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Foreword

ISO (the Inte

rnational 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-governm

ental,_in liaison with 1SQ _ also take part in the work 1SO collaborates closely with the

International
International
The main ta
adopted by

International

Attention is @
rights. ISO s

ISO 22523 w

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 Stangards
the technical committees are circulated to the member bodies for voting. [Publication gs an

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 gatent
pall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 168, Prostheti¢s and orthotics.

Vi
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Introduction

This International Standard has been prepared in close collaboration with Technical Committee CEN/TC 293
Technical aids for disabled persons.

This
EN 1

Tradg

regul

This
and t

For r

Internatlonal Standard represents the revised ver3|on of the Harmomzed European Standard

Assomaﬂon in accordance with the CEN/CENELEC Internal Regulatlons Consegl
btions apply accordingly.

nternational Standard has been prepared under a mandate given to CEN by the,Eufopean
he European Free Trade Association, and supports essential requirements of EU\Directive(s

blationship with EU Directive(s), see informative Annex ZA, which is an intedral part of this

Standlard.

This
ortho
Anne

This
ortho
Dired

This
direc

Ther¢ are three levels of European Standard dealing with technical aids for disabled persons.

follow

International Standard provides one means to demonstrate that external limb prostheses
5es, which are also medical devices, conform to the essential-réquirements outlined in gen
x 1 of the EU Directive 93/42/EEC on medical devices.

nternational Standard also provides means to demonstrate that external limb prostheses
5es with radio equipment according to definition 3.8onform to the essential requiremen
tive 99/5/EC on radio equipment and telecommunijcations terminal equipment.

Standard is not intended to provide a means 'of showing conformity with the requirements
ive.

s, with level 1 being the highest:

Level 1: General requirements for technical aids

Level 2: Particular reguirements for families of technical aids
Level 3: Specific requirements for types of technical aids.

Whele standards for.particular aids or groups of aids exist (level 2 or 3), the requirements ¢

stand
aid, i

This
ortho

ards take precedence over higher-level standards. Therefore, to address all requirements fq
is necessary.fo consult first, standards of the lowest available level.

is a combined level 2- and 3-standard (lowest possible) for external limb prostheses
5esi.as specified in the scope.

Iropean Free
ently, these

Commission

International

and external
eral terms in

and external
ts of the EU

of any other

These are as

f lower-level
r a particular

And external

In this Tnternational Standard, in addition o the reference 1o existing test standards, test methods for several
types of prostheses and orthoses are specified in separate annexes A to D.

Annex ZA is included to show the parts of this European Standard which address the essential requirements
of EU Directives 93/42/EEC and 99/5/EC.

NOTE

Although this International Standard does not contain references to the level 1-standard EN 12182 Technical

aids for disabled persons — General requirements and test methods, it is recommended that EN 12182 be consulted.

©I1SO
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External limb prostheses and external orthoses —
Requirements and test methods

1 3

This
ortho

0
0

It co
norm

This
and i

NOTH
NOTH
appro
2 |

The

Bcope

nternational Standard specifies requirements and test methods for external limb prostheses
5es, including the following classifications from 1ISO 9999:

5 03 - 06 15 Orthoses
b 18 - 06 27 Limb prostheses

al conditions of use of both components and assemblies of components.

nternational Standard does not cover special seating as it{i$ ‘not classified as an orthosis|
is not normally body worn.

1 It is intended to cover orthopaedic footwear (classification 06 33) in the future.

2  The application of Quality Systems as descfibed or referred to in ISO 13485 and ISO 1
priate.

Normative references

following referenced documents .are indispensable for the application of this documen

refergnces, only the edition citedapplies. For undated references, the latest edition of th

docu

ment (including any amendments) applies.

ISO $548-1, Prosthetics and’orthotics — Limb deficiencies — Part 1: Method of describing limb

presq

nt at birth

ISO $548-2, Prosthetics and orthotics — Limb deficiencies — Part 2: Method of describing

ampt

tation stumps

ISO $548-3;~Prosthetics and orthotics — Limb deficiencies — Part 3: Method of describin

ampt

tation stumps

and external

ers strength, materials, restrictions on use, risk and the provision. of information associated with the

in 1ISO 9999

3488 may be

t. For dated
b referenced

deficiencies

y lower limb

y upper-limb

ISO 8549-1, Prosthetics and orthotics — Vocabulary — Part 1: General terms for external limb prostheses
and external orthoses

ISO 8549-2, Prosthetics and orthotics — Vocabulary — Part 2: Terms relating to external limb prostheses and
wearers of these prostheses

ISO 8549-3, Prosthetics and orthotics — Vocabulary — Part 3: Terms relating to external orthoses

ISO 10328, Prosthetics — Structural testing of lower-limb prostheses — Requirements and test methods

ISO 13404:2005, Prosthetics and orthotics — Classification and description of external orthoses and orthotic
components

©I1SO

2006 — All rights reserved
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ISO 13405-1, Prosthetics and orthotics — Classification and description of prosthetic components —
Part 1: Classification of prosthetic components

ISO 13405-2, Prosthetics and orthotics — Classification and description of prosthetic components —
Part 2: Description of lower-limb prosthetic components

ISO 13405-3, Prosthetics and orthotics — Classification and description of prosthetic components —
Part 3: Description of upper-limb prosthetic components

ISO 15032, Prosthetics — Structural testing of hip units

ISO 22675 [m] fho ot - '+ £ Il £ £ of H ol £, r H'3 Im] H £ ol £ £ tho o of
) TUSUITCTIUS — TOSUITY U dTTRTCTTUUT UTVICT S arrfatoututntS — NCYUNTTITCTIIS diTuU TCSUTITCITTUUY

IEC 60335-2
for blankets,

IEC 60601-1

IEC 60601-1
standard: Eld

IEC 61000-4

Radiated, raglio-frequency, electromagnetic field immunity test

EN 1041, Inf

EN 50082-2,

3 Terms

For the purp
definitions fo
the definition
following tern

31
(external lin
external lim
externally af
wholly, or in
NOTE In
3.2

L17 Household and similar electrical appliances — Safety — Part 2-17: Particular requirer
bads and similar flexible heating appliances

1988, Medical electrical equipment — Part 1: General requirements for safety

12, Medical electrical equipment— Part 1-2: General requirements (for safety — Coll,
ctromagnetic compatibility — Requirements and tests

L3, Electromagnetic compatibility (EMC) — Part 4-3: Testing and-measurement techniqu

brmation supplied by the manufacturer with medical devices

Electromagnetic compatibility (EMC) — Generic immunity — Part 2: Industrial environment

and definitions

pses of this document, the definitions of ISO 8548 Parts 1 to 3, ISO 8549 Parts 1 to 3 (exce
I the terms “(external limb) prosthetic.device” and “(external) orthotic device”, ISO 13404 (e

ns and definitions apply. The definitions are listed in the order of citation.

b) prosthetic device

b prosthesis

plied device consisting of a single component or an assembly of components used to re

part, an absent or deficient lower or upper-limb segment

this Interdational Standard the term “prosthetic device” is used.

(external) onthotic device

hents

hteral

bt the
Kcept

s for the terms “side member” and“joint assembly') and ISO 13405 Parts 1 to 3 together with the

place

external orthosis
externally applied device consisting of a single component or an assembly of components applied to the
whole or part of the lower limb, upper-limb, trunk, head or neck and their intermediate joints to assist the
neuro-muscular and skeletal systems

NOTE In

3.3
user
person using

this International Standard the term “orthotic device” is used.

(wearing) the prosthetic or orthotic device

© I1SO 2006 — All rights reserved
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3.4
attendant
person who assists the user

3.5

technical documentation

manufacturer's record of data showing conformity of a prosthetic or orthotic device with the requirements of
this International Standard and which is intended to be used as part of the technical documentation required
by the Medical Devices Directive for conformity assessment procedures

3.6

clinigal-evaluation
meairjs for confirming that a prosthetic or orthotic device conforms to the requirements of the Megical Devices
Diregtive by a compilation of clinical data that includes any scientific literature and the results dgf any clinical
investigations, taking into account any relevant Harmonized Standards

3.7
clini¢al investigation
any gystematic study in human subjects, undertaken to verify the safety and performance of a spécific medical
devige, under normal conditions of use

[ISO 14155-1]

3.8
radiq equipment
product or relevant component thereof, capable of communication by means of the emission and/or reception
of radlio waves utilizing the spectrum allocated to terrestrial/space radio communication

NOTEH The definitions of 3.9 to 3.19 below primarily apply to Annex B.

3.9
knee|joint
joint [n the side member of a lower limb orthosis that allows movement in the principal plane of flexion of the
anatgmical knee joint

3.10
side member
medigal or lateral component-of either one-piece or compound construction and including side pieges (uprights),
end pieces, joints or adjustment devices

3.1
jointjassembly
kneeljoint with integral side members or with side members attached

3.12
parallel side member
side member whose | bf essentially

constant dimensions

3.13

stepped side member

side member whose cross section, at a distance of more than 75 mm from either side of the axis of flexion, is
reduced to a smaller cross section of constant dimensions

3.14

bending deformation

angular deflection (3.15) of a joint assembly (3.11) upon application of a bending moment by a four-point
loading system (see Figures B.1, B.2 and B.3)

© I1SO 2006 — All rights reserved 3
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3.15
angular defl

ection

measure of the bending deformation (3.14) (see Figures B.1, B.5 and B.6), angular deflection to be the sum of
the numerical values of angular rotation a4 and o, of the two shafts which carry the mountings of the two pairs

of rollers acti

3.16

ng on the ends of the test sample

limit of proportionality
point in a bending moment/angular deflection (3.15) relationship beyond which there is deviation from the
initial linear behaviour (see Figures B.5 and B.6)

3.17

bending sti
ratio of chan
linear propor

3.18

ianess

je of bending moment to corresponding change of angular deflection (3.15) within the\reg
ionality

maximum bending moment

M,

max

bending mornent at fracture or at which a further increase in the bending deformation of the test sz

results in eith
bending mon

NOTE If,
secondary str
increasing tod
contribution off

3.19

er a decrease of the bending moment (see Figure B.5) or an increasg in the rate of change
nent (see Figure B.6)

during a test, the bending moment is constant or decreases as the bending deformation increases,
icture subsequently carries the load so that the bending moment and the bending deformation rq
ether, then the maximum bending moment is the first maximum that is observed in the test arn
any secondary structure is ignored (see Figure B.6)

bending deformation at the maximum bending moment

amount of th

4 Gener

41

Possible haz

manufacturef

associated ri
process shal

risk ana

risk eval

e bending deformation (3.14) when the value of the bending moment is M,

al requirements

Risk management

ards associated with-a\prosthetic or an orthotic device can endanger the user. For this reasd

shall establish -and’ maintain a process for identifying those hazards and evaluatin

ks, controllinghese risks and monitoring the effectiveness of the control. This risk manage
include the following elements:

ySis;

Lation

on of

mple
Df the

but a
sume
d the

n the
j the
ment

NOTE 1

NOTE 2

risk control;

post-production information.

ISO 14971 can be used as guidance.

Application of ISO 14971, as guidance, does not require that the manufacturer has a formal quality system in

place. However, risk management can be an integral part of a quality system (see, for example, Table G.1 of
ISO 14971:2000).

NOTE 3

requirements which apply.

The results of the risk management process may be used to select from this International Standard the

© I1SO 2006 — All rights reserved
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4.2 Intended performance and technical documentation

The intended performance including, where appropriate, strength and durability of a prosthetic or orthotic
device shall be described in the technical documentation which sets out its functional characteristics, its
application(s) and conditions of use.

The technical documentation shall include, where appropriate, references to relevant clinical and scientific
literature, any strength and/or life calculations, appropriate standards and test results.

4.3 Clinical evaluation

The extent and nature of any clinical evaluation shall be governed by the novelty of the design, materials,
methpd of manufacture and/or application in the judgement of a qualified person/body.

The prosthetic or orthotic device under evaluation shall be found to be acceptable in, the judgement of a
qualified person/body.

The [identity of the qualified person/body and the basis of the judgementishall be recgrded in the
manyfacturer's technical documentation (see 4.2).

NOTE Clinical evaluation can require clinical investigation, which can(be conducted using ISQ 14155-1 and
ISO 14155-2 as guidance.

4.4 | Strength and related conditions of use

4.4.11 A prosthetic or orthotic device shall have the strefngth to sustain the loads occurring during use by
ampytees, or other persons with a physical handicap, in- the manner intended by the manufagturer for that
devige according to his written instructions on its intended use.

NOTH For further information see 5.4 and NOTE-in 5.2.2.

4.4.2 In order to comply with the requirement(s) of 4.4.1, the appropriate/relevant requiremgnts of 4.4.3
to 4.4.7 shall be met.

4.4.3| The strength of a lower-limb,prosthetic device shall be determined by application of the felevant tests
specified in ISO 10328 (see NOTES 1 and 2), ISO 22675 (see NOTE 2) and/or ISO 15032 at 4 specific test
loading level.

NOTH 1 ISO 10328 does—not include test methods for flexion testing of knee units with stance [phase control
mechpanisms.

NOTH 2 In ordép-to allow continuity of testing by checking the test methods for ankle-foot devices pnd foot units
specified in ISO\22675 against those specified in ISO 10328, a transition period will be established, during Which both test
methgds are“valid. For practical reasons this transition period will be adapted to the period of time affter which the
systeLFatic review of ISO 10328 and ISO 22675 is indicated. The systematic review of both standards is exgected to result,

among (other outcomes, in the finding on whether the test methods specified in 1ISO 22675 have demonstrated their
suitabitity:

4.4.4 The strength of all other prosthetic and orthotic devices shall be determined in the manner specified
in a) to d).

The justification for the manufacturer's selections in a) to d) shall be recorded in the technical documentation
(see 4.2).

a) The manufacturer shall specify which of the following category/categories of strength is/are considered to
be appropriate:

1) fatigue strength: the cyclic load which can be sustained for a prescribed number of cycles;
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2) proof strength: the static load representing an occasional severe event, which can be sustained and
still allow the prosthetic or orthotic device to function as intended;
3) ultimate strength: the static load representing a gross single event, which can be sustained but which
might render the prosthetic or orthotic device thereafter unusable.
a) The manufacturer shall specify the strength level(s) considered to be appropriate.

b) The manufacturer shall specify the method(s) of test to be applied, with the exception described in 4.4.5.

NOTE
guidance.

¢) The mar
test(s) s

445 An g
specified in A

NOTE TH

4.4.6
test loading
the informati

447 The
the requirem
intended use
NOTE Fd

The specificd

safety factofs corresponding to the particular..use' of the prosthetic or orthotic device intended b

manufacture
applied to tH
amputees or

4.4.8
accordance
Clause 13).

449
required to d
written instry
Clause 13).

Detalils of the category/categories of strength and strength level(s) specified and details of the

Detalls of the loading conditions for a prosthetic or orthotic device, specified by the manufactu

Detdlils of the speCific loading parameters and/or other relevant conditions of use according to

An upper-limb prosthetic device can be tested, if appropriate, using the methods specified in Annex A as

ufacturer shall specify the test loading condition(s) and/or the test loading level(s) at~whig
nall be conducted.

rthotic knee joint assembly shall be tested, if appropriate, in accordance with)'the proce
nnex B.

ese procedures are not intended for the testing of complete lower-limb orthotictdevices.
conditions and/or test loading levels applied to the prosthetic or ‘orthotic device shall be giv
bn supplied by the manufacturer (see Clause 13).

manufacturer shall specify the loading conditions for a prosthetic or orthotic device to compl
ents of 4.4.1. Reference shall be made to loading.jparameters and/or other conditions ¢
that can be quantified or that are known to be interpreted in a uniform way.

r lower-limb prosthetic devices, the body mass is thie-quantifiable loading parameter commonly referre
tion of these loading parameters and/ar; other relevant conditions of use shall take account

, which are determined by the ratio between the test loading conditions and/or test loading

e device and the corresponding, loads expected to be exerted on the device during us
other persons with a physicalkhandicap in the manner intended by the manufacturer.

vith 4.4.7, shall be stated in the information supplied by the manufacturer with the device

omply with \the requirements of 4.4.1 for a prosthetic or orthotic device, shall be stated i
ctions on\the intended use of that device, supplied by the manufacturer with the device

h the

Hures

fests,
en in

with
f the

i to.

bf the
y the
evels
e by

Fer in
(see

1.4.7,
h the
(see

5 Requirements for materials

5.1

5.1.1

Flammability of materials and toxicity of combustion products

In prosthetic or orthotic devices every effort shall be made to use materials which minimize the risk of

propagation of flames or production of toxic gases, as it is of particular importance to disabled persons who
may not be able to escape from a fire. The use of non-flame-retardant materials shall be regularly reviewed as

there is conti

NOTE
guidance.

nuous development in this field.

To test materials used in lower-limb prosthetic devices, the methods specified in Annex C can be used as

© I1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=c7d9ec385daea25eadaf0b84596a4f91

ISO 22523:2006(E)

5.1.2 If the clinical requirements for a prosthetic or orthotic device prevent the use of materials which
minimize the risk of propagation of flames or the production of toxic gases, the requirements in 5.1.3 and 5.1.4
shall be met.

5.1.3 The device shall be supplied with a warning and a description of the precautions necessary to reduce
the risk (see Clause 13).

5.1.4 The reasons not to use materials such as those referred to in 5.1.2 shall be stated in the
manufacturer's technical documentation (see 4.2).

5.2 Biocompatibility, contaminants and residues

5.2.1| General
This pubclause shall not apply to materials which have been in use in prosthetic or orthotic devicgs for several
yearq prior to the publication of this International Standard and which are known to be suitable for the
appli¢ation.
Matefials that come into contact with the human body shall be assessed-for biocompatibility, taking into
accolnt the intended use and contact by those involved in user care or ‘transportation and sforage of the
prodyct.

NOTE Guidance on the selection of appropriate tests is given in ISO10993-1.

5.2.2] Contaminants and residues

All mlaterials used in prosthetic or orthotic devices shall' not cause the user to be exposed tq cytotoxicity,
irritatjon and sensitization when that device is being used in the intended manner.

NOTH Structural materials used in a prosthetic-or orthotic device should retain their strength charagteristics in the
presehce of fluids and other substances found in their normal environment.

5.3 | Infection and microbiological. contamination

The manufacturer shall specify the~means by which a prosthetic or orthotic device and/or the bofly surface to
which it applies can be cleaned and, if appropriate, disinfected (see Clause 10).

Animgl tissue products _Can”carry infection and microbiological contamination, and manufacfurers should
exanfine them for signs’ef disease or contamination.

For mlore information<seée ISO 22442-1.

5.4 | Resistance to corrosion and degradation

If the| strength of a prosthetic or orthotic device, or the safety of the user or an attendant, may bg affected by
corrosion and/or degradation, risk analysis shall be used to determine the most appropriate protective
measures.

6 Noise and vibration

There are no specific requirements for prosthetic and orthotic devices.
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7 Electromagnetic compatibility (EMC)

Where relevant, a prosthetic or orthotic device shall satisfy the EMC requirements by complying with

IEC 60601-1-

2.

Where relevant, a prosthetic or orthotic device shall in particular satisfy the following requirement of radiated
immunity: The device shall function in a normal way in the presence of radio frequency (RF) fields up to a

level of 12 V/

m, from 26 MHz to 1 GHz.

Compliance shall be checked by subjecting the device to a radiated immunity test, carried out in accordance
with IEC 61000-4-3 at a test level of 12 V/m, from 26 MHz to 1 GHz.

NOTE TH
standards for

Manufacture
and the possg

Where relevant, prosthetic and orthotic devices may be used in the presence of othéer)electronic equip

The electrom
is intended tq

When specifying the EMC performance of the device, manufacturers should recognize the already

accepted en

resident

industrig

specific
If a prosthe
EN 50082-2.
8 Electri

NOTE IE

8.1 Batte

8.11

Battery hous

other (typically meaning more harsh environments and“some specific places such as hospitals or

ical safety

Battdry housings and connections

e requirement of radiated immunity and the method of checking compliance has been adopted
blectrically powered wheelchairs and motorized scooters (see EN 12184:2004 and I1ISO 7176-21{2003)

s should consider the electromagnetic environments in which their products areclikely to be

ible consequences of malfunction.

agnetic compatibility (EMC) should be carefully matched to the envirgntment in which the d
be used.

ironments of

al, commercial and light industrial;

Mmachinery, e.g. transmitters and security seanners in public and other places).

ic or orthotic device is intended fotbuse in an industrial environment, it shall comply

C 60601-1 and IEC 6060,1=1-1 can be used as guidance.

'y-powered prosthetic and orthotic devices

ingssand connections incorporated in a prosthetic or orthotic device shall comply wit

from

used

ment.
evice

idely

near

with

h the

requirementg

0f56.7 of IEC 60601-1:1988

8.1.2 Charge level indicators

If the safety of the user depends upon the internal power supply of a prosthetic or orthotic device, that device
shall be equipped with a means of indicating the state of the power supply prior to the critical state at which
safety is no longer guaranteed.

Compliance shall be checked by inspection.
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8.2 Circuit protection

If the power supply of a prosthetic or orthotic device can be overloaded in use and the overload can cause a
risk to the user, that device shall be protected against the overload.

Compliance shall be checked by inspecting the device in an overload condition.

8.3 Electronic programmable systems

A prosthetic or orthotic device incorporating electronic programmable systems shall be designed to ensure the
repeatability, reliability and performance of the systems according to their intended use.

NOTE IEC 60601-1-4 can be used as guidance.

8.4 | Electrically heated blankets, pads and similar flexible heating appliances

A prpsthetic or orthotic device which incorporates flexible heating appliances/-should confform to the
requifements of IEC 60335-2-17.

8.5 | Prosthetic and orthotic devices with skin contact electrodes-H

The manufacturer shall conduct a risk analysis to assess the safety,risks related to the use off skin contact
electfodes incorporated in a prosthetic or orthotic device used for nerv€ and muscle stimulation.

NOTH Guidance on the selection of appropriate tests is given in IEC'60601-1.
8.6 | Prosthetic and orthotic devices with radio equipment

8.6.1| General

Radi¢ equipment incorporated in and/or used together with a prosthetic or orthotic device shall comply with
the r¢levant requirements of Clause 7 and 8.1 1678.3.

In adflition, it shall satisfy the requirements;of 8.6.2 and 8.6.3.

8.6.2| Frequency spectrum of radio equipment

RadiT equipment incorporated jin and/or used together with a prosthetic or orthotic device|shall be so
consfructed that the frequency spectrum used does not cause harmful interference, i.e. interfégrence which
endapgers the functioning“of radio navigation service or of other safety services or which otherwise seriously
degrades, obstructs or-repeatedly interrupts a radio communications service operating in accordance with the
appli¢able community,or national regulations.

NOTH Dueto‘the lack of uniform regulations applicable worldwide, for the time being this requiremept can only be
satisfied by demonstrating that the frequency spectrum used by the device complies with the legal frequ¢ncy spectrum
accorfling to national or international regulations applicable to each of the countries in which the device is |ntended to be
placefl on the market.

8.6.3 Operation of radio equipment by the user

The manufacturer shall assess the particular conditions of operation of radio equipment incorporated in and/or
used together with a prosthetic or orthotic device with respect to the capabilities of the intended user and
regard the results in his decision on the appropriate design of control units or elements.

NOTE For further information ISO 16201 may be used as a guidance.

1) Further guidance on requirements and test methods for prosthetic and orthotic devices with skin contact electrodes for
nerve and muscle stimulation is given in [17] (see Bibliography).
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9 Surface temperature

A prosthetic or orthotic device may contain units which absorb energy and therefore rise in temperature during
normal intended use resulting in the risk of injury to the user touching the device.

The possibility of a temperature rise which may impair comfort should be investigated.

Wherever possible a device such as that referred to in the first paragraph shall be provided with a means of
protection to remove or minimize the risk.

If means of protection cannot be incorporated in such a device, clear warnings shall be given either on the
device or withrthe IRStractions for Use (see Clause 13).

10 Sterility
Prosthetic and orthotic devices are not usually supplied or used in a sterile condition If 'specific dgvices

require to He sterilized for particular applications, the manufacturer shall provide advice as to hich
sterilization grocesses can be applied.

11 Design requirements

11.1 Safgty of moving parts

NOTE Dye to the nature of its intended purpose, some parts of a prosthetic or orthotic device can be requifed to
move relative o each other and as a result can trap and damage parts of the body or clothing of users or other persons.

Wherever pdssible such a device shall be provided with-means of protection to remove or minimize thg risk
during norm3l intended use.

If a means of protection cannot be incorporated.in:such a device, clear warnings shall be given either gn the
device or with the instructions for use (see Clause 13).

11.2 Safgty of connections
The terminalg and connectors to the electric and/or fluid energy supplies or other connections of a prosthetic
or orthotic d¢vice which the user-requires to handle shall be designed and constructed in such a way [as to
minimize risK to the user.

Compliance ghall be checked by inspection.

12 Mechﬁnical requirements

12.1 Restrictions on use

12.1.1 If a prosthetic or orthotic device can be produced by combining components or assemblies of
components from different manufacturers, the combination shall satisfy the requirements in 12.1.2 and 12.1.3.

12.1.2 The manufacturer of a component and/or assembly of components shall provide information on the
other components which are known to be suitable for use in combination (see Clause 13).

12.1.3 The manufacturer of a prosthetic or orthotic device consisting of components and/or assemblies of
components from different manufacturers shall prepare a declaration that the components and/or assemblies
of components are mutually compatible and that the intended use of that device is within the safe limits of use
of each component and/or assembly of components (see Clause 13).
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12.1.4 The manufacturer of a component and/or assembly of components shall provide information on any
limitation on the use of a prosthetic or orthotic device to any specific parameter such as loading
(see Clause 13).

12.2 Forces in soft tissues of the human body

Prosthetic and orthotic devices by the nature of their functions require to apply forces to the body segments to
which they are attached. The interface components of devices should be designed to avoid unacceptable
pressure on and stress levels in body tissues.

Mechanically based risks to tissue can include

— g¢ell necrosis due to restricted nutrition and oxygen supply;
— fissue breakdown due to mechanical overload;

— fissue breakdown due to fatigue;

— fissue wear due to abrasion;

— ¢ell destruction due to thermal coagulation.

12.3] Ergonomic principles

If the| operation of a prosthetic or orthotic device requires the“user to apply a force or moment tq an actuator,
the manufacturer shall ensure that the magnitude of the required force or moment is suitable for the user.

Prosthetic and orthotic devices should be designed>on ergonomic principles taking into accourjt the special
needp of the intended user. If a device or one-af its components or assemblies of compongnts requires
adjugtment or operation by the user, the means)of adjustment or operation should be easily adcessible and
ergonomically practicable for the user.

NOTH 1  Annex D describes methods of establishing the force or moment required to operate the contro| and actuating
mechfnisms on prosthetic and orthotic devices and can be used as guidance.

It hag been found in practice that'the minimum value of the operating force or moment to be applied by the
user fo the actuator of the eentrol or actuating mechanism of a complete prosthetic or orthotic device should
be at|least 5 N or 0,1 N-min-order to avoid accidental operation of that control or actuating mechgnism.

NOTH 2  For further information on ranges of operating force or moment measured on samples of orthotic knee and
elbow joints, prosthetic-knee and elbow units and prosthetic terminal devices see Clause D.6.

13 Information supplied by the manufacturer

13.1 General

13.1.1 The information supplied with a prosthetic or orthotic device shall conform to the requirements
of EN 1041.

13.1.2 The information supplied with a prosthetic or orthotic device shall include those of the items
addressed or specified in 4.4.6, 4.4.8,4.4.9,5.1.3, 5.3, 9, 11.1, 12.1.2, 12.1.3 and 12.1.4, which are relevant
to that device.

NOTE If appropriate, the user should be advised that the safety and lifetime of the prosthetic or orthotic device
depends upon the level of his/her activity while using the device.
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13.1.3

If a prosthetic or orthotic device uses visual, audible or other sensible (sensory) signals to indicate

operating or adjusting parameters, the manufacturer shall ensure that the meaning of these signals is
understandable to the user and other involved persons.

13.2 Labelling

13.2.1 Each prosthetic or orthotic device, for which the manufacturer claims compliance with the relevant
requirements of one or more standards and/or specifications listed in 4.4.3 and addressed in 4.4.4 and 4.4.5,
shall be labelled. The label shall refer to the relevant standard(s) and/or specification(s) and state the test(s),
test loading condition(s) and/or test loading level(s) applied (see 4.4.6). If appropriate, the label shall also
provide information on the ranges or limits of the intended use of the prosthetic or orthotic device, for example

by specifyin§ tThe permissible maximum values of relevant parameters [see 4.4.7, 448, 4479 and

13.3.1 a)].

The stateme
prosthetic or

13.2.2 If sp
listed in 4.4.3

13.3 Inte
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manufacture
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values 0
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14 Packa
Manufacture

NOTE TH
deterioration g

hts on the label shall be given independent of any specific information on the intended use
orthotic device supplied by the manufacturer with the device.

ecific requirements for labelling are included in the relevant standard(s) and/or specificat
and addressed in 4.4.4 and 4.4.5, these shall apply.
nded use

written instructions on the intended use of a prosthetic ©r\orthotic device, supplied b
- with the device, shall comprise at least
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f other relevant conditions of use, which limit the loads allowed to be exerted on the prosthg
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ht of the assemblies and/or alignments i which the prosthetic or orthotic device can be
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ecific requirements for the instructions on the intended use are included in the rel
nd/or specification(s) listed in4.4.3 and addressed in 4.4.4 and 4.4.5, these shall apply.

jing
s are strongly.fecommended to address the need for protective packaging.

e packaging,of a prosthetic or orthotic device is intended to provide appropriate protection against da

types of transportation-that might be encountered therefore should be considered, and the effectiveness of the pach
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Annex A
(informative)

Guidance on methods of determining the strength of upper-limb
prosthetic devices

A.1 Generat

The ¢valuation of upper-limb prosthetic devices described in this annex concentrates on. structliral strength.
The {est instructions specify which properties are to be tested and measured and the manner in which tests
are tg be carried out.

NOTE Either complete prostheses or sub-assemblies or single components can be tested.
This fgnnex does not cover associated requirements for field trials, wear, envitenmental and functional tests.
This annex does not cover cosmetic devices.

The |aboratory tests and field trials shall be repeated when significant design changes are mjade to load-
bearing parts of an upper-limb prosthetic device.

A.2 (Principle

The method of evaluating the strength of upper-limbh{prosthetic devices is based on a series of laljoratory tests
consisting of a static tensile test, and static and cyclic downward and upward bending tests.

The ptatic tensile test is intended to be applied to test samples of upper-limb prosthetic dejvices of any
comaposition, aligned in full extension.

The gtatic and cyclic downward andwpward bending tests are intended to be applied to test samples of upper-
limb prosthetic devices, incorporating an elbow and/or shoulder unit with a locking mechanism or|other means
of maintaining the angle of flexion/extension and adduction/abduction which allow(s) their alignnpent as close
as pgssible to the followingsituation (see also A.3.4):

— shoulder unit in neutral position of flexion/extension and adduction/abduction;

— ¢lbow unit in flexed position with forearm at right angles to the upper arm.

A.3 [Test'samples

A.3.1T—General

The manufacturer/submitter shall prepare a test sample description in accordance with 1ISO 13405-3, to be
submitted together with the test submission document (see clause A.6).

A.3.2 Selection of test samples

The test samples of upper-limb prosthetic devices selected for test shall be taken from normal production.
Details of the selection shall be recorded in the test submission document. If the manufacturer/submitter
supplies a certificate stating that the test sample has been taken from the normal production, this certificate
shall be included in the test submission document, together with details of the sampling method.

NOTE Test samples of prosthetic structures may also be submitted for specific tests by any interested party.

© IS0 2006 — Al rights reserved 13


https://standardsiso.com/api/?name=c7d9ec385daea25eadaf0b84596a4f91

ISO 22523:2006(E)

A.3.3 Preparation of test samples

All sub-assemblies and single components submitted for test shall have the manufacturer's/submitter's
recommended wrist face centre, elbow joint centre and elbow joint centre line, humeral face centre and
shoulder joint centre clearly defined, in order to allow their correct positioning in the test sample set-up as
specified in this subclause and in A.3.4.

Omit cosmetic fairings from the sample unless they contribute to the structural strength, or are subject of a
requirement of a specific test.

Ensure that the test sample is provided with an upper (proximal) end attachment, required for the fixation of

the test sam
a terminal d¢g

Prepare the

a) If the tes
lower ar|
b) If the tes
in 1) and
1) For

of th

2) For

sha
app

Ensure that
components
NOTE Th

Representati
below.

Unless other
be a rod of 1

For the dista

For the bend
thickness sh

If appropriatg

JiU Wlti IiII ﬁlb tcat Uquiplllcllt, dlld VV;tiI =] iUVVUI (Ullbtdi) Ulld dttdbi IIIIUIIt Ul d b}JUbidi Yl Ip dUV;
vice (see below), required for the application of the distal test force to the test sample.

ocation of the point of load application P of the distal test force to the test sample as-follows.

t force is to be applied to a distal end attachment, point P shall be located on-he long axis
m at a distance, ¢, from the elbow centre (see Figure A.1.)

t force is to be applied to the special grip device described, point P shall be located as spe
2).

the distal tensile test (A.8.2) point P should be the connecting point of the attachment cablg
e grip device, as illustrated in Figure A.2.
| be the centre of the outer surface of the circular(plate of the grip device on the side of

ication, as illustrated in Figures A.3 and A 4.

the end attachments, as far as possible, smatch the physical characteristics of the adj
used in the prosthetic device so that representative loads are applied.

is may be achieved by use of the intended-adjacent components with the sample for test (see Figure A
ve loads may also be applied by the special grip devices, addressed in the above and spe
wise specified by the test laboratory/facility, the preferred grip device for a terminal device
D mm diameter, 100@mim length and a surface roughness Ra of 1,6 um.

tensile test spécified in A.8.2 the rod shall be configured as illustrated in Figure A.2.

ing tests¢Specified in A.8.3, A.8.4, A.9.2 and A.9.3 circular plates of 70 mm diameter and
buld besplaced at each end of the cylinder, one of the plates providing means of load applica

ce for

bf the

cified

/cord

the static and cyclic downward and upward bending tests (A.8.3, A.8.4, A.9.2 and A.9.3) p¢int P

load

acent

5).

cified

shall

b mm
ion.

ment.

,@socket may be used and may be partially filled to provide an upper (proximal) end attach

Ensure that t

hedistat-t5mmmr(rminimorm)of thentermattengthrof the socket ismaimtaimed-void-or fittedwit

cushioning material.

h soft

The representative test sample segment lengths, ¢ and d, are specified in the table in Figure A.1, together with
further dimensions for orientation.
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FY > £ <t 2
=1 E -
Key
1 shoulder joint
2 e|bow joint
F  tgst force
P Idad application point
Dimension (mm)
Segment length Comments
Child Adult
a (~150) (~250) For orientation only
b (=60) (=100) For orientation only
c=a+b 210 350 Representative
d 150 250 Representative
e — — Dependent on individual design
f — — Dependent on individual design
Figure A.1 — Test sample segment lengths
© I1SO 2006 — All rights reserved
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Dimensions in millimetres

<( 100 - -
A
L e g
/ P
F
P
FY

Key
F  test force
P load appligatienh point

Figure A.2 — Configuration of test 1
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Key
shoulder joint

el|bow joint

arallel

tgst force

Igad application point

TR wN -
ie]
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7

Figure A.3 — Configuration of test 2 and test 4

shoulder joint

elbow joint

parallel

test force

load application point

TR wN -
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Figure A.4 — Configuration of test 3 and test 5
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i

Figure A.5 — Examples of test sample configurations

A.3.4 Alignhment of test samples

The alignment of test samples shall be carried out using the long axes of the upper and the lower
determined ds follows:

— the longjtudinal axis ofthe upper arm passes through the centres of the shoulder unit and the elbow
— the longjtudinal axis) of the lower arm passes through the centres of the elbow unit and the wrist unit.

For the distal tensile test the long axes of the upper and the lower arm shall be aligned closest to coincidg

arm,

init;

nce.

For the downward and upward bending tests the shoulder unit shall be locked closest to its neutral posit

on of

flexion/extension and adduction/abduction and the elbow unit shall be locked at a flexion angle, at which the

long axes of the upper and the lower arm are closest at right angles.

For all tests the elbow joint centre line shall be aligned perpendicular to the long axes of the upper and
arm.

All tests shall be conducted in the worst-case alignment position of the test sample.

lower

The structurally worst alignment position shall, if possible, be defined by the manufacturer/submitter in the test
submission document. It shall lie within the limitations of the manufacturer's written instructions for the

alignment of the limb, as supplied with every component of that type.
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A.3.5 Orientation marks on test samples

Ensure that samples submitted for

test bear

marks to

indicate

“front/anterior”,

ISO 22523:2006(E)

“outside/lateral”,

“upper/proximal”, to correspond with the intended orientation of the prosthesis, when fitted to the user.

Any marks on the test sample shall not affect its strength.

A.4 Number of tests and test samples required

The minimum number of tests and test samples required is listed in Table A.1.

Table A.1 — Number of tests and test samples required

Minimum number of

Batch of test samples allowed for each test

Type of test Reference tests @ Regular testsamples Potssibie substitéxte
est $amples

Stati¢ tests

- disthl tensile test (Test 1) A.8.2 2 1
- downward bending test (Test 2) A.8.3 2 1
- upward bending test (Test 3) A8.4 2 2 1
Cyclif tests

- downward bending test (Test 4) A.9.2 1 1 1
- upward bending test (Test 5) A.9.3 1 1 1

b The number of possible substitute test samples is'retated to each single test.

2 The term “minimum” indicates that the repetition of tests)on permitted substitute test samples may be necessary.

A.5

A.5.1 General

Multiple use of test samples

Test pamples that have-completed, without failing, any of the tests specified in this annex may bg subjected to
other{tests of this annex, except as stated in A.5.2.

Any decision_on)the multiple use of test samples should be based on a corresponding indicati¢n in the test
subnission document (see Clause A.6) and/or the agreement between the manufacturer/subnjitter and the

test laboratory/facility.

As a general rule, any failure occurring during a test on a test sample that has been subjected {

justifies the repetition of the failed test on a substitute test sample (see Table A.1).

A.5.2 Restriction

another test

Compliance of any test sample with the requirements of the cyclic tests of this annex cannot be claimed if the
test sample has previously been subjected to any of the static tests of this annex at a load level required to
determine the ultimate strength [see 4.4.4 a) 3)].
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A.6 Test submission document

A.6.1 General requirements

The manufacturer/submitter shall prepare the test submission document with any associated information and
shall provide at least one copy with the batch of test samples of every upper-limb prosthetic device submitted
for test.

The manufacturer/submitter shall, if appropriate, state in the test submission document which of the
information to be recorded in the test log in accordance with this annex shall be included in the test report in

addition to th

e information required to be included according to Clause A.10.

The manufa
appropriate,

The manufa

cturer/submitter shall clearly indicate a name and address for communication purpes
he identity of the original equipment manufacturer shall be provided.

cturer/submitter shall provide a unique and traceable identification for the test.'Subm

document which shall also be indelibly marked on the test sample. The manufacturer/submitter;shall ma

arecord of s
The manufag

The manufg
laboratory/fa

A.6.2 Info

The following
in the test su
a) manufag

b)
producti

c)
d) recordo
e)

f)
9)

any spe

if appro
each teg

h) if approf
A.6.3 Info

The following

ich identification.
turer/submitter shall clearly indicate the test laboratory/facility required to/conduct the test.

cturer/submitter shall clearly indicate the date of submission. or dispatch to the
Cility.

rmation required for test samples

information, attributable to a fully traceable identification.for each test sample, shall be inc
bmission document:

turer's name and model identification and/or number or other means of identification;

any cerfffication from the manufacturer, which states\that the test sample has been taken from n

bn and which gives details of the method of selection in accordance with A.3.2;

identificgtion of centres and centre lines in accordance with A.3.3;

f any end attachments (including.a 'socket) or special grip devices in accordance with A.3.3;

Cial assembly instructions in-accordance with A.3.3;

identification of the worst-case alignment position in accordance with A.3.4;

priate, information_@rithe marks indicating “front/anterior”, “outside/lateral”,

t sample in accordance with A.3.5;

riate, information on the multiple use of test samples in accordance with A.5.1.

rmation-required for tests

information for each test sample shall be included in the test submission document:

bs. |If

ssion
ntain

test

uded

brmal

upper/proximal” on

The particular test requested (Clauses A.8 and A.9), together with the test load level to be applied
(Clause A.8) or the cyclic range of the pulsating test force and the frequency of test to be applied (Clause A.9),

respectively.

The following information for each test sample shall be included in the test submission document:

a) the particular test requested (Clauses A.8 and A.9);
b) the relevant loading parameter(s) to be applied, which is/are
1) the test load level for the static tests according to Clause A.8;
2) the cyclic range F, of the pulsating test force F(t), the preferred frequency of test and the endurance
(required number of cycles) for the cyclic test according to Clause A.9.
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A.7 Accuracy

A.7.1 General
Details of methods used to measure accuracy shall be recorded.

Test equipment shall be calibrated at least annually and when any part is replaced. Records of the calibration
should be maintained.

A.7.2 Accuracy of equipment

In order to meet the accuracy of procedure specified in A.7.3, the test equipment is récommended to
meagure:

a) llnear dimensions to an accuracy of + 0,2 mm;
b) angular dimensions to an accuracy of + 0,2°;
c) the load to be applied to an accuracy of + 1 % of the highest value required in the test;

d) the frequency of test to an accuracy of + 1 % of the test frequency used.

A.7.3 Accuracy of procedure

a) linear dimensions shall be set with a tolerance of + 1 mm:
b) Angular dimensions shall be set with a tolerance of\+ 1°.
c) $tatic test forces shall be applied with a tolerance of + 2 % of the highest value prescribed fof the test.

d) Rulsating test forces shall be applied. at the instant of F,,;, with a tolerance of + 5 N and at the instant of

Femax With a tolerance of + 3 % of the highest value prescribed for F ..

e) The frequency of test shall be.controlled with a tolerance of + 10 % of the test frequency used.

A.8 |Static tests

A.8.1 General

The $tatic tests comprise the distal tensile test specified in A.8.2, the static downward bending fest specified
in A.8.3 andtthe static upward bending test specified in A.8.4. The order in which the tests are degcribed is not
mandatory for their application.

Keep a 1og with the test machine during testing and record the test number, the machine reference, the test
loads and the dimensions according to the table in Figure A.1, together with the records specifically called for
in A.8.2, A8.3and A.8.4.

This log forms the basis from which to select the information to be included in the test report
(see Clause A.10) in accordance with the test submission document (see A.6.1).

A.8.2 Distal tensile test (Test 1)

Prepare and align the test sample in accordance with A.3.3 and A.3.4.
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If a test sample that has already completed, without failing, any of the other tests specified in this annex is
used for this test in accordance with Clause A.5 (see also last paragraph of this subclause), realign it in
accordance with A.3.4. Record the re-use of the test sample.

Record the test load level to be applied, specified by the manufacturer/submitter in the test submission
document (see A.6.3).

Mount the test sample in the test equipment in accordance with the test configuration illustrated in Figure A.2.

Ensure that any locking mechanisms at the shoulder and/or elbow unit are disengaged.

Apply the tegt-forceFat-thetoad app“uat;un |JU;I it (UI any-appropt tatereference pu;l t+tobe opcu:ﬂcd qy the
test laboratofy/facility) to the lower (distal) end attachment or the special grip device for the terminal(device
with the load|line along or parallel to the long axis of the test sample as illustrated in Figure A.2.

Increase the|test force 7' to the value F;, = 10 N.

Measure and record the initial position of the lower (distal) load application point P (or the specified refefence
point) on the(load line.

Increase thg test force F smoothly at a rate of between 1 N/s and 10 N/s. Continuously recorx the
correspondirlg displacement of the lower (distal) load application point P (orthe-specified reference poift) on
the load line from its initial position.

Continue thel test until the test force F has reached the test load level specified by the manufacturer/submitter
or failure ocdurs. Record the maximum test force value reached. If failtire occurs, record this together with the
mode of failure.

Record the final displacement of the load application point P ;from its initial position, measured either with the
test force F 3 F,,,;,, applied or immediately before failure, if.ihis occurs.

If the test is terminated by the operation of an overload release incorporated in the test sample, record this.
If a test sample that has already gone without failing another test specified in this annex fails this test, repeat

this test on @ substitute test sample and record the failure and the repetition, together with all other refords
called for.

A.8.3 Static downward bendingtest (Test 2)

This test applies only to test,samples incorporating an elbow and/or shoulder unit with a locking mechanigm or
other means|of maintaining)the angle of flexion/extension.

Prepare and|falign theitest sample in accordance with A.3.3 and A.3.4.
If a test sample“that has already completed, without failing, any of the other tests specified in this annex is

used for thig test in accordance with Clause A.5 (see also last paragraph of this subclause), re-aligr it in
accordance with A.3.4. Record the re-use of the test sample.

Record the test load level to be applied, specified by the manufacturer/submitter in the test submission
document (see A.6.3).

Record the initial settings of the (flexion/extension) positions of the shoulder unit and the elbow unit (elbow
angle between the long axes of the upper and lower arm), together with the standard settings according
to A.3.4.

Mount the test sample in the test equipment in accordance with the test configuration illustrated in Figure A.3.
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Apply the test force F at the load application point P to the lower (distal) end attachment or the special grip
device for the terminal device with the load line parallel to the long axis of the upper arm segment of the test
sample as illustrated in Figure A.3.

Increase the test force F to the value F° 10 N.

min —
Measure and record the initial position of the load application point P on the load line.

Increase the test force F smoothly at a rate of between 1 N/s and 10 N/s. Continuously record the
corresponding displacement of load application point P along the load line from its initial position.

Contin esttr he-test-foree 3
or failure occurs. Record the maximum test fo

modg of failure.

ctgrer/submitter

rce value reached. If failure occurs, record this toggther with the

Reco

rd the final displacement of the load application point P from its initial position, measured e

ther with the

test fprce F' = F,;, applied or immediately before failure, if this occurs.

Meagure and record the final settings of the (flexion/extension) positions of the shoulder unit ahd the elbow
unit (elbow angle between the long axes of the upper and lower arm) upen‘tfemoval of the test|sample from
the tgst equipment.

If the|test is terminated by the operation of an overload release incafporated in the test sample, rgcord this.

If a t¢st sample that has already completed, without failing, another test specified in this annex fails this test,
repeat this test on a substitute test sample and record the failure and the repetition, together with all other

recor

A.8.4

This
other

Prepare and align the test sample in accordance with A.3.3 and A.3.4.

If a t
used
with

Reco
docu

Reco
angls
to A.

ds called for.

} Static upward bending test (Test 3)

means of maintaining the angle of flexion/extension.

bst sample that has already completed, without failing, any of the other tests specified in
for this test in accordance with A.5 (see also last paragraph of this subclause), realign it ir
\.3.4. Record the re-use)of the test sample.

rd the test load.level to be applied, specified by the manufacturer/submitter in the tes
ment (see A.6:3)

rd the injtial settings of the (flexion/extension) positions of the shoulder unit and the elbov
between the long axes of the upper and lower arm), together with the standard settin
A4

est applies only to test samples incorporating an elbow and/or shoulder unit with a locking mpiechanism or

this annex is
accordance

submission

v unit (elbow
js according

Mount the test sample in the test equipment in accordance with the test configuration illustrated in Figure A.4.

Apply the test force F at the load application point P to the lower (distal) end attachment or the special grip
device for the terminal device with the load line parallel to the long axis of the upper arm segment of the test
sample as illustrated in Figure A.4.

Increase the test force F to the value F 10 N.

min —
Measure and record the initial position of the load application point P on the load line.

Increase the test force F smoothly at a rate of between 1 N/s and 10 N/s. Continuously record the
corresponding displacement of load application point P along the load line from its initial position.
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Continue the test until the test force F has reached the test load level specified by the manufacturer/submitter
or failure occurs. Record the maximum test force value reached. If failure occurs, record this together with the
mode of failure.

Record the final displacement of the load application point P from its initial position, measured either with the
test force F = F,,,;, applied or immediately before failure, if this occurs.

Measure and record the final settings of the (flexion/extension) positions of the shoulder unit and the elbow
unit (elbow angle between the long axes of the upper and lower arm) upon removal of the test sample from

the test equipment.

If the test is
If a test sam

records calle

A.9 Cyclig

A.9.1 Genleral

The cyclic te
test specified

Ensure that the method of applying the pulsating test force F(r) toithe test sample produces a waveforn

is smooth an
and that the

Keep a log

loads, the dimensions, ¢ and d, according to the table in Figure A.1, and the frequency of test. Record o

pble that has already completed, without failing, another test specified in this annex fails this
repeat this tgst on a substitute test sample and record the failure and the repetition, together with all

d for.

b tests

5ts comprise the cyclic downward bending test specified in#.92 and the cyclic upward be
in A.9.3. The order in which the tests are described is notimandatory for their application.

d within the prescribed tolerances [see A.7.3 d) and.e)], approximating to a sinusoidal wave
method of application avoids impact and on remeval avoids kickback.

ith the test machine during testing and record the test number, the machine reference, th

iS.

test,
other

hding

N that
form,

b test
n the

log the numper of cycles completed and any changes observed. Record on the log any adjustmerjts or
machine shut-downs together with the numbef of cycles from the start of the test. Also include the refords
specifically cplled for in A.9.2 and A.9.3.

This log fofms the basis from which/ to select the information to be included in the test feport
(see Clause A.10) in accordance with the test submission document (see A.6.1).

A.9.2 Cyclic downward bending test (Test 4)

This test applies only to tesi samples incorporating an elbow and/or shoulder unit with a locking mechanigsm or
other means|of maintaining the angle of flexion/extension.

Prepare and|align the test sample in accordance with A.3.3 and A.3.4.

If a test samptewhichthasatready compteted; without faiting,any of the othertests—specified-mrthisammex is

used for this test in accordance with Clause A.5 (see also last paragraph of this subclause), realign it in
accordance with A.3.4. Record the re-use of the test sample.

Record the cyclic range F,
preferred frequency and

- chax - chin

the endurance (required number of load cycles), specified by

manufacturer/submitter in the test submission document (see A.6.3).

of the pulsating test force F(r) to be applied, together with the

the

Record the initial settings of the (flexion/extension) positions of the shoulder unit and the elbow unit (elbow
angle between the long axes of the upper and lower arm), together with the standard settings according
to A.3.4.

Mount the test sample in the test equipment in accordance with the test configuration illustrated in Figure A.3.
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Apply the test force F at the load application point P to the lower (distal) end attachment or the special grip
device for the terminal device with the load line parallel to the long axis of the upper arm segment of the test
sample as illustrated in Figure A.3.

Increase the test force F to the value F° 10 N.

cmin —
Measure and record the initial position of the load application point P on the load line.

Apply the pulsating test force F(¢) determined by the minimum test force F,;, = 10 N, the cyclic range F_,
specified by the manufacturer/submitter and the maximum test force Fgy = Fomin + For @t @ waveform
satisfying the general requirement of A.9.1 and at a maximum frequency of 0,5 Hz for a minimum of 300 000

cycleg-

Meagure with the test force F,;, applied and record the final displacement of load application-pgint P from its
initiall position.

Meagure and record the final settings of the (flexion/extension) positions of the shoulder unit apd the elbow
unit (elbow angle between the long axes of the upper and lower arm) upon removal of the test|sample from
the tgst equipment.

If any part of the structure of the test sample fails in the cyclic test, the test sample does n¢t satisfy the
requirement of this subclause (but see last paragraph).

Record failure of the test sample together with the number of load\cycles achieved.
Visuglly examine any test sample satisfying the test requirements and record any signs of damagg in the log.
If a tg¢st sample that has already completed, without failing, another test specified in this annex fails this test,

repeat this test on a substitute test sample and reeord the failure and the repetition, together with all other
records called for.

A.9.3 Cyclic upward bending test (Test 5)

This fest applies only to test samples incorporating an elbow and/or shoulder unit with a locking npechanism or
otherimeans of maintaining the angle.of flexion/extension.

Prepgre and align the test sample in accordance with A.3.3 and A.3.4.

If a test sample that has already completed, without failing, any of the other tests specified in this annex is
used|for this test in accordance with A.5 (see also last paragraph of this subclause), re-align it in accordance
with A.3.4. Record/the’re-use of the test sample.
Record the cyelic range F = Fypnax — Femin Of the pulsating test force F(7) to be applied, toggther with the
prefefred frequency and the endurance (required number of load cycles), specifled by the
manyfacturer/submitter in the test submission document (see A.6.3).

Record the initial settings of the (flexion/extension) positions of the shoulder unit and the elbow unit (elbow
angle between the long axes of the upper and lower arm), together with the standard settings according
to A.3.4.

Mount the test sample in the test equipment in accordance with the test configuration illustrated in Figure A.4.

Apply the test force F at the load application point P to the lower (distal) end attachment or the special grip
device for the terminal device with the load line parallel to the long axis of the upper arm segment of the test
sample as illustrated in Figure A.4.

Increase the test force F to the value F, 10 N.

cmin ©

Measure and record the initial position of the load application point P on the load line.
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Apply the pulsating test force F(f) determined by the minimum test force F,,;, = 10 N, the cyclic range F,
specified by the manufacturer/submitter and the maximum test force Fy. = Fomin + For at @ waveform
satisfying the general requirement of A.9.1 and at a maximum frequency of 0,5 Hz for a minimum of 300 000
cycles.

Measure with the test force F,;, applied and record the final displacement of load application point P from its
initial position.

Measure and record the final settings of the (flexion/extension) positions of the shoulder unit and the elbow
unit (elbow angle between the long axes of the upper and lower arm) upon removal of the test sample from
the test equipment.

If any part df the structure of the test sample fails in the cyclic test, the test sample does not satisfy the
requirement pf this subclause (but see last paragraph).

Record failure of the test sample together with the number of load cycles achieved.

Visually examine any test sample satisfying the test requirements and record any signs ofJdamage on thq log.

If a test sample that has already completed, without failing, another test specified.in"this annex fails thig test,

repeat this tést on a substitute test sample and record the failure and the repetition, together with all jother
records callefd for.

A.10 Test report

A.10.1 Ggneral requirements

The test labgratory/facility shall prepare a test report for thetest(s) conducted and should provide at leagt one
copy of the tg¢st sample, to the submitter.

The test labqratory/facility shall maintain another:copy of the test report with the test log. This will simplify the
reply to possjble further inquiries of the manufacCturer/submitter.

The test repqrt shall be signed on behalf of:the test laboratory/facility by a designated person.
The test labdratory/facility shall clearly indicate a name and address for communication.

The test labqgratory/facility shall provide a unique and traceable identification for the test report (such as gerial
number) including identification of each page, and the total number of pages of the report. Thg test
laboratory/fagility should maintain a record of such identification.

The submittgr of the_test sample and the test laboratory/facility identification shall be clearly indicated.

The date of reeeipt of test samples and date(s) of preparation of the test report shall be clearly indicated.

A.10.2 Specific requirements

For each type of test conducted (see Table A.1), the test report shall specifically refer to Annex A of
ISO 22523:2006, the subclauses related to the specific type of test performed (see A.8.2, A.8.3, A.8.4, A.9.2
or A.9.3), the test loading conditions applied (test load level for static tests or pulsating test force, test
frequency and endurance for cyclic tests), and which special test set-ups were used.

For each upper-limb prosthetic device, for which an appropriate batch or batches of test samples have been
submitted for test, the test report shall state the tests in which compliance with requirements of this annex has
been demonstrated. The test report shall also state the tests conducted, in which compliance has not been
demonstrated.
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A.10.3 Options

The test report shall include any additional information, specifically requested in the test submission document
(see A.6.1).

Upon request of the submitter, the test laboratory/facility shall copy from the test log (see A.8.1 and A.9.1) to
the test report any further records of samples and test results called for.
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Annex B
(normative)

Method of determining the mechanical properties of knee joint

assemblies for lower-limb orthotic devices

B.1 Gene

This annex ig
the manufac
and for ests
(see 3.11) if

These test p
the testing of

For the defin

B.2 Princ

Samples of nee joint assemblies for lower limb orthoses are loaded in bending by means of a special te
being loaded in one out of four mutually perpendicular directions. The bending moment is

each sample
generated th
equal and of
tests are cag
(see B.5.4).
(see B.6.1),
deformation

B.3 Test 1jig

The test rig

Figures B.2 and B.3.

A suitable te
a) Two pai
parallel

dl

ure of lower limb orthoses. Procedures are described for determining the strength and dy
he test rollers can be placed on parallel sections of the side members.

ocedures are intended to assist in the selection of knee joint assemblies but are not intend
complete lower limb orthoses.

tions that apply for the purposes of this annex see 3.9 to 3.19.

ple

rough application of a four-point loading configuration, carried out through application o
posite force couples by two pairs of rollers, which can be rotated (see B.3 and Figure B.1
rried out to establish the resistance_to“bending and the mode of failure of these sar
The measurements allow the calculation of the bending moment at the limit of proportio
he bending stiffness (see B.6.2),(the maximum bending moment (see B.6.3) and the be
bt the maximum bending moment (see B.6.4).

shall be designed \to apply a four-point loading system to the test sample as illustrat

5t rig, shown(in Figure B.1, shall comprise the following.

rs of ‘rollers of cylindrical form and of equal diameter, constrained so that their axes re

based on BS 2574-3 and describes methods of test for knee joint assemblies intended for dise in

ctility

blishing the mode of failure. These test procedures are only suitable for, joint assemblies

bd for

5t rig,

f two
The
nples
hality
hding

ed in

main
axis

Huring the test. Each pair of rollers shall be mounted so that they can be rotated about ar

nnnnnnnnnnnnnnnnnnn parallal o thoam

midway

In order to ensure the uniformity of tests carried out at different places and the comparability of test
results, the following dimensions are fixed (see Figure B.1 and also NOTES 1 and 2):

the
the
the

distance, a, between the axes about which each pair of rollers can be rotated;
distance, b, between the axes of each pair of rollers;

diameter, d, of each roller.

The values of these dimensions are specified as shown in Figure B.1.

b) A mechanical testing machine, to apply an equal and opposite torque to the two shafts which carry the
mountings of the two pairs of rollers. The machine permits the pairs of rollers to rotate through not less

28
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than 90° with respect to each other without the test sample fouling the apparatus. This rotation has to be
free to follow asymmetrical bending of the test sample, if this occurs.

c) A means of measuring and recording the values of angular rotation, ¢4 and «,, of the two shafts which
carry the mountings of the two pairs of rollers.

d) A means of measuring and recording the applied torque.

NOTE 1 The dimensions of the test rig described in a) and illustrated in Figure B.1 are such that the inner points of
loading of the four-point loading system will usually be applied to the test sample at distances of

x4 > 2wy, [see Figures B.2 (a) to B.3 (e)];

> 4 w4 [see Figure B.3 (f)].

NOTB 2  For a particular design of knee joint assembly with, e.g. stepped side members, it may bg necessary to
changde the value of certain dimensions (principally “a”) of the test rig illustrated in Figure B.1/Such modifications should
be re¢orded and included in the test report.

NOTH 3  External means may be necessary to prevent the test sample twisting daring load applicatiorf. Such means
shoul@l not prevent bending deformation of the test sample nor affect the accuracy ‘ef)load application (seq also NOTE 3
of B.§.1).

NOTH 4 A system for displaying the relationship between the angularyrotation oy + «, (measure df the bending

deforfnation of the test sample) and the applied torque (measure of the'bending moment applied to the tegt sample) is a

usefu| aid to following the progress of the tests.

B.4 |Preparation of test samples

Seleq

Adjug
mant

t, at random, sufficient replicate test samples-for each design and size of joint assembly (se

t the lock, if fitted, on each test sample so that it is in the fully engaged position as des
facturer of the joint assembly. If the side members are not an integral part of the joint asse

> B.5.1).

tribed by the
mbly, ensure

that they are connected to the joint in the‘manner described by the manufacturer.

NOTE
neces

The test sample is testéd)as supplied by the manufacturer/submitter before holes are drilled
sary to accommodate the components securing the orthosis to the limb.

which may be

B.5 |Procedure

B.5.1 General

Carry out no-more than one bending test on each test sample, except for certain test samples with stepped

side 1nembers (see NOTE to B.5.3.2).

Carry out each bending test on at least three replicate test samples. In successive tests, apply the bending
moment in each of the directions in which the joint assembly is intended to provide support or to restrain
motion.

NOTE 1 There are usually four mutually perpendicular directions (orientations) in which the test is to be carried out
(see Figure B.4), i.e. in each of the opposing directions parallel to the axis of flexion and in each of the opposing directions
perpendicular to the axis of flexion. For the determination of resistance to bending and mode of failure, it is necessary that
at least three replicate samples of each design and size of joint assembly be tested in each loading direction. Thus, for
joints with locks, usually at least 12 joint assemblies of each design and size are tested in accordance with B.5.4 (but
see NOTE 2).
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NOTE 2 If the design of the components at the knee is symmetrical in the medio-lateral plane, i.e. the plane including
the axis of flexion (see Figure B.4), testing will generally be necessary only in one direction, applying either inward or
outward bending.

NOTE 3  When the test sample is loaded in a plane perpendicular to the axis of flexion, it may be necessary to
constrain torsional rotation (about the long axis) when the load is applied. This constraint will usually be applied at one end
of the test sample only. If it is necessary to apply a constraint at both ends, this should neither restrict longitudinal
movement nor exert any bending constraint on the test sample. (It has been found to be suitable to use rollers which are

profiled to accommodate the shape of the side members of the test sample.)

B.5.2 Test samples with parallel side members

Position the
distances, x,
the joint [see

Carry out the
NOTE Sq
having attache
of loading ang

B.5.3.1 b) ang
members.

B.5.3 Test

B.5.3.1

If possible, ¢
portion of the

fest sample in the test rig (see B.3) so that the inner loading points are at approximately.
from the axis of flexion and/or x4 from any change in cross section where the side memberT
Figure B.2 (a)].

test described in B.5.4.

d suitable extension pieces in a manner that does not affect the application of the-force F at the inner
the strength of the part of the test sample between them. This method corresponds to that speci
illustrated in Figure B.3 (e) with the exception that extension pieces are attached instead of strengt

samples with stepped side members

Tepting the central portion of the test sample

osition the test sample in the test rig so that both pairs of forces F are applied to the ¢
stepped side members with the loading points.of the inner forces F at the distances, x, and

specified in B.5.2 [see Figure B.2 (b)]. If this is not paessible because the central portion of the test sam

too short to 4

With the
section(
test [se€g

a)

b) If the pg
with sui

affecting

Carry out the

pply both pairs of forces F, position the.central portion in one of the following ways.

inner forces F applied as described above, apply the outer force(s) F on the smaller
) if the proportions of the test sample are such that the smaller section(s) will not bend durin
Figures B.2(c) and B.3(d)],

rt of the member(s) of'smaller cross section is permanently bent during the test, repeat th
able strengthening member(s) attached to the smaller cross section(s), taking care to
the strength of the-part of the test sample between the inner loading points [see Figure B.3

test describedin B.5.4.

B.5.3.2 Testing the outer portion of the test sample

Position the

tést sample in the test rig so that both pairs of forces F are applied to the portion of the

bqual
neets

me test samples may be too short to apply both pairs of forces F. These test samplés can be tested after

points
ied in
ening

entral
or x1 ,

ple is

Cross
g the

b test
avoid

e)].

side

member with

the smaller cross section [see Figure B.3 (f)].

Carry out the test described in B.5.4.

NOTE

member of smaller cross section has not been subjected to any bending moment during the earlier test.

B.5.4 Test to establish resistance to bending and mode of failure

B.5.4.1

Establishing the resistance to bending

Place the test sample in the test rig in the selected orientation (see NOTES 1 to 3 of B.5.1).

30

The test sample tested in B.5.3.1 may be used for the test described in B.5.3.2 if the length of the side
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Apply equal forces F at each of the loading points (see Figures B.2 and B.3) through application of equal
torque at each pair of rollers (see Figure B.1) and gradually increase the loads.

As a measure of the bending moment exerted on the test sample, record the torque applied to each pair of
rollers or the value of test force generating this torque.

As a measure of the bending deformation of the test sample, record the angular rotation «y and «, of the two
shafts that carry the mountings of the two pairs of rollers or the related linear displacement of the point of
application of the test force.

Apply the load in a smooth continuous manner in a testing machine and record the values of torque or related
forcerang-ane i . i A i 3 d below).

Carry out the measurements and take records in such a way that the relationship betweeti"benfling moment
bending deformation can be presented in the form of a graph and can permit the| subsequent
ination of

a) the bending moment at the limit of proportionality, My,

b) the bending stiffness, i.e. the mean slope of the graph below the limit of‘proportionality;

c) the maximum bending moment, M,,,.;

d) the bending deformation at the maximum bending moment.

NOTH 1 When applying the test rig described in B.3, an angular\rotation velocity less than 1°/s has begn found to be

suitalfle. In other applications a cross head speed of the testing machine between 0,4 mm/s and 0,8 mm/s has been found

4.2 Terminating the test

Continue to increase the load until any of the following apply, and then terminate the test.
a) Any part of the joint assembly-fractures.

b) The mechanism of the joint lock fails (the lock opens under load).

c) The deformation of-the test sample becomes so great that the loading geometry is advergsely affected
and/or

) the testy;sample fouls the apparatus;

2) _he mechanism becomes unsafe;

3)__one pair of loading points has rotated through an angle of greater than 90° with respect to the other.
B.5.4.3 Concluding the test and establishing the mode of failure

At the conclusion of the test, carry out the following.

a) Assign and mark a unique identification (see NOTE 1) to the test sample.

b) Remove the test sample from the rig and examine it visually.

c) Record the reason why the test was terminated.
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d)

Record the condition of the test sample, the details of any deformation, cracks or other failure (including

whether or not the lock mechanism has remained in the fully engaged position) and identify the mode of
failure (see NOTE 2).

e)
NOTE 1

NOTE 2
(see Table B.1

_ A-

Mark the test sample with the unique identification.

) are

plastic yield of the side member(s);

The unique identification should enable the batch number or the order number of the test sample to be traced.

Examples of the modes of failure and the coding system by which these modes may be indicated

B -

C -

G -

NOTE3 In

B.6 Calculation of results

NOTE It
as a consequg
single homoggq

For orientatiorn
laboratory test

B.6.1 Ben

For each tes
N-m, from tH
mean for e
see NOTE 2

NOTE TH
instrumentatio|

ding moment at the limit of proportionality (Mp)

complete shear of the main pivot pin or screw;

crushing of the male tongue-loaded face;

bowing of the ring loaded face following indentation by the male tongue;
opening of the female clevis following bending of the side cheeks;
failure of the fabricated construction at the side member;

failure of the fabricated construction at the head joint.

an extensive series of tests on a range of joint assemblies, the.most common mode of failure was A.

hould be noted that, due to the compound natare of the test samples, the variability of the test metho
nce, the spread of the data obtained is likely_to be greater than would be experienced with test samplg
neous material. This will affect the results of the calculations specified in B.6.1 to B.6.4.

: The results of the evaluation of this test method, carried out by two laboratories as part of a program

sample determine\the bending moment at the limit of proportionality M, (see 3.16) express

hch of the four”mutually perpendicular directions of loading illustrated in Figure B.4
of B.5.1).

e bending.moment/angular deflection relationship may be derived from a graph or may be indicat
h incorporated into the test apparatus or by other data-handling equipment.

S, show that at least 75% of the measurements made lie within a range of + 10% to + 15% of the mear].

l and,
s of a

me of

ed in

e bending moment/angular deflection relationship (see Figures B.5 and B.6) and calculafe the

(but

ed by

B.6.2 Ben

i itf

For a definition see 3.17.

For each test sample determine the slope of the graph, expressed in N-m/degree, in the linear region below
the limit of proportionality of the bending moment/angular deflection relationship (see Figures B.5 and B.6)
and calculate the mean for each of the four mutually perpendicular directions of loading illustrated in
Figure B.4 (but see NOTE 2 of B.5.1).

B.6.3 Maximum bending moment (M,,,,)

For a definition see 3.18.

32
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For each test sample determine the maximum bending moment M, .., expressed in N-m, from the bending
moment/angular deflection relationship (see Figures B.5 and B.6) and calculate the mean for each of the four
mutually perpendicular directions of loading illustrated in Figure B.4 (but see NOTE 2 of B.5.1). See NOTE
to B.6.1.

B.6.4 Bending deformation at the maximum bending moment
For a definition see 3.19.

For each test sample determine the bending deformation at the maximum bending moment M, ,,, expressed
in degrees, from the bending moment/angular deflection relationship (see Figures B.5 and B.6) as the amount
of arfgular deflection (see 3.15) when the bending moment is 1., (see 3.18), and calculate the mean for
each|direction of loading.

NOTH It may be useful to additionally determine the “maximum bending deformation” as~the”“maximum angle of

bendat failure, applying the criterion used for the determination of the bending deformation at M, -, accordjngly.

B.7 [Test report

The {est report, an example of which is shown in Table B.1, shall include the following informgtion for each
joint assembly tested:

a) identity of the joint assembly, including the name and address of the manufacturer/submifter, together
with any trade mark or registered trade name;

b) fiype and size of the joint assembly as described by the manufacturer/submitter, including the|catalogue or
other reference number;

c) batch or individual serial number;
d) date(s) of the tests;
e) reason for the termination of each test in accordance with B.5.4.2.

NOTE Attention is drawn-to-the need to indicate any premature failures [i.e. for all tests terminated for one of the
reasons listed in item c) of. B.54.2].

f) Hor test samples with-parallel side members, the test results (including the mean values) dbtained from
Ipading in the antero-posterior plane and from loading in the medio-lateral plane, in each direction of
Ipading, for each 6f the following properties:

1) the bending moment at the limit of proportionality, My, expressed in newton metres, (seg|B.6.1);

L

2)the bending stiffness, expressed in newton metres per degree, (see B.6.2);

3) the maximum bending moment M., expressed in newton metres, (see B.6.3);

4) the bending deformation at the maximum bending moment, expressed in degrees, (see B.6.4).

NOTE Attention is drawn to the need for caution in interpreting these values, particularly if the test sample has
fouled the apparatus. See both the NOTE to B.4 and the NOTE to B.6.

g) For test samples with stepped side members, the values given in item f) for both the central portion of the
joint assembly and the portion of the side member with the smaller cross section;

h) graphs for each test sample showing the bending moment/angular deflection relationship in each direction
of loading, with the scales of the coordinates clearly indicated.
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The graphs should also be available for inspection on request and should be included in the
manufacturer's/submitter's data sheets and/or catalogue(s).

i) A description of the condition of the test sample after termination of the test in accordance with item d)
of B.5.4.3.

od od

A
 J

A
 J

od ¢d 2

=3/2

A
 J

A
|

moment J/ and angular rotation a, 2
moment J/ and angular rotation a, 2
centre ofrotation

roller

a A WON -

test sample

Arrangement for joint assembly with side members within.the rig:
a =280 npm

b =100 npm
d= 30nm

a8  One pair ¢f rollers may rotate mére than the other whilst still applying equal moment to each end of the test sample.

Figure B.1 -~ Example of\a.test rig design suitable for the application of the four-point loading sys$tem
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o

(b) Arrangement for joint assembly with stepped side members (see B.5.3.1)

-

Y
>

(c) Arrangement for joint assembly with unequal stepped side members [see B.5.3.1 @)]

For clarity; the locking mechanism is not represented on these diagrams.

X

 J

A

/E

B

=

F

X

N
g

 J

K

=

F

A

Figure B.2 — Arrangements of the four-point loading system
(continued on Figure B.3)
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F
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(e) Arrgngement for joint assembly with extended stepped sideguember requiring additional strengt
[see B.5.3.1(b)]

=

F y F
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0 0O

F F

w3

T
L

H

(f) Argangement for testing-outer portion of joint assembly with stepped side member (see B.5.3.2)

Figure B.3 — Arrangements of the four-point loading system
(continued from Figure B.2)
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F 1 F
/ =
+ - +
[
F F
(a) Medio-lateral plane: inward bending
| |
N
+ - i g
\ [ iy
F 1 F
(b) Medio-lateral plane: outward bending
F 2 F

(c) Antere-posterior plane: flexing

Key
1 fgce X (iAner face)

2 eflge (front edge)

(d) Antero-posterior plane: extending

NOTE F indicates the direction of loading. Face X (i.e. the face that is to be placed adjacent to the patient's knee)
and edge Y are shown for identification only. For clarity, the locking mechanism is not represented in these diagrams.

Figure B.4 — Test orientations for joint assemblies intended to restrain motion in four directions

© I1SO 2006 — All rights reserved
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37


https://standardsiso.com/api/?name=c7d9ec385daea25eadaf0b84596a4f91

ISO 22523:2006(E)

Key
X angular d¢flection in degrees
Y bending momentin N-m

a8  Maximum|bending moment.
b Limit of prpportionality.

Figurp B.5 — Example of a bending moment/angular deflection‘curve: single-stage failure
(see 3.17, 3.18 and 3.19)
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X agngular deflection in degrees
Y Bending momentin N-m

a8  Maximum bending moment:
b L|mit of proportionality.

(see 3.17, 3.18 and 3.19)

Figure B.6 —~Examples of a bending moment/angular deflection curve: two-stage fajlures

© I1SO 2006 — All rights reserved
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Table B.1 — Example of test report

Description of joint assembly and catalogue number Knee joint AB/AB 1234

Manufacturer's/submitter's name and address XYZ Limited, Any Street, Any Town

Joint assembly:
R/C manual steel

Adult

Type
Size

Date(s) of the tests and name of the tester February 1996/MZ

— Bending | Bending | Ximum | Bending | Mode of |
moment at the | stiffness bending deformation at | failure P condition|of
limit of moment the maximum testample °
proportionality (Mpax) bending and/or reason
restra|nt (Mp) moment for stopping
(see B.5.1)] the test
Test mpde N-m N-m/° N-m °
59,7 22,4 1591 19,7 AF
Antero-posierior in 578 223 160.4 185 A F
extensjon ’ ’ ’ ’ ’
441 23,7 159,0 19,2 A F
Mean 53,9 22,8 159,5 192
46,0 20,5 1177 12,2 E
Antero-posijerior in
flexioh 62,6 17,5 118,5 10,6
52,3 20,7 104,9 9,6 E
Mean 53,6 19,6 1137 10,8
27,7 21 40,7 50,0 A
Medlo-laterel inward 28.3 2.2 41,0 49,6 A
bending ¢
26,9 2,1 40,5 50,3 A
Mean 27,6 2,1 40,7 50,0
28,5 2,0 39,7 41,7 A
Medio-lateral
outward bending € 25.7 2.2 39.1 49,5 A
30,9 2,0 40,3 48,2 A
Mean 28,4 2,1 39,7 46,5
a8  If the test]samples have Stepped side members, the values shall be reported for both the central portion and that portion with the
smaller cross $ection. If this/occurs, a second table should be used [see B.7 (g)].
b SeeB.5.4.3NOTE2.
€ See FigutesBl6 @) and ®).
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Annex C
(informative)

Guidance on methods of determining the flammability and toxicity of

CA

It is i
occu
lowel

caus
and
mate

This

haza
Interr

C.2
The
witho
C.3

A tes
test
cosm

C4

combustion products of lower-limb prosthetic devices

'General

mportant that whenever potentially flammable materials are present and where there is tk
ring and of people being exposed to combustion products, the hazards shall be minimized. |
limb prostheses, there is a risk of fire by contact with a hot surface or by exposure,to flame.

d by burns. The toxic hazard comprises the toxic effect of smoke and.gas produced during
e rate at which they are produced, which is a function of the flammability characteristics @
rials.

The :Eajority of injuries in fire are caused by the smoke and toxic/irritant gases ‘produced; the r

annex gives guidance on methods for assessing the ignition.and burning characteristics (i
d) of lower-limb prosthetic devices when subjected to radiant and naked flame heat s
ational Standard does not include tests where the prosthetic device is covered by clothing.

Principle

ut flame) and a naked flame source test (as"described in ISO 8191-2).

Test submission document

t submission document identifying the test sample shall be supplied by the manufacturer/s
tample is submitted by, the manufacturer, the test submission document shall identify
esis, covers, adhesives; fastenings, etc. used in the construction of the test sample.

Safety requirements

Ther¢ are hazards encountered when conducting fire tests and it is essential that adequate pr

taker].

e risk of fire
h the case of

mainder are
combustion
f the burning

cluding toxic
ources. This

brinciple is to subject complete prosthetic devices to two separate tests; a radiant heat solirce test (i.e.

ubmitter. If a
bl materials,

ecautions be

Pay particular attention to the handling of flammable gases, the evolufion of potentially foxic gases and the
fact that extensive inflaming of test samples may occur.

Provide adequate means of extinguishing the test sample, bearing in mind that some test samples may
produce severe flaming during the test. Ensure that a hand-held CO, fire extinguisher that can be directed
over the burning area is available.

NOTE

water

©I1SO

may be necessary.

2006 — All rights reserved

In some cases, smouldering may be difficult to extinguish completely and immersion of the test sample in
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C.5 Test samples

C.5.1 Sample, nature and source

Complete lower-limb prosthetic devices shall be tested, although surrogate skeletal components may be used
if it can be shown that these would not affect the test results.

NOTE

If submitted by the manufacturer, a test sample should in all other respects be fully representative of the

manufacturer's sealed design/specification and proposed or actual production standard. The manufacturer should furnish
evidence to confirm that the samples are in accordance with the specified design and that quality assurance requirements
controlling materials have been met.

All combinations of materials, cosmesis, covers etc. supplied as test samples shall represent-.t

lower-limb p

C.5.2 San

A

sthetic assemblies that it is proposed to supply.

ple identification

Ensure that {he test samples are clearly identified by the manufacturer/submitter and whéresubmitted 4

manufacture
foot cosmes
locations, if

[, all interfaces between differing materials that make up the cosmesis/finishéd article (incl
S) are clearly shown and/or indelibly marked on the outer cosmetic covering. Ensure that
bresent, are recorded on the test submission document. Ensure that-the sample identifi

bears the manufacturer's/submitter's name and a reference number traceable to the test subm

document.

C.5.3 San

Build all test
and C.2. U
(see Figures

C.5.4 San

Condition te
of (50 + 5) %

Arrange the
each test salif
NOTE 1 Th

NOTE2 C

ple dimensions

samples of lower-limb prosthetic devices in accordance with the dimensions given in Figure
se standard size “dummy” sockets for both trans-tibial and trans-femoral test sar
C.3and C.4).

ple conditioning

(see NOTE 1) and until constant mass is achieved (see NOTE 2). Report the final mass.

test samples within the conditioning environment so that air can circulate around each si
hple.

ese conditions correspondto the atmosphere described in ISO 554.

nstant mass is cofsidered to be reached when two successive weighing operations, carried out

pical

y the
Liding
hese
ation
ssion

5 C.1
hples

5t samples before test for at least 4 @ 'at a temperature of (23 £ 2) °C and a relative humidity

de of

at an

interval of 24 h, do not differ by more than 0,1 % of the last mass of the test sample, or 0,12 g whichever is the gregter in

terms of mass|

C.6 Test Trrangements

C.6.1 TestToOm

Ensure that t

he test room

access on all sides;

test;

42

is capable of being sealed to prevent draughts;

allows the test to be viewed clearly by observers and/or video/photographic means.

is of sufficient size to easily accommodate all test equipment and apparatus and to allow space for

has a suitable extraction system to allow smoke and fumes to be removed quickly and safely following a
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Provide means of extinguishing any burning samples.
Ensure that the room temperature at commencement of each test is (20 + 10) °C.

Observers and control and monitoring equipment shall be located outside the room.

C.6.2 Sample support frame

Provide a suitable support frame/clamp to enable the test sample to be held in the required
orientation for both radiant and flame exposure heat sources.

position and

With
elem

the radiant source test retain the sample in one position (i.e. horizontally and parallel to the
ents, as shown in Figure C.5).

With [the flame impingement test apply the flame so that the “worst case” point of application

heat source

and sample

orienfation is tested; this requires different orientations to be assessed.

NOTH 1 This “worst case” will usually be with the flame impinging underneath the samplé with the latter|inclined to the
horizqntal (see Figure C.6).

Ensufe that the support frame for the radiant exposure test allows the“mass loss from the gample to be
measgured.

NOTH 2 To accommodate limbs of varying length at horizontal or.in€lined orientations, a support franmpe constructed
from glotted angle members has been found to be suitable. This is meunted on the platform of a large capdcity laboratory

top-pan balance (60 kg capacity), in the form of a rectangular_section frame about 900 mm high. Pullg
projegting arms at the top of the frame carry suspension wirgs at about 200 mm beyond the edge d
(see Figure C.7). Wire loops are formed through holes drilled, in-the rim of the socket and at the toe of the li
suspgnded from the wires via intermediate lengths of suitable wire to achieve approximate positioning. Fin

shoulfl be made on length adjustors incorporated in the main suspension wires.
C.6.3 Apparatus
C.6.3.1 Radiant heat source

bys carried on
f the balance
mbs which are
bl adjustments

e heat flux

within 4 min

a) provide a variable power input to the heat source so that the prescribed heat flux is produced at a known
istance from it, e.g. 100 mm and at a known height (above the working surface)

or

b) use an uncontrolled heat source working directly from the mains electrical supply connected to a voltage

stabilizer (if required) and determine the location where the prescribed heat flux is achieved,
distance as the separation between source and sample in all tests.

and use this

Regularly check the radiative heat flux in the plane of the sample with a calibrated heat flux meter.

NOTE
suitable arrangement is shown in Figure C.5.

© I1SO 2006 — All rights reserved
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C.6.3.2 Flame ignition source

This ignition source is a diffusion flame with a calorific output approximating that of a burning match. A flame
exposure time of (15+ 1) s will be approximately equivalent to the burning of one match. A burner tube
consists of a length of stainless steel tubing of (8,0 + 0,1) mm outside diameter, (6,5 + 0,1) mm internal
diameter and (200 + 0,5) mm in length. The flow meter shall be calibrated to supply a propane gas flow rate
at 25 °C of (45 £ 2) ml/min.

The burner tube is connected by flexible tubing to a flow meter fitted with a flow controller and in turn to a
butane gas cylinder fitted with a standard commercial 100 kPa 2) pressure regulator. The flexible tubing
between the flow meter and the tube has a nominal internal diameter of 8 mm and a length of (2,0 + 0,2) m.

NOTE 1 leuder the above conditions, the flame height from the burner is approximately 40 mm and the healat flux

applied to the

For remote ¢
at the burner

Mount the b
along the tra

NOTE2 Th
enabling it to &

In the case o

Mount the bdirner on a carrier on a track as above, so that a positive location for the flame in relation {

sample can

into the test position for starting the test.
Use adequate respiratory protection, as necessary.

Make video/photographic records of the tests, if required by the manufacturer/submitter.

C.6.3.3 Weighing platform

Use a calibrg

of the sampl¢ with time elapsed for/the duration of the test.

Ideally, outplit to a suitable remotely connected device such as a data logger or a chart recorder shod

available or
A calibration

C.6.3.4 \Vig

est sample is (40 + 2) kW/mZ2.

ontrol, incorporate a solenoid cut-off in the burner tube and locate some form of-eléctrical i
mouth.

ck from a remote position (e.g. with a pull string operated from an adjoining control room).

e moveable track provides a positive location point for the burner tubé.when setting up the test
e removed for checking flame height and solenoid operation etc., as necessary.

f local control omit the solenoid cut-off and electrical ignitetxand control the test flame manus

be established prior to the test. Retract the burneriignite and adjust the flame and then m

ted weighing platform of(suitable capacity and with a resolution of 1 g to measure the mas;

else visual observation and recording would be satisfactory if visual access is adeg
check shouldbe carried out before each series of tests.

eo/photographic recording

Video/photog

jniter

irner assembly on a suitable carrier sliding on a moveable track and capable of being moved

while

y.

o the
bve it

b loss

Id be
uate.

raphic records should be made of tests.

C.7 Test procedures

C.7.1 Gen

eral

Ensure that test operators are competent to safely carry out the test.

Make a check to ensure that operators cannot be exposed to fumes from combustion.

2) 100 kPa =

44

1 bar.
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Before commencing, check all equipment for correct operation.

Ensure that the test room can be cleared of smoke and decomposition products by an extractor fan or other
means of ventilation, bearing in mind that the testing room atmosphere may become hazardous.

Provide adequate means of extinguishing the test sample, bearing in mind that severe flaming may be
encountered. Ensure that a hand-held CO, extinguisher that can be directed over the burning area is available
with other means, such as fire blankets.

NOTE In some cases, smouldering may be difficult to extinguish completely and immersion of the test sample in
water may be necessary.

C.7.2 Radiant heat source

Drill holes at the top of the socket and at the toes and form wire loops through themsfor“attachment to the
suspgnsion wires.

Connect each end of the sample with a string or thread stretched over the outer surface of the Ilmb so that it
touctles the “high points” and delineates a datum line along the length of the sample.

Suspend the sample from the suspension wires to the sample support frame and adjust the posifioning of the
limb so that the datum is at the pre-determined height providing thedequired heat flux is at the |closest point
from fhe radiant heat source.

NOTH 1 A ruler or a strip of metal scribed at this height may be used-as a gauge.

Locafe the heater parallel to the datum at the pre-determined distance of approximately 100 mm to achieve
the prescribed heat flux.

NOTH 2 A simple gauge may be made from a piece-of 3 mm metal rod cut to this length and held in a T-handle.
Remove the string, switch on all recording equipment and start the test by applying power to the heat source.
During the test

a) necord whether sustained flamjng lasting longer than 4 s occurs;

b) cord the mass loss atane 1 min intervals for the duration of the test, maintain the heating[for 30 min or

’Ifnil thermal decomposition is judged to have stopped as assessed both visually and from mass loss
easurements;

c) record whethef.debris separates and whether it is flaming or glowing.

Conduct further tests at different locations along the test sample to coincide with the interface of differing
matefials{and/or specified areas such as calf and thigh.

NOTE=3 It may be necessary 10 Use Separate samplies 101 airrerent interrace 1ests.

NOTE 4  The test sample may produce molten material which could detach and this should be taken into account while
measuring mass loss. A simple tray suspended from the test sample support frame has been found to be adequate.

C.7.3 Flaming ignition source

Adjust the height of the limb on its suspension wires until the selected test area is located 39 mm vertically
above the mouth of the burner, with the burner carrier positively located on its track.

NOTE 1 A retractable wire gauge 39 mm in height located on the burner tube is suggested for the final adjustment of
the limb height.
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Retract the burner along its track.

Establish the

test flame and adjust to 41 mm using the wire gauge on the burner as a guide.

Withdraw the height marker gauge and position the burner under the test area.

Start the test

by applying the burner flame for 15 s.

Note whether the propagation of flaming extends beyond the influence of the flame ignition source.

Extinguish or withdraw the flame at the expiry of the test period.

Observe the

is occurring and there is no evidence of continuing thermal decomposition.

Extinguish th
flame ignition

Apply the flaie at various points on the sample if the “worst case” situation has not béen established.

NOTE2  Af
impingement/(

NOTE 3  Lg
laboratory and

C.8 Deter

C.8.1 Rati

Although the
results from
to products d
different mat
lies approxin
“A measure

animals with
compare the
fire condition

The criterion
“Total Toxic

time periodg.

“incapacitatin

jonale for the toxicity criterion based-on mass loss

test sample after this point until it is apparent that no self-sustained flame/or flaming combu

e sample if sustained flaming combustion persists for longer than 15 s after the) removal
source.

angle of 45° to the horizontal as shown in Figure C.6 will sdermally be the “worst

rientation.

cations for application of the flame ignition source may be decided through consultation between th
the manufacturer/submitter.

mination of the “Total Toxic Potential Dose” (TTPD)

stion

bf the

case”

e test

toxic potency of the fire atmosphere-arises from a wide variety of different chemical sp

cies,

oxic potency tests suggest that th€ toxic potency based on the extent of conversion of the |‘fuel”

uring combustion (i.e. as measurable from the mass loss of the fuel) is relatively similar for

any

brials. The range of toxic potency values for many common materials, both natural and synthetic,
nately between an LCts,6f 100 g'm=3-min to 2 000 g'm~3-min where the LCtg, is defingd as
bf lethal toxic potency; the_éxposure dose calculated to produce lethality in 50 % of exposed test
n a specified exposure time and post-exposure observation period. This measure can be uded to

toxic potencies of the’combustion products from different materials decomposed under di

5.

adopted in‘this annex uses the method described in BSI DD180 [17] to calculate the cumu
Potential’\Dose” (TTPD) with time, based on the cumulative mass loss of the sample over
In (BST DD180, a value of total toxic potential dose of 200 g:m=3-min is consi
g”/and a value of 500 g:m~3:min “life threatening”. For the purposes of this International Sta

a value of th

erent

lative
fixed
lered
ndard,

b total toxic potential dose of 100 g-m~3-min is used as the pass/fail criterion, i.e. a value eq

hal to

or higher than 100 g-m~3-min would constitute a fail. To enable the assessment to be made solely on the basis
of cumulative mass loss, a fixed volume into which the fumes would be dispersed has to be set. For the
purposes of this International Standard the reference volume Vg = 30 m3, representative of a typically sized
domestic room, should apply.

C.8.2 Calculation of the “Total Toxic Potential Dose” (TTPD)

In order to calculate the total toxic potential dose, proceed as follows (a worked example is included as
Table C.1 at the end of this annex).

Step 1: Tabulate the cumulative mass loss in grams of the sample, achieved after each successive minute
of the test up to 30 min.
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Step

Step

Step

C.9

C.9.1 Radiant heat source test

Failu
flami

C.8. [fthe TTPD is equal to, or greater than, 100 g-m~—3-min, the sample iskdéemed to have failed.

C.9.:

Failu

— wropagation of flaming takes place away from the infliénce of the flaming ignition source dy

or

C.1(

Reco
relev.
repor

ISO 22523:2006(E)

2: Divide each cumulative mass loss after each time interval by 30 (see NOTE) to achi
potential concentration (units: g-m=3).

eve the toxic

NOTE The reference volume Vg = 30 m3 is representative of a typically sized domestic room (see C.8.1).

3: Add each successive value obtained in Step 2 to its previous value, i.e. to achieve a cumulative total

toxic potential dose.

4: Check the value of cumulative total toxic potential dose reached by the end of the test period against
the specified limit to decide on whether the sample has passed or failed the radiant heat source test

(see C.9.1).

Pass/fail criteria

e is deemed to occur if there is an appearance of sustained flaming combustion during t
ng occurs a TTPD calculation should be performed using the mass logs"data in the method

»  Flaming ignition source test

e is deemed to occur if for any application point or samplé,orientation

ame ignition source applications

f flaming combustion is still occurring 15 s after the removal of the flaming ignition source.

Test report

rd the identification of the tést'sample and the test submission document in a test report tog
ant information recorded (during the test. Specifically refer this annex. Issue at least one co
t to the submitter.

he test. If no
described in

ring the 15 s

ether with all
by of the test
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b

Dimensions in millimetres

T I
™M —-Y——-
n
O
mMm
L —
..... [ (1
K i
C - ! .
S
L
~
A /
a8  Ankle to khee centre.
Knee cenfre to ischium.
Level Circumference
mm
TU (upper thigh) 660
TM (mid thigh) 550
TL (lower thigh) 440
K (knee) 430
C (calf) 400
A (ankle) 235

NOTE

48

Foot size 290 mm.

The shape of the thigh cross section can be circular. The shape of the below knee section should conform
with normal cosmetic cover manufacturing practise to + 5%.

Figure C.1 — Test sample dimensions trans-femoral (above-knee) — Finished limb
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Dimensions in millimetres

K I
S
(Fa)
<
A 4
@  Ankle to knee centre.
Level Circumference
mm
K (knee) 430
C (calf) 400
A (ankle) 235
Foot size 290 mm.
NOTEH The shape of the below khee’section should conform with normal cosmetic cover manufacjuring practise
to + 5pb.

Figure C.2 — Test sample dimensions trans-tibial (below-knee) — Finished limlp
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Dimensions in millimetres

$190

A
Y

230

#1115

Figure C.3 — Test sample dimensions trans-femoral (above:knee) — Socket former

Dimensions in millimetres

®125

200

100

Figure €:4 — Test sample dimensions trans-tibial (below-knee) — Socket former
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Dimensions in millimetres

N N
1 ™
B 285 .
3
Ml
ﬁ/
]
b_—L ~—=_ =T
- 2
\\
3
3 2\ 5
MR
L
a) lateral view b) frontal view
Key
1 nichrome suspension wires
2 radiant heat sources (e.g. 2 kW quartz halogen lamps)
3 reflectors angled to focus radiation at P
4 point of measured heat flux, P
5 datum line indicating the “high points” of the sample
NOTE Holes for the nichrome wires are predrilled in the test sample at the locations shown (e.g. socket rim and keel

of foot).

Figure C.5 — Radiant heat source test
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Key

1 nichrome

Dimensions in millimetres

suspension wire

2  flame ignifion source

NOTE 1

TH

sample orientation is tested as specified in C.6:2.

NOTE 2
of foot).

52

H

Figure C.6 — Flaming ignition source test

e flame ignition source is situated,so.as to apply the flame so that the “worst-case” point of applicatign and

les for the nichrome wires are, predrilled in the test sample at the locations shown (e.g. socket rim anf keel
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Dimensions in millimetres

L_} {_,; [\
A

1)

AN

D)
P q] X v

=200

a) side elevation

Key

1 limb position indicated for radiant heat source test
2 spspension wires

3 wjire loops at toe and socket rim

4 Igngth adjusters

b) front elevation

Figure C.7 — Sample support frame and weighing platform
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Table C.1 — Worked example of calculating the TTPD

Time Cumulative mass loss at end of Toxic potential Total Toxic Potential Dose
period concentration
min 49 (4/30)2 g-m=3 g-m=3 min
1 6 0,20 0,20
2 10 0,33 0,53
3 15 0,50 1,03
4 25 0,83 1,86
b 35 1,17 3,03
3 40 1,33 4,36
7 50 1,67 6,03
8 55 1,83 7,86
D 60 2,00 9,86
0 65 217 12,03
1 68 2,27 14,30
2 72 2,40 16,70
3 75 2,50 19,20
4 78 2,60 21,80
5 80 2,67 24,47
6 82 2,73 27,20
7 84 2,80 30,00
8 86 2,86 32,86
9 87 2,90 35,76
20 88 2,93 38,69
21 89 2,97 41,66
22 89 2,97 44,63
23 90 3,00 47,63
24 90 3,00 50,63
25 90 3,00 53,63
26 91 3,03 56,66
27 91 3,03 59,69
28 91 3,03 62,72
29 92 3,06 65,78
30 92 3,06 68,84
NOTE As shown in Table C.1, a TTPD value of 100 was not reached at 30 min constituting a pass.
@  The values A/V of the toxic potential concentration are related to the reference volume Vg =30 m3 representative
of a typically sized domestic room.
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Annex D
(informative)

Guidance on methods of establishing the force or moment required
to operate the control and actuating mechanisms on prosthetic

and orthotic devices

DA

NOTH
EN 6
actua

In ord

applig
D.3.1

Many
chara
prost
(e.0.

appli

General

4-1 and/or other standards referred to therein such as EN 894-3 are not necessarily applicable to f
ing mechanisms on prosthetic and orthotic devices.

er to establish a data base for orientation (see Clause D.7), the test methods/specified in this anr
d to a selection of state of the art prosthetic and orthotic devices, including Samples of all categori
except category k).

prosthetic and orthotic devices incorporate mechanisms designed to permit the user t
cteristics of the functional components of these devices. Theumost common of these are
hetic and orthotic joints or units. Another relevant group of:prosthetic devices comprises terr
prosthetic hands or hooks). Typically the operation of.the mechanisms of these devices
cation of a force or moment through some form of actuator either directly or in some instang

linka@ge or cable to the mechanism.

Othe
to ac

ivate their fail safe release unit.

The method of application of the operating-force or moment and its optimal line of application w|

the d

This
inten

It doq

bsign of the mechanism.

annex describes a method ef\'establishing the required operating force when applied in
Hed by the manufacturer to the actuator normally supplied with the mechanism.

s not include any evaluation of the design of the actuator/operator interface.

The test methods specified in this annex have been developed since the ranges of operating force specified in

he control and

ex have been
bs specified in

b control the
the locks on
hinal devices
requires the
es through a

prosthetic devices require the application of.aforce or moment to articulate, rotate or separate them or

Il depend on

the manner

The fests described-should be repeated whenever significant design changes are made to the control or
actugting mechanisms’in a prosthetic or orthotic device.

D.2 [Principle

The festprecedures-are-intended-to-assess-theforee-ormomentrequired-to-eperate-the-eentrel or actuating

mechanism on the test sample in a position and subject to external loading which is consistent with both the
manufacturer's intentions and established user practice. For this purpose eleven different test set-ups are
specified in D.6.2 to D.6.12, each suitable for testing one of the eleven categories of test samples of prosthetic
or orthotic devices incorporating control or actuating mechanisms specified in D.3.1 a) to k).

NOTE The method of operating the control or actuating mechanisms of other functional components of prosthetic
and orthotic devices is highly variable and depends on the design and function of the components. Methods of
establishing the force or moment required to operate such mechanisms should be based on the general principles stated
above and follow the procedures relating to positioning and loading described in D.6.1 to D.6.12 for tests on knee joints
and units, elbow joints and units and terminal devices.
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D.3 Test samples

D.3.1 Categories of test sample

a)

b)

c)

d)

)]

h)

k)

Test samples of orthotic knee joints with locking mechanism — these are sub-assemblies

comprisi

ng the lower leg side bar, the joint and its locking mechanism, and the upper leg side bar.

Test samples of orthotic elbow joints with locking mechanism — these are sub-assemblies
comprising the lower arm side bar, the elbow joint and its locking mechanism, and the upper arm side bar.

Test samples of prosthetic knee units with locking mechanism — these are sub-assemblies

comprising the socket attachment component, the knee unit and its locking mechanism, carn

associa
D.3.2).

compris
associa

Test slmples of prosthetic elbow units with locking mechanism — these are. sub-assen

compris
associa

Test sa£1ples of prosthetic elbow units with user-driven articulation —\these are sub-assem

Test sgmples of prosthetic terminal devices with built-in..closing function — these are
ies comprising the hand or hook and its actuating mechanism, and a substitute for the lower arm

assemb
socket o

Test samples of prosthetic terminal devices with sbuilt-in opening function — these are
ies comprising the hand or hook and its actuating mechanism, and a substitute for the lower arm

assemb
socket o

d structural components below the knee unit, including the foot if preferred (see NOTE

d structural components below the elbow unit including a terminal device-

d structural components below the elbow unit, including the terminal device.

r side bar.

r side bar.

d all

4 of

blies

ng the socket attachment component, the elbow unit and its locking .mechanism, and all

blies

ng the elbow joint's attachment component, the elbow joint and its@ctuating mechanism, apd all

sub-

sub-

Test samples of prosthetic terminal devices ,with no built-in closing or opening function, actliated

by forc
mechan

Test sa
by torq
compris
side bar

Test samples of prosthetic terminal devices with break-open features for emergency situatio

these arj
bar.

sm, and a substitute for the lower arm socket or side bar.
ples of prosthetic terminal devices with no built-in closing or opening function, actr:l:

e application (rotation‘of the lower arm relative to the socket) — these are sub-asse
ng the hand or hook.and'its actuating mechanism, and a substitute for the lower arm soc

e sub-assemblies comprising the hand or hook, and a substitute for the lower arm socket of

Test samples of prosthetic devices with fail-safe release units — these are sub-asse
compris1ng the prosthetic device and its fail-safe release mechanism, and all adjacent assorI

structural components below and above the device.

D.3.2 Preparation of test samples

Select the prosthetic and orthotic devices for testing from the normal production.

e application — these are sub-assemblies comprising the hand or hook and its actyating

ated
blies
et or

ns —

side

blies
iated

Samples selected for testing should bear orientation marks to indicate their anterior/front, lateral/outside and
upper/proximal surfaces when assembled in a prosthetic or orthotic device in its position of intended use.

The intended line of action of the actuator force should be identified on the sample.

Assemble each test sample from the components listed for that category in D.3.1 a) to k).

56
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When preparing test samples of prosthetic knee and elbow units, omit cosmetic components unless they
affect the operation of the locking mechanism and/or contribute to the total mass of the test sample by more
than 10 %.

When preparing test samples incorporating orthotic joints or prosthetic units of polycentric design, establish
whether the manufacturer has specified the position of a reference axis to be used for orientation instead of
the position of the axis of rotation of a corresponding monocentric type (see also NOTE 1).

NOTE 1 If appropriate, the position of the reference axis of orthotic joints or prosthetic units of polycentric design, to be
used for orientation instead of the position of the axis of rotation of a corresponding monocentric type, should be marked
on the sample or otherwise identified.

Wheth preparing test samples of prosthetic knee units, decide on whether or not they should in¢clyde an ankle-
foot device (see NOTE 2).

NOTH 2  According to the experience gained during laboratory tests, the influence of ankle-foot devices ih test samples
of prosthetic knee units on the test results is negligible.

Provide test samples of categories D.3.1 a) to i) with a proximal end attachment (see NOTIE 3) and test
samples of categories D.3.1 j) and k) with a distal end attachment specified by the test laborafpry to permit
mounting in the test rig in the relevant manner described in Clause D.6.

If the| distal end attachment of test samples of categories D.3.1 j) and k) incorporates a force tfansducer (or
should be connected to one), ensure that this is (or can be) arranged so that the test force is agting along its
meaguring axis when applied in the manner described in D.6.1.

NOTHB 3  For test samples of prosthetic devices a socket can berused, partially filled to provide an end atthchment.

When preparing test samples of orthotic knee joints orprosthetic knee units, set the total length proximal and
distal to the knee axis of rotation (or reference axis).by following either of the following procedures.

a) If appropriate, adjust or adapt the total length to 450 mm (but see NOTE 4).

b) If it is desirable to avoid such adaptations, approximate the total length to 450 mm as faf as possible
ee NOTE 5).

NOTH 4  Adapting of the total lehgth of test samples of orthotic knee joints or prosthetic knee units tq 450 mm may
require cutting of side bars or pylons.

NOTH 5  Approximating-of‘the total length of test samples of orthotic knee joints or prosthetic knee units fo 450 mm will
usually be achieved by selecting the components adjacent to the orthotic knee joint or prosthetic knee uniff with the most
suitaldle length.

Ensure that the test samples include any remote actuator and cable or linkage normally requirgd to operate
the cpntrol or-actuating mechanism.

If a remate actuator is connected to the control or actuating mechanism by a (Bowden) cable,| observe the

following procedurestbut see NOTE6):

— Arrange the cable between the actuator and the control or actuating mechanism so that it undergoes a
double 180° bend (or S-bend) with a bending radius of about 50 mm as illustrated in Figures D.1 and D.4.

— If a remote actuator is part of a control or actuating mechanism of test samples of orthotic knee joints or
prosthetic knee units, position it at a distance ¢ =400 mm proximal to the knee axis of rotation (or
reference axis) as illustrated in Figure D.4.

If the remote actuator cannot be positioned, and/or the (Bowden) cable cannot be arranged, as specified in

the above paragraph (see NOTE 6), arrange the (Bowden) cable as described in the paragraph following
NOTE 6.
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NOTE 6  Laboratory tests have shown that it is not always possible to position the remote actuator and/or to arrange
the cable as specified. In this case the cable should be arranged as described in the following paragraph.

If a remote actuator is connected to the control or actuating mechanism by a cable (wire) or linkage, ensure
that the operating force to be applied to the remote actuator is transmitted through the cable (wire) or linkage
in the direction/manner intended by the manufacturer and/or appropriate for its specific design, e.g.

— for designs such as “drop” or “ring” locks this force needs to be applied exactly in the direction of the
operating movement/translation, otherwise jamming may occur;

— for lever type locks this force is usually applied at right angles to the lever.

Align any acfuation toggles so as to minimize the force required to operate the lock.

If appropriate, adjust locking mechanisms so that they are in the fully engaged position as described by the
manufacturef of the joint assembly.

Precondition|the test sample by alternately engaging and disengaging its control or actuating mechanigm at
least ten times.
D.4 Numbher of required tests

Subject two $amples of the prosthetic or orthotic device to each relevant tést.

D.5 Accuracy
Ensure that
— linear dimensions are within + 1 mm;
— angular flimensions are within + 1°;

— loads arg¢ within + 5 % of the prescribed*value.

D.6 Methods of testing

D.6.1 General
Before comnpjencing any one of the test procedures specified in D.6.2 to D.6.12, ensure that

— each tegt sample is assembled and prepared in accordance with the relevant instructions of D.3.2;

— the operating force is applied to the actuator in the direction/manner intended by the manufacturer and
appropriate to its specific design or, if not stated, the operating force is applied parallel to (or along — see
last paragraph and NOTE 2) the axis of the prosthetic device's adaptor;

— the operating moment is applied to the actuator in the orientation intended by the manufacturer or, if not
stated, the operating moment is applied about the axis of the prosthetic device's adaptor;

— the locking mechanism of the test sample is fully engaged, since incomplete engagement invalidates the
tests.
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When applying an operating force to the actuator of test samples in the direction intended by the manufacturer,
take into account the following.

— If the principal operating movement of the control or actuating mechanism is translation of a component
(as e.g. the locking movement of “drop” or “ring” locks), ensure that the operating force is applied to that
component exactly in the direction of its translation in order to avoid jamming.

— If the principal operating movement of the control or actuating mechanism is rotation of a component (as
e.g. the locking movement of lever type locks), ensure that the operating force is applied perpendicular to
its axis of rotation and at a known perpendicular distance, d, from this axis (see NOTE 1).

h other in the
industrially pre-fabricated state of manufacturing, depending on the design concept applied, including| the possibility
¢f individual adaptation of lever length and shape. Therefore, the assessment or comparison of the-physical effort for
the operation of such mechanisms may require the calculation of the operating moment ‘as,the product of the
gperating force and its perpendicular distance, d, from the axis of rotation of the lever, on wHichit acts.

When applying an operating moment to the actuator of test samples in the orientation spegified by the
manyfacturer, take into account the following.

— If the principal operating movement of the control or actuating mechanism is axial rotation, enjsure that the
oment is applied to that component as a force couple about its axis_of rotation.

When applying a tensile force to test samples of prosthetic teffinal devices with break-openf features or
prosthetic devices incorporating fail-safe release units, ensure:that this force is applied exactly ifn the specific
direction of translation required to make the break open or fail'safe release mechanism operate.

NOTH 2  This direction may (initially) coincide with the axis 6fthe prosthetic device's adaptor.

D.6.2 Test set-up for sample category

D.3.1 a) Orthotic knee joints with locking-mechanism

Positlon the test sample of an orthotic knee joint as shown in Figure D.2, i.e.
— with the axis of rotation (or reference axis) of the joint horizontal;

— With the long axis of the gssembly inclined at g = 40° to the horizontal,
— with the frontal fa¢e of the assembly pointing upwards;

— with the distal-end of the sample resting on a horizontal surface in a manner providing low fri¢tion.

Support the_proximal end of the sample in a pin joint.

Apply avertical force, F,4 to the distal segment of the test sample at a distance, c, from the |[knee axis of
rotation (or reference axis) as illustrated in Figure D.2 and specified in Table D.1 for the relevant test set-up.

NOTE 1 The vertical force F,,, is applied to the test sample to represent the weight of the normal body parts to which
the device would be attached.

NOTE 2 To ensure that the vertical test force F,, applied produces a uniform effect, it is necessary to adapt the value
of the distance, ¢, to test set-ups with segmental lengths of the test sample differing from a = » = 450 mm.

Apply the operating force Fop to the actuator of the test sample in accordance with D.6.1.
Increase the operating force Fyp at arate not exceeding 10 N/s until the locking mechanism disengages.

NOTE 3  The disengagement of the locking mechanism may be tested manually by attempting to flex the joint.
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Record the value of operating force, F,,4 at which the locking mechanism disengages, together with the value
of the distance, d4, of the line of action of Fop1 from the axis of the actuating lever (if present) at the instant of
disengagement, if appropriate (see NOTE 1 of D.6.1).

Relock the knee joint and repeat the test procedure five times.

Calculate the mean of the values of operating force Fop measured in the six tests.

Repeat the six tests with a vertical force F,,, applied to the test sample.

NOTE 4 The vertical force F,
user to the fropt-ef-the-thigh-te-create-a

Record the vialue of operating force F,, at which the locking mechanism disengages, together with-the yalue
of the distange, d, of the line of action of F,, from the axis of the actuating lever (if present) at.the instant of
disengagement, if appropriate (see NOTE 1 of D.6.1).

Calculate thg mean of the values of operating force F,,, measured in the six tests.

Carry out thg entire test procedure on a second test sample.

Calculate anfl record as the final test result the mean of the values of operating force F,, measured in both
test series.

NOTE 5  Fqr specific designs of orthotic knee joints it may also be of interest\{o establish the operating force required to
engage the logking mechanism. For such designs the procedure of D.6.2 may.be adapted for this purpose.

Table D.1 — Parameters of the test set-up for sample category D.3.1 a)

Test sdt-up Segmental lengths of Dlstan.ce of load appllclatlon Vertical force
test sample point from knee axis
a b c Fooq Fio
mm mm mm N N
Regdlar 450 450 280 60 120
Individual a; b, ¢, = b, — 85(1 + b/a;) 60 120

D.6.3 Test set-up for'sample category

D.3.1 b) Orthotic elbow joints with locking mechanism

Position the fest.sample of an orthotic elbow joint with the upper arm side bar vertical and the lower arm side

b | k d Iv\ hreigantallvy (ean Eicvira M) 2\ If thia Ancian ~f tha tnct carmnda Aance nat Alloaag thaon nacitiane |t b
ar locked herizentally{seeFigure-B3)—t-the-design-of-the-test sample-dees—netalow-thesepesitiens-to be

achieved in one test set-up, set the lower arm side bar horizontal and the upper arm side bar as close as
possible to the vertical.

Ensure that there is no other support for the elbow joint or the lower arm side bar.

Apply a vertical force, F,, = 20 N, to the distal segment of the test sample at a distance, ¢ = 120 mm, from the
elbow axis of rotation (or reference axis) as illustrated in Figure D.3.

NOTE 1 The vertical force, F, is applied to the test sample to represent the weight of the normal body parts to which
the device would be attached.

Apply the operating force, Fop to the actuator of the test sample in accordance with D.6.1.
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Increase the operating force, Fop at a rate not exceeding 10 N/s until the locking mechanism disengages.
Record the value of operating force, Fop1 at which the locking mechanism disengages, together with the value
of the distance, d,, of the line of action of F, 4 from the axis of the actuating lever (if present — see NOTE 2) at
the instant of disengagement, if appropriate (see NOTE 1 of D.6.1).

NOTE 2  The operation of the type of locking mechanism on the sample of orthotic elbow joint shown in Figure D.3
does not require an actuating lever.

Relock the elbow joint and repeat the test procedure five times.

Ca|c| late the mean of the valiles of npnrafing farce pOpI measured-inthe six-tests-

Carry out the entire test procedure on a second test sample.

Calcylate and record as the final test result the mean of the values of operating force Byp mea sured in both
test deries.

NOTB 3  For specific designs of orthotic elbow joints it may also be of interest to establish the operating|force required
to engage the locking mechanism. For such designs the procedure of D.6.3 may be adapted for this purposqg.

D.6.4 Test set-up for sample category

D.3.1 c) Prosthetic knee units with locking mechanism

Positlon the test sample of a prosthetic knee unit as shown in‘Figures D.4 and D.5, i.e.:
— with its axis of rotation (or reference axis) horizontal;

— With the long axis of the assembly inclined at.= 40° to the horizontal;

— with the frontal face of the assembly pointing upwards;

— with the heel of the prosthetic ankle-foot device (see NOTE 4 of D.3.2) or the distal end df the sample
flesting on a horizontal surface ih.a'manner providing low friction.

Suppport the proximal end of the sample in a pin joint.

Apply the operating force o to the actuator of the test sample in accordance with D.6.1.
Increpse the operating/force F,, at a rate not exceeding 10 N/s until the locking mechanism diserjgages.
NOTH 1 Theldisengagement of the locking mechanism may be tested manually by attempting to flex the joint.

Record the\value of operating force, Fop1 at which the locking mechanism disengages, together with the value
of thg distance, d,, of the line of action of Fop from the axis of the actuating lever (if present — seg Figure D.5)

at thenstantof disengagement, i appropriate (see NOTE Tof D.6.1).

Relock the knee joint and repeat the test procedure five times.

Calculate the mean of the values of operating force F,,; measured in the six tests.

Repeat the six tests with a vertical force F,, applied to the distal segment of the test sample at a
distance ¢ = 50 mm from the knee axis of rotation (or reference axis) as illustrated in Figures D.4 and D.5 and
specified in Table D.2 for the relevant test set-up.

NOTE 2  The vertical force F, is applied to the test sample to simulate the effect of the user either inclining his/her trunk
anteriorly while standing on the prosthetic device or applying a force manually to the front of the prosthetic device, or
extending his/her hip, all of which will create a knee extension moment.
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NOTE 3  To ensure that the vertical test force F, applied produces a uniform effect, it is necessary to adapt the value(s)
of the distance “c” and/or the vertical force F, to test set-ups with segmental lengths of the test sample differing
from a = b =450 mm and/or with a knee unit extending by more than 50 mm distal to the knee axis of rotation (or
reference axis).

Record the value of operating force, Fopo at which the locking mechanism disengages, together with the value
of the distance, d,, of the line of action of Fop2 from the axis of the actuating lever (if present) at the instant of
disengagement, if appropriate (see NOTE 1 of D.6.1).

Calculate the mean of the values of operating force, Fop2 measured in the six tests.

Carry out the_entire test procedure on a second test sample.

Calculate anf record as the final test result the mean of the values of operating force, Fop measured in both
test series.

NOTE 5  Fqr specific designs of prosthetic knee unit it may also be of interest to establish the opefating force required
to engage thellocking mechanism. For such designs the procedure of D.6.4 may be adapted for this purpose.

Table D.2 — Parameters of the test set-up for sample category D.3.1 c)

Test set-up Segmental lengths of test Distance of load application Vertical force
sample point from knee axis
a b c Fp
mm mm mm N
Regular 450 450 50 120
Individual a b, &> 50 F..; =24 x10%(a, + b)/a(b; - c)

D.6.5 Test|set-up for sample category

D.3.1 d) Prosthetic elbow units with locking'mechanism
Position the fest sample of a prosthetic elbow unit with the upper arm components vertical and the lowef arm
components [locked horizontally (see* Figure D.6). If the design of the test sample does not allow fhese
positions to pe achieved in one-test set-up, set the lower arm components horizontal and the uppef arm
components jas close as possible to the vertical.

Ensure that there is no other support for the elbow unit or the lower arm components.

Apply the opgrating force, Fop to the actuator of the test sample in accordance with D.6.1.

Increase the |operating force, F,, at a rate not exceeding 10 N/s until the locking mechanism disengages.

Record the value of operating force, Fop1 at which the locking mechanism disengages, together with the value
of the distance, d,, of the line of action of F, 4 from the axis of the actuating lever (if present — see NOTE 1) at
the instant of disengagement, if appropriate (see NOTE 1 of D.6.1).

NOTE 1 The operation of the type of locking mechanism on the sample of prosthetic elbow unit shown in Figure D.6
does not require an actuating lever.

Relock the elbow unit and repeat the test procedure five times.
Calculate the mean of the values of operating force Fop measured in the six tests.

Carry out the entire test procedure on a second test sample.
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Calculate and record, as the final test result, the mean of the values of operating force Fop measured in both
test series.

NOTE 2 If appropriate, the six tests may be repeated with a vertical force F, applied to the test sample to represent
either the weight of an article carried by a terminal device or any distally applied force considered to be representative of a
typical situation in daily use. In the first case the same procedures as specified in D.6.3 for test samples of orthotic elbow
joints can be applied; in the second case these procedures can be adapted accordingly.

NOTE 3  For specific designs of prosthetic elbow units it may also be of interest to establish the operating force
required to engage the locking mechanism. For such designs the procedure of D.6.5 may be adapted for this purpose.

D.6.6 Test set-up for sample category

D.3.1 e) Prosthetic elbow units with user-driven articulation
Set tihe lower arm of the test sample of a prosthetic elbow unit to a length of /= 250 mm-when mgasured from
the e|bow joint's pivot to the adaptor surface of the terminal device. Prepare the terminal device sp that it grips

a rod|of 40 mm diameter with its “fingers” clasping the rod as far as possible. Cutthe’rod so that fhe sum of its
masq and that of the terminal device is 500 g.

If the|terminal device itself has a mass of 500 g or more, prepare it without a‘rod and with its “fingers” “closed”.
Record the mass of the terminal device.

Positlon the unlocked test sample of prosthetic elbow unit with the¥upper arm components affiked vertically
and the lower arm components placed horizontally on a support arranged at their distal end as|illustrated in
Figure D.7.

Placg the upper end of a sheet of paper between the lower arm and its support and fix to its lowef end a mass
of 10P g approximately.

Apply the operating force Fop to the actuator of the test sample in accordance with D.6.1.

Increpse the operating force F, either in:@.continuous manner at a rate of 5 N/s or in increments of 5 N until
the Igwer arm component lifts o?f the support, indicated by slipping of the sheet of paper.

Record the value of operating force Fopi at which this occurs.

Re-afrange the test set-up and.repeat the test procedure five times.

Calcylate the mean of the-values of operating force Fop1 measured in the six tests.
Carry out the entiretest procedure on a second test sample.

Calcylate andrecord as the final test result the mean of the values of operating force F,, meagured in both
test geries.

D.6.7 Test set-up for sample category

D.3.1 f) Prosthetic terminal devices with built-in closing function

NOTE 1 This most common group of terminal devices incorporates mechanisms that provide, in their non-operated
state, a “built-in” grip force of pre-determined magnitude, by means of preloaded internal spring elements, and that are
opened by the application of an external operating force.

Position the test sample of a prosthetic terminal device as illustrated in Figure D.8, i.e.

— with the “fingers” pointing downwards;

— with the contact area between the “finger tips” vertical, when gripping a thin article as for example a stiff
sheet of 1 mm thickness.
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Place the upper end of a sheet of paper between the “finger-tips” of the device and fix to its lower end a mass
of 100 g approximately.

Apply the operating force Fop to the actuator of the test sample in accordance with D.6.1.

Increase the operating force, F,, either in a continuous manner at a rate of 1 N/s or in increments of 1 N until
the terminal device opens at the “finger-tips”, indicated by slipping of the sheet of paper.

Record the minimum value of operating force, F 4 at which this occurs, together with the value of the
distance, d,, of the line of action of F_ , from the axis of the actuating lever (if present) at the instant of

disengagement, if appropriate (see NOTE 1 of D.6.1).

Increase the|opening movement of the terminal device either in a continuous manner at a speed of t~mm/s or
in incremenfs of 1 mm until the maximum opening width/(grip width) is reached and record-the rglated
operating forfe Fop continuously or step-by-step.

NOTE 2  THhis method of operating the terminal device requires the test equipment used to be switched over fron] force
control to displacement control.

Record the maximum value of operating force, F,, reached and the opening width at which this opcurs

(see NOTE 2
actuating lev

NOTE3  TH

), together with the value of the distance, d,, of the line of actionzof 7, from the axis ¢f the
br (if present) at the instant of disengagement, if appropriate (see NOTE 1 of D.6.1).

e maximum value of operating force, Fop may not occur at the maximum opening width.

Re-arrange the test set-up and repeat the test procedure five times.

Calculate thg mean of the values of operating force, F,;1 and £, > measured in the six tests.

Carry out thg entire test procedure on a second test sample.

Calculate anfi record as the final test result the mean of the values of operating force, F,, measured i} both
test series.

D.6.8 Test|set-up for sample category

D.3.1 g) Prosthetic terminal devices with built-in opening function

NOTE This less common greup\of terminal devices incorporates mechanisms which provide a “built-in” opening force
by means of preloaded internal$pring elements, and which are closed by the application of an external operating forge.
Position the {est sample 'of a prosthetic terminal device with the “fingers” pointing downwards, as illustrated in
Figure D.9.

Place a forc¢ their

transducer of a thickness of

(25 £ 2) mm between the finger-tips so that the centroids of

areas of confa

Apply the operating force Fop to the actuator of the test sample in accordance with D.6.1.

Increase the operating force, Fop either in a continuous manner at a rate of 1 N/s or in increments of 1 N until
a grip force of 20 N is reached.

Record the value of operating force F 4 at which this occurs, together with the value of the distance, d,, of
the line of action of F, 4 from the axis of the actuating lever (if present) at the instant of disengagement, if
appropriate (see NOTE 1 of D.6.1).

Re-arrange the test set-up and repeat the test procedure five times.

64 © IS0 2006 — All rights reserved


https://standardsiso.com/api/?name=c7d9ec385daea25eadaf0b84596a4f91

ISO 22523:2006(E)

Calculate the mean of the values of operating force, F,,1 measured in the six tests.

Carry out the entire test procedure on a second test sample.

Calculate and record, as the final test result, the mean of the values of operating force Fop measured in both
test series.

D.6.9 Test set-up for sample category

D.3.1 h) Prosthetic terminal devices with no built-in closing or opening function, actuated by force
application

Posit
Figun

Placq
areas

Apply

Incre
a grif

Reco
the li
apprd
Re-a
Calcl

Carry

Calcl
test g

D.6.]

D.3.1

Posit
Figun

Placq

on the test sample of a prosthetic terminal device with the “fingers” pointing downwards, as
e D.10.

of contact with the active surfaces of the force transducer are located on its-measuring axis
the operating force, Fopto the actuator of the test sample in accordance with D.6.1.

pse the operating force, F; either in a continuous manner at a raté_of 1 N/s or in increment
force of 20 N is reached.

rd the value of operating force, F,,4 at which this occurs, together with the value of the d
he of action of 4 from the axis of the actuating lever\(if present) at the instant of disen
priate (see NOTE 1 of D.6.1).

range the test set-up and repeat the test procedure five times.

late the mean of the values of operating force, Fop1 measured in the six tests.

out the entire test procedure on a second test sample.

late and record as the final test result the mean of the values of operating force, Fop mea
eries.

0 Test set-up for sample category

on the test\sample of a prosthetic terminal device with the “fingers” pointing downwards, as
e D.11:

illustrated in

a force transducer of a thickness of (25 + 2) mm between the finger-tips so<hat the cenfroids of their

s of 1 N until

stance, dq of
gagement, if

sured in both

i) Prosthetic terminal devices with no built-in closing or opening support, actuated by torque
application (rotation of the forearm relative to the socket)

illustrated in

areas

Apply the operating moment, Mg to the actuator of the test sample in accordance with D.6.1.

a-force transducer of a thickness of (25 + 2) mm between the finger-tips so that the cen:lroids of their

Increase the operating moment, M, either in a continuous manner at a rate of 0,1 N-m/s or in increments of

0,1N

Reco

-m until a grip force of 20 N is reached.

rd the value of operating moment, A/, at which this occurs.

Re-arrange the test set-up and repeat the test procedure five times.

Calculate the mean of the values of operating moment, A, measured in the six tests.
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