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Foreword

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

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further—-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documéntmay be the subject of
patent rights. ISO shall not be held responsible for identifying any or all su¢h-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as wellvas information about ISO's aglherence to
the World Trade Organization (WTO) principles in‘the Technical Barriers to Trade| (TBT), see
www.iso.org/iso/foreword.html.

This| document was prepared by Technical ‘\Committee ISO/TC 20, Aircraft and spqce vehicles,
Subcpmmittee SC 14, Space systems and operations.

Any feedback or questions on this documrent should be directed to the user’s national standprds body. A
complete listing of these bodies can e found at www.iso.org/members.html.
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Introduction

Mechanisms are important elements of spacecraft and its payloads. A mechanism failure can cause the
loss of human lives for manned space systems or jeopardize the intended mission for unmanned space

systems.

Currently, there is no international standard that covers all the aspects that can be used for space
flight moving mechanisms such as rotating machineries, solar array drive mechanism, paddle hinge

mechanism,

The purpos
the uniform
barrier, con
their comm
standards W

This docum
safe and dej

latch mechanism.

requirements necessary to minimize the duplication of effort for resolving teo
sidering the differences between approaches taken by the participating nations
brcial space communities in developing mechanisms. In addition, the use of agreed-
rill facilitate cooperation and communication among space programmes.

ent, when implemented for a particular space system, ensures high confidence in achig
endable operation in all phases of its planned mission.

bving

Vi
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INTERNATIONAL STANDARD

ISO 23835:2022(E)

Space Systems — Mechanism design and verification

1

Scope

This document establishes requirements for the design, material selection and characterization,
fabrication, testing and inspection of all space mechanisms on spacecraft and payloads to meet the
mission performance requirements. This document does not cover the requirements for mechanisms on

expepdable and reusable launch vehicles. Applicability of the requirements contained in¢th
to lafinch vehicle mechanisms is a decision left to the individual launch vehicle project:

This|document applies specifically to all moving mechanisms used in spacecraft-during 3
the mission, with the exception of engines and thermal protection systems.

2
The

constitutes requirements of this document. For dated referencés, only the edition cited
unddted references, the latest edition of the referenced documént (including any amendme

ISO
ISO
ISO

ISO 41886, Space systems — Configuration maiagement

ISO 43135, Space systems — Verification program and management process

ISO 43460, Space projects — Programme management — Dependability assurance requireme
[SO 44113, Space systems — Space debris mitigation requirements

ISO 47025, Space systems =~ Programme management — Quality assurance requirements

3

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

ISO dnd IE€maintain terminology databases for use in standardization at the following add

3.1

Normative references

following documents are referred to in the text in such a way that some or all of t

10786, Space systems — Structural components and assemblies
14302, Space systems — Electromagnetic compatibility requirements

15864, Space systems — General test methods for spacecraft, subsystems and units

Terms and definitions

is document

111 phases of

heir content
applies. For
hts) applies.

nts

Iresses:

IS@Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

mechanism
assembly of parts that are linked together to enable a relative motion

3.2

outgassing
evolution of gaseous species from a material, usually in a vacuum

Note 1 to entry: Outgassing also occurs in higher-pressure environments.

[SOURCE: ISO 15388:2012, 3.1.34]
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3.3
interface
mechanical, thermal, electrical, or operational common boundary between two elements of a system

[SOURCE: ISO 10795:2019, 3.132]

34

acceptance test

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

[SOURCE: IS0 10786:2011, 3.2]

3.5

contamination
introduction of any undesirable molecular or particulate matter (including microbiological matter) into
an item or ito the environment of interest

[SOURCE: IS0 10795:2019, 3.62]

3.6
lubrication,
use of speci(fic material surface properties or an applied material between two contacting or m¢ving
surfaces in ¢rder to reduce friction, wear or adhesion

3.7
redundancy
(design property of a system) existence of more than one means for performing a function

Note 1 to enfry: The additional means of performing the-function may be intentionally different (diverse) to
reduce the patential for common mode failures.

[SOURCE: IS0 10795:2019, 3.196]

3.8
debris
fragment such as abrasion powderspreduced by the operation of mechanism (3.1) parts

Note 1 to entfy: See also space debris-{3.18).

3.9

tribology
discipline that deals-with the design, friction, wear and lubrication (3.6) of interacting surfaces in
relative motion to gach other

3.10
qualificatiqntest
required formal contractual test used to demonstrate that the design, manufacturing, and assembly
have resulted in hardware designs conforming to specification requirements

[SOURCE: ISO 10795:2019, 3.187]

3.11

maintainability

(of an item) ability to be retained in, or restored to a state in which it can perform as required, under
given conditions of use and maintenance

Note 1 to entry: Given conditions of use may include storage.

Note 2 to entry: Given conditions of maintenance include the procedures and resources for use.

2 © IS0 2022 - All rights reserved
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Note 3 to entry: Maintainability may be quantified using such measures as mean time to restoration, or the
probability of restoration within a specified period of time.

[SOURCE: ISO 10795:2019, 3.144]

3.12

misalignment

geometric position error between machine elements and parts
EXAMPLE Translational displacement, inclination, torsion.

3.13

mission

set of tasks, duties or functions to be accomplished by an element

[SOURCE: ISO 10795:2019, 3.154]

3.14

latching

locki

g

interjtional constraining of one or more previously unconstrained degrees of freedom whi
relegsed without specific action

3.15
mod

phys

el

basig for calculations, predictions, or further assessment

Note

[SOURCE: ISO 10795:2019, 3.155]

3.16
mod
act o

3.17

elling
f creating a model (3.15), i.e. act of creating a representation of a system

simylation
imitgtion of the behavioutal characteristics of a system, entity, phenomenon, or process

Note
(3.15

3.18

1 to entry: The tefin “simulation” can be also used for the production of a computer (or ph
) of something;especially the purpose of study.

space debris

obje(

therg¢df that no longer serve a useful purpose

h cannot be

jcal or abstract representation of relevant aspects of an item or process that is put forward as a

1 to entry: The term “model” can also be used to,identify particular instances of the product, e.g. flight
modg|l.

[ysical) model

ts of Human origin in Earth orbit or re-entering the atmosphere, including fragments and elements

[SOURCE: ISO 24113:2019, 3.23, modified — The deprecated term and note 1 to entry have been
removed.]

3.19

dependability
<of an item> ability to perform as and when required

Note

Note

Note

1 to entry: Its main components are reliability, availability and maintainability (3.11).
2 to entry: The extent to which the fulfilment of a required function can be justifiably trusted.

3 to entry: Dependability shall be considered in conjunction with safety.

Note 4 to entry: Dependability is used as a collective term for the time-related quality characteristics of an item.

© IS0 2022 - All rights reserved
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[SOURCE: IEC 60050-192:2015, 192-01-22, modified — The original note 1 to entry has been replaced
by Notes 1 to 3 to entry.]

3.20

electromagnetic compatibility

EMC

ability of a space equipment or system to function satisfactorily in its electromagnetic environment
without introducing intolerable electromagnetic disturbances to anything in that environment

[SOURCE: ISO 14302:2002, 3.1.4]

4

4.1

Fundamental requirements

System performance

The mechanism functional performance shall conform to the system performanm¢e requirements

allocated to|the mechanism.

4.2

Missih[)n
Design of tlhe mechanism shall meet the requirements applied throughout the entire period of the

mission spelcified in individual programs. Design of the mechanisurshall meet all requirementg and

encountered environmental conditions in each phase of the mission,

4.3
a)

b)

d)

5

5.1
a)

b)

Function
The kinpmatic requirements applicable to each position change shall be specified.
NOTE 1| For example, position over time, velocityand acceleration.

Mechanlfical interface, position accuracy orelocity tolerances shall be specified and verified that
they mdet the functional needs.

NOTE 2| Mechanical interfaces include.assembly and test rigging and other installation and integijation
conditiops.

The envielope of movement foreach moving part shall be defined.

It shall pe ensured thatcthere is no mechanical interference between the movement of each|part
with any other part ofithe mechanism, the spacecraft, the payload or the launch vehicle.

Design requirements

Interfaces

Structural interfaces

Mechanisms shall conform to the structural interface conditions and requirements defined in the
specification.

Thermal interfaces

Mechanisms shall conform to the thermal interface conditions and requirements defined in the
specification.

Thermo-mechanical interfaces

Mechanisms shall be designed in consideration of thermal stress induced between the mechanism
and its installation points.

© IS0 2022 - All rights reserved
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d) Electrical interfaces

Mechanisms shall conform to the electrical interface conditions and requirements defined in the
specification.

e) Physical interfaces
The mass of a mechanism shall conform to the requirements defined in the specification.
f) Other interfaces

Mechanisms shall conform to the interface conditions of optical (visual field), mounting alignment,
jccessibility during operation, envelope area, clearance with other equipment and gfound-based
e¢quipment defined in the specification.

5.2 | Environmental design

5.2.1 General

Mechanisms shall conform to the environmental condition requirementsidefined in the spdcification.

5.2.2 Ground environment

a) Mechanisms shall meet the required performance even under ground handling gnvironment
¢onditions such as ground test, assembly, storage and.transportation.

b) Mechanisms shall be designed to take into aceount the ground test environment including
femperature, vibration, sound, shock, different atmospheric gases, pressure, humiditly, cleanness
and corrosive environment.

5.2.3 Launch vehicle flight environment

a) Mechanisms shall meet the required performance after being exposed to launch vghicle flight
¢nvironment conditions.

b) Asto the launching environniient, mechanisms shall be designed to take into account chlanges in the
arameters such as temperature, vibration, sound, shock, pressure and humidity.

5.2. Orbital environment

a) echanismshall meet the required performance under orbital environment conditigns until the
nd of their\required operating life is reached.

b) As tothe orbital environment, mechanisms shall be designed to take into account enyironmental
actors such as vacuum, temperature cycle, vibration, shock, radiation, ultraviolet|and atomic
xygen. Mechanisms shall be designed to take into account the environmental effects in outer

space on the materials used in the mechanism.

5.3 Parts and materials

5.3.1 General

The parts, materials and processes of the mechanism shall be selected to meet the requirements about
function, performance, environmental conditions, quality, reliability, and other properties specified in
the mechanism specification.

© IS0 2022 - All rights reserved 5
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5.3.2 Requirements for parts

a)

2)
3)

Parts used in mechanisms shall be selected from customer approved standard parts or registered
parts for project use if possible and proper.

Parts used in mechanisms shall be selected to conform to the mechanism requirements.

Parts used in mechanisms shall be standardized to the possible and proper level.

5.3.3 Requirements for materials

a) Mecha
referri
NOTE
popular

b) In addi

0)
confor
oxygen,

d)
temper3

e)
can hay
effects
specific

f)  When y
propert]
specific

5.4 Mech

5.4.1 Acc

ing to material outgassing data, metallic materials mechanical properties data, and

metalli¢ materials mechanical properties data for aerospace use.

MMPDS Handbook Metallic Materials Properties Development and Standardization Hand

mmateri . he celocted to conform tothe mochanicm roauiroman ecificgtion,

non-

book,

MIL-HDBK-17 Composite Materials Handbook, and Aerospace Structure Metals Handboek are known as

tion to physical and mechanical properties, corrosion resistance; galvanic corr

mechanical properties data for metallic or non-metallic materials used in aerespace industries.

bsion

resistar|ce, susceptibility for stress corrosion cracking, and surface modification treatmerlt (as
needed) shall be taken into account in metallic materials selection.

Mecha;llism materials which are to be exposed to the outer space jenvironment shall be select

and space debris, and to have low outgassing characteristics.

Materialls shall be selected so that material property{change due to temperature changg

iture cycle conforms to the mechanism requirément specification.

If envirgnmental factors such as radiation, ultravielet, atomic oxygen and temperature environ

e combined effects on the materialsx'materials shall be selected so that the coml

ation.

sing hygroscopic or swellable materials, materials shall be selected so that the mat

ation.
anism design

iracy control design

For mechanfisms used’in pointing application where accuracy control is necessary, the perfornj

error due to|

a)
b)
0)
d)
€)
f)
g)
h)

thefoltowing factors shall be properly considered in determining the error budget:

machin

ng and nccpmh]y tolerances, micn]ignmpnf;

ed to

to the applicable mission requirements, to have durability for radiation, ultraviolet, atomic

and

ment
ined

n the materials under such complex'énvironment conform to the mechanism requirenpents

erial

y change due to moisture@bsorption and swelling conform to the mechanism requirenmpents

ance

bending (deflection), torsion;

dynamic loads;

thermal distortion;

mechan

ical interference (movable envelope);

friction, friction noise (friction or torque variations), and friction hysteresis;

variatio

n in driving force (driving motor ripple, spring, electromagnetic solenoid);

control system transient (resonance, overshoot);

© IS0 2022 - All rights res
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steady-state errors;

other error variations (Structural and mechanical hysteresis, backlash, drive motor ripple,
quantization errors in command and feedback sensors, and any other defined error source).

5.4.2 Driving capability design

A proper margin (allowance) shall be provided to mechanisms with a driven section. The following
items shall be considered at the driving capability design of mechanisms:

a) For frictional forces, not only dynamic friction force during steady drive but also to static friction

O d U Y U & d Vd U c U " & d UC U UCI CU.

b) For motor driving, each motor shall have a torque (or force) margin which meetsther¢quirements
ffor expected changes in operational temperature and speed. The driving, current|shall be in
greement with the power resource.
c) Inreviewing (calculating) the required driving force (drive resistance), the'worst-case gombination
¢of operationally expected changes in temperature and speed shall/be Teviewed with respect to
¢ach resistance element (such as bearing, gears, harness cables, latches and dampers). [f necessary,
the calculated values shall be checked for validity through testing at the element and qubassembly
evel.
d) [For drive mechanism elements using a redundant system) a proper torque (or force) fnargin shall
be ensured in case an element fails under the worst-case.conditions.
e) For deteriorated drive mechanism elements with a redundant system, the margin of other
Eechanism elements shall be evaluated in consideration of the possibility that the ¢leteriorated
echanism will develop resistance force.
NOTH See Annex A for additional notes.
5.4.3 Design life
The fesign life of a mechanism shall correspond to the expected sum total of nominal [ground test
and ¢rbital operation. Mechanism:shall be designed to meet the specified life requirements under the

expefcted environment conditions.

NOTH
test,

5.4.4

a)

The specified Jife_requirements include the margins specifically to address assembly
hnd number required eycles in the life cycle of mechanisms.

Tribology

Mechanisims shall be designed to allocate dimension and dimensional tolerance to e
propetly. Material and lubricant of mechanisms shall be selected to prevent adhesion,

integration,

ach element
seizing, and
mechanism

b) Requirements to the design, storage, handling and operation of the mechanism shall be clarified in
order to maintain the integrity such as prevention of the lubricating surface contamination of the

mechanism.

c¢) The outgassing rate of the lubricant used to lubricate the mechanism shall be measured in
accordance with a predetermined measurement method. Allowable outgas limit shall be
determined by the applied contamination and cleanliness control requirements for space systems.

NOTE 1

NOTE 2

See ASTM E 595 - 15.

Specific requirements for mission involving advanced optical instruments are covered b

mechanism specification.

© IS0 2022 - All rights reserved
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5.4.5 Major mechanical components

When designing mechanisms that use bearings, gears, pyrotechnic devices, springs, and so on, the

appropriate

design guidelines regarding these components should be referenced.

For the mechanism design that use pyrotechnic devices, ISO 26871 can be referenced to design the
mechanisms.

5.4.6 Other requirements

5.4.6.1 Replaceable mechanism

Replaceable
with consid

5.4.6.2 L3

Latching md
shock gener

5.4.6.3 End stops

Mechanism§
end stops td
requiremen

End stops s}

5.4.6.4 Se

a) Separal

below t

The col
hardnes

b)

5.4.6.5 Cl

The proxim
electrical hi
the use of th
clearance s}
blankets, ta

mechanisms shall be designed to ensure they can only be installed in the correct diré
bration to mitigate human error.

tching

chanisms shall be designed properly to prevent accidental release eaused by vibrati
hted during mission.

with restricted travel or rotation shall be provided withiegular or emergency mech

s specification.

jall be provided to prevent interference with interfacing equipment.

parable contact surface

le contact surfaces shall be designed\to maintain adhesive forces between bonding sur
he specified limit.

s, material properties, and-contact geometry.

carance

ity of the moying mechanism shall be designed without thermal blankets, tape
irnesses thatsmay reduce or eliminate clearances, impeding the motion of mechanig
ose materials is indispensable to the mechanism due to functional requirements, suffi
1all be pfovided to prevent movable and actuating element from contacting with thg
be, and'€lectrical harnesses.

5.4.6.6 Vi

n
limit their motion and travel extremes to maximum-position specified in the mechzln

ction

pn or

ical
ism

faces

itact between the mating surfaces shall be designed considering surface roughness,

and
m. If
cient
rmal

nting

a)

Unless the mechanism is hermetically sealed or sized in all its functions and performances for

internal pressure build-up, all closed cavities shall be provided with a venting hole sized according
to the launch ascent depressurisation profile.

| sensitive components agreed by the customer.

The method and design of venting shall prevent particles contamination of bearings, optics and

If venting to the outside of a lubricated enclosure is implemented, the lubricant shall have

compatibility with the other spacecraft materials used and conform to contamination requirements

b)

externa
c)

specifie
8

d in the mechanism requirements specification.

© IS0 2022 - All rights reserved
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5.4.6.7 Retention and release devices with pyrotechnic or other actuators

The operation of retention and release devices shall conform to the cleanness requirements applied to
the individual space programs and space debris mitigation requirements specified in ISO 24113. The

retention and release device shall be designed with a proper method for trapping debris.
5.5 Structural design

5.5.1 General requirements related to structural design

The

5.5. Allowable mechanical properties of structural materials

a) AMcceptable criteria for metallic material strength allowable properties shall be b
requirements stated in ISO 10786.

OTE Allowable mechanical properties for structural metdllic materials are generally
MPDS, Metallic Materials Properties Development and Statidardization Handbook.

b) In special circumstances where design data at the,required statistical level are not
¢ngineering evaluation or limited data acquisition tests to establish design allowabl
may be conducted per specified requirements.

5.5.3 Margin of safety

a) Mechanisms shall meet the mechanical interface and performance requirements an
the expected loading conditiorls yinduced by the encountered environments durin]
fransportation, test, storage,daunch and orbital operations without damage or deteriot

b) Mechanisms shall have a positive margin of safety for all environmental and operati
¢onditions.

5.5.4 Stiffness design

Mechanisms shalllpossess adequate stiffness to conform the mechanism requirements s

esperfially forthe case that there are requirements for natural frequencies of the mechanisni

dyndmic coupling with major excitation frequencies of the launch vehicle, and/or to av
couplingofflexible modes with the spacecraft during in-orbit operations.

e individual

ne expected
ons shall be

hsed on the

specified in

established,
P properties

1 withstand
g handling,
ration.

bnal loading

pecification,
s to prevent
id dynamic

5.6 Thermal design

Mechanisms shall possess the required functions and performance under the expected thermal
environment conditions throughout the entire lifetime. Transients shall be included in the thermal

environment conditions.
5.7 Electrical design

5.7.1 Electrical design

Mechanisms shall be designed to meet the requirements for electrical performance and
electrical characteristics throughout the lifetime. In general, the standards specified in the
specification is applied to the electric design.

© IS0 2022 - All rights reserved
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5.7.2 Electrical wires

a) Wire clamps shall be used for portions where electrical wires are likely to be affected by bending.

b) Cables and electric wires shall be formed, arranged and supported considering the following items.
1) No electric wires, electric wire terminals or connectors shall be subject to mechanical stress
exceeding allowable limit.
2) Wiring shall provide a safe distance from sharp edges or liquid pipelines.
3) Damages and failures of cables and electric wires shall be prevented in vibration environments.
5.7.3 Eleqtric connectors
Connector types and shapes (e.g. number of pins) shall be selected to avoid damage or connector|mis-
mating.
5.7.4 Insulation
The insulation of electric wires shall be designed in accordance with the‘standards specified in the
mechanism [specification.
5.7.5 Grounding
Mechanismg shall be grounded at a mechanical interface point specified in the interface control
document. Any components insulated from mechanical interface points shall be grounded separately
as needed.
5.7.6 Defprmation of wiring
For electric|wires which deform at movable portions, special consideration shall be given to popsess

repeatability of the shape change and reactipnforce of electrical wires.

5.8 General requirements

5.8.1 Saféety

a) In designing a mechanisin,"adequate consideration should be given to safety to prevent mishaps to
personijel and peripheral equipment in all phases including manufacturing, assembly, testing and
transpagrtation. Adeduate consideration should be given to prevent damage to the mechanism|in all
the phases.

b) Safety design/shall be implemented in accordance with the standards specified in the mechajnism

specific

atien.

5.8.2 Dependability

a) Mechanisms are significant components which may become a single point of failure in many cases.
Adequate consideration should be given to their dependability.

b) The dependability of mechanisms can be increased by providing a large design margin, decreasing
the sensitivity to each parameter, or designing single points of failure with redundancy.

c¢) For mechanisms that are indispensable to the mission success of the space system, the required
dependability shall be demonstrated by analysis or testing, according to the mechanism

specific

10

ation.
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d) For parts with a limited operating life, the operating life shall be verified through testing or
analysis.

e) A single part failure shall not cause non-conformance of other equipment or mechanisms.

f) Dependability analysis shall be performed in accordance with ISO 23460 or the standards specified
in the mechanism specification.

5.8.3 Quality assurance

Documentation and data control shall be performed in accordance with ISO 27025.

5.8

Part

and

acCcol

5.8.5

a)

Configuration

5 and materials which consist of a mechanism shall be identified by function:and chi
chall be listed. Documentation of listed parts and materials shall be maintained u
‘dance with ISO 21886.

Redundancy

All single points of failure in the mechanism shall be identified ifithe design phase. To n
Eumber of single points of failure and meet the reliability fequirements, the mechan
esigned with a redundant configuration where possible

iracteristics
b to date in

hinimize the
ism shall be

b) If the entire mechanism cannot be designed with a redundant configuration, redundancy shall be
¢onsidered at the mechanism component level.

c) In the redundant system, the system shall be, designed not to lose the specified functions and

erformances if one redundant component-interferes with another redundant compongent.

d) [Failure of one component in the redunddnt system shall not cause non-conformance of ffunctions or

arts in another redundant compongnt.

5.8.4 Operability

a) Nooperational restrictions shall be imposed on the mission of the system in designing ajmechanism.
If imposing operational\restrictions is inevitable, the conditions of the operational [restrictions
ghall be identified.

b) When off-nominaloperational requirements are demanded by the system, a worst-chse analysis
uinder off-nominal operation shall be implemented and shall support the system design|to minimize
the sensitivity of operational performance to the changes of parameters.

5.8.7 Maintainability

a) Meehanisms shall igned e maintenance-fr urin ra r ground o¢peration. If
maintenance is required during storage or at the end of the ground operating life, adequacy of
the maintenance shall be ensured by the records concerning the number of operation cycles, non-
conformance identification and repair details.

b) Mechanisms should be designed to be able to replace critical parts if appropriate.

5.8.8 Interchangeability

Mechanisms and parts shall be designed to possess interchangeability where possible.

5.8.9 Fool-proof design

a) Mechanisms and parts shall be designed to prevent improper assembly due to human errors.

© IS0 2022 - All rights reserved
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b) Mechanisms and parts shall be designed so that testing and inspections can be implemented to
check for proper assembly and mounting.

5.8.10 Other requirements

5.8.10.1 Id

entification nameplate

a) Mechanisms and parts shall be identified by nameplates. Nameplates shall be attached to an outer

surface

b) Labellin

so that no mechanism functions will be affected.

g, etching or marking with regard to the article may be performed if there are no

appropf

iate outer surfaces to which to attach a nameplate.

5.8.10.2 Non-flight identification

Non-flight a

5.8.10.3 M

rticles shall be identified from flight articles.

pasurement items

a) Mechanlisms shall be designed so that important data which can ensutre its performancs

identify
phase o
b) Measur
6 Verifig
6.1 Gene
a) The dey

ISO 231

anomalies in case of failures will be measured continually,from the verification te
h ground to the in-orbit operation phase.

bment data shall be obtained through a telemeter wherever possible.

ation

ral

elopment of space mechanisms shall-include a verification process in conformance
351, Verification can be performed by the result of test, analysis, demonstration

similarity), inspection or a combination 'ef those.

NOTE
requiren

b) Averifig
concurt

6.2 Verifi

6.2.1 Gen

The mechanisms verification' requirements are subdivided into analytical and test verifig
hents.

ation matrix shall be'established by the supplier and provided to the customer for obta
ence.

cation by:analysis

eral

and
sting

with
(e.g.

ation

ning

6.2.1.1 A

Analytical v

] h | =L ) N £ 1 =
IdIyUtdl VCIITICAUIUIT ITCIIIS UT HITUIIdITISIITS

erification of mechanisms shall include the following tasks:

a) thermal analysis (identification of the worst operational and non-operational cases);

b) structural analysis (stiffness, stress and fatigue caused by mechanical/thermal loads);

c¢) performance analysis of operable functions under all applicable environments and operational
conditions (based on the worst-case conditions identified) in order to derive the load, time, shock,
speed, dimensional stability and position accuracy;

d) torque/force margin;

1) Under preparation. Stage at the time of publication: ISO/FDIS 23135:2022.

12
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g)
h)
i)
j)
k)

6.2.1.2 Models and simulations (M&S)

Modg¢ls and simulations (M&S) which are applied to the analyses performifg-for the
product verification and validation (V&V) shall be documented, verified and-validated td
riskg associated with the credibility of M&S results.

NOTH See Annex C for best practices of models and simulations (M&S).

6.2.2 Identification of worst-case conditions

The

set i accordance with the environments and loads, for spécific spacecraft and mechanism
functional performances.

6.2.3 Thermal analysis

Therjmal analysis of mechanisms shall conform to the requirements specified in the standaf
in the mechanism specification.

6.2.4 Structural analysis

Strug

6.2.3 Function and performance analysis

The
a)

b)

ISO 23835:2022(E)

occurrence of shock and sensitivity;

occurrence of external disturbance and sensitivity;
lubrication analysis;

life analysis;

magnetic or electromagnetic analysis;

radiation analysis;

1 .
J ‘l:l TS5 dlldly SlS.

bperational and non-operational conditions under the.miechanism worst-case conditi

requirements for’functional models are listed as follows.

The analytical'models or numerical models to be used as the basis of analysis shall r¢
¢haracteristics of the mechanism with respect to the following items; interface cop
gpacecraft’characteristics shall be also included in those characteristics:

1).mass;

tural analysis of mechanisins shall conform to the requirements specified in ISO 10786.

mechanism
reduce the

ons shall be
s, and those

ds specified

bpresent the
\ditions and

2) inertial force;

3) position of centre of gravity;

4) structural stiffness;

5) applied force or applied torque;

6) resistant force.

The following items shall be performed on the model shown in a):

1) parametric study of mechanical variation factors shall be implemented;

2) the analytical model shall be updated through the design and test phases if necessary.

© IS0 2022 - All rights reserved
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The analysis results shall be verified in comparison with the related test results.

6.2.6 Analysis of torque/force margin

The conformity of the mechanisms to the specified requirements related to the torque/force margin
shall be verified by analysis.

NOTE See Annex A for additional notes.

6.2.7 Shock generation and susceptibility

The confornpity of the mechanism to the requirements for shock generation and susceptibility spedified
in the mechanism requirements specification shall be verified by analysis.

6.2.8 Generated disturbance

The operatipn of mechanisms shall be verified by analysis using parameters representative of the flight
configuratidn, to conform to the induced loads-related requirements (e.g. micrp-yibration) defingd in
the mechanism requirements specification.

The rotational or moving parts of the mechanism shall be balanced(to conform the spegified
requirements on disturbances.

6.2.9 Lubrication analysis

a) The selgction of the lubrication system shall be evaluated®o conform to the application methpd or
operating life specified in the mechanism requirements‘specification.

b) The adgquacy of lubricant quantity shall be evaluated by analysis.

6.2.10 Lifelanalysis

a) Mecha:|ical parts with a limited operatinglife shall be identified.

b) Mechanjical parts with a limited operating life shall be verified to conform to the operating life
requirements specified in the meehanism requirements specification.

NOTE Sde the minimum lifetime) factors stated in Annex B in addition to the scatter factor specified in
ISO 10786.

6.2.11 Magnetic or electromagnetic analysis

The compatibility_sf.the EMC requirements shall be verified by analysis. EMC analysis shalll be
performed in accordance with ISO 14302.

6.2.12 Radiation aua}_yaio

Radiation-sensitive components for total ionizing doses shall be analysed to verify that the mechanisms
conform to the performance requirements including operating life. Radiation analysis shall be
performed in accordance with the standards specified in the mechanism specification.

6.2.13 Electrical parts stress analysis

Stress analysis on electric parts (including harnesses) shall be implemented to verify that the electric
parts conform to the derating requirements. The derating analysis of power wire harness shall be
performed in accordance with the standards concerning wire derating specified in the mechanism
specification.
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6.3 Verification by test

6.3.1 General

a) In tests, the hardware shall be verified to conform to the requirements related to design,
manufacturing and performance. Testing includes development tests, qualification tests,
acceptance tests and operating life tests.

b) The mechanism design shall adapt to the ground operation under atmospheric environment
conditions and thermal vacuum conditions. Allowable operations and/or restrictions on operations
under the expected environmental conditions shall be defined.

c¢) The mechanism design shall be implemented with consideration given to condudting typical
ground tests in operational configurations of mechanisms. The mechanism design’shall adapt to
lesting under the atmospheric environment and thermal vacuum environment“condjtions under
gravity.

d) Verification testing shall be planned and performed in consistency with|the requiremént stated in
ISO 15864.

6.3.1 Development tests
a) Planning
Development tests shall be planned and conducted as follows:

1) input necessary to design and analysis (especially for dynamic analysis) for flight grticles shall
be acquired by development tests;

2) new designs shall be verified through.development tests;
3) verification of the critical mechanisms shall be implemented through development tests.
b) Tests

Unless clearly verified based on the test data obtained from the past space applicatign cases, the
ﬂ)ollowing tests shall be conducted by the engineering model of the mechanisms in the |nitial phase
fthe project:

1) functional perfofmance tests;
2) vibrationtest and shock test (if necessary, as verification of new design);
3) thermralvacuum test or temperature test (if necessary, as verification of new design);

4) life-test on life critical components.

c) Identification of test articles

Critical mechanisms and parts which require a development test shall be identified in the initial
phase of the design and development program.

6.3.3 Qualification tests

6.3.3.1 General
All mechanisms shall be qualified by test for application in which they are used.

The qualification tests shall be conducted in a representative sequence and in a representative
environment.
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6.3.3.2 Vibration, acoustic and shock tests

Vibration, acoustic and shock tests shall be performed in accordance with the structure-related
requirements specified in ISO 10786 and ISO 15864.

6.3.3.3 Thermal vacuum test

The thermal vacuum test shall be performed in accordance with the requirements specified in

ISO 15864.

6.3.3.4 Fu

nctional test

The functid
requiremen

nal test shall verify that the mechanisms conform to the function and perform
s following exposure to environmental conditions (loads, thermal) at qualifigation

and mechanfism qualification duration.

Mechanical

cettling and thermal stabilization shall be performed prior to functional®ests.

6.3.3.5 EMCtest

When using
EMC requir
(emission a
accordance

6.3.3.6 El

an EMC-sensitive component with regard to the mechanism ©r when spacecraft-sp
bments are imposed on the mechanism, the electromagnetic interference character
nd susceptibility) of the mechanism shall be verified¢ EMC test shall be perform(
with ISO 14302 and ISO 15864.

ectrical test

An electrical test shall verify that the mechanism conforms to the electrical function and perform

requiremen
6.3.4 Acc

6.3.4.1 G{

For product]
demonstrat
assurance a
level higher
shall be con|
repair shall
the case of 11

6.3.4.2 Tqg

[S.
pptance tests

tneral

s newly assembled based on the qualified design, acceptance tests shall be conduct
e the conformance to mechanism requirements specification and to provide quality-co
bainst workmanship 'ermanufacturing deficiencies. Acceptance tests shall be conducte
than the expectedlevel in the flight phase but lower than the qualification test level. Te
ducted at a levelywhich causes no detrimental damage to the hardware. No adjustmer]
be made ondtechanisms during acceptance testing or after completion of testing excq
ecessary+efurbishment, such as separation devices, pyrotechnic devices.

st description

N

ance
level

beific
stics
bd in

ance

bd to
ntrol
d ata
sting
ts or
ptin

Acceptance

- 33 1 1d 1. d rs £o11 14 3 3 a4 o+l dat 43 £ |
LCDLllls SITUUIU TIITIUUCT LIIT TUITUVY llls CIItCl 14, TI1 dUUIlIUITl LU LUIIT UCTLCULIVUITL Ul WUI R[NIIIdl

errors or manufacturing deficiencies.

a) The fun

ctions and performance shall conform to the requirements.

1ship

b) The electric wiring shall be verified to withstand the required voltage without causing destructive
discharge.

6.3.4.3 Run-in

Run-in should be performed on mechanisms, unless it can be shown that this procedure would be

detrimental

16

to performance and would result in reduced reliability.
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6.3.4.4 Inspection

The dimensions, mass, appearance and identification marking of the mechanisms shall be inspected
properly after the acceptance testing.

6.3.5 Life test

6.3.5.1 Operating life qualification

The design, operating life and performance of mechanisms shall be verified by test on the designated

test
and

rticl uivalent to the flight article, in th rating lif t conditions simulatin

than|of the acceptance test.

6.3.3.2 Requirements for operating life test conditions

The

operpting life.

a) Thermal conditions, load conditions and motion profiles propérly corresponding to
¢onditions.

b) When conducting an accelerated operating life test to verify the operating life perfo
mechanism, test condition shall be defined so that accelerating temperature and/or sp
¢hange the failure mode of a mechanism.

NOTH See Annex B for life test duration factors.

6.3.3.3 Acceptance criterion of operating life test

the ground

in-orbit environment conditions after exposure to the environmental tests of whichrlepel is higher

bperating life test conditions shall properly represent the following pafameters which impact the

operational

rmance of a
bed does not

In ap operating life test, the functional, performance of mechanisms shall conform tq the design
requjrements after the test.

© IS0 2022 - All rights reserved
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Annex A
(informative)

Driving capability design (torque/force margin)

A.1 General

Current ex
requiremen
needs to def

This annex
standards(}

A.2 Func

Reference [

a) MotoriZ

Torque or fgrce contributors providing help to torques or forcessare treated as motorization.

Actuators (g
and over th

Formula (A.

To derive th
phases wors
multiplied b

NOTE1 Inf

sting space-flight mechanism-related standards[>-lZLI2] have different quantit
[s concerning torque/force margins applied to the driving capability design. The.cust
ine the requirements for torque/force margins in the mechanism specificatians.

provides information concerning torque and force margins specifiedin the exi
-[31I5] and a comparison among those standards.

tional dimensioning (motorization)[7]
] defines motorization factors and actuation torque or force)as follows.

ation factors

lectrical, mechanical, or thermal) are sized to-provide throughout the operational lifg
e full range of travel actuation torques orforces in conformance with Formula (A.

D).

e factored worst-case resistive torques or forces, each contributor, considering all mi
t-case conditions (environmentat effects such as vacuum, temperature and zero-gravi
y the applicable minimum uncertainty factor specified in Table A.1.

creased factors are typically applied to take into account effects that cannot be measured by t

Table A.1 — Minimum uncertainty factors for actuation function

ative
bmer

sting

time

1) or

5sion
y), is

pst.

Resistive torgue’or force Symbol Theoretical
contributors factor Measured factor

Inertia I 1,1 1,1

Spring S 1,2 1,2
Magnetic effects Hy 1,5 1,2
Eriction Fq 3 1.5
Hysteresis Hy 3 1,5

Others (e.g. harness) Hy 3 1,5
Adhesion Hp 3 3

The theoretical uncertainty factors in Table A.1 may be reduced to the measured factors, provided
that the worst-case resistive contributors are based on measurements, according to a test procedure
approved by the customer.

The minimum actuation torque (T,,;,) is derived by Formula (A.1):

Tmin =2

18

x (1,11 +1,25 +1,5H) +3Fg +3Hy +3H, +3Hp) +1,25T +T,

(A1)
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Ty,
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is the resistive inertial torque applied to a mechanism subjected to acceleration in an inertial

frame of reference (e.g. spinning spacecraft, payload or other);

is the inertial resistance torque caused by the worst-case acceleration function specified by the

customer at the mechanism level;

is the deliverable output torque, when specified by the customer.

The minimum actuation force (F,,;,) is derived by Formula (A.2):

R

whet

FL

NOTE 2

min

=2 x (1,11 +1,25 +1,5H; +3F +3Hy + 3H, +3Hp) +1,25F + F|,

is the inertial force applied to a mechanism subjected to acceleration in an inert
reference (e.g. spinning spacecraft, payload or other);

is the inertial resistance force caused by the worst-case acceleration function spe
customer at the mechanism level;

is the deliverable output force, when specified by thegustomer.

Margins against any dynamic coupling between the mechanism and its payload are n

Formulae (A.1) and (A.2); and they are addressed on a case hy case basis when appropriate.

b) Actuation torque (or force) dimensioning.

iy

Torque T or force F is greater or equal than T, or F,;,

Formulae (A.1) and (A.2).

in respectively as ¢

When the actuation torque otforce is supplied by an electrically controlled
actuation torque or force supplied by this device is derived considering worst-case

NOTE 1 Example 8fisuch electrical devices are an electromagnetic motor, pi
pneumatic, or smart materials.

NOTE 2 Example of such worst-case conditions are supplied voltage, current, and f

When part.ofthe actuation torque or force is provided by inertia means, the actu
or force supplied by the inertia is:

i)

ii)~multiplied by the maximum uncertainty factor of 0,9 and then conforn
Formulae (A.1) and (A.2).

deyived considering worst-case conditions defined and agreed by the custome

(A.2)

ial frame of

rified by the

t covered by

hlculated in
device, the
conditions.

bzo actuator,

requency.

htion torque

o

hing to the

4)

NOTE 3 Inertia is calculated in the appropriate reference frame and according to the type of
movement.
NOTE 4 An example of inertia actuating torques or forces is deployment from a spinning
spacecraft.

When the actuation torque or force is supplied by a spring actuator, the actuation torque or

force supplied by the spring, is:
i)

derived considering worst-case conditions;

ii) multiplied by the maximum uncertainty factor of 0,8 when ageing measurement are not

available; and

© IS0 2022 - All rights reserved
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20

5)

6)

7)

8)

NOTE 5

Holding]

1y

2)

iii)

Spr

iii)

Wh

forge generated by the motor is based on:

i)
ii)

For
to |k
des

NOT
proy

For

i)

agreed with customer when ageing measurement are performed.
ing actuators need to be redundant unless it is

agreed by the customer;

verified by analysis and test that the spring sizing and functional performance

characteristics meet the specified reliability of the mission; and

verified that a spring failure cannot cause any catastrophic, critical or major hazardous

event in conformance with applicable safety requirements (see ECSS-Q-ST-40C Rev.1:
Clause 6.4).

2017,

lating torques or forces based on hysteresis, harness generated, or any item whosepri

rques (or forces) are based on hysteresis, harness generated, or any item‘Whose pri

justified;
agreed by the customer; and

subject to the verification by analysis and test of the adequacy of the uncertainty f
with respect to the dispersion of the actuation torque ot forces.

en the actuation torque or force is supplied by an electric motor, the worst-case torq

measurement at operating conditions; or
agreement with the customer if a measurement is not available.
Operating conditions include speed and duty cycle.

torque or force dimensioning

e sized to provide 2 times-the torques or forces applied by operational or environm
gn limit loads under worst-case conditions and throughout the operational lifetime.

yiding torque orferce using powered or unpowered means.

for‘torque or force contributors that help the holding function, divide the worst-case Y
bythe uncertainty factor;

Ction is not to provide torques or forces are used as motorization sources)their use arg:

nary

Ction is not to provide torques or forces, is designed not to be used as a motorizatien source.

mary

hctor

e or

safety critical mechanismsin‘crewed space missions, the holding torque or force is designed

ental

E6 The helding function prevents motion and inadvertent operation of a mechanigm by

safety critieal mechanisms in crewed space missions, minimum uncertainty factors for
torque or force are applied in conformance with Table A.2 according to the following rules:

ralue

ii) for torque of force contributors that prevents the holding function, multiply the worst-case

value by the uncertainty factor.

Table A.2 — Minimum uncertainty factors for holding function

Torque of force contrib- Theoretical factor Measured factor
utors
Inertia 1,1 1,1
Spring 1,2 1,1
Magnetic effects 1,5 1,1
Friction 3 1,5

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=5530681adb434521e442b66b013f08bc

ISO 23835:2022(E)

Table A.2 (continued)

Torque of force contrib- Theoretical factor Measured factor
utors
Hysteresis 3 1,5
Others (harness) 3 1,5
Adhesion 3 3

A.3 Torque and force marginsl®l

In Reference [6], torque margin is defined as follows:

T

Mg = avail -1 A3
TS KT + 3K, T, (A-3)
where

Mirq is the torque margin;

Tovail is the minimum available torque generated by the mechanism at worst-case enyironmental
conditions at any time in its life;

T: is the individual fixed resistive torque that isswell-known and not strongly influenced by
friction, temperature, life, or other highly ¥ariable phenomena;

T, is the individual resistive torques thatmay vary over environmental conditions and life;

K:and K, are factors applied to each individ@al resistive torque prior to summation p¢r Table A.3.

Table A.3 — Minimum torque/force margin factors

Origin of factor K; K,
Value obtained via theory or analysis 1,5 3,0
Value obtained vid test of flight-like hardware 1,25 2,0
Value for one-spring-out case? 1,0 1,0

a  Spring-drivén mechanisms that utilize multiple springs nominally working together to
provide torque may utilize a minimum K; and K, of 1,0 for the cases in which one of those
springsfails. Prior to failure, the nominal (nonfailure) factors still apply.

For ﬂ:near deviges, “force” replaces “torque” in Formula (A.3) and its descriptions. T,,,;| represents
torquies fromhactuators such as motors, springs, pyrotechnics, solenoids, heat actuated @levices, and
other deviges. Examples of fixed torques, represented by T}, include accelerated inertias, motor detent
torquies; and unbalanced pressure loads limited by relief mechanisms; all other resistive forques tend
to bJ variable enough that a higher factor is more appropriate and thus fall under T.. Examples include
static or dynamic friction, alignment effects, wire harness torques, damper drag, and variations in
lubricant effectiveness, including degradation or depletion of lubricant over life.

Formula (A.3) can be used to calculate holding torque margin, starting torque margin, dynamic torque
margin, and pull-in torque margin (for stepper motors).

For holding torque margin, T,
disturb the mechanism.

vail 1S the actuator torque; while T¢ and T, are the torques that tend to

For starting torque margin, T,,,; is the actuator torque; while T;and T, are the resistive torques.

For dynamic torque margin, T;is the torque required to accelerate an inertia by a given amount; and T,
is the resistive torque.
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For pull-in torque margin, T,,,; is the pull-in torque at a given drive rate; T; is the maximum detent
torque; and T, is the total friction torque seen by the motor.

All calculated force and torque margins account for worst-case credible combinations of factors at end
of life.

Because spacecraft mechanisms are exposed to many factors in combination that can deplete margin,
calculation of force and torque margins also account for these factors in combination. The following
considerations should be included in margin calculations as they reflect phenomena that are frequently
found to cause problems in margin calculation:

— environmental conditions:

— frictiongl effects;

— possiblg changes in static and dynamic friction due to storage time;
— alignment effects;

— wire hafness loads;

— damper{drag;

— thermally induced distortions;

— load-induced distortions;

— variatigns in lubricity;

— fluid pressure on the elastomers in viscous dampers;

— supply yoltage, motor, and controller parameters;

— accelerdtion due to vehicle motion or manoeuvres that can retard motion;
— loading|due to vibroacoustic environmeft;

A positive tgrque or force margin ensures‘that the mechanism retains reserve torque or force that can
be applied i the event of an unforeseen effect that robs motive force from the mechanism.

The torque inargins are calculatéd at the motor output because the resistive torques present in thelgear
heads can drive the minimum fargin to be at the motor output rather than at the gear head output.
Basing torqiie margin on the gear head output can give a false impression of the true torque margin.

All torque 4nd force margins are verified during an acceptance test at the highest possible leyel of
assembly.

A4 Force/fTorque marginsl]

In Reference [5], the following two components of margin are considered:

— the static torque or force margin that applies to the torque or force required to overcome drive
resistance;

— the dynamic margin that applies to the torque or force required to impart acceleration.

Minimum available driving capability and maximum load determination are verified by test and
analysis; each element of resistance is characterized in this test program.

In spring-driven mechanisms where redundant springs are used instead of a backup deployment
mechanism, the mechanism have a positive torque or force margin for a one-spring-out case based on
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combining worst-case conditions. The moving mechanical assembly (MMA) is designed such that the
resistive forces or torques as a result of broken springs are minimized.

a) Static torque or force margin

The static torque margin is defined as the ratio of the drive torque available divided by the resisting
torque (torque required to overcome friction, wire harness bending, etc.), minus one.

The static torque margin is expressed in percentage and is calculated as given in Formula (A.4):

Hras = TTd&_l (A4)
*Tesisting
where
Mirgs is the static torque margin;
Tarive is the driving torque;
Tresisting  1s the resisting torque.

For l|near devices, “force” replaces “torque.”

Statif torque or force margin is at least 100 % at any position ef motion. For new designs, thg margins in
Tabl¢ A.4 are used. For those systems where the observed values of the driving and resistinjg torques or
forcegs are extremely low, poorly characterized, or highlyivariable, higher margins than thqgse specified
in Tabple A.4 are used.

Table A.4 — Minimum recommended static torque or force margin for new designs

~

Design phase «O Force or torque margin
Conceptual design reviéw 1,75
Preliminary designreview 1,50

Critical design'review 1,25
Acceptance/Qualification test 1,00

b) Dynamic torque margin

The [dynamic torque-margin is defined as the ratio of the drive torque minus resiqting torque
(torque required te gvercome friction, wire harness bending, etc.) divided by the torque fequired for
acceleration, minys-one.

The dlynamictorque margin is expressed in percentage and is calculated as as given in Forinula (A.5):

Tdrive - Tresisting

lﬂtrq D~ = 1 (A.5)
Taccel
where
Miyqp is the dynamic torque margin;
Tyrive is the driving torque;
Tesisting 1S the resisting torque;
T, ccel is the torque required for acceleration.

For linear devices, “force” replaces “torque.”
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The dynamic torque or force margin is calculated by using the minimum drive capability available
to accelerate a specified inertia or mass at a specified rate. Acceleration due to vehicle motion or
manoeuvres which can retard deployment is included as part of the required acceleration. The dynamic
torque or force margin, where practical, is designed to be greater than 25 % at any position of motion.

A.5 Static/Dynamic torque margin[?l

In driving mechanisms, drive torque of actuator considers two components of margin: the static torque

margin and

the dynamic torque margin.

The static torque-margin-is defined as the ratio of the drive torque less the torque required for
acceleration divided by the resisting torque (torque required to overcome friction and other résistant
elements), minus one.

The static tqrque margin is calculated as given in Formula (A.6) and is designed to be gredter than| one.

Tyrive — T,
Mtrq s drive — “accel —1>1 (A.6)
Tresisting

where

Mirq s is the static torque margin;

Tyrive is the driving torque;

Tresistind 1S the resisting torque;

T, ccel is the torque required for acceleration.

The dynamif torque margin is defined as the ratio of the drive torque less the resisting torque (tqrque

required to| overcome friction and other resistant elements) divided by the torque requireg for

acceleration, minus one.

The dynamilc torque margin is calculated as given in Formula (A.7) and is designed to be greater|than

0,25.

Tirive — Tresisti
Mtrq,D i drive resisting 150,25 (A.7)
Taccel

where, My, iy is the dynamictorque margin.

If it is not appropriate for a driving mechanism to calculate torque margin by the above method for to

apply anothgr methodv.e. energy method to calculate torque margin, design validity is assessed by|each

program.

The following statements are considered for the resisting torque and the drive torque

a) For friction torques, not only dynamic friction torque during steady drive but also static friction
torque and hysteresis during activation are considered.

b) For motor drive, each motor is designed to have a torque margin which meets the requirements
for expected changes in operational temperature and speed. The driving current is designed to be
within the limit of the power resource.

c) When estimating the resisting torque, the worst-case combination of operational temperature and
revolution speed are considered with respect to each resistant element (such as bearing, gears,
harness cables, latches and dampers). If necessary, the calculated values are verified through
element and subassembly level test.
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d) For drive mechanism element with redundant system, adequate torque margin is ensured in case
one element fails under the worst-case conditions.

e) For degradation of drive mechanism with redundant mechanism, the torque margin of remaining
mechanism element is evaluated in consideration that the degraded mechanism element causes
resistant torque.

“Torque” is replaced with “force”, if driving form is not revolution.

A.6 Comparisons of the torque/force margin requirements in existing standards

The ¢ustomer defines the requirements for torque/force margins in the mechanism specififations.

The fequirements concerning torque/force margins in the existing standards are expressed by different
expressions, so that the comparisons of the torque/force margin requirements in,existinlg standards
are difficult in original definitions.

Tablé¢ A.5 shows comparisons of the torque/force margin requirements in existing standardls.

To epse the comparisons of those existing standards, torque margins definitions in Tgble A.5 are
expressed by common style using the parameters’ expression in Reference [7].
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