3ten
Entlastungsdruck, gréten Reglerdruck und Auswirkungen von Fehlern innerhalb des Systems oder der
Systemkomponenten. Die Auswirkung der Drucktransiente wird fur jede Komponente des Systems beurteilt und zur
Festlegung des MEOP verwendet.

ANMERKUNG 4  Der MEOP berticksichtigt Auswirkungen von Fehlern eines externen Systems (z. B. Raumschiff), wie
vom Kunden festgelegt, auf Systeme (z. B. Antrieb) oder Komponenten.

ANMERKUNG 5 Der MEOP bericksichtigt keine Testfaktoren, die in ECSS-E-ST-32-02 ,Strukturdesign
und -verifikation von druckbeaufschlagten Teilen“ und ECSS-E-ST-10-03 ,Verifikation® enthalten sind.

3.2.29

Einsatzdauer

Missionsdauer

Lebenszyklus von der Lieferung bis zur Entsorgung
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3.2.30
Primarstruktur
Teil der Struktur, der die Haupfluglasten tréagt und die allgemeine Steifigkeit festlegt

3.2.31

Priiflast

Testlast

Last, die wahrend eines Abnahmetests aufgebracht wird

3.2.32

Abnahmetest

Test der Flug-Hardware unter Priflast oder —druck zum Nachweis der zufriedenstellenden Verarbeitung und
Werkstoffqualitat oder um Anfangsrisslangen im Bauteil festzustellen

3.2.33

zufallige Last

Vibrationslast, deren momentane Magnituden nur durch die Wahrscheinlichkeitsverteilungsfunktionen
festgelegt sind, die den wahrscheinlichen Anteil der Gesamtzeit angeben, dass die momentane Magnitude
innerhalb eines festgelegten Bereichs liegt

ANMERKUNG  Die zufallige Last enthalt keine periodischen oder quasiperiodischen Anteile.

3.2.34
Entlastungslasten
Lasten, die den Sicherheitsspielraum vergrofiern

3.2.35
Eigenspannung
Spannung, die nach Verarbeitung, Fertigung, Montage, Test oder Betrieb in einer Struktur erhalten bleibt

3.2.36

Safe life

sichere Lebensdauer

Designprinzip bei der Uberwachung des Rissfortschritts, bei dem der grofte unerkannte Riss in einem Bauteil
nicht zum Versagen (Ausfall) fiihren darf, wenn das Teil einer Wechsel- oder Dauerbelastung in der wahrend
der Einsatzdauer vorliegenden Umgebung ausgesetzt wird

3.2.37

Safe-life-Struktur

Struktur fur sichere Lebensdauer

Struktur, die nach dem Safe-life-Designprinzip konstruiert wurde

3.2.38

Streufaktor

Faktor, mit dem die Zyklenanzahl oder die Lebensdauer bei der Ermidungsanalyse, Bruchanalyse,
Temperaturwechselbeanspruchungsanalyse und beim Test multipliziert wird, um die Unsicherheiten in der
statistischen Verteilung der Lasten und Zyklen zu berlcksichtigen

3.2.39

Lebensdauer

Intervall, das im Anschluss an die Fertigung mit der Untersuchung des letzten Teils oder mit dem
Fehlerscreening beim Abnahmetest beginnt und mit der Beendigung der festgelegten Lebenserwartung endet

3.2.40

Sekundarstruktur

an der Primarstruktur befestigte Struktur, die geringfligig zur Hauptlastibertragung und Gesamtsteifigkeit
beitragt
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3.2.41

Schocklast

besondere Art der transienten Last, bei der die Last signifikante Spitzen aufweist und die Dauer der Last weit
unter der typischen Ansprechzeit der Struktur liegt

3.2.42

(quasi) statische Lasten

Lasten, die zeitunabhangig sind oder sich langsam verandern, so dass das dynamische Ansprechverhalten
der Struktur nicht signifikant ist

3.243

Steifigkeit

Verhaltnis zwischen einer aufgebrachten Kraft und der resultierenden Verschiebung oder zwischen einem
aufgebrachten Moment und der entsprechenden Drehung

3.2.44

Strukturdesign

Vielzahl von Informationen, die die Struktur festlegen, oder der Prozess, der zur Generierung der Struktur
angewendet wird

ANMERKUNG  Strukturdesign ist ein iterativer Prozess. Der Prozess beginnt mit dem konzeptuellen Design von
moglichen Alternativen, die die allgemeinen Leistungsanforderungen erfiillen kénnen und wahrscheinlich die wesentlichen
Vorgaben der Mission (z. B. Masse, Schnittstellen, Betrieb, Kosten) einhalten. Die unterschiedlichen Konzepte werden
anschlieBend nach einer Vielzahl von bestimmten Kriterien bewertet, um die Designs auszuwahlen, die detaillierter
weiterentwickelt werden. Das Hauptziel der Bewertung besteht darin, die wichtigsten Anforderungen der Mission zu
identifizieren und festzustellen, ob die ausgewahlten Konzepte die Anforderungen erflllen. Die ausgewahlten Konzepte
werden anhand einer Vielzahl von mechanischen Anforderungen und Schnittstellenvorgaben, die von den wesentlichen
Missions- und Funktionsanforderungen abgeleitet wurden (,flow down®), weiterentwickelt und detaillierter bewertet.

3.245

Struktur

Anzahl von mechanischen Komponenten oder Baugruppen, die Lasten oder Driicken standhalten, Steifigkeit
oder Stabilitat bieten oder als Stitze oder Behalter dienen sollen

ANMERKUNG  Die Struktur ist gewohnlich in Primar- und Sekundarstrukturen unterteilt.

3.2.46

transiente Last

deterministische Last, bei der Magnitude oder Richtung mit der Zeit variiert, und fir die das dynamische
Ansprechverhalten der Struktur signifikant ist

3.2.47

Bruchfestigkeit

Bruchgrenze

grolte Last oder Spannung, der eine Struktur oder ein Werkstoff ohne Bruch oder Zusammenbruch
standhalten kann

ANMERKUNG Es wird davon ausgegangen, dass der Spannungszustand eine uniaxiale Zug-, uniaxiale Druck- oder
reine Scherbeanspruchung darstellt.

3.2.48

Streckgrenze

Dehngrenze

grolRte Last oder Spannung, der eine Struktur oder ein Werkstoff ohne eine festgelegte dauerhafte
Verformung oder Flieen standhalten kann

ANMERKUNG Das FlieRen wird Ublicherweise bestimmt, indem die Abweichung des tatsdchlichen Spannungs-
Dehnungs-Diagramms von einer Dehnungsbeanspruchung vom anfanglich geraden Verlauf gemessen wird. Der
festgelegte Wert wird haufig als ein Dehnungswert bei 0,002 verwendet.
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Fur die Anwendung dieser Norm gelten die Abkirzungen nach ECSS-S-ST-00-01 und die folgenden

Abklrzungen.
Abkiirzung Bedeutung
AIT Baugruppe, Integration und Test (en: assembly, integration and test)
AOCS Lage- und Bahnregelungssystem (en: attitude and orbit control system)
BIT Built-in-Test (en: built-in testing)
Integrierte Testschaltung
CAD rechnergestitztes Design (en: computer aided design)
CAE rechnergestutzte Entwicklung (en: computer aided engineering)
CAM rechnergestitzte Fertigung (en: computer aided manufacturing)
COG Massenschwerpunkt (en: centre of gravity)
DDF Designdefinitionsakte (en: design definition file)
DJF Designbegriindungsakte (en: design justification file)
DL Bemessungslast (en: design load)
DLL Bemessungsgrenzlast (en: design limit load)
DOF Freiheitsgrad (en: degree of freedom)
DRD Dokumenten-Anforderungsdefinition (en: document requirements definition)
DUL Bemessungsbruchlast (en: design ultimate load)
DYL Bemessungsflie3last (en: design yield load)
ECLS Uberwachung der Umgebungsbedingungen (en: environmental control and life
und Lebenserhaltung support)
EMC elektromagnetische Vertraglichkeit (en: electromagnetic compatibility)
FCI Rissgefahrdetes Bauteil (en: fracture critical item)
FEA Finite-Element-Analyse (en: finite element analysis)
FE Finites Element (en: finite element)
FM Flugmodell (en: flight model)
FMECA Fehlerart-, auswirkungs- und -kritizitatsanalyse (en: failure mode effects and criticality
analysis)
FOS Sicherheitsfaktor (en: factor of safety)
FOSU Sicherheitsfaktor flir Bemessungsbruchlast (en: ultimate design factor of safety)
FOSY Sicherheitsfaktor fir BemessungsflieRlast (en: yield design factor of safety)
FSI Fluid-Struktur-Wechselwirkung (en: fluid structure interaction)
LCDA Mit Raketenstarter gekoppelte dynamische (en: launcher coupled dynamic analysis)
Analyse
LL Grenzlast (en: limit load)
MDP GroRter Bemessungsdruck (en: maximum design pressure)
MEOP Grolter erwarteter Betriebsdruck (en: maximum expected operating
pressure)
MOS Sicherheitsspielraum (en: margin of safety)
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Abkiirzung Bedeutung
NDT zerstoérungsfreier Test (en: non-destructive test)
NDI zerstorungsfreie Prifung (en: non-destructive inspection)
OTM Ausgangs-Transformationsmatrix (en: output transformation matrix)
PFCI Méglicherweise rissgefahrdetes Bauteil (en: potential fracture critical item)
PFO Partikelniederschlag (en: particle fall out)
POGO Durch Antrieb erzeugte Schwingungen (en: propulsion generated oscillations)
r.m.s. Effektivwert (en: root-mean-square)
SEP Systemengineering-Plan (en: system engineering plan)
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Foreword

This document (EN 16603-32:2014) has been prepared by Technical Committee
CEN/CLC/TC 5 “Space”, the secretariat of which is held by DIN.

This standard (EN 16603-32:2014) originates from ECSS-E-ST-32C Rev. 1.

This European Standard shall be given the status of a national standard, either
by publication of an identical text or by endorsement, at the latest by February
2015, and conflicting national standards shall be withdrawn at the latest by
February 2015.

Attention is drawn to the possibility that some of the elements of this document
may be the subject of patent rights. CEN [and/or CENELEC] shall not be held
responsible for identifying any or all such patent rights.

This document supersedes EN 14607-2:2004.

This document has been developed to cover specifically space systems and has
therefore precedence over any EN covering the same scope but with a wider
domain of applicability (e.g. : aerospace).

According to the CEN-CENELEC Internal Regulations, the national standards
organizations of the following countries are bound to implement this European
Standard: Awustria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic,
Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France,
Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania,
Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania,
Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the United
Kingdom.
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1
Scope

ECSS-E-ST-32C (Space engineering — Structural) defines the mechanical
engineering requirements for structural engineering.

This Standard specifies the requirements to be considered in all engineering
aspects of structures: requirement definition and specification, design,
development, verification, production, in-service and eventual disposal.

The Standard applies to all general structural subsystem aspects of space
products including: launch vehicles, transfer vehicles, re-entry vehicles,
spacecraft, landing probes and rovers, sounding rockets, payloads and
instruments, and structural parts of all subsystems.

This Standard may be tailored for the specific characteristics and constraints of
a space project in conformance with ECSS-S5-ST-00.
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2
Normative references

The following normative documents contain provisions which, through
reference in this text, constitute provisions of this ECSS Standard. For dated
references, subsequent amendments to, or revisions of any of these
publications, do not apply. However, parties to agreements based on this ECSS
Standard are encouraged to investigate the possibility of applying the most
recent editions of the normative documents indicated below. For undated
references the latest edition of the publication referred to applies.

EN reference

Reference in text

Title

EN 16601-00-01

ECSS-S-ST-00-01

ECSS system— Glossary of terms

EN 16603-32-01

ECSS-E-ST-32-01

Space engineering — Fracture control

EN 16603-32-02

ECSS-E-ST-32-02

Space engineering — Structural design and
verification of pressurized hardware

EN 16603-32-10

ECSS-E-ST-32-10

Space engineering — Reliability based mechanical
factors of safety

EN 16602-70-36

ECSS-Q-ST-70-36

Space product assurance — Material selection for
controlling stress-corrosion cracking

EN 16602-70-37

ECSS-Q-ST-70-37

Space product assurance — Determination of the
susceptibility of metals to stress-corrosion cracking
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3

Terms, definitions and abbreviated terms

3.1 Terms from other standards

For the purpose of this Standard, the terms and definitions from
ECSS-5-5T-00-01 apply.

3.2 Terms specific to the present standard

3.21 A-basis design allowable (A-value)

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

3.2.2 B-basis design allowable (B-value)

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

3.23 buckling

not stable equilibrium of a structure under loads applied statically or
dynamically

NOTE Buckling include snapping of slender beams,
buckling of flat plates, buckling of cylindrical
panels, three dimensionally curved shells, rib
crippling, and skin buckling of a sandwich.

3.24 composite material

combination of materials different in composition or form on a macro scale
NOTE1 Composite  materials  provide  improved
characteristics not obtainable by any of the original
components acting alone
NOTE 2 The constituents retain their identities in the
composite.

NOTE 3 Normally the constituents can be physically
identified, and there is an interface between them.
NOTE 4 Composites include

e fibrous (composed of fibres, usually in a
matrix),
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e laminar (layers of materials), and
e hybrid (combinations of any of the above).

NOTE 5 Composites material can be metallic, non-metallic
or a combination thereof.
3.25 composite structure

structure fully or partially made of composite materials

3.2.6 contributing loads

loads which decrease the margin of safety.

3.2.7 damage tolerance

capability of a structure to resist failure due to the presence of flaws, cracks, or
other damage for a specified period of usage without inspection or repair.

3.2.8 design allowable

statistically based strength capability with respect to a failure mode

NOTE For example in terms of load resistance, stress
resistance, or strain limit with respect to rupture,
collapse, detrimental deformation.

3.2.9 design factor

factor used in the determination of DLL to account for uncertainties

NOTE  Design factor accounts for uncertainties related to
loads, models and project programmatic aspects
(i.e. protoflight approach, uncertainty in launcher
environment, maturity of design, growth potential
and other design considerations).

3.2.10 design limit load (DLL)

limit load multiplied by a design factor
NOTE Design factors are defined in ECSS-E-ST-32-10.

3.2.11 design load (DL)

design limit load or design yield load or design ultimate load

3.212 design parameters
physical features which influence the design performances

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

e structural sizing for the dimensioning of beams,
shells;

e shape optimization;
e material selection;

e structural topology.
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3.213 design ultimate load (DUL)
design limit load multiplied by the ultimate safety factor

3.214 design ultimate stress
stress caused by the design ultimate load

NOTE With this definition no relation exists with ultimate
strength.

3.2.15 design yield load (DYL)
design limit load multiplied by the yield safety factor

3.2.16 design yield stress
stress caused by the design yield load

NOTE With this definition no relation exists with yield
strength.

3.2.17 detrimental deformation

structural deformation, deflection or displacement that prevents any portion of
the structure or other system from performing its intended function or that
reduces the probability of successful completion of the mission

3.2.18 dynamic load

time varying load with deterministic or stochastic distribution

3.2.19 effective mass

measure of the mass portion associated to the mode shape with respect to a
reference support point

3.2.20 factor of safety (FOS)

factor by which design limit loads are multiplied in order to account for
uncertainties of the verification methods, and uncertainties in manufacturing
process and material properties

NOTE 1 Factor of safety is synonym of safety factor.

NOTE 2 FS and SF are also recognized abbreviations used
for factor of safety

NOTE 3 The factor of safety is a combination of factors
according to various sources of uncertainties. Its
magnitude is based on proven processes and
verification methods for analyses, tests and
manufacturing. To account for uncertainties of
analysis, higher values of factor of safety are
normally used for verification by analysis only.
Higher values of factors of safety are also used if
higher reliability is desired than was taken in the
limit load determination.
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3.2.21 failure

rupture, collapse, degradation, excessive wear or any other phenomenon
resulting in an inability to sustain design limit loads, pressures (e.g. MDP) and
environments

3.2.22 fail-safe structure

structure designed with sufficient redundancy to ensure that the failure of one
structural element does not cause failure of the entire structure

NOTE No factor of safety is applied to design limit loads
in the failure analysis.

3.2.23 flaw
local discontinuity in a structural material

NOTE For example: scratch, notch, crack, void or pores in
case of metallic and homogenous non metallic
material; delamination or porosity in case of
composite material.

3.2.24 generalized mass

mass transformed by the mode shapes into the modal space (i.e. modal
coordinates)

3.2.25 limited service life items

hardware item that requires periodic re-inspection or replacement

3.2.26 limitload (LL)

maximum load(s), which a structure is expected to experience with a given
probability, during the performance of specified missions in specified
environments

3.2.27 maximum design pressure (MDP)

pressure equal to MEOP*Km*Kp
NOTE1 MDP correspond to design limit loads
NOTE 2 MDP is equal or larger than MEOP.

NOTE3 Km is a factor which takes into account the
representativity of the mathematical models
predicting MEOP and it is defined by the entity
defining MEOP (for definition of Km see ECSS-E-
ST-32-10 ‘Factors of safety’).

NOTE 4 Kp is the project factor (for definition of Kp see
ECSS-E-ST-32-10 ‘Factors of safety”)

3.2.28 maximum expected operating pressure (MEOP)

highest pressure that a system or component is expected to experience during
its mission life in association with its applicable environment

NOTE 1 For mission life see definition in 3.2.29.

NOTE 2 MEOP corresponds to limit loads.
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NOTE3 MEOP includes effects of temperature and
acceleration on pressure, maximum relief pressure,
maximum regulator pressure and effects of failures
within the system or its components. The effect of
pressure transient is assessed for each component
of the system and used to define its MEOP.

NOTE 4 MEOP includes effects of failures of an external
system (e.g. spacecraft), as specified by the
customer ,on systems (e.g. propulsion ) or
components.

NOTE5 MEOP does not include testing factors, which are
included in ECSS-E-ST-32-02 ‘Structural design
and verification of pressurized hardware’ and
ECSS-E-ST-10-03 “Verification'.

3.2.29 mission life

life cycle from delivery to disposal

3.2.30 primary structure

part of the structure that carries the main flight loads and defines the overall
stiffness

3.2.31 proof load
load applied during a proof test

3.2.32 proof test

test of flight hardware under the proof load or pressure, to give evidence of
satisfactory workmanship and material quality or to establish the initial crack
sizes in the hardware

3.2.33 random load

vibration load whose instantaneous magnitudes are specified only by
probability distribution functions giving the probable fraction of the total time
that the instantaneous magnitude lies within a specified range

NOTE Random load contains no  periodic or
quasi-periodic constituents.
3.2.34 relieving loads

loads which increase the margin of safety

3.2.35 residual stress

stress that remains in a structure after processing, fabrication, assembly, testing
or operation

3.2.36 safe life

fracture control design principle, for which the largest undetected defect that
can exist in the part does not grow to failure when subjected to the cyclic and
sustained loads and environments encountered in the service life
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3.2.37 safe life structure

structure designed according to the safe life design principle

3.2.38 scatter factor

factor by which the number of cycles or life time is multiplied in fatigue
analysis, fracture analysis, thermal cycling analysis and test in order to account
for uncertainties in the statistical distribution of loads and cycles

3.2.39 service life

interval beginning with the last item inspection or flaw screening proof test
after manufacturing, and ending with completion of its specified life

3.240 secondary structure

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

3.2.41 shock load

special type of transient load, where the load shows significant peaks and the
duration of the load is well below the typical response time of the structure

3.2.42 (quasi) static loads

loads independent of time or which vary slowly, so that the dynamic response
of the structure is not significant

3.2.43 stiffness

ratio between an applied force and the resulting displacement or between an
applied moment and the corresponding rotation

3.244 structural design
set of information defining the structure, or the process used to generate it

NOTE Structural design is an iterative process. The
process starts with the conceptual design of
possible alternatives which can be considered to
satisfy the general performance requirements and
are likely to meet the main mission constraints (e.g.
mass, interfaces, operation and cost). The various
concepts are then evaluated according to a set of
prioritised criteria in order to select the designs to
develop in further detail. The main purpose of the
evaluation is to identify the main mission
requirements and to establish whether the selected
concepts meet the requirements. The selected
concepts are evolved and evaluated in more detail
against a comprehensive set of mechanical
requirements and interface constraints which are
“flowed down” from the main mission and
functional requirements.

.__Documents
Documen §haring Hub

Full document details: DIN EN 16603-32:2014-10


http://www.avadocuments.com/doc/din-en-16603-32-2014-10
http://www.avadocuments.com/doc/din-en-16603-32-2014-10

DIN EN 16603-32:2014-10
EN 16603-32:2014 (E)

3.2.45

set of mechanical components or assemblies designed to sustain loads or
pressures, provide stiffness or stability, or provide support or containment

NOTE

structure

The structure is usually split into primary and
secondary structures.

3.2.46 transient load

deterministic load whose magnitude or direction varies with time and for
which the dynamic response of the structure is significant

3.247 ultimate strength

the maximum load or stress that a structure or material can withstand without

incurring rupture or collapse

NOTE

3.2.48

It is implied that the condition of stress represents
uniaxial tension, uniaxial compression, or pure
shear.

yield strength

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

NOTE

3.3 Abbreviated terms

The yield 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 a unit strain of
0,002.

For the purpose of this standard, the abbreviated terms of ECSS-S-ST-00-01 and

the following apply:

Abbreviation
AIT
AOCS
BIT
CAD
CAE
CAM
COoG
DDF
DJF
DL
DLL

Meaning

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

computer aided design
computer aided engineering
computer aided manufacturing
centre of gravity

design definition file

design justification file

design load

design limit load
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DOF degree of freedom

DRD document requirement definition
DUL design ultimate load

DYL design yield load

ECLS environment control and life support
EMC electromagnetic compatibility

FCI fracture critical item

FEA finite element analysis

FE finite element

M flight model

FMECA failure mode, effects and criticality analysis
FOS factor(s) of safety

FOSU factor(s) of safety at ultimate

FOSY factor(s) of safety at yield

FSI fluid structure interaction

LCDA launcher coupled dynamic analysis
LL limit load

MDP maximum design pressure

MEOP maximum expected operating pressure
MOS margin of safety

NDT non-destructive test

NDI non-destructive inspection

OT™ Output Transformation Matrix

PFCI potential fracture critical item

PFO particle fall out

POGO propulsion generated oscillations
r.m.s. root-mean-square

SEP system engineering plan
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4
Requirements

41 Overview

The structural engineering produces a structural product which conforms to its
functional and performance requirements by:

. aiming for simple load paths,

. maximizing the use of conventional materials,
. simplifying interfaces, and

o providing easy integration.

4.2 Mission

421 Lifetime

a. Structural assemblies and components shall be designed to withstand
applied loads due to the mechanical environments to which they are
exposed during the service-life.

b. Structural assemblies and components shall fulfil, in operation, the
mission objectives for the specified duration.

C. The service-life shall include the expected events, with at least:
1. transportation, handling, testing and storage, and
2. all phases of pre-launch, launch, operation and descent.

NOTE Usually handling tools are provided such that
manufacturing, transportation, assembling, testing
and storage are not dimensioning cases of the
structure.

d. The phases, applicable loads and duration shall be determined using:

1. the requirements of the structure (i.e. single mission, expendable,
re-usable or long-term deployment),

2. the effect of all degradation mechanisms upon materials used in
the construction (i.e. both terrestrial and space environments and
all expected loading regimes), and
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3. experience with similar structures (e.g. qualification and problems
identified in-service).

e. Service-life evaluations shall determine:
L the inspection and maintenance requirements,
2. the item replacement procedure (preventive maintenance), and
3. the inspection and repair procedures and intervals (corrective
maintenance).

422 Natural and induced environment

a. Components and assemblies for space applications shall be compatible
with the natural and induced environments, including:

1. the on ground, launch and operational environment conditions,

2. the atmospheric conditions on earth in which they are
manufactured, stored and tested, including corrosion effects,

3. the effects of gravitation, and

4. the exposure of sensitive materials to manufacturing and
atmospheric environments .

b. Provisions (e.g. gravitational compensation and purging) shall be made
for the protection of equipment or components.

NOTE 1 The sensitivity of materials to the environment on
earth can determine the requirements for quality
control procedures.

NOTE 2 The natural environment generally covers the
climatic, thermal, chemical and vacuum
conditions, cleanliness, levels of radiation and the
meteoroid and space debris environment.

NOTE 3 The induced environments cover the mechanical
loads induced by ground handling and pre-launch
operations, launch, manoeuvres and disturbances,
re-entry, descent and landing. Additional induced
environments include static pressure within the
payload volume, temperature and thermal flux
variations and the electromagnetic and humidity
environments.

4.2.3 Mechanical environment

a. The mechanical environment shall be defined by static, thermal and
dynamic environment loads.

b. The static and dynamic environment loads shall be defined in terms of
constant acceleration, transient, sinusoidal and random vibration,
acoustic noise and shock loads.

C. Loads shall be used in the worst combinations in which they can occur.
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NOTE The severest loads are experienced during launch,
ascent and separation, and, where relevant during
re-entry, descent and landing.

d. Definition of the mechanical environment shall include the loads which
can affect structural integrity and functional performance.

4.2.4 Microgravity, audible noise and human
induced vibration

a. Structural requirements derived from microgravity, audible noise and
human induced vibration system level requirements shall be identified.

4.2.5 Load events

a. The relevant mechanical and thermal load events expected throughout
the service life of the structure shall be identified.

b. Loads shall be defined according to their nature, (i.e. static or dynamic)
and their level, occurrence time and duration.

C. As a minimum the following load events shall be used:
1. Ground and test loads:
(&) handling, transportation and storage loads,
(b)  assembly and integration loads, and
(c)  ground test loads.

2. Launch loads as defined by the launch services supplier and
including:

(a) launch preparation,

(b)  operational pressures,

()  engine ignition,

(d)  thrust built-up,

(e)  aborted launch

(f)  lift-off,

(g) thrust (constant or varying slowly),

(h)  aerodynamic loads,

(i)  heat flux from engine and aerodynamics,
()  wind and gust,

(k) dynamic interaction between the structure and propulsion
system,

4)) thrust decay,
(m) acoustic noise,

(n) manoeuvres,
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(0)  pyrotechnics,
(p) separation of parts (e.g. stage, fairing and spacecraft), and
(qQ)  depressurization.
3. In-orbit loads:
(a)  operational pressures,
(b)  static and dynamic loads induced by thrusters,

(c)  shocks due to pyrotechnical operation and deployment of
appendages,

(d)  thermo-elastic loads induced by temperature variations,

()  hygroscopic-induced load due to variations in moisture
content,

(f)  micro-vibrations induced by moving elements (e.g.
momentum wheels) and thrusters,

(g) micrometeoroids and debris,
(h)  docking,
(1) berthing, and

() crew induced loads (e.g. on handles, rails and by
movements).

4. Re-entry, descent and landing;:
(@) aerodynamic loads and thermal fluxes,
(b)  parachute ejection and deployment shocks,
(c)  operational pressures,
(d) landingloads, and

(e)  impactloads.

4.2.6 Combined loads

a.

Load combination rules shall be defined according to specified load
events by establishing the loads to be combined, their level and
mathematical combination procedures

NOTE For example mathematical combination
procedures like linear superposition or root of the
sum of the squares.

Load application sequence shall be defined.

NOTE For example to account for any non-linear effect
depending on load application sequence.

Factors of safety for combined loads shall be defined at yield and
ultimate level, and for the tests.
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d. Relieving loads which are independent from contributing loads shall be
combined at their minimum operating value without any design factor
nor FOS.

NOTE This requirement aims at avoiding overestimation
of relieving effects due to combination of loads.

4.2.7 Limit loads

a. The limit loads are derived as follows:

1. For cases where a representative statistical distribution of the loads
is known, the limit load shall be defined as the load level not being
exceeded with a probability of 99 % and a confidence level of 90 %
during the service-life.

2. For cases where a statistical distribution of the loads is not known
the limit loads shall be agreed with the costumer.

NOTE It is good practice to determine the loads using
conservative assumptions.

3. For pressurised systems, the maximum expected operating
pressure (MEOP) shall be part of the limit loads.

b. For Gaussian distributed random loads for verification, with a zero mean
value, the limit load contribution shall be derived as standard deviation
multiplied by three, i.e. 3 x root-mean-square (r.m.s.).

4.2.8 Design limit loads

a. The design limit loads shall be derived by multiplication of the limit
loads by the design factors.

b. Design factors shall be system defined.

C. For pressurised systems, the maximum design pressure (MDP) shall be
part of the design limit loads.

4.3 Functionality

4.3.1 Overview

For the design, manufacturing, verification, operation and maintenance of
metallic and non-metallic pressurized hardware see the requirements of
ECSS-E-ST-32-02. For fracture control programme see ECSS-E-ST-32-01.

4.3.2 Strength

a. The structure shall withstand the design limit loads without failing or
exhibiting permanent deformations that can endanger the mission
objectives.
. Documents
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4.3.3 Local yielding

a. For metal structures or metal structure components local yielding may
exist, provided it does not cause overall permanent set, instability or
fatigue failure of the structure

4.3.4 Buckling

a. The stability (i.e. no buckling) of the structure shall be verified for the
design loads.

b. Local buckling shall be prevented unless:
1. the buckling is reversible, and
2. the resulting stiffness and deformations still conform to the

structural and functional requirements, and

3. a post-buckling investigation (by analysis or test) demonstrates
positive margins against failure.

4.3.5 Stiffness

a. Stiffness requirements under the specified load and boundary conditions
shall be identified.

NOTE Stiffness is often expressed in terms of a minimum
natural frequency requirement.

b. The stiffness of subassemblies and components and interfaces shall be
such that the structural and functional performance requirements are met

NOTE For example avoiding deformations leading to
violations of specified envelopes, gapping at joints,
the creation of inefficient load paths and dynamic
coupling with other subsystems e.g. Attitude and
Orbital Control System.

4.3.6 Dynamic behaviour

a. The natural frequencies of a structure shall be within specified
bandwidths preventing dynamic coupling with major excitation
frequencies

NOTE  For example launch vehicle fundamental
frequencies.

4.3.7 Thermal

a. Constraints imposed by the thermal design and impacting the structure
shall be identified.

b. The temperatures and temperature variations and gradients during all
phases of a mission, including manufacturing and storage, shall be used,
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both in the material selection and in the design in order to achieve the
specified functional and structural performance.

4.3.8 Damage tolerance
a. Damage tolerance design principles shall be applied.

NOTE Design principles can include fail-safe design
(redundancy) of attachment points, and damage
tolerant materials.

b. The resistance of the structure against manufacturing defects and the
result of accidental damage (e.g. low energy impact) shall be taken into
account in the design.

NOTE A structure is considered tolerant to damage if the
amount of general degradation or the size and
distribution of local defects expected during
operation does not lead to structural degradation
below specified performance.

4.3.9 Tolerances and alignments

a. The accuracy of the tolerances applied to the mechanical design shall
guarantee conformance to geometrical interface requirements.

b. The impacts of the assembly alignment and pointing accuracy
requirements on the angular and position tolerances shall be identified.

C. In cases where alignment adjustability is specified, either at assembly
level or at spacecraft level, these provisions shall be included in the
mechanical design together with the devices (e.g. alignment cubes) for
measurement or checking of the alignment.

4.3.10 Electrical conductivity

a. Structural requirements derived from electrical conductivity
requirements shall be identified.

4.3.11 Lightning protection

a. The structure shall be designed to

1. dissipate static electrical charges,
2. provide electromagnetic protection, and
3. provide means of diverting electrical current arising from lightning

strike so as not to endanger the vehicle.

4.3.12 Electromagnetic compatibility

a. Structural requirements derived from electromagnetic compatibility
requirements shall be identified.
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4.3.13 Dimensional stability

a.

4.4 Interface

a.

Impact of system requirements on dimensional stability of the structure
shall be identified.

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

The mechanical design of a structure shall ensure that no loss of
alignment caused by the action of applied loads and material stability can
jeopardise or degrade the mission objectives.

NOTE Structure stability can be affected for example by
launch loads, deployment loads, thermal and
moisture release.

The design of structural assemblies shall be compatible with internal and
external interfaces, which can affect or be affected by adjacent systems,
subsystems or assemblies.

Mechanical subsystem internal interfaces shall include:
thermal control,
mechanisms,

ECLS,

1.

2

3

4. propulsion,
5 pyrotechnics,

6 mechanical parts, and
7 materials.

External interfaces shall include:

1. spacecraft-launcher interface,

2 human factors and ergonomics

3. interfaces with equipment, optics and avionics,

4 rendezvous and docking, robotics,

5 ground support equipment for pre-flight and post-flight

operations, and
6. support equipment for in-orbit operations.
Interfaces shall be explicitly defined with respect to the following:
1. Design requirements.

NOTE These include areas, volumes, alignments, surface
finishing and properties, tolerances, geometry,
flatness, fixations, conductibility, constraints
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4.5 Design

imposed by the launcher (e.g. geometric, static and
dynamic envelopes) and by design concepts (e.g.
thermal and optical design), mass and inertia
properties.

2. External loads applied to the interfaces, including temperature
effects and overfluxes caused by adjacent structures.

3. Global and local stiffness.

4. Electrical, magnetic and radio frequency aspects, where applicable

4.51 Inspectability

a.

To ensure structural integrity, the requirement to inspect a component,
assembly or structure shall be met during the following:

1. at various stages throughout manufacture,
2. at various stages during assembly,

3. after testing, and

4. in-service.

An NDI policy shall be defined and incorporated into the design process
using the inspectability of parts and access for inspection equipment and
personnel.

For structures subject to fracture control the NDI policy shall be
consistent with the assumption made for the fracture control verification,
and as specified in ECSS-E-ST-32-01.

4.5.2 Interchangeability

a.

All parts or subassemblies identified by an item number shall be
functionally and dimensionally interchangeable with items which are
identically numbered.

NOTE It is not guaranteed that parts or subassemblies
which are match drilled during assembly are
interchangeable.

4.5.3 Maintainability

a.

The mechanical design shall be performed in such a way that assembly,
integration and repair and maintenance activities can be carried out with
tools and test equipment agreed with the customer.

NOTE It is good practice to minimize the number of
special tools and equipment to minimize cost.
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The maintenance activity during storage and ground life should be
avoided.

The maintenance programme shall
1. include a maintenance protocol, and

2. define measurable parameters for all operations, and during all
project phases, including at least the following;:

(a) mean-time-to-repair,

(b)  limited-life,

(c)  fault detection and isolation capability,
(d) spares requirements, and

(e)  ground storage requirements.

The results of the maintenance programme evaluation shall

1. avoid alterations and replacement of parts,
2. form the criteria with which various concept designs are
evaluated.

Structures that are not accessible shall be maintenance free during
service-life.

454 Dismountability

a.

The mechanical design shall enable removal and replacement of:

1. secondary structures,
2. equipment, and
3. payload.

4.5.5 Mass and inertia properties

a.

Mass and inertia properties of the structure shall be determined during
all phases of the design

NOTE Mass and inertia properties can be estimated,
calculated or measured.

Mass and inertia properties shall be compliant with the mass budget
allocation.

NOTE The mass and inertia properties of a structure
comprise its mass, the location of its centre of
gravity, its moments and products of inertia, and,
where applicable, its balancing masses.
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4.5.6 Material selection

4.5.6.1 Overview
For requirements on material selection, see ECSS-Q-ST-70 and ECSS-E-ST-32-08.

4.5.6.2 Corrosion effects

a. The material selected for corrosion resistance shall be compatible with:
1. the specific environment,
2. interaction with contained fluid,
3. design, fabrication, storage of individual and assembled
components,
4. interactions with dissimilar materials, and

5. susceptibility to fretting and crack initiation.

NOTE Corrosion can be regarded as any deterioration in
the physical and chemical properties of a material
due to the environment to which they are exposed.

b. In cases where the behaviour of a material in a specific environment is
not known, corrosion tests of representative materials (composition and
condition) shall be performed, either under the service conditions, or in
more severe conditions (accelerated testing).

C. For alloys, and their weldments, not included in table “Alloys with high
resistance to stress—corrosion cracking” of ECSS-Q-ST-70-36, their
characteristics on susceptibility to stress-corrosion cracking shall be
demonstrated by test in conformance with ECSS-Q-ST-70-37.

NOTE1 These materials have been tested and
demonstrated to have a high resistance to stress-
corrosion cracking and therefore can be used for
this purpose.

NOTE 2 Metals, alloys and weldments not present in table
“Alloys with high resistance to stress-corrosion
cracking” of ECSS-Q-ST-70-36 can be approved for
structural applications by means of the stress-
corrosion evaluation form specified in the
Annex A of ECSS-Q-ST-70-36.

4.5.7 Mechanical parts selection

For requirements on selection of mechanical parts, see ECSS-Q-ST-70.

4.5.8 Material design allowables

a. For structural material, design allowables shall be statistically derived
covering all operational environments.
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b. The scatter bands of the data shall be derived and design allowables
defined in terms of fractions of their statistical distribution with A-basis
or B-basis specified levels of reliability and confidence.

C. For each type of test the minimum number of test specimens shall be:
1. ten (10) to establish A-values, and
2. five (5) to establish B-values.

d.  If the material is delivered in several batches, the design allowables test
programme shall evaluate the variations from batch to batch by
performing sample tests at regular intervals during the production
sequence.

e. In the cases specified in d) above, preliminary design allowables may be
based on the initially small sample size, and upgraded as the sample size
increases by tests of newly arriving batches.

NOTE 1 For material testing requirements, see ECSS-E-ST-
32-08 and ECSS-E-HB-32-20.

NOTE 2 Probabilistic ~ descriptions of the strength
distribution of materials are usually based on the
normal, log-normal or the Weibull distribution.
Regardless of the kind of distribution, distribution
curves and fractiles cannot be uniquely identified
due to the data scatter. The values are assumed to
lie within an interval bounded by upper and lower
confidence limits. When design allowables are
deduced from a regression line based on a small
number of test specimens the confidence in such
allowables is low. Larger numbers of test
specimens generally do not change the shape of
the regression line, but the confidence in the
statistical evaluation increases.

NOTE 3 The test database can be broadened by the
inclusion of compatible data from acceptance and
development tests.

459 Metals

a. All design allowables for metals shall be defined by their A-values.

b. For unpressurized metal structures, B-values may be used in redundant
structure in which the failure of a component can result in a safe
redistribution of applied loads to other load—carrying structures.

C. All other metal material properties shall be defined by average values.
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4.5.10 Non-metallic materials

4.5.10.1 Glass and ceramics

a. Design allowables for glass and ceramics shall be derived through a
probabilistic approach, covering all size effects.

NOTE For brittle materials such as glass and ceramics the
lack of ductility results in very low failure strains.
The large scatter observed in component testing is
primarily caused by the variable severity of flaws
distributed within the material (volume flaws) or
flaws extrinsic to the material volume (surface
flaws). The different physical nature of the flaws
result in dissimilar failure response to identical
external loading conditions. Due to the random
distribution of flaws the failure of a complex
structural part can be initiated not only at the point
of highest stress.

4.5.10.2 Non-metallics other than glass and ceramics

a. Design allowables for other non-metals, (stress or strain) shall be defined
by their A-values.

b. For unpressurized non-metallic structures, B-values may be used in
redundant structure in which the failure of a component can result in a
safe redistribution of applied loads to other load—carrying structures.

C. The material properties other than those specified in 4.5.10.2a and
4.5.10.2b shall be defined by average values.

4.5.11 Composite materials

a. All design allowables for composite materials (stress or strain) shall be
defined by their A-values.

b. For unpressurized structures in composite materials, B-values may be
used in redundant structure in which the failure of a component can
result in a safe redistribution of applied loads to other load—carrying
structures.

NOTE For structures made in composite materials, a
progressive failure analysis methodology can be
used to demonstrate that the material is
intrinsically redundant, i.e. it maintains the
required load carrying capability after initial
damage or failure of one component (e.g. after
failure of the most critical lamina).

C. All the material properties other than those specified in 4.5.11a and
4.5.11b shall be defined by their average values.

NOTE The strength and stiffness of composite fibre
reinforced materials are functions of fibre
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properties, matrix properties, fibre content and
orientation of fibres. 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.

4.5.12 Adhesive materials in bonded joints

a. All design allowables for adhesive materials in bonded joints (stress or
strain) shall be defined according to standards agreed with the customer.

4.5.13 Ablation and pyrolysis

a. Impact of material changes due to ablation and pyrolysis shall be
identified.
b. In cases where the behaviour of a material in a specific environment is

not known, ablation and pyrolysis tests of representative materials
(composition and condition) shall be performed, either under the service
conditions, or in more severe conditions (accelerated testing).

4.5.14 Micrometeoroid and debris collision

a. Pressurised structures, tanks, battery cells, pipes, electronic boxes and
other specified equipment shall be protected from micrometeoroid and
debris impact in order to prevent loss of functionalities.

b. The selection and design of material and debris protection systems shall
be based on a specified probability of survival.

NOTE For a given hardware design and configuration,
the probability of survival is influenced by the
probability of impact, critical debris size, material
response to hypervelocity impacts, impact face;
back face (spalling), mission duration, spacecraft
orientation and multiple impacts.

4.5.15 Venting

a. Provision shall be made in the design of the structure for venting.

NOTE In order to prevent a build-up of excess pressure
and to reduce the time to evacuate the structure, a
minimum ratio of venting-area to enclosed-volume
is usually needed for venting.

b. In case that provision a. is not made, the structure shall withstand build-
up pressure (including safety factors).

C. The openings for venting shall be compatible with the purging system
gas supply pressure and flow rate.
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NOTE The openings for venting can be used to prevent
contamination or risk of explosion.

4.5.16 Margin of safety (MOS)

a.

Margins of safety (MOS) shall be calculated by the following formula:

design allowable load

MOS = -
design limit load x FOS

NOTE Loads can be replaced by stresses if the load- stress
relationship is linear.

All margins of safety shall be positive.

The margins of safety for combined loads shall be computed by the
following procedure:

1. define the load combination applied at a certain design level (limit,
yield or ultimate), according to the specified FOS for combined
loads;

2. calculate the margin of safety as:

MOS = -1

where A, called reserve factor, is the ratio between design
allowable and design load.

MOS shall be computed by accounting for interactions of different types
of failures (e.g. failure of a bolt due to shear and tension)

NOTE The following “interaction equation” is normally
used to compute A for interacting failure types:

AR+ 2R+ VR, + ’°R)...=1

where o, B, y, and & are experimental exponents
and Ri are the ratios between the i-th DLL x FOS
and the allowable load (which causes the failure if
the i-th load is applied alone)

4.5.17 Factors of safety (FOS)

45171 Overview

The selection of appropriate factors of safety for a specific structural element
depends on parameters, which are related to loads, design, structural
verification approach, model philosophy and manufacturing aspects. Such
aspects include the following:

pressurized structures,
human presence,
flight hardware or ground support equipment,

material type,
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