INTERNATIONAL ISO
STANDARD 21648

First edition
2008-12-01

Space systems — Flywheelmodule
design and testing

Systemes spatiaux — Conception et essai du module de vglant moteur

e Reference number
= — 1ISO 21648:2008(E)

© SO 2008


https://standardsiso.com/api/?name=d5aa3f8c29bda82f06526da799e65b10

ISO 21648:2008(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

COPYRIGHT PROTECTED DOCUMENT

© 1S0O 2008

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax +41 22749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO 2008 — All rights reserved


https://standardsiso.com/api/?name=d5aa3f8c29bda82f06526da799e65b10

Contents

Lo T =T o [P RO
[T o T L8 T2 4 o o PSPPI
1 £ o - PSSR SS
2 Terms, definitions, symbols and abbreviated terms.............ccoccmrirrirccccicrnnee e
21 Terms and definitions.......cccoo oo s (R
2.2 RS 1] oo =3 SRR SPRRRPL I e
23 Abbreviated terms ... e s e fe s
3 ReqUIremMents...........cccccccriiirrnrrrsrsssssssss s ssssssssssssssssssssssssnsssssssssssssnsssnsnss Sae S¥esensnsnnnnnnnnnas
31 General reqUIreMEeNtS..........ciiiiiiiccceer e e de e e e e
3.2 Design requiremMents ... bsh s
3.3 Requirements for materials ... N e
3.4 Fabrication and process CONtrol ... e
3.5 QuUAlity @SSUFANCE ......cciceiiiiriie e s s an e s an e s s ann e
3.6 Repair and refurbishment ... S e
3.7 Storage reqUIremMents...........ccccceeiiiiiiicccissscerensensssssssssne e e sssssssssnsesesssessssssssmesssssessasssnnneees
3.8 Transportation requiremMents...........cccovvviiiecececeercsce g S e e e e e s s s sssesessssesssssssesssnsnsnsnsnsnsnnnnnnns
4 Verification reqUIrements ............cccovveiiiniiiiccieesadienninnccsssnere s sssse e s s snme e e e e e e s
4.1 Design requirements verification.........cccccvec S i
4.2 Qualification teStS ..o s
4.3 ACCEPLANCEe tESES ..o A T s nnn
Biblipgraphy ... B A e

ISO 21648:2008(E)

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=d5aa3f8c29bda82f06526da799e65b10

ISO 21648:2008(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO_ also take part in the wark SO collaborates closely with the

International
International
The main ta
adopted by

International

Attention is @
rights. ISO s

ISO 21648 v
SC 14, Spac

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stan
the technical committees are circulated to the member bodies for voting. ‘Publication 2

Standard requires approval by at least 75 % of the member bodies casting-a Vote.

rawn to the possibility that some of the elements of this document may be the subject of
pall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 20, Aircraft{and space vehicles, Subcomr
e systems and operations.

jards
s an

atent

nittee

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=d5aa3f8c29bda82f06526da799e65b10

ISO 21648:2008(E)

Introduction

Flywheels are mechanical devices that store kinetic energy in a rotating mass. A simple example is the
potter's wheel, which was widely used by people in ancient times. The first use of such devices dates from
between 3500 and 3000 BC. According to archaeological evidence, these early flywheels were built from
wood, stone and clay. One type of potter's wheel was a rim made from a unidirectional material (bamboo),

wou

d in the hoap direction and embedded in a matrix (clay) This design option is clearly a fore
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ter use of composites for their inherent strength and lightweight nature.

however, only since the 1970s that the use of flywheels as energy storage systemis~has
of serious attention from energy researchers due to the constant threat of a‘shortage
ies. Today, a typical flywheel energy system consists of a flywheel rotor, a supporting devi

r/generator) and a safety containment (housing). For space applications;~due to weight co
f a bulky safety containment system is not necessarily a desirable design. Thus, from a s
the design of flywheel energy systems needs to concentrate on reliability and longevity.

nt flywheel energy storage technology is made possible by the.dse of high-strength, carbo
osite materials in the rotor. Flywheel energy storage systems“are designed to both contr,
e and to store energy — functions which have historically been performed by two separ
stored energy is needed for the dark portions of the orbit’'when the Earth’s shadow makes
bilable for spacecraft. For many spacecraft, flywheels offer the potential to significantly redug
d service life. However, the use of composite materials, coupled with variations in design
emanding operating conditions, combine to presént certification challenges for the rotor ass

International Standard establishes the ~design, analysis, material selection and cha
ation, test and inspection of the flywheel module in a flywheel. Many requirements set
ational Standard can also be adapted;by similar types of rotating machineries, but for dif
momentum wheels and momentdm™gyroscopes are typical examples. The implementaf
rements will ensure a high level of confidence in achieving safe operation and mission succ
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INTERNATIONAL STANDARD

ISO 21648:2008(E)

Space systems — Flywheel module design and testing

1 Scope

This

International Standard establishes the design, analysis, material selection and ccha

fabrigation, test and inspection of the flywheel module (FM) in a flywheel used for energy_stor
systems. These requirements, when implemented on a flywheel module, will ensure a hightevel

in ac
can

hieving safe operation and mission success. With appropriate modifications, this,Internatio
hlso be applied to similar devices, such as momentum and reaction wheels and co

gyrogcopes.

asse

bly (FRA), including rim, hub and/or shaft and other associated rotating parts, such as the

the motor generator rotor. The requirements are also relevant to the non-rotating parts, suc

hous
moto

ng, main suspension assembly (magnetic or rolling element bearings, superconductor bg
[ stator, caging mechanism and sensors within the module*housing, and backup bearings,

However, control and interface electronics are not covered in this International Standard.

2

21

Terms, definitions, symbols and abbreviated terms

Terms and definitions

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

2.1.1
A-ba

gis allowable

mectjanical strength value above which at least 99 % of the population of values is expected

confi

Hence level of 95 %

NOTH See also B-basis allowable (2.1.4).

21.2
acce
requi

ptance_tests

and workmanship meet specifications

213

racterization,
hge in space
bf confidence
hal Standard
htrol-moment

The fequirements set forth in this International Standard are the minimum-teéquirements for flywheel modules
in fly:}'v.‘heels used in space flight applications. They are specifically applicable to the parts in the f

Ilywheel rotor
bearings and
h as module
arings, etc.),
if applicable.

o fall, with a

ed formal tests conducted on hardware items to ascertain that the materials, manufacturifg processes

allowable load

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

NOTE

and yield strength, as applicable.

©I1SO
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B-basis allowable
mechanical strength value above which at least 90 % of the population of values is expected to fall, with a
confidence level of 95 %

NOTE

215

See also A-basis allowable (2.1.1).

catastrophic failure
structural failure event due to the rotor separation, or the rupture or collapse, of other flywheel rotor assembly

components

or assembly

21.6
composite 1
combination

NOTE TH

completely int
an interface bg

21.7

damage tolgrance

ability of stru
usage

2.1.8

damage toldrance life

required peri
by analysis g

21.9
damage tole
damage tole
analysis/test

NOTE Fd
2.1.10
design safef

multiplying 3

2.1.11
fatigue life
number of lo

failure of a specified nature could occur

NOTE TH

haterial
pf materials which differ in composition or form on a macro-scale

b each other, although they act in concert. Normally, the composites can be physically identified and ¢
btween one another.

cture/material to resist failure due to the presence of flaws for;a specified period of unreg

bd during which a part of a flywheel module, even‘centaining a large undetected crack, is s

r testing not to fail catastrophically in the expectediservice load and environment

rance analysis
rance testing
ng that is used to demonstrate damage tolerance life

r metallic parts, this type of analysis is also referred to as safe-life analysis.

y factor
ctor to be applied to the limit load and/or maximum expected operating speed

ad cycles.experienced in service that a defect-free part in a flywheel module can sustain b

eiumber of load cycles experienced in service can be flight loads, ground test loads and charge/disd

e constituents retain their identities in the composite, i.e. they do not dissolve, oryotherwise merge

exhibit

aired

hown

efore

harge

cycles.

2.1.12

flaw

local disconti
EXAMPLE

21.13

nuity in a structural material

Crack, delamination, void.

flight-like test article
test article that is built in accordance with a fabrication process identical to the flight hardware

© 1SO 2008 — All rights reserved
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21.14
flywheel module

FM

assembly of mechanical parts which support and spin the flywheel rotor assembly and which house the
appropriate sensors, rotor support systems and motor, which with the appropriate avionics suite and software
can act as a stand-alone functional flywheel unit

NOTE

A flywheel module typically includes the housing, main suspension system (magnetic or rolling element

bearing, superconductor bearings), motor stator, caging mechanism, sensors and backup bearings, if applicable.

211

flywheel rotor assembly

FRA

assembly in a flywheel which consists of rim, shaft and/or hub, bearings, motor generator.rof

asso

211
fract
class
from

NOTE
subsdg
or if th

211
fract
appli
proce
durin

211
fract
engir

2.1.1
fract
gene

2.1.2

impact damage

damag
part g

5

Ciated parts that rotate under normal operation

3
lire critical part

fication of a part for manned space systems, which assumes that fracture or’failure of that
pccurrence of a crack-like defect would create a catastrophic hazard

Such classification is required on components unless it can be._shown otherwise, i.e. if
quent parts it could fail) can be shown to be contained, or in the case.ofdow released energy, or if the
ere is only a remote possibility of significant crack growth on the part'to’begin with.

7
ire control
cation of design philosophy, analysis method, manufacturing technology, quality assurance a
dures to prevent premature structural failure caused by the propagation of cracks or cra
j fabrication, assembly, testing, transportation.and ground-handling and service

B
ire mechanics
eering discipline that describes the-behaviour of cracks or crack-like flaws in materials unde

D
ire toughness
fic term for measurements_of resistance to extension of a crack

D

ge in a non-metallic part within the flywheel module that is caused by an object striking the
triking an object

21.2
impact damage tolerance
ability of the fracture critical non-metallic parts in the flywheel module to resist strength degradati

or and other

bart resulting

the part (and
part is failsafe,

nd operating
ck-like flaws

stress

bart or by the

bn due to the

impact damage event

2.1.22

initia

| flaw size

maximum flaw size, as defined by non-destructive evaluation, that is assumed to exist for the purpose of

perfo

rming a damage tolerance (safe-life) analysis or testing

21.23
key process parameter

KPP

critical process parameter that affects design and product characteristics

©I1SO
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2.1.24
life factor
factor by which the service life is multiplied to obtain total fatigue life or damage tolerance life

NOTE Life factor is often referred to as a scatter factor that is normally used to account for the scatter of a material’s
fatigue or crack growth rate data. It can also account for the dispersion of loading spectra parameters and other
uncertainties, when appropriate.

21.25

limit load
maximum expected external load, or combination of loads, that a rotating part can experience during the
performance of a specified mission in specified environments

NOTE Wl-uen a statistical estimate is applicable, the limit load is that load not expected to be exceeded)at| 99 %
probability with 90 % confidence.

2.1.26
margin of safety
MS

margin of safety expressed as [—Ta”ow ]_1
Tlimit X Ksafe

where

Taow iS|the allowable load;

Gimit  is|the limit load;

k

safe iS|the design safety factor

NOTE Ldad can mean stress or strain (see 2.1.3).

21.27
maximum expected operating speed
MEOS
maximum spinning speed that a paft jn a flywheel module is expected to experience during its nprmal
operation

NOTE Maximum expected operating speed is synonymous with limit speed.
2.1.28

maximum design speed

MDS

highest poss|ble.opérating speed based on a combination of credible failures

NOTE '\I‘IJ)\;IIIUIII dUD;UII bpccd ;O lcquilcd fUI SUITIT |||a||||cd bybtclllb tU dbbUIIIIIIUddtU dlly bUIIIb;IIdt;UII Uf tWO
credible failures that will affect speed.

21.29

non-destructive evaluation

NDE

process or procedure for determining the quality or characteristics of a material, part or assembly without
permanently altering the subject or its properties

NOTE In this International Standard, non-destructive evaluation is synonymous with non-destructive inspection (NDI)
and non-destructive testing (NDT).

4 © 1SO 2008 — All rights reserved
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2.1.30
operating environments
all environments experienced during service life of the flywheel module

21.31

proof spin test

spin test run on a flight flywheel module at a pre-selected spinning speed that is higher than maximum
expected operating speed

qualification tests
required—fermaltests—used—to—demenstrate—thatthe—desigh—manufacturing—eand—assemblythave resulted in

hardware conforming to specification requirements

NOTH Qualification test is synonymous with certification test.
2.1.3B
service life

period of time (or cycles) starting with item inspection after the manufacturing”and continuing through all
testing, handling, storage, transportation, normal operation, refurbishment,(re-testing and reuse|that may be
requifed or specified for that part

2.1.3J1

stregs-rupture life
time |during which the composite maintains structural integrity,considering the combined effects of stress
level(s), time at stress level(s) and associated environments

2.1.3p
touchdown bearings
bearings required to act as the rotor suspensionsystem in the non-operating mode and/on the backup
suspeénsion system in the operating mode duringsmain suspension system failure

21.3p
touchdown event
event that can occur with flywheel. modules supported on magnetic bearings whereby [the rotor is
unexpectedly forced onto its touc¢hdown bearings during normal operation due to malfunction| of magnetic
bearipgs, overload or other anemaly

21.37
ultimate load
product of the limit laad-and the design ultimate safety factor

NOTEH The ultimate load is the load that the parts in a flywheel module need to withstand without catagtrophic failure
in the|expected\environment.

21.3B
visual damage threshold
VDT

impact energy level shown by test(s) which creates an indication that is detectable by a trained inspector
using an unaided visual technique

2.2 Symbols

a crack size

da/dN fatigue crack growth rate

I, polar mass moment of inertia

© 1SO 2008 — All rights reserved 5
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I transverse mass moment of inertia
K¢ plane strain fracture toughness

Kisce stress intensity threshold for stress-corrosion cracking
N number of cycle

Ty glass transition temperature

2.3 Abbreviated-terms

ATP Acceptance Test Programme

CT Computer Tomography

FM Flywheel Module

FMECA Failure Mode, Effects and Criticality Analysis
FRA Flywheel Rotor Assembly

KPP Key Process Parameter

MDS Maximum Design Speed

MEOS Maximum Expected Operating Speed
MPE Maximum Predicted Environment
MRB Material Review Board

MS Margin of Safety

NDE Non-Destructive Evaluation

NDI Non-Destructive Inspéction

NDT Non-Destructive Jesting

SP Specificatioh. Performance

S-N Stress'versus Life

&N Strain versus Life

VDT ViswalBDamageTFhreshold

3 Requirements

3.1 General requirements
This clause presents the general requirements for the parts in the FM for
— design,

— material selection and characterization,

6 © 1SO 2008 — All rights reserved
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fabrication and process control,
quality assurance,

repair and refurbishment, and

— storage.

Most of the requirements are specified for both manned and unmanned space systems.

NOTE Requirements primarily applicable to manned space systems are specifically stated and identified by an
asteripk (") whnicnh Tollows the Clause/subcClause ttie or whnich precedes the pdragrapn(s) concerned.

3.2 | Design requirements

3.2.1| General design requirements

The general design requirements for the parts in the FM are delineated in 3.2.2t0 3.2.14.

3.2.2| System analysis

3.22|11 General

A tharough system analysis of the flywheel shall be used to establish design parameters for the FM.

3.2.2]2 System impact threat analysis*

For fracture critical non-metallic parts in the FM used in manned space systems, a system threat analysis
shall [be conducted to provide information for preparing the damage control plan. The threat gnalysis shall
docufnent the conditions (source and magnitude of threat) under which impact damage can occuif

3.2.2|13 Failure Mode, Effects and Criticality Analysis (FMECA)

A Fdilure Mode, Effects and Criticality Analysis (FMECA) shall be conducted. This analysis is used to
systgmatically evaluate and decument, by item failure mode analysis, the potential effect of each|functional or
hardware failure on mission-success, personnel and system safety, system performance, maintainability and

main
apprq

3.23

enance requirements;~Each potential failure is ranked by the severity of its effect, i
priate corrective actions may be taken to eliminate or control the high-risk items.

Loads, speeds and environments

The anticipated load, speed and associated temperatures throughout the service life of the flyw

used

todefine the design load/temperature profile for the parts in the FM. Other environm

(radi

h order that

heel shall be
ental effects

tion, corrosive atmosphere, vacuum, etc.) pertinent to the structural strength and life of the

be parts shall

be considered, as appropriate.

Throughout this International Standard, limit load and maximum expected operating speed (MEOS) are used
as the baseline load and speed.

NOTE

The term maximum design speed (MDS) can be used for the design and testing of FMs. The basic difference

between MDS and MEOS is the degree of consideration of potential credible failure within a FM, and the resultant effects
on the speed of the FM during system operation. MDS is associated with manned systems and is based on the worst-case
combination of two credible system failures. The criteria to be used for the determination of speed for a given design and
application need to be clearly established by the contracting parties.

©I1SO
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3.2.4 Strength

3.241

General

All parts in the FM shall possess adequate strength to preclude detrimental deformation at corresponding limit
loads in the expected test and operating environments throughout their respective service lives. All parts in the
FM shall also possess adequate strength to preclude catastrophic failure at design ultimate load.

3.24.2

Local yieldin

Local yielding

g in an FM part due to secondary or peak stresses shall be acceptable only if all of the following

are satisfied:
a) the strug
b) there sh
c) theserv
3.2.5 Statig

All parts in th

tural integrity of the part shall be demonstrated by adequate analysis and/or test;
Bl be no detrimental deformation that affects FM function or stability; and

ce life requirements are met.

b stiffness

e FM shall possess adequate stiffness to preclude detrimentaldeformation at corresponding

loads in the ¢xpected test and operating environments throughout their respéctive service lives. All parts|

also possesy

3.2.6 Roto

This set of rg
of a type or
system. Estd
and natural f
level of strai
operating sp
be safe to of
(e.g. imbalar
through the 2

adequate stiffness to preclude collapse at design ultimaté\load.
r dynamics

quirements shall be applied to FRAs in FMs..Natural frequencies and critical speeds shall r]
of a frequency response that would be deleterious to the safety and operation of the flyy
blished and proven methods shall be followed to minimize the number of lateral critical s
requencies within the operating rangejland particularly those that are characterized by a h
h energy within the rotor (e.g. bending-modes of operation). Shaft-bending critical speeds
ped range shall be avoided, if possible, but if they are present, it shall be demonstrated by t
erate at or through the critical speeds. Stability of the rotor to torsion, axial and lateral excita
ce, motor torsion oscillations; seismic events, touchdown bearing impact) shall be maxir
pplication of isolation, damping and/or related means to permit stable rotor performance.

3.2.7 Thermal

Thermal effe
the physical,
shall be cong
in accordanc

Cts, includingAemperatures, thermal gradient, thermal stresses and deformations, and chang
mechanicatl;yand the glass transition temperature (Tg) of the composite materials of constru

idered_in.the design of all parts in the FM. These effects shall be based on temperature extr
e with;3.2.3.

limit
shall

ot be
vheel
eeds
igher
n the
pst to
tions
hized

es in
ction,
bmes

3.2.8 Statie-strength-margin-of-safety

3.2.8.1

General

For all parts in the FM, the margin of safety (MS) shall be calculated by using material allowable strengths and
the design safety factor. For metallic and composite parts, the minimum design ultimate safety factor shall be
1,5. To allow for local yielding in metallic parts, the yield design safety factor shall be 1,1. For bonded
interfaces and ceramics parts, the minimum design ultimate safety factor shall be 2,0. All MSs shall be

positive for a

Il applicable loading conditions, such as launch, landing and touchdown event.

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=d5aa3f8c29bda82f06526da799e65b10

ISO 21648:2008(E)

3.2.8.2 Manned space systems*

For manned space systems, MS calculations for fracture critical parts shall use A-basis allowables. Otherwise,
B-basis allowables may be used. These allowables shall be derived from samples of size and shape
representative of manufacturing to the greatest degree practical. Where properties are not attained from
specimens tied closely to the FM geometry and manufacturing processes, a smaller number of specimens at
the subcomponent level shall be tested to anchor these properties and account for size, shape and residual
stress effects. The speed range used in this analysis shall encompass the MEOS, unless otherwise specified.

3.2.8.3 Unmanned space systems

derived from samples of size and shape representative of manufacturing to the greatest [degfee practical.
Whete properties are not attained from specimens tied closely to the FM geometry~and manufacturing
procgsses, a smaller number of specimens at the subcomponent level shall be tested to anchor these
properties. The speed range used in this analysis shall encompass the MEOS, unless ‘otherwise gpecified.

For A]?manned Space systems, MS calculations may use B-basis allowables. These allowables [shall also be

3.2.9| Fracture control*

3.2.9]1 Fracture critical selection criteria

Unless otherwise specified, rotating parts that meet containment requirements specified in 3.2.9.2 are not
considered to be fracture critical.

Partg are fracture critical if it is credible that cracks in thepart could lead to a catastrophi¢ failure. For
composite materials, the term crack also includes delamination, defects due to manufacturing, impact damage
and ip-service mechanical damage.

All fracture critical parts shall meet the damage-tolerance life requirements of 3.2.9.3. For comppsite fracture
critical parts, the impact damage requirements 0f,3.2.9.4 shall also be satisfied.

3.29|2 Containment

For g rotating part to be classified as.a contained part, it shall meet the following requirements:
a) ifis clearly contained in assq@ciated housing/enclosure, etc.; and

b) it can be shown that thefailure of the part will not cause a catastrophic hazard.

Analyses or tests shall)lbe performed where there is uncertainty regarding containment of fragmernted pieces.

3.2.9{3 Damage-tolerance life

In a manned space system, all fracture critical metallic and ceramic parts of the FM shall hgve adequate
damgge-tolerance life. It is required that the largest undetected crack applied that could exist ip the fracture
critical part shall not grow to failure when subjected to cyclic and sustained loads in a specified number of
service lifetimes.

NOTE The largest undetected crack is consistent in size with the proof test limits or sensitivity of the non-destructive
evaluation (NDE).

These loads shall be determined in accordance with the requirements in 3.2.3. Unless otherwise specified, the
required damage tolerance life is service life multiplied by 4.

© 1SO 2008 — All rights reserved 9
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3.2.9.4 Impact damage tolerance

In a manned space system, the residual strength of a fracture critical composite part in the FM shall not be
degraded below its ultimate load requirement after it has been subjected to the larger energy level of the
system threat analysis impact or VDT impact.

A part having a static strength factor of safety of 4,0 or greater is not required to meet this impact damage
tolerance requirement.

3.2.10 Fatigue life

All non-fractfire critical parts in the FM in a manned space system, or all parts in the FM used in unmgnned
space systems, shall have adequate fatigue life in order to achieve mission success. Unless otherwise
specified, fat|gue life shall be service life multiplied by 4, with no induced damage or defects.

3.2.11 Timefdependent behaviour

All parts in the FM shall be designed to preclude excessive cumulative strain and/or stress redistributior] as a
function of fime stemming from time-dependent material behaviour (e.g. creep;.relaxation and thermal
recovery), ich would result in rupture, detrimental deformation/delamination. or“collapse (e.g. buckling)
during its seyvice life. Unless otherwise specified, time-dependent deformation analysis and/or testing|shall
account for durations of service life multiplied by 4.

3.2.12 Stregs-rupture life
The composite parts in the FM shall be designed to meet the service life requirement, including the tim¢ that
the FM is ungler sustained load. There shall be no credible composite fibre stress-rupture failure modes hased
on stress-rugture data for a specified probability of survival. The probability of survival shall be selected hy the
user for the iptended application.

Unless othenwise specified, the minimum probability of survival associated with catastrophic failure shall be
0,999.

3.2.13 Corr¢sion and stress-corrosion control and prevention

Degradation [of the parts in the FM due to-the following factors shall be considered:
a) corrosivé or incompatible envirdhments;

b) galvanic|corrosion resulting from the use of incompatible materials;

c) stress-cprrosion eracking.

3.214 Outgrssing

Contamination control analysis shall be used to evaluate performance impacts of outgassing on adjacent
critical equipment. Venting ports shall be designed so that lubricant outgassing products do not directly
impinge on critical surfaces.

Items that might produce deleterious outgassing while in orbit shall, where practical, be baked for a sufficient

time to drive out all but an acceptable level of outgassing products before installation in the module. Where
baking is not practical, exposure to vacuum within the operating temperature of the item shall be used.
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Requirements for materials
Metallic materials

Metallic material selection

The selection of material for metallic parts of the FM shall be based on known material strengths and fatigue

char

acteristics consistent with the overall system requirements.

*For manned space systems, fracture toughness and crack growth rates (da/dN) for all metallic fracture critical

parts shall be considered. Use shall not be made of metallic materials which have a stress inten

fors

the e

3.31

The

Mate

emb
avail

3.31

The
shall

perfo

sour

ity threshold

tress-corrosion cracking (Kjs.c) Of less than 60 % of the material’s plane strain fracture touglh

kpected operating environment.

2 Metallic material evaluation

q
4

elected metallic materials shall be evaluated with respect to
material processing,

flabrication methods,

manufacturing operations,

refurbishment procedures and processes, and

other factors that affect the resulting strength and.fracture properties of the material in both {
and the refurbished configurations.

fials that are susceptible to stress-corrosien cracking or embrittlement mechanisms such
rittlement shall be evaluated by performing sustained load fracture tests when applicable
able.

3  Metallic material characterization

allowable mechanical properties and fracture properties of all metallic materials selected for

be characterized in sufficient detail to permit reliable and high confidence predictions of th
rmance in the expected operating environments, unless these properties are available

ges.

ness (Kc) in

he fabricated

as hydrogen
data are not

metallic parts
eir structural
from reliable

Whefe material_properties are not available, they shall be characterized by tests. Uniform test procedures

shall

confg

the i
toug

be followed to determine material strength and fracture properties, as required. These pro

cedures shall
test data for

rm to~recognized standards. The test specimens and procedures used shall provide valid
tended application. Sufficient tests shall be conducted such that meaningful nominal valu
ness, fatigue data and crack growth rate data corresponding to each alloy system, temper,

f
H

T>S of fracture

roduct form,

thermal and chemical environments and loading spectra can be established to evaluate compliance with
strength, damage-tolerance life and/or fatigue requirements.

3.3.2 Composite materials

3.3.21

Composite material selection

Composite materials used for a part in the FM shall be selected on the basis of

environmental compatibility,

material strength/modulus,
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fatigue, and

stress-rupture properties.

The effects of fabrication process, temperature/humidity, load spectra and other conditions such as aging,
which may affect the strength and stiffness of the material in the fabricated configuration, shall also be
included in the rationale for selecting the composite materials.

3.3.2.2

Composite material evaluation

The materials selected for a composite part in the FM shall be evaluated with respect to

material
fabricati
manufad
process

other psg
fabricate

3.3.2.3

The propert
environment
hardware fah

required. The test specimens and procedures used shall follow standardized test methods whenever ava

in order to pr
The strength

or full-scale
coupon/sub-

3.3.3 Cera

3.3.31

Material sel¢
intended app

fracture

Composite material characterization

Ceramic material selection

processing,

bn methods,

turing operations,

bs, operating environments, service life, and

rtinent factors that affect the resulting strength and stiffness properties of the material i
d configurations.

es of the composite materials selected shall bec~characterized in their expected ope
5. Test methods using samples representative of the manufacturing processes involved i
rication and accounting for residual stresses shall be followed to determine material properti
pvide valid test data for the intended application.

allowables of the composite material:shall be determined from the testing of coupon, sub-

omposite parts. When sub-scale and coupon data are used in the database, correlation bef]
bcale data and full-scale data shall be established.

mic materials

ction for ceramic’parts of the FM shall be based on known material properties appropriate fi
lication. Keycharacteristics to be considered shall include

foughness,

h the

ating
h FM
s as
lable,

scale
ween

br the

hardnes

U7

elastic p

thermal

12

Weibull parameters,
dimensional tolerances,

environmental compatibility,

roperties,

properties,

electrical properties,
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surface finish, and

surface quality (presence of surface defects caused by impurities).

For each type of ceramic component (bearing, magnet, etc.), the temperature and stress distributions shall be
determined for both steady-state and transient operating conditions. These data shall then be used in
conjunction with accepted life prediction programmes to make initial assessments of the probability of survival
of the component over its intended lifetime. The minimum acceptable probability of survival will be set on the

basis of mission requirements.
3.3.3.2 Ceramic material evaluation
The gelected ceramic materials shall be evaluated with respect to

q

Mate
by ps

3.3.3

material processing,
manufacturing robustness,
inspection protocols,

refurbishment procedures and processes, and

ther factors that affect the functional performance of th€ material in both the fabrica

fefurbished configurations.

fials that are susceptible to time- or cycle- (temperatre or stress) dependent failure shall
rforming stress-rupture and/or cyclic fatigue tests when applicable data are not available.

3 Ceramic material characterization

The

inclu

ted and the

be evaluated

echanical and thermal properties of alliceramic materials selected for FM parts shall be characterized in
suffidient detail to permit reliable and higfrconfidence predictions of the operating stresses and
for sfeady-state and transient conditiens. The Weibull and slow crack growth/cyclic fatigug
required for prediction of probabilityzof survival shall be characterized as well. Potential sources

e the material suppliers, teechnical publications and established databases.

Whele material properties are not available, they shall be characterized by established tests. W

thesdq
shall
shall
meth
to eV
cond
those
for th

procedures shall conform to recognized standards. If no standards exist, the adopted tes
be conducted.so)that statistically meaningful data corresponding to each material type,

bd, product form and size, thermal and chemical environments and operating spectra can b
aluate compliance with strength, safe-life and/or fatigue requirements. Analyses shall b

used\in the FM. The proof test conditions shall simulate the worst-case operating condition

be based on the’best available methods as defined in the current technical literature. er

emperatures
parameters
bf these data

nen possible,
t procedures
fficient tests
anufacturing
b established
verified by

a)

-

icting proof tests on ceramic components identical in material, geometry and manufacturing method to

5 appropriate
and thermal

e-component in question (e.g. rolling contact fatigue in the case of ceramic bearings

anfa far nararain o Ata)
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3.34

3.3.4
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Polymeric materials

Polymer material selection

Polymeric materials used for a part or for joining parts in the FM shall be selected on the basis of

©I1SO

environmental compatibility,
material strength/modulus,

fatigue,
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creep deformation/relaxation,

stress-rupture properties, and

suitability as an adhesive, as dictated by the application.

The effects of fabrication process, temperature/humidity, load spectra and other conditions such as aging,

which may affect the strength, stiffness and dimensional tolerance of the material in the fabricated
configuration, shall also be included in the rationale for selecting the polymeric materials.

3.3.4.2 Polymer material evaluation

The material$ selected for a polymeric part in the FM shall be evaluated with respect to

— material|processing,

— manufagturing operations,

— processgs, operating environments, service life, and

— other peftinent factors that affect the resulting strength, stiffness and dimensional tolerance propertles of
the matgrial in the fabricated configurations.

3.3.4.3 Polymer material characterization

The propertig¢s of the polymeric materials selected shall be characterized in their expected configurationg and

operating enyironments. Test methods using samples representative of the manufacturing processes invplved

in FM hardware fabrication shall be used to determine material properties as required. The test specimens

and procedufes used shall follow standardized test metheds whenever available, in order to provide valifl test

data for the iptended application.

The strength|allowables of the polymeric material.shall be determined from the testing of coupon, sub-scéle or

full-scale composite parts. When sub-scale and.coupon data are used in the database, correlation between

coupon/sub-g¢cale data and full-scale data shall be established.

3.4 Fabri¢ation and process control

The design ¢f the parts in the FNMUshall follow well-characterized fabrication processes and procedures| The

fabrication piocess for parts jin-the FM shall be a controlled, documented process.

Proven procg¢sses and precedures for fabrication and repair of the metallic and ceramic parts in the FM| 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, diilling,

grinding and [othér operations are within the state-of-the-art and are appropriate for the application.

*For manned space systems, the fracture toughness, mechanical and physical properties shall be within
established design limits after exposure to the intended fabrication processes. Fracture control requirements
and procedures shall be defined in applicable drawings and process specifications. Detailed fabrication
instructions and controls shall exist to ensure proper implementation of the fracture control requirements.

Incorporated materials shall have certifications, which demonstrate acceptable variable ranges to ensure
repeatable and reliable performance. The fabrication process shall control or eliminate detrimental conditions
in the fabricated article.

An inspection plan shall be developed in accordance with 3.5.2, in order to identify all key process parameters
(KPP) essential for verification. In-process inspection or process monitoring shall be used to verify the setup
and the acceptability of critical parameters during the fabrication process.
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3.5 Quality assurance

3.5.1 General

A quality assurance or inspection programme based on a comprehensive study of the product and
engineering requirements shall be established to ensure that the necessary NDE and acceptance proof spin
tests are performed effectively. The programme shall ensure that no damage or degradation has occurred
during material processing, fabrication, inspection, acceptance tests, shipping, storage, assembly and
operational use and refurbishment, and that defects which could cause failure are detected or evaluated and
corrected. As a minimum, the points described in 3.5.2 to 3.5.5 shall be included in the quality assurance
programme. Quality assurance data for all parts of the FM shall be maintained throughout the service life.

3.5.2| Inspection plan
An inspection master plan and sample plan shall be established prior to the start of fabrication. The plan shall
specify appropriate inspection points and inspection techniques for use throughout the’programnje, beginning
with fnaterial procurement and continuing through fabrication, assembly, acceptance.proof spin tgst, shipment,
asseimbly and operation, as appropriate. When establishing inspection points ‘and inspectior] techniques,

consideration shall be given to the material characteristics, fabrication processes, design concepts, corrosion
contrpl and accessibility for inspection of defects.

3.5.3| Inspection techniques
*For manned space systems, the inspection techniques selected.for metallic parts shall have thg capability to
determine the size, geometry, location and orientation of a craek or a crack-like defect. Inspectign techniques
such|as dye penetrant, magnetic particle, eddy current, radiography and ultrasound shall be uged to detect
cracKs, as appropriate. Other NDE techniques used shall have a demonstrated 90 % probability of detection
at a 95 % confidence level.

The |nspection techniques for composite materials shall include visual inspection performed i conjunction
with @appropriate state-of-the-art NDE techniques. Inspections shall be performed to detect, as ap;tlicable

— non-uniform or broken fibres,

— delaminations,

— fijbre wrinkles and waviness,

— drry fibres (i.e. fuzzing or “brooming”),
— machining damage,

— impact.damage, and

— yniformity of surface coatings.

Inspections shall be augmented by use of optical magnification or solvent wipe techniques (i.e., for detection
of cracks or delaminations). Proven NDE techniques, such as ultrasound, radiography, thermography,
computer tomography (CT) and shearography, shall be used to identify and characterize critical defects, as
appropriate. The appropriateness and capability of the NDE methods selected to detect and characterize
critical defects shall be established.

3.5.4 Inspection data

Inspection data for the parts in the FM shall be maintained throughout the service life. These data shall be
reviewed periodically and assessed to evaluate trends and anomalies associated with the inspection
procedures, equipment and personnel, material characteristics, fabrication processes, design concept and
structural configuration. The result of this assessment shall form the basis of any required corrective action.
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3.5.5 Traceability*

For manned space systems, traceability shall be maintained on all fracture critical parts in the FM throughout
their development, manufacturing, testing and service. Serialization shall be required on each fracture critical
component and they shall have traceability to material heat treat or composite manufacture/cure lot as a
minimum. A log shall be maintained for each part of the FM to record all significant manufacturing assembly
processes, load/spin cycles, inspections and tests occurring during the time period from fabrication to the end
of service life. Engineering drawings for fracture critical parts shall contain notes which label the part “fracture
critical” and which specify the appropriate inspections or flaw screening method to be used.

3.6 Repai

When inspeq

part shall be

r and refurbishment

tions reveal structural damage or defects exceeding the permissible levels, the non-confe
assessed by a material review board (MRB) for repair, refurbishment or replacement:All re

ming
pairs

and refurbisihments shall follow an approved repair process. All repaired or refurbished hardwafe shall be

verified after
new hardwar

3.7 Stora
When parts ¢
— exposur
in-servig

Critical envir

3.8 Trans

When the F
manner that

but are not limited to,

a) exposurg to adverse environmental~conditions (e.g. temperature extremes, humidity, water, prolg
exposure to sunlight),

b) physicallimpact,

c) vibratior|, and

d) shock ddiring tran§port.

Critical envir
temperature

recording (i.e. continuous versus maximums) and parameters 10 be monitored shall be commensurate wi

each repair and refurbishment by the applicable analysis and/or acceptance test procedu
e to demonstrate their structural integrity and to establish their suitability for continued servio

je requirements

f the FM are put into storage, they shall be protected against
b to adverse environments (e.g. temperature, humidity), and
e damage (e.g. abrasion, cutting, impact).

bnmental conditions shall be recorded.

portation requirements

M parts or subassemblies or the whole-module are transported, they shall be packaged
will provide protection against damage from physical or environmental sources. These ing

pnmental and transportation conditions that pose a threat to the integrity of the FM, su
extremes, excessive vibration or maximum shock loading, shall be recorded. The nat

e for
e.

in a
lude,

nged

th as
re of

h the

threat assessment for the method of transportation and the consequences of these transportation parameters
on the FM. As a minimum, records shall be kept which document

method

dates of

16

transportation events,

packaging used,

of conveyance,

person or company responsible for transport,

shipment and receipt, and

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=d5aa3f8c29bda82f06526da799e65b10

ISO 21648:2008(E)

— a written record (possibly including photographs) of the results of a visual inspection of the package and
its contents for damage or movement during the transportation process.

Any adverse events or observations shall be recorded and assessed for implications on the safety of the FM.

4 Verification requirements

4.1 Design requirements verification

4.1.1 Gcllcld:

Design requirements verification, as outlined in this clause, is carried out by means of(analysis, test and
document review. The purpose of the verification process is to ascertain that

a) the design meets the specified requirements and is acceptable for the intended use, and

b) parts manufactured to the qualified design meet specified requirements)for materials, manufacturing
irocesses and workmanship.

4.1.2| System analysis verification
41.2|1 General
The gystem analysis report shall be reviewed for its adequacy.

4.1.2|2 System impact threat analysis verification

The $ystem impact threat analysis report, which documents the source and magnitude of the impact damage
threaf, shall be reviewed.

41.23 FMECA verification

The feport that documents the resulis of the FMECA of a FM shall be reviewed periodically in ordler to ensure
that the analyses were performed-and are adequate.

4.1.3| Loads, speeds and environments verification

The anticipated loadsvand associated temperature and other environments shall be documented and reviewed
for agequacy.

4.1.4| Strength verification

Test kestlts of the acceptance prnnf cpin test epnr\ifinr{ in4.3 3 and the ultimate load test cpnr‘i ied in 4.2.11

shall be used to verify the strength requirements.

4.1.5 Static stiffness verification
Stress analysis results shall be used for analytical verification of static stiffness requirements. Test results of

the acceptance proof spin test specified in 4.3.3 and ultimate load test specified in 4.2.11 shall be used to
verify the stiffness requirements.

4.1.6 Rotor dynamics verification

4.1.6.1 Rotor dynamics requirements, as specified in 3.2.6, shall be verified through analysis and/or
testing. The following are specific verification requirements:
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a) verify through analysis that the ratio of the rotor assembly’s polar mass moment of inertia to the

transverse mass moment of inertia (Ip/It) is outside the range of 0,8 to 1,2, unless it is verified through
testing that the rotor can run stably at all intended speeds inside this range;
b) verify through testing the zero speed free-free rotor modes on the rotor assembly via suspended rap tests
to check accuracy of analysis model(s).

41.6.2 For FRA suspended on magnetic bearings, the following verification requirements shall be met:

a) verify through analysis that the rotor assembly’s first forward whirl shaft-bending critical speed is above
MEOS multiplied by 1,25 on frequency assuming the free-free support case, unless it is verified through
testing tivatthe rotor can run stably near a shaft-bending resonance or through such a resonance,

b) verify th
critical g
unless if

backup

ough analysis that the rotor remains stable under MEOS multiplied by 1,25, i.e. at shaft-be
peed when on backup bearings in touchdown events using appropriate bearing stiffn€ss va
is verified through testing that the rotor can operate stably near or through suchia‘resonan
bearings in a touchdown event.

hding
lues,
Ce on

4.1.6.3 For rotor assemblies suspended on mechanical bearings during normal operations, the follpwing
verification rgquirements shall be met:

a) verify th
1,20 if d

fough analysis that the rotor assembly’s first shaft-bending critical Speed is MEOS multipli
bmpers which significantly suppress shaft-bending mode vibration are incorporated;

bd by

b) verify th
1,15 if n

margin fl

fough analysis that the rotor assembly’s first shaft-bending ‘critical speed is MEOS multipli
o dampers are used, unless it is verified through testing that the rotor can run stably with
rom a shaft-bending resonance or through such a resenance.

bd by
less

41.6.4 Rotor dynamics analyses shall be performedcusing appropriate rotor dynamics code or [finite

element cod¢ that accounts for cross coupling and gyroscepic effects.

4.1.7 Thermal verification

Thermal reqdirements shall be verified through thermal analysis and thermal test, as specified in 4.3.4.

4.1.8 Stati¢ strength MS verification

MS calculatipns shall be verified by-stress analyses supported by testing or through run-to-failure testing. The

stress analys
The analysis
rotation and
perform the
sequences)

is of each part in the:FM shall be conducted with the assumption that no defects exist in the
shall determingé\stresses for all load cases in service life, especially the combined effe
flight induced~loads. Finite element or other structural analysis techniques shall be us
required stress analysis. For composites, effects of parameters (e.g. winding angles, wi
Ehall be ‘assessed. Analysis tools shall be correlated against test results in order to demon

the accuracy

of the-methodology, and independently verified with industry accepted tools, where pra

parts.
cts of
bd to
hding
strate
ctical.

The analyticTI tool verification shall be submitted as part of the stress analysis report, when required.

4.1.9 Fracture control verification*

4191

General

Fracture control requirements shall be verified through analysis and/or test. If a part can be shown by analysis
or testing to be contained or surrounded by other subjects when failure occurs, it is not fracture critical. If it can
be shown to be fail-safe or to possess low release energy, it is not fracture critical. The final fracture critical
parts list shall be reviewed to ensure that the selection criteria are met.
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41.9.2 Containment verification

Containment housing that is part of the FM shall be verified by documented engineering practice where it is
clear that containment exists, or it shall be shown by analysis using proven analytical methodology or by
testing where there is uncertainty concerning the analysis. It shall be verified that not only the parts are
contained, but that the energy released and resulting reaction loads and torques on the containment system
do not create a catastrophic hazard in the supporting structure of a space system or in the ground test facility
during development, qualification or acceptance tests.

4.1.9.3 Damage-tolerance life verification*

A danage-tolerance life verification shall be conducted on fracture critical metallic and ceramic parts in a FM

used
crack
spec
unfay
shall
tough
defin
analy

q

J

—
Dam
using
the s
and 9

Dam
shall
with

anomalous behaviour of cracks approaching surface boundaries or in welds, and

in a manned space system. Damage-tolerance safe analysis (also referred to as fractui
-growth analysis) shall be performed to verify that it meets the damage-tolerance. life
fied in 3.2.9. Undetected crack(s) shall be assumed to be in the critical location(s) and
ourable orientation(s) with respect to the applied stress and material properties. \The size o
be based on the appropriate NDE technique(s) used in the acceptance testsxNominal valu
ness and crack growth rate (da/dN) data shall be used in the analysis. If a proof spin te
e the limits on initial crack size for damage-tolerance life determinatian, it shall be dem
sis or test that the proof spin test will ensure the required life is obtained,/including effects of

table crack growth during proof spin test,

est environments.

hge-tolerance life verification for fracture critical_metallic and ceramic parts can be perform
a flight-like part, with controlled size of crack(s). Coupons shall be allowed only for metalli

hape of crack(s) shall correspond to the detection capability of the NDE to be imposed on th
hge-tolerance life verification for fracture critical composite parts in the FM used in manned s

be performed by testing only. TestSpectrum shall include all cycles, time and environmen
part service life. Accelerated.test techniques can be used when proven. Damage-toleran

e mechanics
fequirements
in the most
the crack(s)
bs of fracture
st is used to
onstrated by

2d by testing
C parts when

ress field is well defined and the material properties are representative to that of the flight parts. The size

e flight part.

pace system
s associated
ce test(s) for

re-fabricated
i in service,
requirements
the detection

fractyre critical composite parts(shall be performed by using full-scale, flight-like articles, with p
cracK(s). The term “crack” also covers delamination and other mechanical damage induce
includling surface cuts and abrasions apart from impact damage. Impact damage shall meet the
specified in 4.1.9.4. The.shape and size of the controlled cracks shall be greater than or equal to
capability of the NDE.imposed on the flight parts.

4.1.9{4 Impact’damage-tolerance verification*

Testi
damage-telerance. Impact damage-tolerance is verified when residual strength is shown not to dggrade below
the design ultimate load. Full-scale articles that are representative of the flight part, with induced impact
damage, shall be used as the test specimens. Either system threat analysis energy levels or verified VDT
energy levels, whichever is greater, shall be used in the determination of impact energy level in the impact
damage-tolerance tests.

hg is the only acceptable method for fracture critical composite parts in the FM for demons}ating impact

4.1.10 Fatigue life verification

41.10.1 General

Fatigue life shall be verified for non-fracture critical FM parts by fatigue analysis or testing using the
load/temperature profile defined in accordance with 3.2.3. Fracture mechanics based damage-tolerance
analysis/testing may be used as a substitute for fatigue analysis/testing if mission success requirements

© IS0 2008 — Al rights reserved 19


https://standardsiso.com/api/?name=d5aa3f8c29bda82f06526da799e65b10

ISO 21648:2008(E)

warrant it. Unless otherwise specified, fatigue life and damage-tolerance life shall be service life multiplied
by 4.

41.10.2 Fatigue analysis

When a fatigue analysis is used to verify the fatigue life of a part in the FM, nominal values of fatigue
characteristics, including stress versus life (S-N) data and/or strain versus life (¢N) data of the material shall
be used. These data shall be taken from reliable sources. The analysis shall account for the spectra of
expected operating loads and environments. Miner's Rule is an acceptable method for handling variable
amplitude fatigue cyclic loading. The limit for accumulated damage shall be 80 % of the normal limit.

4.1.10.3 Fgtigue testing

Testing of unflawed specimens to demonstrate fatigue life of a specific part, together with stress)analysis, is
an acceptable alternative to analytical prediction.

When approjed by the procuring agency, the fatigue life test does not need to be completed beforg the
scheduled lafinch.

4.1.11 Timefdependent behaviour verification

Time-dependent deformation of all parts in the FM shall be verified through~analysis and/or testing using the
load/temperdture profile defined in accordance with 3.2.3. If such deformation is related to initiatipn or
propagation |of crack-like defects in fracture critical parts, damage:telerance (safe-life) verification fakes
precedence.

If the time-dependent deformation is related to initiation or propagation of crack-like defects in fracture gritical
composite parts, verification shall be demonstrated by testing of worst-case crack-like defects in the [most
unfavourablg locations in which they can be expected to occur. The orientation of crack-like defects shall also
be representhtive of the worst-case condition that can be,expected to occur.

4.1.12 Stregs-rupture life verification

Stress-rupturle life for composite parts in_the FM shall be verified by analysis supported by test data psing
load/temperdture profile defined in accordance with 3.2.3.

4.1.13 Corr¢sion and stress-corrosion control and prevention verification

A corrosion |control plan for”EM parts that are prone to stress-corrosion cracking or corrosion dyie to
environmental or galvanic effects shall be reviewed for its adequacy.

4.1.14 Outgpssing verification

Outgassing Ievels.of FM materials for the specified operating conditions shall be shown by analysis, testing or
documentedlengineering practice to be less than the allowable specified. The effects of outgassing on
material properties, dimensional characteristics and residual stresses within the FM shall be established and
included in the determination of material properties, analytical evaluations and/or experimental validations.

4.2 Qualification tests

4.2.1 General

Qualification tests shall be conducted either at the part level, the FRA level or the module level. In general, the
tests shall be conducted on a single article. Test article configuration and test attachment shall be
representative to flight configuration. However, life tests may be conducted on separate articles. Any ground
testing of the FM requires proper and conservative containment and shielding. Safety precautions shall be
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reviewed thoroughly with the responsible authority. As a minimum, the qualification test programme shall

consi

st of the following tests, and the test sequence shall be defined for each project:

a) spin test;

b) specification performance test;

c) thermal vacuum test;

d) vibration and shock tests;

e) gtectromagneticcompatibitity (EIVI\J} test;
f)  mnodal survey test;

g) fault tolerance test(s);

h) |

i) ultimate load test.

422
Inspe

draw
itemg

4.2.3

Each

4.2.4

An S
of thg
more
elect
comn

AN

fe test;

Inspection

ctions shall be performed after each major test to ensure: that all hardware conforms

ngs and specifications for functional performance. Criteria for determining acceptance of

shall be established.

Spin test

qualification test article shall be subjectedto a spin test, as specified in 4.3.3.

Specification performance (SP)test

P test (also referred to as “funetional test”) demonstrates that the mechanical and electrical
FM meets the specification~requirements plus the desired qualification margin after expos

o applicable
rejection of

performance
Lire to one or

of the environmental conditions predicted during the mission. An SP test may also verify npechanical or

ical ground support equipment compatibility and operation, as well as software algoritl
hand or monitor the(performance of the FM. Although a comprehensive performance test i

verify
quali

all specification (fequirements, it may not be necessary to verify all requirements at eac
ication process. )Accordingly, it is possible and expected that the complete performg

ms used to
S required to
n step of the
nce test be
sufficient for

[ each major
| The SP test
affected are

verified, e.g. the SP test could mclude a cycle to maximum normal operatmg speed correspondlng to one
charge-discharge cycle.

An SP test may be performed after the vibration and thermal vacuum tests to assess the impact of each
environmental test, although performance tests may be different after each environmental test type. It is also
acceptable to complete performance tests only after completion of environmental tests, but there is more risk
inherent in this approach.

Essential environmental conditions corresponding to checked operation mode shall be simulated in the SP
test. Functional checks in the presence of environments can be conducted in other environmental tests.

©I1SO
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mal vacuum test

A thermal vacuum test shall be conducted to demonstrate the ability of the FM to perform in the qualification
thermal vacuum environment and to endure the thermal vacuum testing imposed on flight FMs during
acceptance testing. It also serves to verify the FM thermal design.

Unless otherwise specified, the qualification test levels and duration are as follows:

a)

NOTE
requirement n

b) temperature: 10 °C beyond acceptance temperature, or —34 °C to +71 °C (minimum range);
c) curation 6 cycles.
The FM shal| remain operational except during the first and last cycle, where the FM turn-oeff and turn-on

occur. After tr
a

before and
of this test.

pressure:

< 1,333 224 x 10~2 Pa') for hardware subjected to space vacuum conditions;

For hardware that is to be enclosed in a hermetically sealed enclosure during service, the vacuum

Eeds fo replicate the design vacuum.

e thermal vacuum environmental test, the FM shall be inspected. An SR.test shall be cond

4.2.6 Vibration and shock tests

4.2.6.1 General
The FM shal| undergo appropriate vibration and shock test(s).
4.2.6.2 Vipration test

A vibration tdg

service inclu
mission with

random

It is acceptal

can be envel
Unless other]

a)
persiste

sine vibr

Sine vil

st shall be conducted to demonstrate the ability of the FM to endure the vibration environm
jing, as a minimum, the acceptancetest and the transportation, launch and in-orbit phases
ation test, and

vibration test.

le to conduct one-type of these tests if peak response at each frequency and cumulative da
pped by both tests.

vise spegified, the qualification vibration test levels and duration are as described below.

nce of the environment in service use. The vibration levels shall be sufficient to cover the se

ter the thermal vacuum test to verify that the FM is capable of withstanding the qualification

the desired qualification margin. Twae types of vibration test shall be conducted as appropriafe:

ration test level Two octaves/min unless the sweep rates and dwell time can be based o

shall
icted
level

ent of
Df the

mage

n the
verity

of the maximum design levels, which shall be at least 1,4 times higher than maximum predicted
environment but shall not induce unphysical response.

b)

Random vibration test level

3 dB above maximum predicted environment for 2 min in each of

orthogonal axes.

three

Test frequency range shall be defined by the users. An SP test shall be conducted before and after vibration
tests to verify that the FM is capable of withstanding qualification level vibration tests.

1) 1Torr=1

22

33,322 4 Pa.
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