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Foreword

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

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the

ISO/IEC Di

[SO draws
patent(s).

rights in r¢
patent(s) ¢
this may n
WWW.iS0.0

fFectives, Part 2 (see www.iso.org/directives).

attention to the possibility that the implementation of this document may invoelve'th
SO takes no position concerning the evidence, validity or applicability of.any”clairy

fhich may be required to implement this document. However, implementers are cau
bt represent the latest information, which may be obtained from the patent database {
g /patents. ISO shall not be held responsible for identifying any or,all. such patent righ

Any trade
constitute

For an exp
related to
Organizati

This docun
with the }

products and accessibility, in accordance with the Agréement on technical cooperation between I

(Vienna Ag

This third
revised.
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test R4

test lo:
at theg

Forme

name used in this document is information given for the convenience of users an
an endorsement.

anation of the voluntary nature of standards, the meaning of ISO specific terms and e
conformity assessment, as well as information about ISO's adherence to the W
bn (WTO) principles in the Technical Barriers to Trade(TBT), see www.iso.org/iso/fore

e use of (a)
ned patent

pspect thereof. As of the date of publication of this document, ISO had not'received nfotice of (a)

fijoned that
wvailable at
S.

d does not

Xpressions
prld Trade
word.html.

nent was prepared by Technical Committee ISO/TFC 168, Prosthetics and orthotics, in co
furopean Committee for Standardization CEN) Technical Committee CEN/TC 29

reement).

edition cancels and replaces the.se¢ond edition (ISO 22675:2016), which has been

hanges are as follows:

nges (R) have been intreduced;

e tables have been’'updated;

I Annex C has'been deleted and integrated in main text;

Subclause.16.5 has been added.

Subclatse 15%2-has been updated;

laboration
B, Assistive
0 and CEN

technically

es pointing

Any feedback or questions on this document should be directed to the user’s national standards body. A

complete li

sting of these bodies can be found at www.iso.org/members.html.
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Introduction

This document offers alternatives to the structural tests on ankle-foot devices and foot units specified in

2016, 17.2, which still suffer from several “weaknesses”, such as:

the inconsistency of the lines of application of the heel and forefoot test forces with those of the test

forces of test loading conditions I and II for the principal structural tests specified in 16.2 (static tests)

.3 (cyclic test) of ISO 10328:2016;

forefoot loading during the cyclic test;

the unrealistic course and magnitude of loading in the phase between the instants of maximum heel and

neous heel

[SO 10328:
a)

and 16
b)
c) the eff;

and fo

In this rela
ankle-foot
required f
component

Finally, the
other appli
and foot uf

NOTE f
design of ap|

ct ofneriodical “stenninag in-a hollaw” during the cvuclic test resulting from simult
r rr o o J 4 ts)

efoot loading at different angles.

tion, it is important to note that the complexity of the test equipment required for th
devices and foot units specified in this document is low, comparable to thatof the test
pr the corresponding separate structural tests specified in ISO 10328;2816. Appary
s of both types of test equipment are similar and can be re-used in a modified design.

cations directed to the assessment of specific performance characteristics of ankle-fi
its that can be of relevance in the future.

urther guidance on the specification of the test loading conditions and test loading levels
propriate test equipment is given in ISO/TR 22676.

b testing of
equipment
bntly, basic

potential of the general concept applied to the test procedures specified in this docunpent allows

bot devices

and on the
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Prosthetics — Testing of ankle-foot devices and foot units —
Requirements and test methods

WARNING — This document is not suitable to serve as a guide for the selection of a specific ankle-
foot device or foot unit in the prescription of an individual lower limb prosthesis! Any disregard of
this warning can result in a safety risk for amputees.

1 Scope

This docur
lower limh
the comple
performan|

This poten
designs of]
realistic cq

In addition
consisting
NOTE), by
at the inst4

hent primarily specifies a cyclic test procedure for ankle-foot devices and foot units

prostheses, these differ in the potential to realistically simulate those dpading co
te stance phase of walking from heel strike to toe-off which is relevant_to the ver
ce requirements such as strength, durability and service life.

tial is of particular importance for the assessment of the perfgrmance of a variet
ankle-foot devices and foot units with specific characteristiecs that will only dev
nditions of loading.

, this document specifies a static test procedure for prosthétic ankle-foot devices and
of a static proof test and a static ultimate strength testdistinguished, besides other fe
the potential to generate heel and forefoot forces at lines of action conforming to thosg
nts of maximum heel and forefoot loading during-the cyclic test.

These loading conditions are characterized by a loading profile determined by the resultant ve

vertical an

The test lo
loading an
device or f

This docur
the intendgd
foot unit sy

This docun
the streng
and foot u
specified i
retested to

NOTE ]

] horizontal (A-P) ground reaction forces and'by a locomotion profile determined by the

ading conditions specified in this document are characterized by standardized formg
1 locomotion profiles, applied by the ¢yclic and static test procedures to each sample of
pot unit submitted for test.

hent specifies Test Ranges ¢R) by specifying locomotion profiles for the cyclic test in
bd use. According to the concept of the tests of this document, each sample of ankle-foq

[bmitted for test is, nevertheless, free to develop its individual performance under loadl.

hent is suitable forthe assessment and testing of prosthetic ankle-foot devices and foot
th requirements specified in 4.4 of ISO 22523:2006 (see NOTE). Prosthetic ankle-fq

pf external
nditions of
ification of

 of recent
blop under

foot units,
atures (see
P occurring

ctor of the
tibia angle.

ts of these
ankle-foot

relation to
t device or

units with
ot devices

hits on the miarket, which have demonstrated their compliance with the strength requirements

1 4.4 of [SO\22523:2006 through submission to the relevant tests of ISO 10328:2016, 1
this doewment.

eed not be

'he’lines of action of the heel and forefoot forces generated by the static test procedure for Tj

(R4) specifi

pd7in this document approach those determining the sagittal plane loading of the test loading

est Range 4
conditions I

and II for the principal structural tests referring to ISO 10328:2016, without changing the values of the angles of the
heel and forefoot platform(s) for the structural tests on ankle-foot devices and foot units specified in ISO 10328:2016.
2 Normative references

The following documents are referred to in the text in such a way that some or all of their content constitutes
requirements of this document. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

[SO 7000, Graphical symbols for use on equipment — Registered symbols

© IS0 2024 - All rights reserved
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ISO 8549-1, Prosthetics and orthotics — Vocabulary — Part 1: General terms for external limb prostheses and

external or

thoses

ISO 10328:2016, Prosthetics — Structural testing of lower-limb prostheses — Requirements and test methods

[SO 22523:
IEC 60417,

3 Term

2006, External limb prostheses and external orthoses — Requirements and test methods

Graphical symbols for use on equipment

s and definitions

For the purposes of this document, the terms and definitions given in ISO 8549-1 and the following apply.

ISO and IE

ISO On
IEC El¢

3.1

proof stre
static load
unit and st

3.2

ultimate s
static load
which coul

3.3
fatigue str
cyclic load

3.4

batch

set of test
undertake

3.5
shock abs
capacity of

3.6
test force
force appli

Note 1 to ef
positive sig

3.7

[ maintain terminology databases for use in standardization at the following addresse

line browsing platform: available at https://www.iso.org/obp

ctropedia: available at https://www.electropedia.org/

ngth
representing an occasional severe event, which can be sustainedby)the ankle-foot de
1l allow it to function as intended

trength
representing a gross single event, which can be sustained by the ankle-foot device or f{g
d render it thereafter unusable

ength
that can be sustained by the ankle-foot dewice or foot unit for a given number of cycleg

samples of an ankle-foot devicé or foot unit submitted together to a test laboratory
tests to demonstrate conformity with requirements

brption capacity
a specimen to abserb-energy by deflection without a proportional increase of force

bd to a sample under test

try: Test equipment, build to test to previous versions of this document (using compression
) downot need to be reprogrammed.

S:

ice or foot

ot unit but

facility to

force with a

accuracy of equipment
accuracy to which the test equipment and any jig and measuring device measures linear and angular
dimensions, test forces and the frequency of cyclic tests

3.8

accuracy of procedure
tolerances with which linear and angular dimensions are set and finally adjusted, test forces and tilting

angles are

applied and the frequency of cyclic tests is controlled

© IS0 2024 - All rights reserved
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4 Symbols

EF,F, Test forces

Foet Settling test force

Foiap Stabilizing test force

Foa Proof test force of end attachments

Figp Fasp Static proof test force on heel/forefoot
Fisw Fasu Static ultimate test force on heel/forefoot

F(t); F.(B)
Flcmax' FZCI

F,

cmin

Flfin’ FZfin

5 Strength and related performance requirements and eonditions of use

5.1 Aprd
use by am
instructiorf
the manuf
The manuf
or internat
For the as;s

of determining different categories of strength:“These are listed in Table 1, together with f{

performan|

5.2 In ot
specific an

Pulsating test force

| ax 15t and 2"d maximum value of pulsating test force

Intermediate minimum value of pulsating test force

Final static test force on heel/forefoot

sthetic ankle-foot device or foot unit shall have the strength to sustain the loads occur
butees in the manner intended by the manufacturer for that device according to th
son its intended use in accordance with ISO 22523:2006, 4.4.1. Based on the written in|
hcturer assigns a Test Range (R) that is approptiate to test the strength for the inf]
acturer/supplier is responsible for the instruetions for use and the related assignmer
ional classification schemes are independént to the instructions and the related a
essment of the strength to sustain loads occurring during use, this document prov

ce requirements and the test methods for their verification.

der to demonstrate the strength to sustain the loads occurring during use by amj
kle-foot device or foot unit the following safety concept shall apply:

shall

m with the reguirements in 9.1 and 9.2 and for a specific test loading level
ements in 7.2,

d in accordance with the body mass limit specified by the manufacturer in consider4
ed use of'that device, and

The statement of the body mass limit not to be exceeded by amputees is part of the conditi
ified, with justification, by the manufacturer in their written instructions on the intended use

ing during
bir written
structions,
ended use.
t. National
ssignment.
des means
he related

butees of a

with the

tion of the

ns of use to
of a specific

ankle-foot device or foot unit, taking account of all other factors affecting the loads expected to be exerted on that
ankle-foot device or foot unit by amputees (see Clause A.1).

The device
a) confor
requir
b) be use
intend
NOTE
be sped
0

be used solely for the intended use as described in the IFU.

The conditions in a), b) and c), are regarded in both the classification and designation of ankle-foot devices
and foot units according to Clause 19 and their indicators according to Clause 20.

© IS0 2024 - All rights reserved
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Table 1 — Categories of strength addressed in this document, together with the related

performance requirements and test methods for their verification

Category of strength Related performance requirement @ Test method for verification
Structure shall sustain static loading by the Static proof test (see 16.2.1),
Proof strength proof test forces F; 4, and F,, at the prescribed |successively applying heel and
values for the prescribed time (see 16.2.2). forefoot loading.
Structure shall sustain static loading by the Static ultimate strength test (see
Ultimate strength ultimate test forces F, g, and F,, at the 16.3.1), separately applying heel and

prescribed values (see 16.3.2). forefoot loading.

Structure shall sustain successively (see 16.4.2)

1) cyclic loading by the pulsating test force

Cyclic test procedure (see 16.4.1),

Fatigue str

F () or F.(p) at the prescribed profite for

repeatedly applying a loadin|
the prescribed number of cycles and p y app’ying

simulating the stance pliase
followed by final static-heel 4
foot loading.

ength

2) final static loading by the final test forces
Fifn and Fyp, at the prescribed values for

the prescribed time.

g profile
bf walking,
nd fore-

a

The per
following th

formance requirements related to a specific category of strength are specified in full“in an individy
e subclause in which the test method for their verification is specified.

lal subclause

6 Coordinate system and test configurations

6.1 Gen

The test configurations of this document are defined in a manner similar to that applied in ISO 1(

Each testc

Each test c
test force 4

6.2 Orig

The origin
standing o

NOTE1 1
in a right-hg

Ifatestsarn

a) Theor
b) The u-
effecti

bral

bnfiguration shall be defined in a two-dimensienal, rectangular coordinate system (se

onfiguration specifies reference parameters-both for the position of the line of applic{
nd for the alignment of test samples within the coordinate system.

in and axes of the coordinate'system

and the axes of the coordinate system are specified in a) to d) in relation to a prosthes
h the ground in an uprightposition. In Figure 1 the ground is represented by the botto

SO 9787 defines coordinate systems for robots. ISO 8855 defines the same coordinate system
nd system: Upward (J,thumb: z; Forward (f), pointer finger: x; Outward (o) (to the left), midd

ple is not in th€'vertical position, the axes of the coordinate system shall be rotated to c
igin 0 of thercoordinate system is located in the bottom plane B.

axis extends from the origin 0 perpendicular to the bottom plane B and passes tl
ve dnkle-joint centre C,, specified in 6.7.3 (see Figure 1). Its positive direction is upwg

proxinpalidirection).

328:2016.

e Figure 1).

ition of the

is which is
m plane B.

for vehicles
le finger: y.

prrespond.

irough the
rds (in the

NOTE 2

The location of the effective ankle-joint centre C, (see Figure 1) is defined in 6.7.3.4. Co

nnectors or

ankle-joint units, connecting the ankle-foot unit to proximal elements, can be located in positions different to C,.

NOTE 3

The u-axis also passes through the effective knee-joint centre Cy (see Figure 1). This can

be relevant

to the setting-up of test samples of specific designs of ankle-foot devices or foot units which extend towards
the knee unit of a lower limb prosthesis and which, therefore, also require the knowledge of the position of the
effective knee joint centre.

forward towards the toe (in the anterior direction).

d)

positive direction points medial for right sided foot.

© IS0 2024 - All rights reserved
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ur
j)

Uk

Un
=
‘({(\
D____
<
5
-

|
Peij | \Pso
Key
B bottom plane (see 6.2)
0 brigin of coordinate system [see 6.2 a)]
u [upward) axis of coordinate system [see 6.2 b)]
f [forward) axis of coordinate system [see 6.2 c)]
Cy effective ankle-joint centre [see 6.2 b) and 6.7.3]
Ck bffective knee-joint centre [see NOTE of 6.2 b)]
Py fop load application point (see 6.3)
Pyy, Py knee load reference points (see 6.3)
Py, Ppy hnkle load reference points (see 6.3)
Pgy, Py, bottom load application points (see 6.3)
1 ine of application of test force F (se€ 6:5)
2 ine of action of resultant reference force Fy; (heel loading) (see 6.6)
3 ine of action of resultant reference force Fy, (forefoot loading) (see 6.6)
Figure-1.— Coordinate system with reference parameters
6.3 Refdrence points
The referepce points’determine the position of the line of application of the test force F (see 6[5) and the
lines of action,df>the resultant reference forces Fy; (heel loading) and Fy, (forefoot loading) (Jee 6.6 and
Figure A.1) within the f~u-plane of the coordinate system (see 6.2 and Figure 1). The coordinptes of the
reference pointsare-asfollows:

— top load application point (see NOTE 1), Py (f, ut);
— knee load reference point, Py (fx, ug);

— ankle load reference point (see NOTE 2), P, (fa, up);
— bottom load application point, Py (fg, 0).

The only reference point to be defined and specified for the application of the test principles outlined in
15.1 is the top load application point Py, at which the test force F (see 6.4) is applied to the test sample (see

Figure 1).

© IS0 2024 - All rights reserved
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The reference points at knee, ankle and bottom level are required to specify the lines of action of the
resultant reference forces Fp; and Fy,.

In the subsequent clauses of this document, the f-coordinates are also referred to as "offsets".
NOTE1 Ifappropriate, the dependence of the position of the top load application point Py (fy, u) on the foot length

L is indicated by the additional suffix 'L"in the form P | (fy 1, ur ) (see 10.5,16.1.1, A.2.2.3,A.2.4.1, D.3.4.2, Figures 4
and 5 and Table 7). If appropriate, general suffix 'L' can be replaced by specific values (see Figures A.2 and D.4).

NOTE 2  If the ankle load reference point P, (f,, u,) describes the position of specific lines of action as illustrated
in Figure 1 for heel loading by resultant reference force F; and forefoot loading by resultant reference force Fg,, this
can be indicated by the additional suffixes '1' for heel loading and '2' for forefoot loading in the form Py (fa1, Ua1)
or Py, (fazs Upp), if appropriate (see A.2.2). The additional suffixes '1' and '2" are also used to identify the fz-offsets
addressed in 13.2.2.2.1 and listed in Table 4.

6.4 Test/force F

The test force F is a single load applied to the top load application point Py specified in‘6.3 alon
application] specified in 6.5.

b its line of

NOTE )i
shown in Fif

uring testing, a force component, Fy, perpendicular to the line of application,ofthe test force H
pbure A.1 on the test machine.

develops as

6.5 Ling of application of test force F

The line of
u-axis (see

application of the test force F passes through the top4ead application point Py parpllel to the

Figures 1,5 and A.1).

6.6 Linds of action of resultant reference forces Fp{and Fy,

The lines df action of the resultant reference forces FryZand Fy, (see Figure A.1) pass through the reference

points spe
directions

NOTE

6.7 Longitudinal axis of the foot.and effective ankle joint centre

6.7.1 Ge|

In order to

a) thelon

b) the eff]

If the locat

)

ified in 6.3, intersecting at the top load application point Py [see also 15.1 d)]. They def]
pf static and maximum cyclic heel and forefoot reference loading (see A.2.2).

or further background information,see‘also A.2.4.

neral
align the test sample within the coordinate system (see 6.1 and 6.2), it is necessary to
gitudinal axis-of the foot (see 6.7.2);

ective ankle-joint centre (see 6.7.3).

on6f the longitudinal axis of the foot or the effective ankle-joint centre is not straightf

ermine the

locate

rward, the

manufacturef/submitter shall provide a diagram or instructions, with justification, identifying |ts location

in relation to the test sample.

6.7.2 Longitudinal axis of the foot

Unless otherwise specified by the manufacturer/submitter, the longitudinal axis of the foot shall be taken
to pass through the centre of the widest part of the forefoot and equidistant between the medial and lateral
borders of the foot at a quarter of the length of the foot from the most posterior part of the foot with the foot
placed as specified in 6.7.3.3 and illustrated in Figure 2.

6.7.3 Effective ankle-joint centre C,

6.7.3.1 Locate the effective ankle-joint centre C, as described in 6.7.3.2 to 6.7.3.4.

© IS0 2024 - All rights reserved
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NOTE The position of a mechanical axle for plantar- and dorsiflexion (if present) is irrelevant to the alignment of
the test sample within the coordinate system.

6.7.3.2 Locate the longitudinal axis of the foot as described in 6.7.2 or in accordance with any specific
instruction from the manufacturer/submitter.

6.7.3.3 Place the foot on a horizontal surface with a block of the manufacturer’s/submitter’s recommended
heel height h, placed under the heel of the foot (see Figure 2).

Unless otherwise specified by the manufacturer/submitter, the recommended heel height for the ankle-foot
device or foot unit under test is taken as h. = 20 mm (see also Figures 4 and 5).

6.7.3.4 The effective ankle-joint centre C, lies

a) inaveftical plane passing through the longitudinal axis of the foot;

b) 80 mnj above the bottom surface;

c) aquarter of the length of the foot from the most posterior part of the foot.

See also 6.2 b), Note 2.

Dimensions inf millimetres

Ca
N

80

1 | 0251

1 block ¢f Fecommended heel height, h.. (see 6.7.3.3)
2 longitudinal axis of foot (see 6.7.2)

C, effective ankle-joint centre (see 6.7.3)
L foot length (see 7.1)

Figure 2 — Determination of longitudinal axis of foot and effective ankle-joint
centre C,

© IS0 2024 - All rights reserved
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7.1 Test
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oading conditions and test loading levels

loading conditions

The complexity of the load actions to which the ankle-foot device or foot unit of a lower-limb prosthesis is
actually subjected during use by the amputee cannot be simulated by a single test procedure. Therefore,
several types of cyclic and static tests are specified, each applying a single or two different test loading
condition(s).

The single test loading condition of the cyclic test is characterized by a specific profile of pulsating test force,
F,(t) or F.(p), applied to the top of the test sample while this is supported by a foot platform which performs
angular movement following a specific profile of tilting angle,  (£).

The two djfferent test loading conditions of the static tests are characterized by a specificite
applied to fthe top of the test sample while this is supported either on the heel or on the ferefo
platform which is fixed at specific tilting angles, §; and S,.

st force, F,
t by a foot

Each test lpading condition produces compound loadings typical of the stance phase‘of walking or other

single even

Each test1
to the esta
length L (s

The test lo
application|

NOTE )i

7.2 Test

7.2.1 Th
characteriy
needed an
values of d

The series
NOTE i

The series
given in 7.2

7.2.2 Th
governed b

The v4

ts of loading occurring in the daily use of a lower limb prosthesis by the,amputee.

ading condition is applicable to test samples of ankle-foot devices-and foot units of a

be Figures 2, 4 and A.2).

ading condition(s) of each type of test are addressed inable 12 together with their
and specified in the relevant table of Tables 3 to 11. Further‘information is given in Clause

or further information see Annex A.

loading levels and Test Ranges (R)

h

b load actions referred to in 7.1 vapy with individual physical parameters,
tics of the amputee and other factots. For these reasons different categories of pro
d, consequently, different test loading levels are required, each being specified by
mensions, number of loading cyeles and loads.

or further information-see Annex A.

Test Ranges (R) define locomotion characteristics together with the number of loadin
.4

e specification of the test loading conditions of each of the test loading levels listed
y a safety’concept, characterized in the following manner (see also Tables 3 and 9).

lues*of the test forces Fy ., and F, ... of the cyclic test according to 16.4.1 are s¢

size, due

y
blishment of a relationship between the position of the top load.application point P artld the foot

manner of
515 and 16.

ocomotion
sthesis are
individual

P test loading levels designated as given in 7.2.3 shall apply to lower limb prostheses for adults.

g cycles as

in 7.2.3 is

t at a level

which

41 £..11 £1 | - o 1 a1 41 1 - o s : 1 L. b
UVCTS LT TUIT TdIIgT UL'TUAQU dULIULLS UISTIUSTU Uy ULIT TULUIITIULIVUIT Udld dULUUITTU ITUIIT U

amputees representative of the relevant test loading level (see Annex A).

e group of

The corresponding values of the test forces F,, and Fy, of the static proof test according to 16.2.1 and

the test forces Fyq, and F,, of the static ultimate strength test according to 16.3.1 are calculated by
application of factors as specified in Table 3.

taken in clinical or technical service.

© IS0 2024 - All rights reserved
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7.2.3 Designation of test loading levels for adults is given below.

Test loading levels: P3, P4, P5, P6, P7 and P8.

NOTE Field experience has shown that there is a need for lower limb prostheses which sustain loads above the
level covered by test loading level P5. In order to allow the structural testing of such prostheses on a uniform basis, test
loading levels P6, P7, and P8 have been developed and are defined for the principal structural tests and the separate
structural tests on ankle-foot devices and foot units in this document.

7.2.4 Description of Test Ranges (R) for adults is given below.

The test parameter that is varied for the ranges is the angular profile (see Table 8) to emulate the
biomechanical parameters and activities of Test Ranges R2, R3 and R4 defined in Table 2.

Backgrounld Data about the average walking speed addressed in Table 2 is given in Annex E.
If a patientirange assignment is uncertain, always use the next higher Test Range (R).

In absence|of an accurate biomechanical assessment, Test Range R4 should be used.

Tahle 2 — Average walking speed and Description/Activities relatedto Test Ranges|(R)

Test Average walking
Ra‘ils o speed? Description/Activities
g m/s [km/h]
— Slow walking on level ground and{ow slope ramps;
— Canrequire use of walking aids;
R2 < 0,84 [3,0]
— Limited ability to traverse.obstacles and environmental barriers;
— Examples: Moving afound at home, limited walking in the commurjity.
— Moderate walking on level ground, moderate slope ramps, and stafrs;
R3 < 1,11 [4,0] — Ability to traverse most obstacles and environmental barriers;
— Examples: Confident outdoor walking, moderate impact recreational
activities (e.g. golfing, biking, hiking).
— _Fast walking on uneven terrain, ramps, and stairs;
R4 > 1,11 [4,0] = . Ability to traverse any obstacles and environmental barriers;
— Examples: Temporarily carrying heavy objects, high impact recreational
activities (e.g. jogging).b

a  Average|walking speed'fanges in Table E.1 about six-minute walk test (see Reference [4]).

b Use in athletic performance and competitive sports is outside the conditions of Test Range 4 (R4).

8 Values‘of test forces, dimensions and cycles

Forces and twisting moments; segmental lengths, offsets and angles; prescribed number of cycles are
addressed.

Tables 3 to 11 describe and/or specify the values of

— test forces;

— test forces, related to Test Range (R);

— dimensions such as segmental lengths, foot lengths and coordinates (offsets);

— cycles (prescribed number of loading cycles).

© IS0 2024 - All rights reserved
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Figure 3 illustrates thresholds for the loading profile of the cyclic test.

Annex D indicates how the adjustment of the tilting axis, TA, of the foot platform in dependence on the foot
length, L, specified by the values listed in Table 7, can be avoided or limited by transposing the top load
application point P (see D.3.4).

Table 3 — Test forces and relevant references

Reference
Test force 2
Subclause Table Relevant test
Settling test force Fyet = 0,8 Fiemay
Stabilizing test force F, 13.2.2 Table 5 Proof test of
stab e ——— | end attachment
Proof test force on end attachments Foa=1,2 Fgy wpperlevel
Static proof tegt force on heel F,.,=175F i
cp 1sp Lemax 16.2.1 Table,S, Static
Static proof tegt force on forefoot Foep =175 Fyemax proof test
Static ultimatg test force on heel
— lower leve Flsu,lowerlevel =15
— upper leve Figp
Static ultimatg test force on forefoot Figu, upper level = 2,0
’ Static
— lower leve F
: 1sp 46.34 Table 9 ultimate

— upper leve strength test

FZsu,lowerlevel = 1'5

FZsp

FZSu, upper level = 2,0

FZsp
Pulsating test force F(); F(B)
1stand 2nd maximum value of pulsating test force Fiemax Foemax 13.4.2, [?:tt))lfsgllo Cyclic test
Intermediate thinimum value of pulsating test force Femin 16.4.1 and 11) procedure
Final static tegt force on heel / forefoot Fitin Fofin o

2 Thetestfprces Fy, Fy,, Fyp and Fy, are determined using appropriate factors:

[able 4 — Values of bottom offsets f; |-(heel) and f;, | (forefoot) for given values
of fogt length L, relevant to the design and/or adjustment of the rigid foot dummy reqpired
to simulate the effective lever arms of/an ankle-foot device or foot unit in the proof test

ofend attachments
Parameter Dimension Value
Foot lenfth L cm 20021 | 22 | 23 | 24 | 25 [ 26 | 27 | 28 | 29 [ 30 [[31 | 32
fp1,1.=fp1,26°(L/26)
Jo1f M 4327233 -35[-36]-38]-39|-41|-43|-44|-46]-47 ||-49]-50
£l o fB2,1.=fB2,26"(L/26)
B2, L 105 | 110 | 115 | 120 | 126 | 131 | 136 | 141 | 146 | 152 | 157 [[162 | 167
See 13.2.2

2 The valyes of fygz-are determined by the condition given in Formula (1): (f5 26 = f1,26) / Ut 26 = Ua, 26 = f1,26) / Ur, 26 — Ua, 26)-

For the valugs offy %, see A.2.2.1 d); for the values of u, ,¢ and uy 5, see Tables 6 and 7.

© IS0 2024 - All rights reserved
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Table 5 — Test forces of the proof test of end attachments

End attachments for e s . Proof test
- — Stabilizing | Settling test force
Test . . ] F.op; (F ) b| F .- (Freet) b pa’ U Rpa
loading Heel loadin Forefoot loadin stab’ L Rstab set’ L" Rset N
procedure g g N N
level Fyat By Faatp,
X -1 630 -6 800
Pg (-1 640) (-6 840)
X -1 609 -6 711
(-1 640) (-6 840)
X -1 408 -6 323
7 =4163 (-6360)
X -1389 -6 240
(-1 416) (-6360)
X -1 217 -5822
P6 (-224) (-5856)
X 1201 -5 746
(-1 224) (-5856)
All tests X 50 1018 -5 345
ps (-1 024) (-5376)
X -1 005 -5 275
(-1 024) (-5 376)
X -939 -4 927
pa (-944) (-4 956)
X -926 -4 863
(-944) (-4 956)
X -732 -3842
p3 (-736) (-3864)
X -722 -3791
(-736) (-3864)
See 13.2.1
X: Indicator |inking test loading condition te-test force.
a2  End attpchments that satisfy the (stiffness requirements of the proof test of end attachments for proof test forces
Foa=1,2 Fg |ipperlevel Of a specific testdoading level specified in this table are suitable for all static and cyclic tests of this document
carried out gt this specific test loadingtevel and at all lower levels.
For sets of end attachments, indiVidually designed to the specific requirements of the test loading conditions of the static and
cyclic tests pf this documentiand/or to the specific requirements of the ankle-foot devices or foot units submitted for test,
particular c¢nditions apply(s€e the option described in 13.2.2.1).
b The reldtionship Between the values of F and Fy (Resulting force, placed in parentheses) is determined by Fdrmula (A.5)
using the values of §;-and 6, specified in A.2.3. The values of Frare calculated from the relevant values listed in Thble A.1 (see
A.2.3), using the¢factors specified in Table 3. Which set of values applies depends on how the assembly of end atfachments is
placed in thq test equipment (see 13.2.2.2.3).

© IS0 2024 - All rights reserved
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Table 6 — Total length of test samples and segmental lengths of end attachments

Dimensions in millimetres

level Typical combinations of segmental lengths of end attachments?
A B C
uT,Lb — — —
Ur 26~ Ug=78
(ut - ug = Total length - 500)
y o Ut 96~ Uc =328 o
K (ur - uc=Total length - 250)
Ut 96— Uy =498
[0t 26~ Up = 578:(1/26) - 80]
uc = 250¢ (g = Ua) Any foot length = 420 - N
(uc—uy) =170
Up — — —
Up, Any foot length = 80 uA, Any foot length = 80 1A, Any foot length = 80
Zero — — —
Total lengfh? U 26="578 U 26=578 ur, 26=57p
ug,,® uq =578(L/26); (Lin cm)
a2 Thetotqllength of test samples can be achieved by different combinations of segméntal lengths of end attachmenits. Examples

of combinati

— column 4
top load app|

— column |
uc =250 mm

— column
top load app|

b The valy
Table 7. The

¢ The val
individual d
250 mm.

ons of segment lengths, typical of the different types of end attachments, are listed in columns A, B and

\ specifies the segmental lengths of a test sample set-up using endiattachments extending from the kne
ication level,

B specifies the segmental lengths of a test sample set-up using‘end attachments extending from a conne
[see )] to the top load application level, and

[ specifies the segmental lengths of a test sample set{lip using end attachments extending from the ankl
ication level. This specific set-up is illustrated in Eigure 4.

e of up | is dependent on the footlength L, as irfidicated. The foot length L is shown in Figures 2 and 4 ang
dimension uy | is shown in Figures 4 and 5 and specified in Table 7.

e of uc specifies any connecting level(between the knee and ankle level, to be determined in conside
psign of ankle-foot device or foot unit under test. For the example used in this table, u; has been given

C, where

b level to the

cting level at

e level to the

specified in

ration of the
the value of

© IS0 2024 - All rights reserved
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Table 7 — Coordinates of top load application point P and tilting axis TA of foot platform based on
given values of foot length L, for all test loading levels

Footlength L 2.b
cm
Test 20 | 21 | 22 | 23| 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32
Subject pcll“oce- Related values of /- and u-offsets of P ¢ and TA ¢
ure - -
Direction Numerical value
and
location mm
Position of f fr,1=fr,26"(L/26)
top load TL 17 | 18 [ 19 [ 19 [ 20 [ 21 [ 22 [ 23 | 24 | 25 | 25 | 26 | 27
Op oa | | | | | | | | | | |
o IL All tests
applicatio U 1= Uy 56°(L/26)
i q u , )
point, Py Tl 445 [ 467 [ 489 | 511 [ 534 | 556 | 578 ] 600 | 622 | 645 J6b7 [[689 | 711
Position of f J1a,.= 0,365L
tilting axig ™l 173 |77 | 80 | 84|88 91| 95| 99 |102fa0e | 110 |[113 | 117
& All tests
TlA c;f fooEj Ura = 0,1-L
u ,
platiorm ™LoTo0 [ 21 [ 2223 242526 2720282930 ]31] 32
a2 The foot length L is specified in cm, taking into account that in many countries the foot size determining the fpot length is
measured in/cm.
b The seldction of appropriate sizes of ankle-foot devices and foot units for test purposes is not limited by the rgnge given in

this table. T}
¢ Seeb.3
d  See13.4

nd Figures 1, 4 and 5. (For further information see 16.1.1 and A.2.2:3.)
.2.3 and Figure 5. (For further information see 16.1.1, D.3.2 apd D.3.3.)

e Formulae allow the calculation of f- and u-offsets of P and TA relating to any foot length L.

Table 8 — Angles of toe-out position of foot and'specific tilting positions of foot platform,
based on Test Ranges (R) for all test loading levels
Angles
Supject Test N ical
procedure Event Direction? jLmerica
valpie/degree
Toe-out pgsition of foot
(see Rigure 4) All tests — y 7
Intermediate minimum value, F_;, Bremin 0
R2 B () -11,9
Instantaneous tilting B (600) 26,0
positiins of foot Cvelic test o 166
plaform yclic tes Tllltlfng angle f () of foot R3 B ,
(see 13.4.2.8) platform B (600) 34,0
-20,1
R4 0!
B (600) 40,0
Fixed tilting-positions Heel loading, F, and F . = By -10
0{ footlglit{og)m Static proof test, Forefootloading, F; and F, .« B, 13
see 13.4.1. X :
d static ultimate |Heel loading, F,; and Fy,,, B1 -14
an strength test : R3
Instantaneous tilting and Forefoot loading, F, and Fy .« B2 17
positions of foot Cyclic test Heel loading, F; and F; .« By 17
platform R4
(see 13.4.2.8) Forefoot loading, F, and Fy .« B2 20

a  The positive direction of the angles y and 8 is shown in Figures 4 or 5, respectively.

© IS0 2024 - All rights reserved
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The loading|period of 600 ms corresponds to the average stance'phase time of a typical walking cycle of 1 s du

eF

remaining tfme of 400 ms of the walking cycle corresponds to-the swing phase).
The referenge points a to h are specified in Table 10.

ration. (The

Figure 3 + Illustration of reference pointsfor the establishment of thresholds listed in Table 10 for

specification of the loading profile of the cyclic test
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Table 10 — Thresholds according to Figure 3 for specification of the application
of the loading profile of the cyclic test

Threshold
Instant Rate of loading/unloading .
Reference (Time Inter- (Value relevant to test loading level) Test force F(t) at reference point
oint after val kN/s N
p heel of time
contact) Sym- Value relevant to test loading level
P3 P4 P5 P6 P7 P8 bol
ms ms ° P3 P4 P5 P6 P7 P8
a 0 F.(t,) 0 0 0 0 0 0
115 -8,0 -10,2 | -11,1 | -13,3 | -154 | -17,8
b 115 Fiemax | -915 |-1173|-1273 |-1521{-1760 | -2038
51 N
c 166 Fiemax | 915 |-1173|-1273 | 1521 | Y60 | 2038
103 | 29 | 38 | 41 | 49 | 56 | 65 aQ°
d 269 Femin | -611 | 783 | -8504]21016 | -1}75 | -1361
N
62 e
e 331 Foun | -611 | 783 | L850 |-1016|-1]75| -1361
VN
102 -2,9 -3,7 -4,0 -4,8 -5,6 -6,4 C\&')
f 433 Fpemax | -903 ¢/ 158 | 1256 | -1501 [ -1737 | 2011
51 , 9
g 484 Fsza&<?§‘03 1158 | -1256 | -1501 |-1§37 | -2011
116 7,9 9,9 10,8 13,0 15,0 17,4 ~ 9 -
h 600 L) |0 0 0 0 0
R2 (}, 1
TN A\
Force related to Test Range (R) \HQ* 1
. 0\. R4 1

NOTE The load
the walking cyd
corresponds to
instant after he

h test frequency f= 1 Hz. For other test frequencies, prefer
bl contact for which rates of loading/unloading or test,tyke are specified in this table can easily be adapted by linear scaling.

ng period of 600 ms corresponds to the average stance phasah}‘ne of a typical walking cycle of 1 s duration (the remaining tii
le corresponds to the swing phase). Simulating this stance se time-swing phase time-relationship in a cyclic test, a loading p|
etween 0,5 Hz and 3 Hz (see 16.4.1.6 and 16.4.1.7), the time interva

he of 400 ms of
eriod of 600 ms
s between each

>
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Table 11 — Data specifying the values of test force F_(t) illustrated in Figure 6 in 30 ms-time
increments for guidance on their application

Time Pulsating test force F_(t)
(Instant after (Value relevant to test loading level)
heel contact)
ms P3 P4 P5 P6 P7 P8
N N N N N N
0 0 0 0 0 0 0
30 -238 -306 -331 -396 -458 -530
60 -477 -612 -663 -793 -918 -1 062
90 716 949 996 +1056 +37+F -1 595
12¢ -878 -1126 -1221 -1460 -1 689 -1 956
154) -915 -1173 -1273 -1521 -1 760 -2 038
180 -873 -1120 -1 215 -1 451 -1679 -1944
21( -785 -1 007 -1 092 -1305 1510 -1748
240 -697 -893 -969 -1159 41 341 -1 552
27 -632 -811 -880 -1 051 -1216 -1408
300 -611 -783 -850 -1 016 -1175 -1 361
33¢ -632 -810 -879 -1 051 -1216 -1 408
36¢ -694 -891 -966 31M54 -1335 -1546
39( -781 -1 003 -1 086 -1 298 -1502 -1 740
42 -866 -1110 -1204 -1440 -1 666 -1929
450 -903 -1158 -1 256 -1501 -1737 -2 011
480 -861 -1105 -1-198 -1431 -1 656 -1918
51( -698 -895 -971 -1 160 -1 343 -1555
54 -463 -593 -643 -770 -891 -1 031
57 -231 -296 -321 -384 -444 -515
600 0 0 0 0 0 0
9 Compliance
9.1 General
In order tq claim compliance with this document for an ankle-foot device or foot unit submitted for test,
a prescrib¢éd number‘of'test samples of this structure from the allowed batch, specified in Tabje 12, shall
satisfy the|relevanfirequirements of Clauses 9, 10 and 16 and the relevant test loading conditiops and test
loading levels of.Clauses 7 and 8. Any claim of compliance shall state the test loading level and the Test
Range (R) at which tests were conducted.

Compliance of an ankle-foot device or foot unit submitted for test with the performance requirements of a
specific test of this document shall have a certificate from the test laboratory/facility only for the specific
prosthetic assembly and alignment simulated in the set-up of the batch of test samples of the ankle-foot
device or foot unit which have been subjected to this test (see 9.3).

Compliance demonstrated for devices subjected to a higher Test Range (R) also covers lower Test Ranges (R)
at identical P-level.

NOTE The manufacturer/submitter can also claim compliance for other prosthetic assemblies and/or alignments
in which the ankle-foot device or foot unit submitted for test can be used, provided it can be proven that these lie
within the range of loading covered by the most adverse assembly and the worst-case alignment simulated in the test
sample set-up of the ankle-foot device or foot unit submitted for test.
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9.2 Particular arrangements and requirements concerning the part required to connect an
ankle-foot device or foot unit to the remainder of a prosthetic structure

9.2.1 Arrangements for testing

Batches of the part required to connect an ankle-foot device or foot unit to the remainder of a prosthetic
structure, such as an ankle-unit, ankle attachment, alignment device or pylon base, shall be tested in either
of the ways described in a) and b), depending on its combination with ankle-foot devices or foot units
intended to be allowed by the manufacturer/submitter.

a)

specifi

b)

tests s
lever

9.2.2 Re

a) In the
each s

docum

In the
“unive
certifi

b)

NOTE

connecting
assemblies,
(see NOTE g

9.3 Nun

The mini
claim com

The tests s

The minim
test shall ¢

If appropri

Based on this claim of compliance, the manufacturer/submitter can allow the use of the

pecified in ISO 10328:2016 in a test sample set-up in which the foot unit-is replaced
rm, in order to apply the longest effective lever arm possible.

quirements for claiming compliance

case of 9.2.1 a), the manufacturer/submitter can claim compliance with this do
becified assembly of connecting part and ankle-foot devi€e)or foot unit passing the t
ent, as stated in the certificate issued by the test laboratory/facility (see 2"d paragrap

case of 9.2.1 b), the manufacturer/submitter can claim compliance with ISO 10328:2
sal” connecting part passing the principal struetural tests of that document, as st
rate issued by the test laboratory/facility (see 2"%paragraph of 9.1).

part in combination with any ankle-foot(device or foot unit. In order to claim complian
it is, however, necessary that the anklezfoot devices or foot units involved pass the tests of th
£9.1).

iber of tests and test samples required to claim compliance with this docur

m number of tests required for each type of test in the prescribed loading conditions
liance with this document is shown in Table 12.

hall be conducted.ofi test samples from the batch specified in Table 12 for each type of]

If the type of connecting part is intended to be allowed for use in combination with one or several
ed

of this part

fied in this

e of ankle-
structural
by a rigid

rument for
bsts of this
h of 9.1).

D16 for the
hted in the

“universal”
ce for such
s document

nent

in order to

test.

um numberdndicates, how many test samples of an ankle-foot device or foot unit sulpmitted for

bmplete the'tests without failing.

hte, thetests shall be conducted in the worst-case alignment position of the test sample;

(see 10.6).

NOTE ]

'€ total number of test samples actually needed for the conduct of all tests required can dif

fer from the

total calculated by addition of the number of test samples specified in Table 12 for each type of test, since the number
of substitutes needed can vary, and since test samples that have completed a specific test without failing may be used
for another test (see 9.4, 16.2.1 and 16.3.1).

9.4 Multiple use of test samples

9.4.1 Ge

neral

Test samples, which have demonstrated compliance with the requirements of any of the tests specified in
this document, may be subjected to other tests of this document, except as stated in 9.4.2.
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Any decision on the multiple use of test samples shall be based on a corresponding indication in the test
submission document (see Clause 12) and/or the agreement between the manufacturer/submitter and the
test laboratory/facility.

As a general rule, any failure occurring during a test on a test sample that has previously been subjected to
another test justifies the repetition of the failed test on a substitute test sample (see Table 12).

NOTE The multiple use of test samples is specifically addressed in the static proof test (16.2.1) and the static
ultimate strength test (16.3.1).

Unless otherwise indicated in the test submission document and/or agreed between the manufacturer/
submitter and the test laboratory/facility, this document does not stipulate that the tests required to claim
compliance for the ankle-foot device or foot unit submitted for test be conducted in a particular order, with

the excepti

9.4.2 Re

Complianc
be claimed
document.

9.5 Test

For differe
tests of thi
from the n

In this casq

However, ¢
document,

Reference
of ankle-fo

a) follow

or, in a moj

£l Aaas ol LY - 4.1
Ul Ul LIIT TCTOSUTIICLIUILT DPCLIIICU I J. Tl
striction

e of any test sample with the performance requirements of the cyclic test ofthis docun]
if the test sample has previously been subjected to the static ultimate’strength {

ing at particular test loading levels not specified in thisidocument

ht reasons, the intended use of a particular design of ankle-fo6t device or foot unit can
5 document to be applied at a particular test loading levebnet specified in this documg

, compliance with this document cannot be claimed,for that particular test loading levj

ompliance with this document may be claimed¥for the next lower regular test loading |
from which that particular test loading levelhas been derived.

o this document can also be given by stating that the prescribed batch (or batches) of tg
pt device or foot unit submitted for test has/(have) been tested

ng this document

e specific manner,

b) by applying the tests of this.doetument at test loads set x % above test loading level P,

bxt lower regular test loading level of this document bylincreasing its test loads by x %}

ent cannot
est of this

require the
nt, derived

el.

evel of this

st samples

© IS0 2024 - All rights reserved
19


https://standardsiso.com/api/?name=d3d3fe976fb162811493548dc9d4eaf0

ISO 22675:2024(en)

Table 12 — Number of tests and test samples required to claim compliance with this document

o Batch b of test samples allowed
Minimum 2 for each type of test
Test loading condition and number . -
Type of test manner of application of tests Regular Possible substitute test
. test samples
required
samples No. ¢ Reference
Static proof | Direction of heel loading and direction
test of forefoot loading, successively applied 2 2 1 16.2.1.11
(see 16.2.1) to each test sample
i i Direction of heel loadin
Static ultimate & 2 2 1 |163.1.15,16.3.1.15
strength test and 5 5 . a4/
- - - and/or16.3.1.16
(see 16.3[T] Direction of forefoot loading
Continuous loading from heel contact to
Cyclic tegt toe-off, repeatedly applied to each test 2 2 . |
(see 16.4]1) | sample, followed by final static tests on
heel and forefoot

compliance

b Forthe

Hefinition of batch see 3.4.

a2 The tern minimum indicates that the repetition of tests on allowed substitute test samples can/be necessary ffo satisfy the
onditions.

¢ The number of possible substitute test samples is related to each occasion at whichany of the conditions of|the relevant
subclauses l{sted under “Reference” applies.

10 Test samples

10.1 Selection of test samples

10.1.1 General

The test damples of ankle-foot devices and.foot units selected for test shall be taken frgm normal
productior]. Details of the selection shall be recorded in the test submission document (see Claus¢ 12). If the
manufacturer/submitter supplies a certificate stating that the test sample has been taken from fhe normal

production

the samplihg method.

line, this certificate shall be.included in the test submission document, together with details of

NOTE Test samples of ankle-footdevices and foot units can also be submitted for specific tests by any interested party.

10.1.2 Selection of ankle<foot devices and foot units of appropriate size of foot

The size of|the foot selected shall provide the worst-case loading (see NOTE) that is possible for that type of

foot when

bubjected to the test loading conditions of the static and cyclic tests specified in Clausq 8.

The size of foot'providing the worst-case loading shall be determined by the manufacturer/submitter and
shall be stated, with justification, in the test submission document (see Clause 12).

NOTE

The determination of the size of foot providing the worst-case loading can be based on design features, on

findings of risk management and/or on the results of appropriate preliminary tests conducted on feet of different size.

An appropriate measure for the worst-case loading is the direction and magnitude of the ankle (A-P) bending
moment, generated by the test forces applied to the heel and forefoot of the ankle-foot device or foot unit and
determined by the lengths of the effective lever arms on which these test forces act.

Although there is a fundamental relationship between the lengths of the effective lever arms and the size
of the foot, the worst-case loading need not necessarily be provided in each case by the largest size of foot
available for the test loading level to be applied but can also be influenced by other design parameters.
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10.2 Types of test sample

10.2.1 Complete structure

Test samples representing a complete structure consist of the ankle-foot device or foot unit and the part
required to connect it to the remainder of the prosthetic structure.

If the type of connecting part used in a complete structure submitted for test according to this document has
already been subjected, as a universal connecting part, to the principal structural tests of ISO 10328:2016
and complies with its requirements [see 9.2.1 b) and 9.2.2 b)], this does not affect the conduct or the results

of the tests

of this document, unless the connecting part fails.

10.2.2 Pa

Test samp
componenf
structure |

The manufj

the necess

Types of universal connecting parts used shall conform with the requirements of ISO 10328:2014.

10.3 Preparation of test samples

10.3.1 Th

10.3.2 WH
Clause 11 4

10.3.3 All
required [s

The fixed {
by selectin
other reley

NOTE )i
column C, a
the current

10.3.4 Th
by the mai
an ankle (
identificati

hcturer/submitter shall specify in the test submission document or agree with the test]
facility, whiich type of connecting part shall be used in the set-up of test samplesof this type and s
nry number of parts.

e samples shall include all parts normally fitted. This also applies to foot covers.

ig one of the combinations Specified in Table 6 for different types of test sample (see 1i

ral i s
CidI ST UTTUI T

es representing a partial structure consist of an ankle-foot device or foot mmnit
, intended by the manufacturer/submitter to be connected to the remainder of the
y any appropriate type of universal connecting part.

nd the test submission document.

test sample types according to 10.2-shall be given a fixed total length, using end attaq
ee 13.2 and NOTE].

otal length shall be determined by the dimension uy specified in Table 7 and shall b

ant combination. The cémbination of segment lengths selected shall be recorded.

igure 4 illustrates.d-specific test sample set-up corresponding to the combination specifieq
hd also marks the(reasonable area for the arrangement of alternative end attachments in cong
spectrum of foot designs.

b ankle-foot device or foot unit, selected in accordance with 10.1.2, shall be submitted
nufacturer/submitter at least to the part connected to the remainder of the prosthe
niti\alignment device, pylon base, compliant structure or exoskeletal member. Th

s a single

prosthetic

aboratory/
hall supply

ere any test sample includes any end fittings, then it shall be assembled in accordlance with

hments, as

e achieved
0.2) or any

in Table 6,
ideration of

assembled
sis such as
b type and

or_of the part connected shall be recorded.

The manufacturer/submitter can also attach end attachments, as required (see 11.4).

10.4 Identification of test samples

The test laboratory/facility shall apply to each test sample an indelible, unique and traceable identification.
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10.5 Alignment of test samples

The alignment of the test sample of an ankle-foot device or foot unit within the coordinate system shall be
setin accordance with 6.1 to 6.3, 6.7.2, 6.7.3, 10.6, 14.3 a) and d), Tables 6, 7 and 8 and Figure 4 or as specified
in the test submission document (see Clause 12). In particular, the following requirements shall be satisfied:

6.2), with its heel placed on a block of the recommended heel height h;

Table 8 to give a toe-out position of the ankle-foot device or foot unit;

the ankle-foot device or foot unit shall be placed on the bottom plane B representing the ground (see

the longitudinal axis of the foot (see 6.7.2) shall be turned by y = 7° as shown in Figure 4 and specified in

the u-axis of the coordinate system, extending upwards perpendicular to the bottom plane (see 6.2),

a)
b)
9]
shall
d) the toj
foot of]
10.6 Worj
10.6.1 Th
to connect

£l lo—tlo £L £ 1:1 adaad. £ L L7020
adoOo UIIT Uusu LIICT CTIICCULIVU dlIlINIT JUlllL CLIILI© LaA kDCC U.I.J),
the test sample (see Table 7), using end attachments, as required (see 13.2).

st-case alignment position of test samples

e worst-case alignment position shall be exclusively related to the AR position of the pa
the ankle-foot device or foot unit submitted for test to the remainder of the test sampl

The tests df this document shall be conducted in the worst-case alignment position

— ifthej
the teq
such a

and

— if this
10.6.2 Th

in the test
written in{

10.6.3 W}
connecting
i.e. its adju

5 an ankle-unit, ankle attachment, alignment device,or pylon base (see 9.2)

submission document (see Clause12). It shall lie within the limitations of the man|
tructions for the alignment of the'limb as supplied with every component of the type.

part shall be moved 90 % of the distance from neutral alignment to extreme posterior

load application point Py shall be set at the values of f1 | and uy | relevant to the\leng

art required to connect the ankle-foot device or foot unit submitted for test to the re
t sample is a prosthetic component normally used«or'its connection to a prosthetig

part is adjustable in the A-P direction relative to the effective ankle-joint centre C, (seq

e structurally worst alignment positionshall, if possible, be defined by the manufacturer

ere the structurally werst’position cannot be defined as required in 10.6.2, then the|

stment shall be ditected towards the heel so as to increase its distance from the lin

rth L of the

rtrequired
E.

mainder of
structure,

b 6.7.3).

submitter
pfacturer's

prosthetic
alignment,
e of action
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of the resultant reference force F, determining static and maximum cyclic forefoot reference loading (see
Figures 1 and A.1).

fr.L
u 3
1a |
e
Iy
&
B
b—7

urL

-

1. -
| f
3 |
L'= L x cdosyy = 0,9925L = L
oA
3 A
)
Wasva V7
p— ), —) -
f
b
Key
f,u,0 axes of coordinate system
1 specific arrangement of end attachment consisting of extension piece “1b” and top load application lever “1a”,
providing specific position of top load application point Py on test sample [see 10.5 d)]
2 reasonable area for the arrangement of alternative end attachments in consideration of the current spectrum of
foot designs [see NOTE of 10.3.3 and NOTE 1 of 6.2.b)]
3 block of recommended heel height h, (see 6.7.3.3 and also Figure 2)

longitudinal axis of foot (see 6.7.2)
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ward rotation angle of the foot

13.4.2.1 and also Figure 5)

NOTE

effective knee-joint centre [see NOTE of 6.2 b)]
effective ankle-joint centre (see 6.7.3)

foot length [see 10.5 d)]

projection of foot length L on f-u-plane

top load application point, allowing rotation of the test sample about each of the 3 spatial axes (see 13.4.1.1,

The specific set-up illustrated in Figure 4 corresponds to the combination specified in column C of Table 6.

Figure 4 — Illustration of specific set-up of left-sided test sample with top load application point P

11 Responsibility for test preparation

11.1 The manufacturer/submitter shall be responsible for the selection and assembl§pof the components to
be tested.

11.2 The manufacturer/submitter shall be responsible for the provision with the test sample gf specified
parts to be replaced when the number of cycles of the cyclic test has)reached a value at which such
replacement is indicated [see 16.4.1.2 a)/16.4.1.9].

11.3 The manufacturer/submitter shall be responsible for préeparing the test submission dgcument in
accordance¢ with Clause 12.

11.4 The manufacturer/submitter or the test laboratory/facility shall be responsible for the attachment
of the end |attachments required (see 13.2). Whoever@ssembles them shall be responsible for fheir static
alignment |n accordance with 10.5.

11.5 The manufacturer/submitter or the tesf.laboratory/facility shall be responsible for the p|

a specific heel block (specific heel blocks)(to 'be mounted on the foot platform(s) of the test eq

accordancd

with 13.4.1.6 and 13.4.2.5.

Whoever provides them shall be supperted by the other in the following manner:

Ifthen

hanufacturer/submitter provides the heel block(s), the test laboratory/facility shall con

particuilar dimensions (@and‘other relevant details) related to its (their) mounting and correct

on the

Ifthet

foot platform(s)of the test equipment.

bst laboratary/facility provides the heel block(s), the manufacturer/submitter shall con

particlilar dimensions (and other relevant details) related to its (their) shape, specified in

with ]

3.4.1s6-and 13.4.2.5. This information shall be included in the test submission doc

12.3.2

f)]-

Eovision of
ipment in

tribute the
bositioning

tribute the
hccordance
lment [see

If appropriate, the manufacturer/submitter shall specify in the test submission document the position of the
heel block relative to the position of the ankle-foot device or foot unit in the test set-ups in accordance with
13.4.1.6 ¢) 2) and 13.4.2.5 [see 12.3.2 €)].

11.6 The test laboratory/facility shall be responsible for the verification that the test sample is assembled
in accordance with Clause 10, the test submission document (see Clause 12) and the manufacturer’s/
submitter’s written instructions supplied with every component of the type.

If the test sample assembly is not correct, the test laboratory/facility shall, in consultation with the

manufactu

rer/submitter, alter it to the specified configuration.
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11.7 The test laboratory/facility shall be responsible for adjustment of the alignment to give the correct
dimensions during test in accordance with 10.5 (see also 16.2.1.2, 16.3.1.2, 16.3.1.8 and 16.4.1.3).

11.8 The test laboratory/facility shall be responsible for the verification that the design of the heel block(s)
is in accordance with the requirements of 13.4.1.6, 13.4.2.5 and the test submission document [12.3.2 e) and

12.3.2 )]

Ifthe design of the heel block(s) is not correct, the testlaboratory/facility shall consult with the manufacturer/
submitter to decide who alters it (them) to the specified design.

11.9 The test laboratory/facility shall be responsible for the mounting and correct positioning of the heel
block(s) on the foot platform(s) of the test equipment in accordance with 13.4.1.6, 13.4.2.5 and the test

submissio

12 Test s
12.1 Gen

12.1.1 Th
informatio
foot unit sy

12.1.2 Th
the inform
reportina

12.1.3 Th
If appropri

12.1.4 Th
submissioj]
shall maint

12.1.5 Th
the test.

12.1.6 Th
laboratory;

12.2 Info

The follow

document {12:3-2¢jand 12-3-2 1)}

ubmission document

eral requirements

h

e manufacturer/submitter shall prepare the test submission decument with any
n and shall provide at least one copy with the batch of test samples of every ankle-foot
ibmitted for test.

htion to be recorded in the test log in accordance with'this document shall be included
dition to the information required to be included according to Clause 18.

ate, the identity of the original equipment.manufacturer shall be provided.

h

manufacturer/submitter shall previde a unique and traceable identification fd
document which shall also be indelibly marked on the test sample. The manufacturer
ain a record of such identification.

e manufacturer/submitter.shall clearly indicate the test laboratory/facility required

e manufacturer/submitter shall clearly indicate the date of submission or dispatch
facility.

rmationrequired for test samples

ing \information, attributable to a fully traceable identification for each test samp

associated
device and

e manufacturer/submitter shall, if appropriate, state in the test submission document which of

in the test

e manufacturer/submitter shall clearly indicate’a name and address for communication purposes.

r the test
submitter

to conduct

to the test

e, shall be

included i

the test submission document:

a) manufacturer's name and model identification and/or number or other means of identification;

b)

production and which gives details of the method of selection, in accordance with 10.1.1;

)
d)

type of ankle-foot device or foot unit, in accordance with 10.2.1 or 10.2.2;

with 10.1.2;

e)

effective ankle-joint centre C, (6.7.3), in accordance with 10.5;
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information related to particular arrangements concerning the part required to connect the ankle-foot

device or foot unit submitted for test to the remainder of the test sample, in accordance with 9.2.1;

g)
h)

i)

identification of the worst-case alignment position in accordance with 10.6;

type of end attachments and their static alignment, in accordance with 10.3, 10.5 (and 11.4).

12.3 Information required for tests

any special assembly instructions for the test sample and/or attachments, in accordance with 10.3;

12.3.1 General

The information addressed in 12.3.2 to 12.3.5 for each test sample shall be included in the test
document.

12.3.2 For all tests

a) the pafticular test requested (Clauses 9 and 16) and the test loading condition(s), test loa

s 7 and 8] and Test Ranges (R);

particfilar values of dimensions and forces for the conducting of the test (Clause 8);

rst-case alignment of the test sample (10.6);

ation related to particular arrangements concerning the‘part required to connect the
or foot unit submitted for test to the remainder of the'test sample (9.2.1);

Sition of the heel block relative to the position ofcthe ankle-foot device or foot unit sul
the test set-ups (11.5);

hensions (and other relevant details) of thedesign of the heel block that are related t
foot sole of the ankle-foot device or footunit submitted for test [only if the test laborat

provides the heel block(s) (11.5)].

[Claus
b)
c¢) thewaqg
d) inform
device
e) the po
testin
f) the di
of the
12.3.3 Fo
The reque

failureint

I the static proof test and the-static ultimate strength test

5t to proceed with the tést) procedure in the second direction of loading on the ocq
he test procedure in the\first direction of loading in accordance with 16.2.1.5 and 16.3

bubmission

ding levels

ankle-foot

bmitted for

the shape
bry/facility

urrence of
1.6.

I the static ultimmate’strength test

5 and 16.3/1"11 and recording of the value of the failure load and any further i

12.3.4 Fo
a) if appt
16.3.1.
concer
b) the ap]

ning the.documentation of test results;

blication of an increased rate of loading according to 16.3.1.5, 16.3.1.11 and Annex B.

opriate, request the continuation of the test until failure actually occurs in accor;ﬂ

ance with
structions

12.3.5 For the cyclic test

a)
b)

9

the test frequency called for in accordance with 16.4.1.7 and 16.4.1.8;

replacement intervals of service items in accordance with 16.4.1.2 a) and 16.4.1.9;

if appropriate, request for visual examination with specification of magnification in accordance with

16.4.1.2 c) and 16.4.1.14. This request shall include instructions concerning the documentation of test
results.
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13 Equipment

13.1 General

The different types of test listed in Table 12 and specified in Clause 16 require different types of test

equipment

specified in 13.4.

Each piece of test equipment shall provide sufficient freedom of movement for the test sample to permit and
not restrict its deformation under load within the specified range.

Other pieces of equipment are end attachments (see 13.2) required for specific set-ups of test samples, a
special jig that may be used on an optional basis to facilitate the setting-up of test samples (see 13.3) and any

devices us

d to measure loads and dimensions (not specifically addressed)

13.2 End

13.2.1 Ge|

For the apf
the use of
application

The end at
The end at

13.2.2 Pr

13.2.2.1 (

The test sh
and Test R
of this test
Table 3 and

attachments

neral

end attachments, consisting of non-prosthetic extension pieces and any appropriaf
adaptor or lever, as required.

fachments shall not enhance or reduce the specified test loads in the structure under 4

fachments shall satisfy the requirements of the proof test/of end attachments specified
pof test of end attachments

teneral

all be carried out on end attachments_required for the application of the test loading

for proof test forces F,, = 1,2 Fy yphdr 1evel Of @ specific test loading level in Test Range
Table 9) are suitable for all static and cyclic tests of this document carried out at this s

loading lev

The use of
loading co
ortothes
test of end
requireme
to the high
which this

EXAMPLE
the reductid

b

el and at all lower levels.

different sets of end attachments, individually designed to the specific requirements
ditions and Test Ranges-(R) of the static and cyclic tests of this document (see EXAM
ecific requirements. ef the ankle-foot devices or foot units submitted for test, require
attachments to/be dpplied to each of these sets. In this case each set shall satisfy t}

hts of the progf test of end attachments at values of test force F,, relating as shown
est value of test force Fy, Fy, or F,, (see Table 3 and Table 9) to be applied during

set has been designed.

Aparticular reason for the use of a specific set of (light-weight) end attachments for the
nofinertia effects caused by the mass of (heavy-weight) universal end attachments suitable f]

lication of the test loading conditions specified in this document, the test sample set-yp requires

e top load

est.

|in 13.2.2.

conditions

hnges (R) specified in this document; End attachments which satisfy the stiffness requirements

4 (R4) (see
pecific test

of the test
[PLE) and/
s the proof
le stiffness
n Table 13
'he test for

cyclic test is
br all tests.

[t is not necessary to repeat the proof test of end attachments if earlier results for previously tested relevant
combinations of end attachments are available and are suitable.
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Table 13 — Option for end attachments of specific design

Intended use of end attachments Test force to be applied
For the static ultimate strength test Fha =12 Fy upper level
For the static proof test Fo,=12F,

For the cyclic test Foa=12F,=21F.*

a

for the cyclic

The value of test force to be applied to end attachments intended to be used for cyclic tests takes into account that each test
sample having passed the cyclic test is subjected to a final static test without preceding re-alignment. The latter condition can
hardly be met if the procedure requires the exchange of end attachments, which would be the case if the set-up of the test sample

test contained end attachments specifically designed for cyclic tests only.

13.2.2.2 Test procedure

13.2.2.2.1
any approy

specified ip 13.2.2.2.2 to 13.2.2.2.10.

Assemble
sample for
dummy, re

The rigid f
foot unit. K
are specifi
length not

If the non{
structural
ankle-joint

If it is necq
stiffness o

when asseinbled in the test situation.

Record the

13.2.2.2.2
condition(3
application
direction)
situation.

If the top Id
testloadin
points to b
test loadin

pblacing the ankle-foot device or foot unit.

pot dummy shall be designed to simulate the effective lever arms of a real ankle-fo
or orientation, the values of the bottom offsets f5; (heel) andf5, (forefoot) (see 6.3 an
ed in Table 4 for a range of foot lengths from L = 20 cmytovL = 32 cm. For specific va
covered, Table 4 gives the Formulae for their calculation,

condition in accordance with 10.6, i.e. the adjustment shall be directed away from t}

pssary to use additional non-prosthetic components to allow assembly of end attach

b conditions and/or test loading levels, their ranges of adjustability shall allow the load
e sette’the maximum distance required for the application of the test loading condit
b level and Test Range (R) with the highest values of offset at these points (see Tables 4

Carry out the proof test on end attachments, consisting of non-prosthetic extep$ion
riate top load application adaptor or lever, as required, by measuring their stiffriéss in t

he non-prosthetic components and the top load application adaptor-or, lever used
the application of the test loading conditions specified in this document, together v

prosthetic extension pieces used have a means ©of adjustment, this shall be set to

centre and from the load line so as to increase-the effective lever arm.
these components shall not be less than the stiffness of the other non-prosthetic ¢

details of the assembly of end attachments.

Within the range of adjustability required for the application of the relevant tg

), test loading level(s).and Test Ranges (R), set the top load application point P} on t
adaptor or lever and-the bottom load application point Py on the rigid foot dummy (i

fo their maximum>distance from a line corresponding to the u-axis of the test sample

ad application adaptor or lever and/or the rigid foot dummy are used for the applicatio

pieces and
he manner

in the test
yith a rigid

t device or

Figure 1)
ues of foot

the worst
e effective

ments, the
bmponents

st loading
he top load
In the same
in the test

h of several
hpplication
ion and/or
kand 7).

Record the

13.2.2.2.3
a)

details of the adjustment of the top and bottom load application points Py and Pg.

Mount the assembly in the test equipment or suitable device

with its u-axis extending parallel to the line of action of the moving part of the actuator of the test

equipment when its top load application point P is matching the top load application point of the test
equipment

or

b)

actuator of the test equipment.
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For the orientation according to a), the values of the test forces F listed in Table 5 shall apply.

For the orientation according to b), the values of the test forces Fy in parentheses listed in Table 5 shall apply.

Record the orientation a) or b) in which the assembly is mounted in the test equipment and the test loading
level to be applied, together with the corresponding values of test forces F or Fy.

13.2.2.2.4 Apply to the bottom and top load application points of the assembly the settling test force F_,
or Fpe (see 13.2.2.2.3) of the relevant (test loading condition and) test loading level and Test Range (R),
specified in Table 5.

Maintain this force, F.; or Fp,,,, at the prescribed value for (30 + 3) s and then remove it.

13.2.2.2.5
force Fy,,

Apply to the bottom and top load application points of the assembly the stab
or Fpgap (see 13.2.2.2.3) specified in Table 5 and maintain it until the measuremen

below is cgmpleted.

Measure a
the test eq

13.2.2.2.6
force F,, 0
Table 5, an

Measure a
the test eq

Record the
option des

13.2.2.2.7
is completg

Measure a
the test eq

13.2.2.2.8
or Frgiap @S

D1:62

D, =65

13.2.2.2.9

nd record the displacement, 6 of the moving load application point from its,reference
hipment as §;.

Increase the test force F smoothly at a rate of between 100 N/s“and 10 kN/s to the
[ Frpa (see 13.2.2.2.3) of the relevant (test loading condition apd) test loading level, §
d maintain it until the measurement specified below is completed.

hd record the displacement, § of the moving load application point from its reference
hipment as §,.

application of a specific value of proof test force-F, or Fy,,, determined in accordan
Cribed in 13.2.2.1.

Decrease the test F force to Fj,,;, or Fpg,and maintain it until the measurement spec
d.

nd record the displacement, 6 of the-moving load application point from its reference
hipment as &;.

Calculate and record the(deflection, d;, at Fpa or FRpa and the permanent deformation,

given in Formulae (2) and (3):
-5,

_61

Doatuse the end attachment if the calculated values exceed the following limits:

lizing test
t specified

position in

proof test
pecified in

position in

te with the

fied below

position in

DZ' at Fstab

(2)

(3

maxin

1 L] b .
UIIl UcTrIiciLivir di rr

I n [a}
pa Ul [‘Rpa. Ul — 4 IIIIIL.

maximum permanent deformation at F,,, or Fp¢,p: D, = 1 mm.

13.2.2.2.10

13.3 Jig

Record the results.

Ajig can be used to facilitate the setting-up of test samples before mounting them in the test equipment.
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equipment

13.4.1 Test equipment to perform static heel and forefoot loading

13.4.1.1 The test equipment shall be capable of producing static test forces at a loading rate of between
100 N/s and10 kN/s up to the values specified in Table 9 for the relevant test procedure, test loading
condition, test loading level and Test Range (R).

The test equipment shall allow the adjustment of the position of the top load application point Py to the f-
and u-offsets relevant to the foot length L of the ankle-foot device or foot unit of the test sample, specified in
Table 7 and illustrated in Figures 4 and 5. (For further background information see A.2.2.3.)

The conne
allow rotaf

13.4.1.2 T
ankle-foot

(see Figurd

13.4.1.3 T
for heel an

NOTE ]

4 of 15.1) cdn use a foot platform fixed horizontally and apply the specifiedvalues of tilting angle to the te

13.4.1.4 T

heel and forefoot support.

13.4.1.5 Test equipment using different foot platformsfor the support of the ankle-foot device

of the test sample at heel and forefoot loading shallbe'so designed that

a) the foqgt platform used at heel loading supports the forefoot, if heel loading by the test force
the tegt sample to such an extent that-forefoot support is necessary to avoid unrealistic co
loading, and

b) the fo¢t platform used at forefoot loading supports the heel, if forefoot loading by the te
deformps the test sample to suc¢hjan extent that heel support is necessary to avoid unrealistic
of loading.

13.4.1.6 The foot platform-tused at heel loading shall be equipped with a heel block, which s

following 11

i h S 1 - . . - R - - 1 PR | - 1 1 1. .
L LIUIT DCUWCETIT LIIC LES U TUUIPIITIIU dITU ULIIC LES U SAIIIPIT dU LIIC LOP 1U4dU dPPIILAUIUIT DU

ion of the test sample about each of the 3 spatial axes (see also Figure 5).

he test equipment shall incorporate a foot platform or foot platforms capable, of supj
device or foot unit when the static test forces referred to in 13.4.1.1 are applied to the {
5).

he test equipment shall allow the adjustment of the foot platform(s))to the values of t
l forefoot loading, f; and S,, specified in Table 8.

'est equipment other than that addressed, described or referredte‘in this document (see parag

he foot platform(s) of the test equipment shall (each)have sufficient length to allow sin

equirements(s€e also EXAMPLE, NOTE and Figure 5).

el blockshall provide a thickness corresponding to the recommended heel height h, of
vice or-foot unit of the test sample.

nt Py shall

porting the
est sample

Iting angle

raphs 3 and
5t sample.

hultaneous

br foot unit

', deforms
nditions of

st force F,
conditions

htisfies the

the ankle-

surface of the heel block shall be designed as follows:

it shall approach the contour of the foot sole of the unloaded ankle-foot device or foot unit of the test

sample, the heel block thus filling most of the free space between foot sole and platform (bottom)

a) The he
foot d¢g
b) Theto
1y
su
2)

wi

rface;

th a tangential transition to the plane section;
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3) theradius of the cylindrical front section of the top surface shall be greater than a quarter of the foot
length L; the maximum value of the radius shall be limited by the requirements of b) 1) and/or d).

up shall be determined as follows:

iy

the heel block shall intersect the f~u-plane perpendicularly;

2)

manufacturer/submitter in the test submission document [see 12.3.2 €)].

d)

The position of the heel block relative to the position of the ankle-foot device or foot unit in the test set-

the line of transition from the plane rear section to the cylindrical front section of the top surface of

the point of intersection shall lie on the u-axis, unless an offset from the u-axis is specified by the

The front edge of the heel block shall not extend to the forefoot by more than half of the foot length L,

When nositionadinaccordanca with o)
JpooTero et coraanrce vy ey

e) The he

EXAMPLE
cylindrical f

NOTE )

13.4.2 Te

The test eq
required t(
this adjust

13.4.2.1 T
magnitude
condition,

The test ed
and u-offsd
Table 7 and

The conne
allow rotat

13.4.2.2 T
foot devicd

(see Figurd

13.4.2.3 T
platform (3
foot unit of

el block shall be made of material with a compressive stress (strength) of at least-50'M

For a foot of length L = 27 cm and a recommended heel height of h. = 10 mni;~a heel |
ront section defined by a radius of R = 120 mm has been shown to be appropriate;

or the provision of specific heel blocks, see Clause 11.

5t equipment to perform cyclic loading

juipment to perform cyclic loading may also be used to perform static loading. In th
keep the foot platform in the relevant static position. A.nmtechanical lock can be used f
ment and to avoid overloading of the tilting drive mechanism (see Figure 5).

he test equipment shall be capable of producing pulsating (compression) test forces /
s and rates of loading/unloading specified in, Tables 9, 10 and 11 for the relevant t
fest loading level and Test Range (R).

juipment shall allow the adjustment of the position of the top load application point
ts relevant to the foot length L of the ankle-foot device or foot unit of the test sample, s
| illustrated in Figures 4 and 5. For-further background information see A.2.2.3.

Ction between the test equipment and the test sample at the top load application po
ion of the test sample abouteach of the 3 spatial axes (see also Figure 5).

he test equipment shall incorporate a tiltable foot platform capable of supporting
or foot unit of thé-test sample when the pulsating test force referred to in 13.4.2.1
5).

he test eqilipment shall allow the adjustment of the position of the tilting axis TA
ee Figure.b) to the values of f;, and up, relevant to the foot length L of the ankle-fog
the test sample, specified in Table 7. For further background information see D.3.2 an

Pa.

lock with a

s case it is
o facilitate

. up to the
bst loading

P to the f-
pecified in

nt P shall

the ankle-
| is applied

of the foot

t device or
d D.3.3.

13.4.2.4 Th
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g angle

oscillating through the range from heel contact to toe-off specified in Table 11 and illustrated in Figure 6.

NOTE

Test equipment other than that addressed, described or referred to in this document (see paragraphs 3 and

4 of 15.1) can use a foot platform fixed horizontally and apply the specified values of tilting angle to the test sample.

13.4.2.5 The foot platform shall be equipped with a heel block that satisfies the same requirements as the
heel block of test equipment to perform static heel and forefoot loading (see 13.4.1.6).
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13.4.2.6 In addition, the test equipment shall satisfy the following requirements:

a) The test equipment shall be capable of lifting the test sample off the foot platform for the period of
unloading corresponding to the swing phase of walking, during which the foot platform returns to its
starting position for the next loading cycle (see Figure 5).

b)

NOTE1 The example illustrated in Figure 5 produces a lifting force Fj;;, the magnitude of which
the design of the test equipment and the mass of the test sample set-up.

depends on

The test equipment shall incorporate a means to ensure that the foot of the test sample contacts the foot
platform in the correct position for the next loading cycle.

NOTE 2

loading canditions For example, foot contact on the platform in an incorrect position in the fu-plane

This is important, since foot contact on the platform in an incorrect position will change the test

will change

the reld
forces 4
and the
of tests

Appro
which
occurr
dislocd
1) Rd

or
2) Rd

or
3) Rd

or

itionship between the test force F applied to the test sample in the top load application poin
cting between foot and platform, comprising the perpendicular and tangential force componer
ir resultant F [see A.2.2.1 a)]. Consequently, foot contact in incorrect position can impair the
and the comparability of test results.

briate means to ensure foot contact on the platform in the correct position-are flexibl
act during the lift-off phase of the test sample to compensate dislocation.of the foot th
ed during the previous loading cycle and to stabilize the foot in the'carrect position b
tion in the manner specified below [see also Figure 5].

sistance to translatory dislocation of the foot in the f-u-plané

either by stabilizing moments applied to the test sample’in the top load application p
acting about an axis perpendicular to the f-u-plane in‘each of the two opposing direc

by stabilizing forces applied to the test sample at any appropriate u-level and acting
of application in the f-u-plane parallel to_the f~axis in each of the two opposing direct

sistance to translatory dislocation of the foot perpendicular to the f-u-plane

either by stabilizing moments applied to the test sample in the top load application p
acting about an axis in the f~u-plane parallel to the f-axis in each of the two opposing

by stabilizing forces applied to the test sample at any appropriate u-level and acting
of application pefpendicular to the f~u-plane in each of the two opposing directions.

sistance to rofatory dislocation of the foot about the long axis of the test sample

either by stabilizing moments applied to the test sample in the top load application p
acting:about an axis parallel to the u-axis in each of the two opposing directions

[ Pr and the
ts Fpand Fy
conformity

b elements,
ht can have
y resisting

pint P and
tions

hlong a line
ions.

pint P and
directions

hlong a line

pint P and

— by stabilizing moments or force couples applied to the test sample at any appropriate u-level and

acting about the long axis of the test sample in each of the two opposing directions.

The selection and arrangement of appropriate flexible elements and the magnitudes of the
stabilizing moments or forces with which they resist to dislocation of the foot during the lift-off
phase of the test sample depend on the design of the test equipment and the set-up of the test sample
or the friction of their mechanical connection in the top load application point P, respectively. As a
general rule, the stabilizing moments or forces should be as low as possible to avoid the test loading
conditions to be affected. Balancing the mass of the end attachments above the Load Sensor support
the elements to operate appropriately with lowest stabilizing moments or forces.
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Stabilizing forces of amagnitude of 1 N, applied ata u-level of 200 mm in the manner described

in 1) and 2), and stabilizing force couples generating moments of magnitudes of 0,6 N-m as described in 3),
have been shown to be appropriate if the tilting angle §(t) of the oscillating foot platform does not exceed the
tolerance of #1° in the instants of $;, 0° and f3,.

13.4.2.7 The profiles of the tilting angle f of the oscillating foot platform and the pulsating test force F,
shall be applied in either of the ways specified in a) and b) and illustrated in Figures 6 and 7.

a) The profiles of tilting angle  and test force F_ are applied as synchronized functions of time f (t) and F_(¢).

b) The profile of the tilting angle f is applied as a function of time f (t) and the profile of the test force F_is
applied as a function of the tilting angle F.(f ).

Further mattersretated-tothe—way of appticatiomrof theprofitesof tittimgangtefandtest fprce F,. are
addressed [in ISO/TR 22676. For further background information, see Annex D.
13.4.2.8 The profile of the tilting angle f(t) is primarily specified by the instantaneoustilting ppsitions f;,
Premin and|p, (see Table 8) occurring at Fy .., (1st maximum), F.;, (intermediate-minimum) jand F,_ .«
(2nd maximum) of the loading profile (see 13.4.2.9).
The profile of the tilting angle £ (£) can also be specified with sufficient aceuracy by a polynomial of 6th
degree. For the period of 0 ms <t < 600 ms corresponding to a loading period.ef 600 ms (see NOT[E 1).
The polyngmial for R4 reads as given in Formula (4):

B(t) =-1,31309x 1014 x t6 + 2,757 30 x 1011 x t5 - 2,175 95 x 1098 x t* +

7,606 32x 10-06 x t3 - 8,929 8 x 10-04 x t2 - 4,535 31 x 10702 x £=:20,153 0 4)
The polyngmial for R3 reads as given in Formula (5):

) =-9,790 67 x 1015 x t6 + 2,085 30 x 1011 x ¢5> ;670 28 x 1008 x ¢4 +

5922 39x10°00x¢3-6,949 70 x 10-04 x t2 - 3,589 25 x 1002 x ¢t - 16,620 0 (5
The polynagmial for R2 reads as given in Formula (6):

B(t) =-p420 78 x 1015 x t6 + 1,205 81 x 1011 x t5- 1,008 43 x 1008 x ¢4 +

3,719 69 x 1006 x ¢3 - 4,372 41 x 094 x tZ - 2,340 666 x 10-92x t- 11,877 0 6)
NOTE1 Theloading period of-600'ms corresponds to the average stance phase time of a typical walking cycle of 1 s
duration. (The remaining timge-0£400 ms of the walking cycle corresponds to the swing phase.) Simulating this stance
phase time-swing phase timresrelationship in a cyclic test, a loading period of 600 ms corresponds to a te§t frequency
f=1Hz.
NOTE 2  lor otherktest frequencies, preferably between 0,5 Hz and 3 Hz (see 16.4.1.7 and 16.4.1.8), Formulae 4 to 7
can be adapfed by.multiplying each coefficient of the polynomial by (600 ms/x ms)”, the value of x correspojnding to the
loading perjodfelated to a different frequency, and the value of y corresponding to the exponent of the time ¢ related
to each coeffieient, i.e. for the adaptation of the polynomial to a loading period of x = 900 ms, the coefficients were
multiplied by (60079007 = (2/3) for R# as given in Formulta (7]

B(b) = -1,419 562 x 1014 x (2/3) 6 + 2,505 279 x 1011 x (2/3) 5- 1,618 453 x 10-08 x (2/3) 4 +
4,251 581 x 1096 x (2/3) 3 - 1,006 677 x 10-04x (2/3) 2 - 1,733 942 x 10-92 x (2/3) - 19,980 95

(7)

13.4.2.9 The pulsating test force F,(t) according to 13.4.2.7 a) and Figure 6 is primarily specified by the
following data (see Table 9):

— The test force F; ., at the 1st maximum of the loading profile, occurring at 25 % of the loading period
(see NOTE 1),
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cmin

(see NOTE 1)

at the intermediate minimum of the loading profile, occurring at 50 % of the loading

— the test force F, ., at the 2nd maximum of the loading profile, occurring at 75 % of the loading period
(see NOTE 1).

NOTE 1

For aloading period of 600 ms, as shown in Figures 3 and 6 and Table 10 and Table 11, the percentiles 25 %,

50 % and 75 % of the loading period correspond to instants of 150 ms, 300 ms and 450 ms after the beginning of the
loading period (see also NOTE 1in 13.4.2.8).

The profile of the pulsating test force F_(t) can also be specified with sufficient accuracy by a polynomial of

6th degree

For the period of 0 ms < £ < 600 ms corresponding to a loading period of 600 ms (se

NOTE 1 in

13.4.2.8), t

F.(8) =
5,988 §
1,646 ¢

NOTE2 |
described ir

he polynomial reads as given in Formula (8):

-

) emax X 1073 %(5,123 068 422 965 52 x 10712 x t6 - 9,203 737 411 041 9 x 1079 x 54
2225167948 x 1076 x t*- 1,671 019 148 992 29 x 103 x ¢3 +
14971 114 25 x 1071 x t2 + 3,624 956 908 832 28 x t)

or the adaptation of Formula (8) to other loading periods related to different test frequencies,
NOTE 2 of 13.4.2.8 applies.

(8)

the method

hble 11 and

Further gulidance on the application of the profile of the test force F_(t) s given in Table 10 and T3

Figure 3.

13.4.2.10
oscillating
characterij

13.4.2.11

angle f(t)
exception 5

13.4.2.12

F.(8) requ]
waveform

sample shg

NOTE I
more than ]

The waveforms of the pulsating test force F_(¢) or F.(f) and the tilting angle
foot platform generated by the test equipment;shall be smooth with no oversh
red by a course corresponding to the descriptions$.given in 13.4.2.8 and 13.4.2.9.

The test equipment shall switch off, if the pulsating test force F_(t) or F,(f) and/o1
of the oscillating foot platform exceedcthe tolerances specified in 14.3 f), g) and h|
pecified in 13.4.2.12.

If the test equipment control mechanism used to generate the pulsating test fo
res a number of cycles to achieve the prescribed loading profile, during this settling in|
bf the test force shall be smooth with no overshoot spikes, and the highest force applied
Il not exceed the maximuim test force F;,,, by more than 10 %.

xperience has showiDthat the repeated loading at values exceeding the maximum test for
0 % can cause an ‘early deterioration of the test sample.

B(t) of the
bot spikes,

the tilting
, with the

rce F (t) or
period the
to the test

= Flcmax by
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Key
fu axes of coordinate system
1 specific arrangement of end attachment consisting of extension piece '"1b' and top load application lever “1a”,
providing specific position of top load application point P on test sample [see 10.5 d)]
2 reasonable area for the arrangement of alternative end attachments in consideration of the current spectrum of
foot designs [see NOTE of 10.3.3 and Note 1 of 6.2 b)]
3 example of appropriate means to flexibly resist dislocation of the foot in the f-u-plane during the lift-off phase

of the test sample to ensure contact of the foot on the foot platform in correct position for the next loading cycle
[see 13.4.2.6 b)]
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block of recommended heel height h, with cylindrical shape of its top surface to provide a smooth transition
towards the forefoot [see 13.4.1.6 and 13.4.2.5]

point of intersection of line of transition between plane rear section and cylindrical front section of top surface
of heel block and u-axis [see 13.4.1.6 c) 2)]

tiltable foot platform:

— either fixed at the values of tilting angle 8, and f3, specified for static heel and forefoot loading (see 13.4.1.3)
or

— periodically oscillating with f(t) within the range specified for progressive heel and forefoot loading from
heel contact to toe-off (see 13.4.2.4)

means of locking the foot platform at the values of tilting angle ; and 3, specified for static heel and forefoot
loading (option - see NOTE of 13.4.2)

testforce FE (N or FE (R EF_orFE. F
CT< 7 Ca 7 SpP

HIIT SU

lifting force to lift the test sample off the foot platform during the period corresponding to the,swing phase of
walking [see NOTE of 13.4.2.6 a)]

stabilizing forces at specific u-level according to 13.4.2.6 b) 1) (same effect as stabilizing monients £ M; in Py)
stabilizing moments in Py according to 13.4.2.6 b) 1) (same effect as stabilizing forcesct. F;)

stapilizing moments in Py according to 13.4.2.6 b) 2) (corresponding stabilizingforces at specifi¢ u-level not
shqwn)

stapilizing moments in Py according to 13.4.2.6 b) 3) (corresponding stabilizing moments or force couples at
specific u-level not shown)

top| load application point, allowing rotation of the test sample about each of the 3 spatial axes (fee 13.4.1.1,
13.#.2.1 and also Figure 4)

effgctive knee-joint centre [see NOTE of 6.2 b)]
effgctive ankle-joint centre (see 6.7.3)

tilting axis of foot platform (see 13.4.2.3)

foof length [see 10.5 d) and Figure 4]

prdjection of foot length L on f~u-plane (see Figure 4)

Figure § — Diagrammatic view of test equipment according to 13.4.1 and 13.4.2 with tesf sample
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Key
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Y, forceipN
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1 test fofce F of test loading level P7
2a test fofce F of test loading level P5 R4
2b  testfofce F of test loading level'P5 R2
3 testfofce F of test loading level P3
4a tiltingfangle B R4 of fogtplatform (see Figure 5) - schematic
4b  tiltingfngle B R2 of foot platform - schematic
NOTE The loading/period of 600 ms corresponds to the average stance phase time of a typical walkin

duration. (T}
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14 Accuracy

14.1 General

Details of methods used to measure accuracy shall be recorded.
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The test equipment, any jig used for the setting-up of test samples and any devices used to measure loads
and dimensions shall be calibrated at least annually and whenever any part is replaced. Records of the
calibration shall be maintained.

14.2 Accuracy of equipment

In order to meet the accuracy of procedure specified in 14.3, the test equipment, any jig used for the setting-
up of test samples and any measuring devices should be capable of measuring a) to d) to the accuracy
specified.

a) linear dimensions of the jig to an accuracy of 0,2 mm; linear dimensions of test equipment to an
absolute accuracy of £0,5 mm or a relative accuracy of +0,2 mm;

b) anguldr dimensions to an accuracy of +1°;
c) testforcestoanaccuracy of +1 % of the highest value required in the test;

d) the fregquency of cyclic tests to an accuracy of within 5 % of the test frequency used.

14.3 Accyracy of procedure

a) Linear|dimensions, except segment lengths, shall be initially set and fihally adjusted with & tolerance
of +1 mm;

b) Segment lengths shall be set with a tolerance of +2 mm;
¢) Angular dimensions, except the angular toe-out position of feet, shall be set with a tolerance jof + 2°;
d) The angular toe-out position of feet shall be set with a toletance of +3°;
e) Static fest forces shall be applied with a tolerance of-£2 % of the highest value prescribed for|the test;

f) The pylsating test force F,(t) or F.(f) shall beapplied with a tolerance of 3 % of the value prescribed
for F_4],. at the instants of:

— the 1St maximum F, att; = 150ms and B; = B 150y

1max

— the intermediate minimum Fg};

at tgemin = 300 ms and Brpin = 0%
— the 20d maximum Fy,,,,, at £, = 450 ms and B, = f (450y;

g) The tilting angle S (t) ofhe oscillating foot platform shall be applied with a tolerance of{ +2° at the
instants of

- ﬂl = B (150) at tl =150 ms;
- IBF‘min = ,B (300)00 at tgepmin = 300 ms;

_— ﬂz = ﬂ (450) at tz = 450 ms.

h) The frequency of cyclic tests shall be controlled with a tolerance of £10 % of the test frequency used.

15 Test principles

15.1 General

The static and cyclic test procedures for prosthetic ankle-foot devices and foot units addressed and specified
in this document use static and cyclic strength tests that simulate the loading conditions typical of normal
use as described in a) to d).

The static tests relate to the worst loads generated in any activity. The cyclic tests relate to normal walking
activities where loads occur regularly with each step.
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The description of the test principles given in a) to d) is closely related to a specific type of test equipment as
described in 13.4.1 and 13.4.2, which is considered to require the lowest complexity possible (see also 16.1.1,
16.1.2 and Annex D).

This relationship between test principle and test equipment is, however, not imperative. Moreover, any
other type of test equipment can be used, provided it is capable of applying the forces and displacements in

The test sample, consisting of the ankle-foot device or foot unit and the end attachments required for
the test sample set-up, is set up in the test equipment in a position determined by its suspension in the
top load application point Py and the placement of its foot on the foot platform, allowing deflection/
deformation under load.

a)

b) Ther

stance
time, d
platfoq

values

The lo
during
point 4

d) The tg
refere

forefo

Accord
of the {
length
level. 1
testlo

NOTE

15.2 Stat

The static
procedure

loading conpditions that can occur)during use by users as occasional single events.

Shock absa
the followi
a) Apply

Fsu low
absory

It reference loading.

phase of walking, characterized by the (lower) leg angle in the sagittal plane as @
r any specific instant of this angular movement is simulated by corresponding-tilting
m of the test equipment as a cyclical oscillation within a given range of tilting '‘angle
of tilting angle (see 16.1.2).

hding exerted on the ankle-foot device or foot unit of the lower limb prosSthesis by th
the stance phase of walking is simulated by a single test force, applied at the top load

p load application point Py is the point of intersection of/the’lines of action of th
ce forces Fp; and Fy,, determining the directions of the static and the maximum cycl

ing to the concept applied to the static and cyclic test’procedures of this document, t
op load application point P, determined by its f<and u-coordinates, is only dependent
L of the ankle-foot device or foot unit submitted for test. It is not dependent on the t|
'his allows the application of the static and ¢yclic test procedures of this document af
hding levels specified to test samples of ankle-foot devices or foot units of any size of fq

For further background informationjsee Annex A.

c test procedure

est procedure consists of@proof test (see 16.2) and an ultimate strength test (see 16.3
is carried out to determine the performance of the load bearing structures under typ

rption capacity quantified by the ultimate strength test (see 16.3) is determined by c4
hg:
the test for€e, and increase it smoothly until the test sample fails, the test force is fa

L level EUTING the test or the test sample shows sufficient deflection to demonst
tiom ¢apacity (see below).

during the
function of
of the foot
or at fixed

e amputee
hpplication

¢ of the test sample, while this is supported by the tiltable foot platform of the test eqipment.

b resultant
ic heel and

he position
on the foot
est loading
any of the
ot.

). This test
ical severe

rrying out

ling below
rate shock

3

I

Derive

Calculate the intersection point of the deformation rate line through F;

tha dafaor (can
tHE-GE106+ IGA Al

*su lower level

FS

u, lower level at

u, upper level’ L.e.

point (i) derived from line (r).

Calculate the amount of energy theoretically absorbed under the deformation rate line between its
intersection with F and with F, based on the theoretical force value, i.e. the cross

u, lower leve su, upper level’
hatched area (a).

Calculate the real energy absorbed under the force-displacement-curve between Fg |oyer jeve; and the
earliest end of the test, point (k) based on the absolute force value, i.e. the cross hatched area (b).

f)

The energy integration shall not be continued after the test force is falling below Fy, j,yer jevel during the
test, i.e. stop the test at point (m) on Figure 8 and Figure 9.
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Shock absorption capacity is demonstrated if the real energy absorbed, area (b), exceeds the theoretically
absorbed energy, area (a), see Figure 7.

Shock absorption capacity is not demonstrated if the real energy absorbed, area (b), is lower than the
theoretically absorbed energy, area (a), see Figure 8 and Figure 9.

NOTE The method to derive the deformation rate can be for example graphical or numerical. The test lab is
responsible to use an appropriate method derive the representative deflection rate (for example considering the

signal noise) i.e. a tangent on the load-over-deflection curve in Fg joyer jevel-

X
T
I
I
|
[
I
I
I
I
I
I
I
r a |
I
|
!
Fsu lower level \L—/
I
b
i
su upper level |
Y |
|
1 |
S|
| X
r b
Fsu lower level k
I
SN
I i
su upper level i\
Y |
Key
X  deflection i point of intersection
Y force k  earliest point of end of test
a theoretically absorbed energy r  deformation rate line
b  real absorbed energy

Figure 7 — Force-Deflection curve and related areas of shock absorption capacity
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Figure 8 — Force-Deflection curve and related insufficient area of shock absorption capacity
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Key
X
Y

deflect
force

Figure 9

15.3 Cycl

The cyclic
with loadir
loading an

16 Test procedures

16.1 Test

16.1.1 Pr
The prepat

NOTE1 |
and 4 of 15.]

F

su lower level

su upper level

on i point of intersection
m latest point of endof test
r  deformation-rdte line

— Force-Deflection curve of shock absorption capacity test, test is stopped befor]
intersection is reached

ic test procedure

test procedure (see 16.4) consists of répeated applications of a prescribed load to a {
ig conditions typical of normal walking, followed by a final static test (see 16.4.1.11) fo
l unloading procedures of the static proof test (see 16.2) apply.

loading requirements

pparation for test loading
ation fortest loading shall proceed as described in a) to d).

or test'equipment other than that addressed, described or referred to in this document (see p

e point of

est sample
" which the

aragraphs 3

) the steps of preparation for test loading may differ from those described in a) and b).

a) For the static test procedure [see 15.2 and 16.1.2 a)] prepare the test equipment as follows.

1)

this is mounted in the test equipment in accordance with d).

NOTE 2

This is to ensure that

Set the foot platform to a position that allows it to support the entire foot of the test sample when

— for heel loading, the foot platform supports the forefoot, if heel loading by the test force F; deforms the test
sample to such an extent that forefoot support is necessary to avoid unrealistic conditions of loading, and

— for forefoot loading, the foot platform supports the heel, if forefoot loading by the test force F, deforms the
test sample to such an extent that heel support is necessary to avoid unrealistic conditions of loading.
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Set the foot platform at one of the tilting angles, ; or 3, (see Table 8).

Mount the specific heel block on the foot platform and position it so that

— theline of transition from the plane rear section to the cylindrical front section of its top surface

intersects the f-u plane perpendicularly [see 13.4.1.6 c¢) 1)], and

— the point of intersection lies on the u-axis of the test sample [see d)] or is offset from the u-axis
[see 13.4.1.6 c) 2)] as specified by the manufacturer/submitter in the test submission document

4)

[see 12.3.2 €)].

If appropriate (see NOTE 3), set the top load application point, Py horizontally, to a distance from

the tilting axis, TA, determined by the difference of their f-offsets (f1, |, - f1 ) relevant to the foot

lepgth-Lofthetestsample {see— o and .}

N(
[sd
ch
tilg
cy
ca

5) Se

to

of
th
d)

Nd
pa
foq
to
sef
thd

b) For thg

Es
co

iy

Se
th

2)

3)
4)

Te

equipment [see d)], the offset uy | to be measured from the u-level of that point on the cont

Mount the §pecific heel block on the foot platform and position it so that

TE 3 The static test procedure is carried out with the foot platform set to a fixed {
e a) 2)], hence, the position of the test sample set-up in the test equipment set with step-d) 2
hnged by oscillation of the foot platform typical of the cyclic test procedure. Therefére, the po
ing axis, TA of the foot platform determined by the offsets fr, | and ur, | is legs.important
Clic test procedure. This aspect is relevant in particular, if the static and thecyclic test pro
'ried out on different test equipment.

t the top load application point, P vertically, to a position that\allows the offset uq
the foot length L of the test sample (see Table 7) to be established when setting it up|

the foot platform tilted at 8, or 3, (see Table 8), at whichthe posterior heel edge or t

Figure 10 and NOTE 4], and which provides sufficient travel for the moving part of th

TE 4 As illustrated in Figure 10, in the setting-up déscribed in the foregoing paragraph the
5sing through the top load application point P parallel to the u-axis intersects the contact sy
t platform at a distance (u + Aug). This distanee,can be calculated by factoring the value of
the foot length L as specified in Figure 10 fex static heel and forefoot loading at 5; or f3,.
ting of the top load application point at thisldistance is considered to be one appropriate way
e test equipment for static loading as required.

b cyclic test procedure [see 15.3 and 16.1.2 b)], prepare the test equipment as follows.

tablish a distance between-the tilting axis, TA, and the contact surface of the fod
Fresponding to the valug-6fur, | relevant to the foot length L (see Table 7, Figure 5 ang

ilting angle
will not be
sition of the
than for the
cedures are

., relevant
in the test
act surface
he point of

e foot of the test sample will be positioned upon its carréct setting-up in the test equipment [see

b actuator.

straight line
rface of the
1,1, relevant
[he vertical
f preparing

t platform
1 D.3.2.2).

s is mounted in thetest equipment in accordance with d).

mporarily fixthe foot platform in its neutral tilting position (8 = 0) so as to simulate tH

the'line of transition from the plane rear section to the cylindrical front section of its

t the foot platform to.a)position which allows it to support the entire foot of the test sample when

e ground.

top surface

intersects the f-u plane perpendicularly [see 13.4.1.6 c) 1)], and

— the point of intersection lies on the u-axis of the test sample [(see d)] or is offset from the u-axis
[see 13.4.1.6 c) 2)] as specified by the manufacturer/submitter in the test submission document

[see 12.3.2 €)].

5)

6)

Set the top load application point, P horizontally, to a distance from the tilting axis, TA, determined
by the difference of their f-offsets (fr, |, - fr ) relevant to the foot length L of the test sample (see
Table 7 and Figure 5).

Set the top load application point, Py vertically, to a position that allows the offset uy | relevant to
the foot length, L of the test sample (see Table 7) to be established when setting it up in the test
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equipment [see d)], the offset uy | to be measured from the horizontal contact surface of the foot
platform, and which provides sufficient travel for the moving part of the actuator (see Figure 5).

c) Assemble the test sample to a fixed length, using end attachments consisting of extension pieces and
any appropriate top load application adaptor or lever relevant to the test sample set-up (see 10.2 and
10.3 and Table 6), and align it to the values specified in Table 7 and Table 8 as described in 10.5 and
illustrated in Figure 4.

d) Setthe test sample set-up in the test equipment

1) with the ankle-foot device or foot unit placed on the foot platform in either of the ways referred to
in a) and b) and in the toe-out position specified in Table 8 and illustrated in Figure 4, and

apding parale ot + = ovingpart-of-theactuator at a
izontal distance from the tilting axis TA of the foot platform determined by fr, xfelevant to
the foot length L of the test sample (see Table 7) when the top load application poifnt,P-{ of the test
sample is matching the top load application point, Py of the test equipment (see Figure 5}.

For some designs of ankle-foot devices and foot units. it is not possible to set up a test{ sample in
acrordance with these requirements. Special test set-ups may then be used in certain cages.

e) Arrange the means to resist dislocation of the test sample during its lifteff phase, in accorflance with
13.4.2)6 b) and Figure 5. Adjust the means so that the foot of the test sample contacts the fopt platform
for the next loading cycle in the position determined by the test setzup.according to d).

f) Do notl alter the set-up described in a) to e) if the test sample deflects under the test loading|conditions
specified in Clause 8 during the tests specified in 16.2, 16.3 and 16.4.
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Pr_. Pr
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5
Ca Ca
2 \0 1 \0 1
X - X
Y = // 2
\ )
E F
~ <
fT < F
0,25L
fr
0,75L'
Key
f, u axes of coordinate system
1 symbdlic view of foot
2 foot platform
P, top lodd application point [see 16:1:¥a) 5) and 6)]
C, effectiye ankle-joint centre (s¢e'6.7.3)
fr  Forwafd offset top load application point
Static heel lpading at Static forefoot loading at f3,
Aupy = (0,29 L+ fp) - tan 4. = 0,04 uy Aup, = (0,75L" - f1) - tan B, = 0,11 up
ur + Aupq = 1,04 up ur + Aupy = 1,11 up
NOTE ' is the'projection of the foot length L on the f~u plane. L'= L - cos t=0,992 5 L = L (see Figure 4J).
Figure 10 — Preparation for test loading of static test procedure
16.1.2 Testloading conditions

The test loading shall be applied in different conditions, described in a) and b).
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For test equipment other than that addressed, described or referred to in this document (see paragraphs 3
and 4 of 15.1), the application of the test loading may differ from that described in a) and b).

a) The static tests shall apply separate heel and forefoot loading to the test sample of ankle-foot device or
foot unit in directions and at magnitudes relating to the maxima occurring early and late in the stance
phase of normal walking respectively.

With the test sample set-up according to 16.1.1, these loading conditions are determined by the values of
the test forces F; and F, specified in Table 9, to be applied at the top load application point, Py, and by the

tilting

angles ; and f3, of the foot platform, specified in Table 8.

The conditions of heel and forefoot loading specified for the static tests shall also apply for the instants
of maximum heel loading (1st maximum) and maximum forefoot loading (2nd maximum) during the

cyclic

b) Thecy
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16.2 Stat
16.2.1 Te

16.2.1.1 T]

estaddressed i bi:

clic test shall apply progressive loading to the sample of ankle-foot device or foot unit’in
magnitudes representative of the full stance phase of walking from heel contactito toe

he test sample set-up according to 16.1.1, this loading condition is determified by the pi

directions
-off.

ofile of the

Fce F,, to be applied at the top load application point, P, and by the profile of the tilting angle,

foot platform, the profiles of test force, F. and tilting angle, f to be applied either as sy

hchronized

ns of time F,(t) and S (t), or the profile of the tilting angle § to be‘applied as a functiogn of time f

the profile of the test force F_ to be applied as function of the tilting angle F,(f) (see 1
s 6 and 7).

rofile of the test force F.(t) is determined by the instaiitaneous values of test fq
aximum), F_;, (intermediate minimum) and F, .. {2nd maximum), specified in ]
nal “thresholds” illustrated in Figure 3 and specified'in Table 10, by discrete values {
time increments in Table 11 and also by Formula£8).

ofile of the tilting angle, § (t), is determined by the instantaneous values of tilting
and S, at the instants of F; ., (1st maximum), F_;, (intermediate minimum) and 4
um), specified in Table 8, by discrete yalues specified in 30 ms time increments in Tz
 Formulae 4 to 7.

3.4.2.7 and

rce Flcmax
[able 9, by
pecified in

p angle, B,
‘Zcmax (an
ible 11 and

'he lines of application of the statig*and maximum cyclic heel and forefoot reference loadling of Test

) are intended to approach those determining the sagittal plane loading of the corresponding
and II of the principal structural tests of ISO 10328:2016, while the values of tilting angle

e actually identical with thase specified for heel and forefoot loading of the separate structy
evices and foot units of [SQ.10328:2016 (for further background information, see Annex A).

c proof test
5t method

he static proof test for ankle-foot devices and foot units shall be conducted by applyi

force initi
16.2.1.10,

&

ly'to.the heel and subsequently to the forefoot of the same test sample, as described in|

test loading
of the foot
ral tests on

ng the test
16.2.1.2 to

vice versa

The static proof test for ankle-foot devices and foot units may be carried out as part of the alternative static
ultimate strength test.

A flowchart for this test is shown in Figure 11.

16.2.1.2 P

repare and align a test sample from the batch specified in

with 9.4, Clauses 10 and 11, 12.2 and 16.1.1 c) and Tables 6, 7 and 8.

Table 12, for this test, in accordance

If a test sample that has completed the cyclic test procedure for ankle-foot devices and foot units (including
the final static test) without failing is used for this test in accordance with 9.4.2, re-align it in accordance
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with Clauses 10 and 11, 12.2 and 16.1.1 c) and Tables 6, 7 and 8 (see also 16.2.1.11). Record the re-use of the
test sample.

Record the test loading level to be applied, together with the corresponding values of the tilting angles f;
and f3, of the foot platform and the test forces F; and F,, determining the conditions of heel and forefoot
loading.

Record whether a special jig is used.

16.2.1.3 Prepare the test equipment in accordance with 16.1.1 a).

For the test in heel loading, set the tilting angle of the foot platform to S, for the Test Range (R) specified in
Table 8.

Record thg
platform fa

individual settings for the preparation of the test equipment and the arrangement|of the foot

r heel loading, including the positioning of the specific heel block.

16.2.1.4 Mount the test sample in the test equipment in accordance with 16.1.1 d).

16.2.1.5 A
100 N/s an

bf between
e 9.

pply to the heel of the test sample the test force F; and increase it sfnpothly at a rate
d10 kN/s to the proof test force F;, of the relevant test loading level) specified in Tablg
Maintain tl

iis force, Fyg, at the prescribed value for (30 + 3) s and then decrease the test force F; to zero.

If the test

sample sustains the static heel loading at Fy g, for the pfescribed time, record this a
with 16.2.1

7.

hd proceed

If the test gample fails to sustain the static heel loading at F; g, for the prescribed time, record thiis together

with the h
force, Flsp,
statement

The occur}
performan|
shall be tel
test labora

16.2.1.6 If
of heel loa
results.

16.2.1.7 K

If appropri
foot platfoi

Record thq

ighest value of test force reached or the time for which the prescribed value of the
has been maintained and decide on the contirittation of the test procedure in consider
biven below (but see 16.2.1.11). Record thedecision.

ence of failure in the test procedure in“one direction of loading prevents compliang
ce requirements of this test being claimed for the test sample (see 16.2.3). For this reas
'minated, unless otherwise statéd;in the test submission document or agreed upon b
fory/facility and the manufacturer/submitter (see 12.3.3).

the test sample fails to ;satisfy the performance requirement of 16.2.2 in the test
ling, inspect it to detect the nature and, if possible, the location of any damage and

pr the test in‘forefoot loading, set the tilting angle of the foot platform to 3, specified i

m and'stubsequently remount it.

proof test
htion of the

e with the
on, the test
btween the

procedure
record the

n Table 8.

ate, remQve the test sample from the test equipment during the setting and arrangement of the

individual settings for the arrangement of the foot platform for forefoot loading, in

Cluding the

positioning of the speciiic heel block.

16.2.1.8 Apply to the forefoot of the test sample that has completed the test procedure of heel loading
without failing (see 16.2.1.5) the test force, F, and increase it smoothly at a rate of between 100 N/s and

10 kN/s to

the proof test force F,, of the relevant test loading level, specified in Table 9.

Maintain this force, F,, at the prescribed value for (30 + 3) s and then decrease the test force, F, to zero.

If the test sample sustains the static forefoot loading at F,, for the prescribed time, record this.

If the test sample fails to sustain the static forefoot loading at F,g, for the prescribed time, record this
together with the highest value of test force reached or the time for which the prescribed value of the proof
test force F,,, has been maintained (but see 16.2.1.11).
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16.2.1.9 If the test sample fails to satisfy the performance requirement of 16.2.2 in the test procedure of
forefoot loading, inspect it to detect the nature and, if possible, the location of any damage and record the
results.

16.2.1.10 Decide and record whether or not the test sample has passed the test procedure of heel
loading (16.2.1.4 and 16.2.1.5) and the test procedure of forefoot loading (16.2.1.7 and 16.2.1.8), checking
the results of 16.2.1.5 and 16.2.1.8 against the performance requirement of 16.2.2.

16.2.1.11 If a test sample that has already completed, without failing, the cyclic test procedure for
ankle-foot devices and foot units (see 16.2.1.2) fails to satisfy the performance requirement of 16.2.2 in heel
loading (see 16.2.1.4 and 16.2.1.5) or in forefoot loading (see 16.2.1.7 and 16.2.1.8), repeat the complete test
(see 16.2.1.2 to 16.2.1.9) on a substitute test sample and record the failure and the repetition, including all

specificre

16.2.2 Pe

In order t
successive
inclination

16.2.3 Co

In order to
with the pé¢
with 16.2.]
forefoot lo
prescribed

rords called for.

rformance requirement

b pass the static proof test for ankle-foot devices and foot units, a test~sample sh|
static heel and forefoot loading by the proof test forces F;, and F,, atthe'prescribed
s for (30 + 3) s each.

mpliance conditions

claim that the ankle-foot device or foot unit submitted fertest according to 9.1 to 9.
rformance requirement of the static proof test for ankle*foot devices and foot units in

b at a specific test loading level, tests of this type, each successively applying heel 1
nding to the same test sample, shall be passed by twotest samples from the prescribed
batch including the substitute test sample allowedby 16.2.1.11 (see 9.3 and Table 12).

all sustain
values and

3 complies
hccordance
bading and
| batch, the
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( Start )

Settings and adjustments
for heel loading

Repetition of test
on substitute test

16.2.1.2t0 16.2.1.4

Heel loading
at proof
load level

sample

16.2.1.11

16.2.1.5

Heel no

loading requirements
satisfied?
16.2.1.5

yes

Settings and adjustments
for forefoot loading

16.2.1.7

|

Forefoot loading
at proof
load level

16.2.1.8

Forefoot
loading néquirements
satisfied?

The test sample has passed
the static proof test for

ankle-foot devices and foot units

Has test
sample completed
other tests
before?

yes

16.2.1.11

The test sample has failed

the static proof test for
ankle-foaot devices and foot units

16.2.1.10

16.2.1.10

Figure 11 — Flowchart for the static proof test specified in 16.2.1
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16.3 Static ultimate strength test

16.3.1 Test method

16.3.1.1 The static ultimate strength tests for ankle-foot devices and foot units shall be conducted on
different test samples, loading the first on the heel and the second on the forefoot, as described in 16.3.1.2 to
16.3.1.14, or vice versa.

A test sample that satisfies the requirements of this test in one direction of loading, can be used for this test
in the other direction of loading (but see 16.3.1.16).

A flowchar

t for this test is shown in Figure 12.

16.3.1.2 P
with 9.4, C]

repare and align a test sample from the batch specified in Table 12 for this test’in
ause 10 and 11, 12.2 and 16.1.1 c¢) and Tables 6, 7 and 8.

hccordance

If a test sample that has completed the static proof test for ankle-foot devices and fopt'units without failing

is used for
16.1.1 ¢ a1

If a test saiple that has completed the cyclic test procedure for ankle-foot detices and foot units

the final sf
with (Clau
of the test

Record the
the foot pl{
jig is used.

16.3.1.3 P

For the tes

Record the
platform fq

16.3.1.4 M

16.3.1.5 A
100 N/s arf
force Fg,

Record the
has occurr
document

this test in accordance with 9.4.2, re-align it in accordance with Clausesit® and 11 an
d Tables 6, 7 and 8 (see also 16.3.1.15). Record the re-use of the test sample.

atic test) without failing is used for this test in accordance with 9.4.2, re-align it in
pes 10 and 11, and 12.2 and 16.1.1 c¢) and Tables 6, 7 and 8 (see also 16.3.1.15). Record
sample.

test loading level to be applied, together with the cortesponding values of the tilting
tform and the test force F;, determining the condjtion of heel loading. Record wheth{

repare the test equipment in accordance with 16.1.1 a).
L in heel loading, set the tilting angle of‘the foot platform to f8;, specified in Table 8.

individual settings for the prepatation of the test equipment and the arrangement
r heel loading, including the positioning of the specific heel block.

[ount the test sample in thetest equipment in accordance with 16.1.1 d).

pply to the heel of thetest sample the test force, F; and increase it smoothly at a rate
d 10 kN/s untilcthe test sample fails, or the test force, F; attains the value of the ul

pper level Of the'rélevant test loading level, specified in Table 9, without failure of the tes

highestxalue of the test force F; reached during the test, the rate of loading and whef
ed. If expressly requested by the manufacturer/submitter or if requested in the test
[123¥a)], continue the static ultimate strength test after the test sample has wit

d 12.2 and

(including
hccordance
the re-use

angle f; of
b1 a special

of the foot

bf between
timate test
t sample.

her failure
bubmission
hstood the

ultimate td

stforce, Figy, upper level UNtil failure actually occurs, and record the value of the load at

failure.

Take into account that in this case the end attachments used need a higher value of stiffness and ensure that
the values of their deflection and permanent deformation keep within the limits specified in 13.2.2.2.9 at a
higher proof load than is specified in Table 6 for the test loading level to be applied.

16.3.1.6 Check the results of step 16.3.1.5 against the performance requirements of 16.3.2 and record the
findings.

If the test sample completes the test procedure of heel loading without failing, proceed with 16.3.1.8.

If the test sample fails, decide on the continuation of the test procedure in consideration of the statement
given below (but see 16.3.1.15). Record the decision.
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The occurrence of failure in the test procedure in one direction of loading prevents compliance with the
performance requirements of this test being claimed for the test sample (see 16.3.3). For this reason, the test
shall be terminated, unless otherwise stated in the test submission document or agreed between the test
laboratory/facility and the manufacturer/submitter (see 12.3.3).

16.3.1.7 If the test sample fails to satisfy the performance requirement of 16.3.2 in the test procedure
of heel loading, inspect it to detect the nature and, if possible, the location of any damage and record the
results.

16.3.1.8 Prepare and align a fresh test sample from the batch specified in Table 12 for this testin accordance

with 9.4, Clauses 10 and 11, 12.2 and 16.1.1 c) and Tables 6, 7 and 8 (but see 16.3.1.1 and 16.3.1.16).

If a test sair

is used forj
16.1.1 c) arf

If a test saiple that has completed the cyclic test procedure for ankle-foot devices and\feot units

the final sf
with Claus

test samplé.

Record thq
of the foot
special jig

16.3.19 F
Record the
positioning

16.3.1.10

16.3.1.11
between 1
test force H

Record the
has occurr

If expressl
[12.3.4 a)],
force Fyg,

Take into 4|
the values

Iy requested by ¢he manufacturer/submitter or if requested in the test submission|

pDle 2
this test in
d

ommpleted C d DIOO C O d esS dnd 100U Ur W
accordance with 9.4.2, re-align it in accordance with Clauses 10 and 1]

Tables 6, 7 and 8 (see also 16.3.1.15). Record the re-use of the test sample.

aev i

atic test) without failing is used for this test in accordance with 9.4.2, retalign it in
ps 10 and 11, 12.2 and 16.1.1 ¢) and Tables 6, 7 and 8 (see also 16.3.1.15). Record the rq

h

test loading level to be applied, together with the corresponding values of the tiltin
platform and the test force, F,, determining the condition of, forefoot loading. Record
s used.

pr the test in forefoot loading, set the tilting angle ofithe foot platform to f3,, specified j

individual settings for the arrangement of the:foot platform for forefoot loading, in
F of the specific heel block.

Mount the test sample in the test equipment in accordance with 16.1.1 d).

Apply to the forefoot of the test-sample the test force F, and increase it smoothly
DO N/s and 10 kN/s until the test.ssample fails, or the test force F, attains the value of tl
bsu, upper level Of the relevant test loading level, specified in Table 9, without failure of the g

highest value of the testforce, F, reached during the test, the rate of loading and whet
pd. Make specific reference if the test force F, is to be applied at a higher rate of loadin

continue the static ultimate strength test after the test sample has withstood the ul

pper level Untikfailure actually occurs, and record the value of the load at failure.

ccountthat in this case the end attachments used need a higher value of stiffness and ¢
of theirdeflection and permanent deformation keep within the limits specified in 13,

higher pro

out failing
|, 12.2 and

(including
hccordance
-use of the

g angle, S,
whether a

n Table 8.

Cluding the

at a rate of
he ultimate
est sample.

her failure

D
B

document
timate test

bnsure that
2.2.29 ata

bfload than is specified in Table 5 for the test loading level to be applied.

16.3.1.12
record the

16.3.1.13

Check the results of step 16.3.1.11 against the performance requirements of
findings.

If the test sample fails to satisfy the performance requirement of 16.3.2 in the test

16.3.2 and

procedure

of forefoot loading, inspect it to detect the nature and, if possible, the location of any damage and record the

results.

16.3.1.14

Decide form and record whether or not the test sample referred to in 16.3.1.2 has

passed the

test procedure of heel loading (16.3.1.3 to 16.3.1.5) and the test sample referred to in 16.3.1.8 has passed
the test procedure of forefoot loading (16.3.1.9 to 16.3.1.11), taking account of the findings of 16.3.1.6 and

16.3.1.12.
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16.3.1.15 If a test sample that has already completed, without failing, the static proof test and/or
the cyclic test procedure for ankle-foot devices and foot units (see 16.3.1.2), fails to satisfy either of the
performance requirements of 16.3.2 in heel loading (16.3.1.3 to 16.3.1.5) or in forefoot loading (16.3.1.9 to
16.3.1.11), repeat the test on a substitute test sample in the failed direction of loading and record the failure
and the repetition, including all specific records called for.

16.3.1.16 If a test sample that has already completed, without failing, the static ultimate strength
test for ankle-foot devices and foot units in one direction of loading (see 16.3.1.1 and 16.3.1.6), fails this
test in the other direction of loading (see 16.3.1.12), repeat the test on a substitute test sample in the failed

direction of loading and record the failure and the repetition, including all specific records called for.

16.3.2 Performance requirements

In order tg
satisfy one

a) the tes
incling

value 4
or

b) if the
heel- g

related

16.3.3 Co

In order to
with the p¢
in accordal

If the test
each sepaf
accordancg
the prescr
Table 12).

pass the static ultimate strength test for ankle-foot devices and foot units, a test'sz
of the following performance requirements:

t sample shall sustain either static heel loading by the ultimate test force’¥Fyg, at the
tion prescribed for Fig, ypper evel OF Static forefoot loading by the ultimate’test force
nd inclination prescribed for Fyg, ypner jevel Without failing

mechanical characteristics of the test sample prevent the pequirement of a) to be s
r forefoot loading, the test sample shall demonstrate shoekabsorption capacity (see
| loading direction.

mpliance conditions

claim that the ankle-foot device or foot unit submitted for test according to 9.1 to 9.

ice with 16.3.2 at a specific test loading level, the following shall apply.

forces F; and F, have been applied at-a rate of between 100 N/s and 10 kN/s, tests o
ately applying heel loading and-forefoot loading to different test samples, shall bd
with 16.3.2 in each of these direetions of loading by two test samples from the prescr
bed batch including the substitute test samples allowed by 16.3.1.15 and 16.3.1.16 (3

mple shall

value and
F,,, at the

htisfied for
|5.2) in the

3 complies

brformance requirements of the static ultimate strength test for ankle-foot devices and foot units

f this type,

passed in
ibed batch,
ee 9.3 and
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Start
Heel (H) or Forefoot (F) loading

Settings and adjustments Repetition of test on
for loading H and F substitute test sample
(H)16.3.1.2to | (F)16.3.1.8to (H) 16.3.1.15 (F) 16.3.1.16
16.3.1.4 16.3.1.10
H and F loading to

ultimate load level

~

16.4 Cycl
16.4.1 Te

16.4.1.1 T
loading on
angle and {
16.4.1.12.

(H)163.1.5 | (F)16.3.1.11

A flowchar

t for this test is shown in Figure 13.

16.4.1.2 The following requirements shall apply.

Loading no Has the'test yes
requirements sample completed other
satisfied? tests before?
1) 16.3.1.6 (F) 16.3.1.12 (H) 16.3.1.15 (F) 16.3.1.16
yes 16.3.1.16 no 16.3.1.15
Test sample has passed the Test sample has failed the
static ultimate strength test static ultimate strength test
for ankle-foot devices and for ankle-foot devices and
foot units foot units
(H) 16.3.1.6 (F)16.3.1.12 (H) 16.3.1.6 (F)16.3.1.12
Figure 12 — Flowchart for the static ultimate strength test specified in 16.3.1
iCc test
5t method
he cyclictest for ankle-foot devices and foot units shall be conducted on a test sample, cdntinuously
the foetuffom heel contact to toe-off by repeated application of synchronized profilgs of tilting
estdorce, followed by final static loading on the heel and the forefoot, as described in|16.4.1.3 to

a) During the course of the cyclic test, specified parts shall be replaced when the number of cycles has
reached a value at which such replacement is indicated in accordance with the manufacturer's/
submitter's service instructions and/or the test submission document [see 12.3.5 b)]. All such
replacements shall be recorded.

b) A test sample that completes the cyclic test without failing shall be subjected to final static heel and
forefoot loading by the test forces Fyg;,, and F,g,, successively applied at a rate of between 100 N/s
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and 10 kN/s and maintained for (30 * 3) s for each loading case, with the foot platform set at the tilting
angle, f; for heel loading and S, for forefoot loading.

A test sample that fails and/or a test sample that completes the cyclic test without failing shall, at the

request of the manufacturer/submitter, be visually examined at the magnification specified in the
test submission document [see 12.3.5 c)], and the presence, location and nature of any fractures and/
or cracks recorded, together with the magnification used.

16.4.1.3 Prepare and align a test sample from the batch specified in Table 12 for this test in accordance
with 9.4, Clauses 10 and 11, 12.2 and 16.1.1 c) and Tables 6, 7 and 8.

Record the test loading level to be applied and the Test Range (R) together with the corresponding profiles

of the tiltin

g angle f(t) of the oscillating foot platform and the pulsating test force F (¢) or F.(£).d

etermining

the loading

Record wh

16.4.1.4 P

Record the
platform, i

16.4.1.5 M

Arrange aif
with 16.1.1

Record the

16.4.1.6 S

a) For st3
the he
b) For sta
to the
If the test
with 16.4.1

If the test §

conditions at each instant of the loading cycle, and the prescribed number of cycles!

ether a special jig is used.

repare the test equipment in accordance with 16.1.1 b).

individual settings for the preparation of the test equipment andthe“arrangement
hcluding the positioning of the specific heel block.

[ount the test sample in the test equipment in accordance with 16.1.1 d).

1d adjust the means to resist dislocation of the test sample during its lift-off phase in

e).

individual settings.

Liccessively apply static heel loading as specified in a) and static forefoot loading as spe

tic heel loading, set the tilting angle of the foot platform to f8;, specified in Table 8, a
| of the test sample the maximum test.force F; ., specified in Table 9.

tic forefoot loading, set the tiltihglangle of the foot platform to f,, specified in Table 8
forefoot of the test sample the maximum test force F,_,, ., specified in Table 9.

sample sustains the suecessive static heel and forefoot loading at F; ., and Fy.,
7.

ample fails to sustain the successive static heel and forefoot loading at F; ., and F,,

this together with the highest value of test force reached in each direction of loading and terming

16.4.1.7 A
foot platfo
the values
and 3 Hz iy

pply to the test sample simultaneously, the profiles of the tilting angle £(t) of the
'm and:the pulsating test force F,(t) or F,(f) in accordance with the requirements of
for4he relevant test loading level, specified in Tables 8 to 11, at a frequency of betw
| aecordance with the test submission document [see 12.3.5 a)] for a series of cycles, t

of the foot

hccordance

cified in b).

hd apply to

, and apply

« proceed

a0 ecord
te the test.

oscillating
13.4.2 and
een 0,5 Hz
b allow the

test sampl

NOTE 1
the test equ

and the test equipment to - Settie down -

ipment control mechanism.

Start at any appropriate instant of the loading cycle.

The number of cycles required for the test to settle down will depend on the nature of the test sample and

Take care that during this settling-in period, the highest force applied to the test sample does not exceed the
maximum test force F; ., by more than 10 % (see 13.4.2.12).

NOTE 2

more than 10 % can cause an early deterioration of the test sample.
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Do not proceed with 16.4.1.8 until the test sample and the test equipment have settled down, and the profiles
of the test force F,(t) or F.(f) and the tilting angle f(t) of the oscillating foot platform have achieved the
waveform specified in 13.4.2.10 and keep within the tolerances specified in 14.3 f), g) and h).

Record the frequency called for, together with the number of cycles required to settle down and whether
the pulsating test force F_(t) or F.(f) and the tilting angle f () of the oscillating foot platform are applied in
accordance with 13.4.2.10 and 14.3 f), g) and h).

If the frequency called for cannot be achieved, or does not allow the pulsating test force F,(t) or F.(f) and the
tilting angle f3 (£) of the oscillating foot platform to be applied as specified, repeat the preceding steps of this
subclause at a different frequency, preferably between 0,5 Hz and 3 Hz, to be agreed upon between the test

laboratory/facility and the manufacturer/submitter.

Record any

If the pulsg
applied at
record this

16.4.1.8 A
platform a
values for {
in accorda
from the
number of

Inspect thd
platform. T

Record thdg
on the cont

16.4.19 D
Proceed as

Stop the tq
replacemel
instructior
cycles at sh

Exchange/
instructior

Restart th
complexity

Record the

IETEEIEIt O a frequerncy differing fronr the vatue tatted for:

iny frequency agreed upon between the test laboratory/facility and the manufacturer,
and terminate the test.

pply to the test sample, simultaneously, the profiles of the tilting angle B(t) of the osci
hd the pulsating test force F_(t) or F(f) in accordance with the requirements of 13.4
he relevant test loading level, specified in Tables 8 to 11, at a frequency of between 0,5 |
hce with the test submission document [see 12.3.5 a)] or any agreement on a frequeng
alue called for therein, preferably between 0,5 Hz and 3-Hz (see 16.4.1.7), for the

cycles specified in Table 9.

waveforms of the applied test force F,(t) or F.(f) andthe tilting angle f(t) of the osci
erminate the test if the waveforms do not conformowith 13.4.2.10.

frequency applied, together with the results of the inspection of the waveform and t
inuation of the test.

uring the course of the cyclic test, replace any parts which would be replaced in norn
follows.

st equipment when the number of cycles of load has reached a value at which the
it of these parts is indicated in accordance with the manufacturer's/submitte
s and/or the test submission document [see 12.3.5 b) and 16.4.1.2 a)]. Record the
utdown.

replace the specified parts in accordance with the manufacturer's/submitte]
s and/or the test-submission document.

e test from(16.4.1.3 or 16.4.1.7, depending on the mechanical properties of these paj

details of the exchange/replacement and the resulting conditions of the restart, tog

the numbe

 ‘efithe corresponding clause.

ting test force F_(t) or F.(f) and/or the tilting angle f(t) of the oscillating foot platform cannot be

submitter,

[lating foot
}.2 and the
1z and 3 Hz
y differing
prescribed

llating foot

he decision

hal service.

exchange/
r's service
number of

's service

ts and the

of the dis>’and re-assembling of the test sample necessary for their exchange/replaceiment.

ether with

16.4.1.10

16.4.1.11

Continue the test until failure occurs or the prescribed number of cycles specified in Table 9
has been reached. Record the number of cycles at shutdown and whether failure has occurred.

Subject a test sample that completes the cyclic test without failing, to the final

static test

force Fy4,, applied to the heel with the foot platform set at the tilting angle 8, and subsequently to the final
static force F,g;,,, applied to the forefoot with the foot platform set at the tilting angle f8,, in accordance with
the values for the relevant test loading level, specified in Table 9, applied at a rate of between 100 N/s and

© IS0 2024 - All rights reserved
55


https://standardsiso.com/api/?name=d3d3fe976fb162811493548dc9d4eaf0

ISO 22675:2024(en)

10 kN/s. For each loading case, maintain the load at the prescribed value for (30 + 3) s and record the results
[see 16.4.1.2 b)].

If the test sample fails to sustain the successive final static heel loading at F;;, and forefoot loading at F,;,,
for the prescribed time in either of the directions of loading, record this together with the highest value of
test force reached in each direction of loading or the time for which the prescribed values of the final static

test forces

16.4.1.12

Fi¢, and Fyg have been maintained.

Decide and record whether the test sample has passed or failed the test procedur

e specified

in16.4.1.2 to 16.4.1.11, checking the results of steps 16.4.1.6, 16.4.1.10 and 16.4.1.11 against the performance
requirements of 16.4.2.

16.4.1.13
detect the

16.4.1.14
or a test sg
without fai

Carry out
decided ac

Record th
submitter’

16.4.2 Pe

In order to
performan|

a)

the te
forces

b) the tes

levels

c) the tes

Fifi, and F,g, at the prescribed values and inclinations for (30 + 3) s each.

16.4.3 Co

In order to
with the p
with 16.4.7

two test samples;from the prescribed batch (see 9.3 and Table 12).

Ifthe testsampie faitsto satisfy any of the performance requirements of 16.4.2, t
hature and, if possible, the location of any damage and record the results.

At the request of the manufacturer/submitter, visually examine a test sdmple tha
mple that completes the cyclic test for ankle-foot devices and foot units and the fina
ling, to detect the presence, location and nature of any fractures and/or\ctacks [see 16

he examination at the magnification specified in the test submission-document [see 1l
Cording to circumstances in agreement with the manufacturer/submitter.

e magnification used and the information obtained, takimg account of the manu
b instructions concerning the documentation of test results.fsee 12.3.5 c]].

rformance requirements

pass the cyclic test for ankle-foot devices and foot units, a test sample shall satisfy th
ce requirements:

5t sample shall sustain successive static heel and forefoot loading by the max]
F cmax and Fy .. at the prescribed valu€s and inclinations;

t sample shall sustain cyclic loading by the pulsating test force F,(t) or F.(f) at the
hind ranges for the prescribed number of cycles;

t sample shall sustain successive static heel and forefoot loading by the final static

mpliance conditions

claim that the*ankle-foot device or foot unit submitted for test according to 9.1 to 9.
erformance’requirements of the cyclic test for ankle-foot devices and foot units in
| at a specific test loading level, in a specific Test Range (R), tests of this type shall bg

spectit to

t fails and/
static test
4.1.2 c].
2.3.5 ¢)] or

facturer's/

e following

imum test

prescribed

test forces

3 complies
hccordance
passed by
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Settings

and adjustments

16.4.1.3 t0 16.4.1.5

Static heel loading at
maximum test force F.pax

16.4.1.6

A

yes

Need for
realignment
of sample?

16.4.1.9

Loading

no

requirement
satisfied?

16.4.1.6

Static forefoot loading at
maximum test force F,qax

16.4.1.6

Loading ne.

Termination'of test,
since te§t $ample does
not Satisfy 16.4.2 a)

16.4.1.6

requirement
satisfied?

16.4.1.6

Start of initial.gyclic loading
for "settling down"

(progressive loading from
heel gontact to toe-off)

16.4.1.7

Loading
requirements
satisfied at frequency
applied?

Termination of initial cyclic
loading for "settling down"

16.4.1.7

Agreement
on different
frequency

16.4.1.7

Termination of test, since
F(t) and/or B(t) can not
be applied at any frequency

4 447
TO.7. 1.7

®

a) Flowchart for the cyclic test specified in 16.4.1 to allow the test sample and the test equipment to

“settle down”.
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@
Start of
"regular” cyclic loading

(progressive loading from
heel contact to "toe-off")

16.4.1.8

Termination of test,
since waveform of
F(t) and/or £(t) do not
comply with 13.4.2.10

Waveforms
of F(t) and f5(t) as
required?

* VES 16418

Continuation of test until
shutdown of test equipment
because of / due to

a) replacement of parts
b) occurrence of failure
c) completion of cyclic test

16.4.1.9/16.4.1.10

Replacement Relevant Occurrence |
of parts event? of failure
16.4.1.9 16.4.1.10

Completion of
cyclic test

16.4.1.10

Final static test at
Ffn and F g,

16.4.1.11

Loading
requirements
satisfied?

no

16.4.1.11

Test sample has passed the Test sample has failed the
cyclic test for ankle-foot cyclic test for ankle-foot

\ devices and foot units / \ devices and foot units /

16.4.1.12 16.4.1.12

b) Flowchart for the cyclic test specified in 16.4.1 - “regular” cyclic loading

Figure 13 — Flowchart for the cyclic test
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16.5 Separate static test in torsion

16.5.1 General

The requirements of this subclause shall apply to test samples of all prosthetic devices/structures submitted

for test.

16.5.2 Pu

rpose of test

Users can apply twisting loads to their prostheses, which exceed the levels of the twisting moments (induced
torque) generated by the test loading conditions of the other strength tests, specified in this document.

16.5.3 Te

16.5.3.1 P

in Table 12

11.4,11.5,

5t method

repare (or check and, if necessary, correct) the assembly of a test sample from theebatc
for this test in accordance with the manufacturer's assembly instruction$7and 9.4,
[1.6 and 12.2.

Record the
document

16.5.3.2 S

To avoid s
applied in

representative footwear requires the heel-block to be removed\from the tilting plate. The ankle

remains in

To avoid sl
plate can b

Record the
the type of]
shall be stq

16.5.3.3 T|

16.5.3.4 i
on the leve
following 3

Record the
axis of tord

16.5.3.5 A

lippage between the sole of the foot and the plate, or the sole of the footwear and th

values of the tightening torque(s) of bolts of clamped connections speeified in the test
[see 11.1 and 12.2) and of the twisting moments to be applied.

et up and mount the test sample as specified in 13.4.1 at a plate'angle 3 of 0°.

ippage between a functional insert of an ankle foot dévice and the footshell, footw
this test, which represents typically used footwear for this type of ankle foot de

the position and orientation as specified in 13.4.1

e equipped with a rough surface such as sand paper to increase friction.

set-up, including the mid-positions adjusted. If the plate is equipped with a rough surf
surface and the method of fixation. [fa representative footwear is used for this test, th
red together with the ankle foot device after test.

he axis of torque applicatjomis perpendicular to the tilting plate and runs through Pr.

icrease the vertical.load between a rate of 100 N/s and 10 kN/s smoothly until the v{

h specified
Clause 10,

bubmission

ear can be
vice. Using
foot device

b plate, the

ace, record
s footwear

brtical load

| of the Final Statistest force Fyy;, as specified in Table 9 is reached. Maintain this load
pplication of the twisting moment within a range of +10 % of the specified vertical loa

angular position of the axis of torque application yq, at a twisting moment of 0 N
ue.

100 Nm/s.

pply a tw1st1ng moment of 50 Nm about the axis of torque between a rate of 10

application, 1mmed1ately before the transition to the next torque level starts

Calculate a

nd record the maximum angular movement Ay, as given in Formula (9):

Ay1=ly 1yl

during the

| about the

Nm/s and

9

If Ay, exceeds 135°, stop the test and inspect it to detect any slippage of the clamped connections and/or the
nature and, if possible, the location of any damage and record the results.
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16.5.3.6 Reduce the twisting moment to 0 Nm in the rate applied in 16.5.3.5. Reduce the vertical load in the
reversed rate of 16.5.3.4 to 50 N. Maintain the twisting moment for 30 s and record the angular position y;

of the axis of torque application, immediately before the transition to the next torque level starts.

Calculate and record the maximum angular movement Ay, as given in Formula (10):

Ay,=lyr1yr3l

(10)

If Ay, exceeds 7°, stop the test and inspect it to detect any slippage of the clamped connections and/or the
nature and, if possible, the location of any damage and record the results.

NOTE

show up in the Ay, value.

16.5.3.7 Ii
torque rate
the axis of

If any slippage of the clamped connections and/or the any damage occurs in the high torque phase, this will

icrease the vertical load as described in 16.5.3. Apply a twisting moment of -50 Nnrin'th
of 16.5.3.5. Maintain this twisting moment for 3 seconds and record the angular pos|
torque application, immediately before the transition to the next torque levél‘starts.

Calculate and record the maximum angular movement Ay; as given in Formula (11):

Ayz=ly

If Ay, exce
nature and

16.5.3.8 R
reversed r
of the axis

r3-Y1al

eds -135° stop the test and inspect it to detect any slippage of the clamped connections
, if possible, the location of any damage and record the results.

educe the twisting moment to 0 Nm in the rate appliedin 16.5.3.5. Reduce the vertical
hte of 16.5.3.4 to 50 N. Maintain the twisting momént for 30 s and record the angular g
pf torque application, immediately before the vertical load is removed.

Calculate and record the maximum angular movement@y, as given in Formula (12):

Ay,=ly]

If Ay, exce
nature and

NOTE I
show up in {

16.5.39 R

Note and r

16.5.4 Pe

In order td

3.V sl

bds 7°, stop the test and inspectiit to detect any slippage of the clamped connections
, if possible, the location of afy damage and record the results.

If any slippage of the clamped-connections and/or the any damage occurs in the high torque ph{
he Ay, value.

emove the vertical load.

bcord the leading time taken for this separate static test in torsion.

rformance requirements

le reversed
ition yr, of

(11)

and/or the

load in the
osition yrg

(12)
and/or the

se, this will

pass the separate static test in torsion, a test sample shall satisfy the following pe

rformance

requirement:

The values of the remaining angular displacement, excluding slipping, Ay, and Ay, shall not exceed 7°.

If any individual prosthetic component fails to satisfy this requirement, this constitutes a failure only in the

prosthetic

16.5.5 Co

assembly and alignment simulated in the test sample set-up.

mpliance conditions

In order to claim that the prosthetic device/structure submitted for test according to 9.1 to 9.3 complies
with the performance requirements of the separate static test in torsion according to 16.5.4, tests of this
type shall be passed by two test samples from the prescribed batch (see 9.4).
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17 Test laboratory/facility log
17.1 General requirements

17.1.1 The test laboratory/facility carrying out the tests specified in this document and indicated in the
test submission document shall ensure that all records called for in this document are entered in the test
laboratory/facility log.

17.1.2 The submitter of test samples and the identification of the test submission document shall be clearly
indicated and the date or dates of receipt be recorded.

17.1.3 ThFﬁrﬁﬁr[_h—l_b_]Wl_l_l entirication of the Lest report or reports (such as serial number) shall be ctearly indicated and
the dates of preparation and submission be recorded.
17.2 Spec¢ific requirements

According [to the instructions of this document (see NOTE), specific records shall be entered [in the test
laboratoryffacility log for

a) the idpentification (number) of the test equipment used and the geference (number) ¢f the end
attachments, jig and measuring devices (if used),

b) the selection, type, preparation, identification and alignment oftest samples,

c¢) the conduct of specific tests, selected in accordance with this document and the test $ubmission
document, and

d) any unusual features observed during the test(s).

NOTE DDetailed instructions on records to be entered\in the test laboratory/facility log are given in the relevant
clauses of tijis document.

In addition, Annex C offers a summary of-these records for general information and guidahce of test
laboratoryffacility staff and submitters (see 18.3).

18 Test report
18.1 General requirements

18.1.1 The test laboratory/facility shall prepare a test report for the test(s) conducted and shall provide at
least one cppy to the submitter of the test sample.

NOTE The testlaboratory/facility can maintain another copy of the test report with the test log. This yill simplify
the reply to|possible further inquiries of the manufacturer/submitter.

18.1.2 Thetestreportshall be signed and dated on behalf of the test laboratory/facility by a designated person.
18.1.3 The test laboratory/facility shall clearly indicate a name and address for communication.

18.1.4 The test laboratory/facility shall provide a unique and traceable identification and date for the test
report (such as serial number), including identification of each page and the total number of pages of the
report. The test laboratory/facility shall maintain a record of such identification and date.

18.1.5 The submitter of the test sample, the manufacturer, if known, and the test laboratory/facility
identification shall be clearly indicated.
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18.1.6 The date of receipt of test samples and date(s) of preparation of the test report shall be clearly
indicated.

18.2 Specific requirements

18.2.1 For each type of test conducted (see 9.3), the test report shall specifically refer to this document, the
clauses related to the specific type of test performed, and the test loading condition or direction of loading,
the test loading level applied, the Test Range (R) applied and which special test set-ups were used.

18.2.2 For each ankle-foot device or foot unit 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

document has been demonstrated. The test report shall also state the tests conducted in which omp]iance
has not be¢n demonstrated.

18.3 Options

18.3.1 The testreportshall include any additional information, specifically requested in the test submission
document (see 12.1.2).

18.3.2 Uppn request of the submitter, the test laboratory/facility shall copy from the test log|to the test
report any|further records of samples and test results called for. Annex.C gives details of the recprds which

can be entg

19 Class

19.1 Gen
A prosthet
a)

for wh|
testlo

b) which

red in the test laboratory/facility log.

fication and designation

bral
c ankle-foot device or foot unit

fich compliance with the requirements-of this document is claimed (see 9.1 and 9.2) fo
hding level (P) (see 7.2) and a specific Test Range (R), and

is suitable for lower limb amputees with a body mass not exceeding a specific value o

body nmpass, m, in kg according to the manufacturer's written instructions on the intended use of

shall be cl4
ISO 22

ssified and designated\as shown below.

675 - “P" - MR"_ llm” kg

19.2 Example of classification and designation

The examj
complies W

[SO 22

ple below illustrates the classification/designation for an ankle-foot device or foo
ith4the requirements of ISO 22675 for test loading level 4 (P4) and the Test Range 3 (R

Ir a specific

maximum
that device,

t unit that
3).

g D4 D2 anl
/70-TIr*T=NRNOo ~-0UKRK

5

The classification/designation requires the manufacturer to specify, with justification, the conditions of use
in their written instructions on the intended use of the prosthetic ankle-foot device or foot unit (see 7.2.4).

Compliance also can be claimed for ankle foot devices for amputees, whose body mass is not specified by the
P-levels, as defined in 9.5. Applying 9.5, the related body mass is the value for the “body mass value right to
the mass symbol” on the indicator.
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20 Identifier

20.1 General

Each prosthetic ankle-foot device or foot unit

a)

test loading level “P” (see 7.2.3) and specific Test Range (R) (see 7.2.4)

b)

for which compliance with the requirements of this document is claimed (see 9.1 and 9.2) for a specific

which is suitable for lower limb amputees with a body mass not exceeding a specific value of maximum

body mass “m” kg according to the manufacturer's written instructions on the intended use of that device,

shall be identified in accordance with the classification/designation specified in 19.1.

The staten
of the pros
ISO 7000-1

The series
the identif
important
on the inte

20.2 Iden

The layout

20.3 Iden

thetic ankle-foot device or foot unit supplied by the manufacturer with the deyige. 1
641 and IEC 60417-5665 shall be marked on the identifier layout.

r ar ° A
ISO 22675 — “P* — “R“ — I:E] 'I'ﬁ ‘mitkg

Figure 14 — General concept for the identifier layout

of symbols (operating instructions, body weight) shall allow reference to a brief st4

er, that the value “m” stated, specifies the bodymiass limit not to be exceeded and t

nded use of the device.

tifier layout

of the identifier shall conform teFigure 14 and Figure 15.

r TF. al
ISO 22675 — P4 — R3 — I:E:I ’“‘Ifl 80 kg

Figure 15 — Identifier layout

tifiepplacement

The identi

ents on the identifier shall be given independent of any specific information on the inltended use

he symbol

itement on
hat further

information on the specific conditions of use is given in the manufacturer's written instructions

ier’shall be placed in the instructions for use in the format “ISQ 22675 - “P” - “R”-

lm" kg" or

ISO 22675 - P4 - R3 - 80 kg or on the device or on the packaging for each unit or on the sales packaging in
the format of Figure 14 and Figure 15. If individual packaging of each unit is not practicable, the identifier
shall be placed in the information leaflet supplied with one or more devices.
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Annex A
(informative)

Reference data for the specification of the test loading conditions and

test loading levels of this document

A.1 Background statement

The test 1d
P3 accordji
ISO 10328
to the bod)
presented
countries.

The test Ig
100 kg. Th
is less thai
extrapolat
P4 and P3
respective

The metho
whose locd
also deterr
depend (se
level of the
data acqui
body mass
with the rd

NOTE 1
in 7.2.1, oth
character o
of the prosf
alignment,

prosthesis y

NOTE2
activity levd

ading levels P5, P4 and P3 according to 7.2 correspond to the test loading levels

Ing to 7.2 of ISO 10328:2016. These are based on data acquired at the time of.deve
19961, measured on lower limb prostheses of the types used at that time and{isted

’ mass of the amputees whose locomotion was measured. The data used comprised i
at the Philadelphia meeting in 1977 and additional data subsequently)centributed

ading level P5 is based on data from all amputees including a fewwhose body mas
e test loading levels P6 and P7 is based on locomotion data from amputees of whose

are based on locomotion data from amputees whose.bady mass is less than 80 kg
y.

motion data these are based should, however,.not obscure the fact that these locomoti
hined by the influence of all other factors, onéwhich the loads developed in a prosthesis

amputees and the performance of the.ankle-foot devices and foot units available at
bition (see NOTE 2). All of these factors should therefore be taken into account togeth

quirements of this document for'a specific test loading level [see 5.2 b)].

Besides the general physical(parameters and locomotion characteristics of the amputee alread

er specific factors on which the loads developed in a prosthesis during use depend are th
F use of the prosthesis(by the amputee, determined by their lifestyle and activity level, the p
hesis provided by theymechanical characteristics of the components and their prosthetic as

vill be used.

'he range-ef{influence of these factors can change in course of time, due to changes in the I
1 of amputees and improvements in the performance of ankle-foot devices and foot units.

A.2 Spe

ification of th 1 in nditions for the differen 1 in

A.2.1 General

1 125 kg and 150 kg, respectively and obtained from simulations and field observat
ed from these two levels to amputees whose body mass is-ess than 175 kg. The test log

when specifying the conditions-of*use of a specific ankle-foot device or foot unit thj

P5, P4 and
lopment of
according
hformation
by several

5 exceeded
body mass
ions. P8 is
ding levels
and 60 kg,

d of classing/relating the test loading levels withfto specific ranges of body mass of amputees on

bn data are
during use

e NOTE 1) but only within the range that-was possible with respect to the lifestyle and activity

the time of
br with the
it complies

 addressed
b individual
erformance
sembly and

ccasional eventsSuch as, for example, tripping or stumbling, and environmental conditions in which the

ifestyle and

vels

Although the concept of the tests on ankle-foot devices and foot units of this document differs from that of
the corresponding tests of ISO 10328:2016, the relevant values of loads and dimensions are adopted where
possible. Nevertheless, a few adaptations are unavoidable.

These and other matters relevant to the specification of the test loading conditions and test loading levels of
this document are dealt with in detail in ISO/TR 22676. For further information see Annex D.

1) Withdrawn.

© IS0 2024 - All rights reserved
64


https://standardsiso.com/api/?name=d3d3fe976fb162811493548dc9d4eaf0

ISO 22675:2024(en)

Subclauses A.2.2 to A.2.4 present information on selected items from ISO/TR 22676 modified to the actual
content of this document including Ranges.

A.2.2 Directions of static and maximum cyclic heel and forefoot reference loading

A.2.2.1 Basic relationships and conditions

The specification of the directions of static and maximum cyclic heel and forefoot reference loading is based
on the relationships of a) and the conditions of b) to d). Introducing Ranges and related angular profiles in
this document, limits the description below to the relation between ISO 10328 and this document, before
the Ranges were implemented. The principle of deriving that relation still is applicable, as in ISO 10328 also

Ranges are introduced.

a) Accord
force |
perpe
B, € an

The follow

O+¢€=
& =arcf

b) The v3
forefo
structy
By =2

introd
NOTE

The r4
platfor
the tilt

NOTE

d) The of]
heel ai
with t
condit

[SO 10

A222 L

ing to Figure A.1, for any instant of loading there is a given relationship betweg
" and the forces at the foot platform, comprising the tangential (A-P) force compen
idicular force component, Fp and their resultant, Fy. This relationship is determined by
1 6 and their relation expressed in the Formulae (A.1) and (A.2)

ng equations apply:
B

an (Fr/Fp)

lues of the tilting angles f; and f3, of the foot platform. for static and maximum cycl

iral tests on ankle-foot devices and foot units. Tliese values are f; = - 15° for heel |
D° for forefoot loading (see subclause 17.2 of ISO 10328:2016 and Table 8). This is
iction of Ranges.

The Bangle of -15° and S, angle of 20 is‘based on the table data of ISO 10328:2016.

tio Fp/Fp of the values of the tangential and the perpendicular force components
m according to Figure A.1 for static and maximum cyclic heel and forefoot referencd
ing angles according to b) is roughly £0,15.

This ratio is based on gaitanalysis data representative of normal level walking.

fsets fy; and f,, of the ankle load reference points P,; and P,, (see 6.3 and Figure 1)
nd forefoot loadingn an ankle-foot device or foot unit of foot length L = 26 cm are
nose specified 1750 10328:2016 for the ankle load reference points P,y and Py of t
ons I and Ilfortest loading level P5. These are f,; = - 32 mm and f,;; = 120 mm (sesg
328:2016).

ines 0f-action of the resultant reference forces Fp, and Fy,

in the test
ent, Fo, the
the angles

(A1)
(A.2)

ic heel and

t reference loading are consistent with those spécified in ISO 10328:2016 for the separate

bading and
rue before

at the foot
loading at

relevant to
consistent
est loading
Table 6 of

The relatid

he lines of

nchipc of A221 ;\) and the conditions of A2 2 1 h) and r‘) allow the inclination of

action of the resultant reference forces Fy; and Fy, of static and maximum cyclic heel and forefoot reference
loading to be specified as follows:

— From Formula (A.2) and the condition according to A.2.2.1 c¢) € = arctan (F;/Fp) = arctan (+0,15) = + 8,5°.

— From Formula (A.1) and the conditions according to A.2.2.1 b) §; = ; — €4 = - 15° + 8,5° = - 6,5° and
0, =, -€,=20°-8,5°=11,5°
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Approaching these thresholds as far as possible in consideration of further aspects to be noted, the directions
of static and maximum cyclic heel and forefoot reference loading on an ankle-foot device or foot unit of foot
length L = 26 cm can be specified as follows:

— the direction of static and maximum cyclic heel reference loading is defined by a straight line which
passes through the ankle reference point P,; specified in A.2.2.1 d) and is inclined to the u-axis by
6, =-6,18%

— the direction of static and maximum cyclic forefoot reference loading is defined by a straight line which
passes through the ankle reference point P,,, specified in A.2.2.1 d) and is inclined to the u-axis by
8, = 11,14°.

A.2.2.3 Position of the top load application point P

For the tes
and Figure

Ls on ankle-foot devices and foot units of this document, the top load application point
1) is the point of intersection of the lines of action of the resultant reference forges Fy1

static and maximum cyclic heel and forefoot reference loading specified in A.2.2.2.

The coord
functions 4

u(f)=f

and then d
For an ank

the fun
and u,

— theirp

For lines o
or foot uni
(see NOTE]
will be diff

As is demd
is proporti
point P on

The positid
foot of leng
the tests fd
sizes of fog

The depen
Figure A.2

I

nates fr and uq of the top load application point Py are calculated by(determining
1(f) and u,(f) of these lines of action from Formula (A.3)

tan (90 - §) + u,

ptermining their point of intersection by putting u;(f) = uz{f)
e-foot device or foot unit of foot length L = 26 cm, this:smethod provides the following

ctions of the lines of action of the resultantreferenceforces Fp; and F, are uy ,6(f) =9,2
26(f) = - 5,08f+ 689,39;

oint of intersection is located at Py ,¢ {f1 265/22; ug 6 = 578}

action of static and maximum cyclic’hieel and forefoot reference loading on ankle-f
s of other foot lengths L, their inclination determined by the angles §; and 6, will b
but the position of the top load application point Py | determined by the coordinates f]
erent, depending on the f,-offsets-of the related ankle load reference points P,; and P,|

nstrated in 3.2.3 of ISO/TR22676:2006, these f,-offsets can be expected to show a 3
pnal to the foot length L, This establishes a dependence of the position of the top load
the foot length L in the following manner:

n of the top loadZapplication point Py ,¢, together with the posterior heel edge and the
th L = 26 cm,determine the proportion of a reference triangle. According to the basig
r ankle-foot,devices and foot units of this document, this proportion should uniformly
t, independent of the test loading level.

lenceof the position of the top load application point Py | on the foot length L is ill

P (see 6.3
and Fp, of

ht first the

(A.3)

results:

4f+ 375,53

ot devices
e the same
L and uy |,

D

caling that
hpplication

boint of the
concept of
apply to all

istrated in

For feet of different lengths L, positioned within the coordinate system as illustrated in Figure A.2, the
related top load application points Py | are located on a straight line directed to the origin of the coordinate
system. The distance Dp between load application points P |, relating to two successive values of foot
length L has a fixed value determined by the equation

Dpr =

which give

(f1g,26 +Uf 26 )
26

savalue of Dpy = 22,2 mm.

© IS0 2024 - All rights reserved
66

(A4)


https://standardsiso.com/api/?name=d3d3fe976fb162811493548dc9d4eaf0

ISO 22675:2024(en)

The coordinates fy | and uy | determining the position of the top load application point P | are specified in
Table 7 for a wide range of foot lengths L. In addition, Table 7 includes the equations that determine these
coordinates for any other foot length.

The validity of this approach is demonstrated in detail in 3.2.3 of ISO/TR 22676:2006.

NOTE It lies within the concept of the tests of this document to specify the reference test loading conditions for
static and maximum cyclic heel and forefoot reference loading in a manner generating the tangential and perpendicular
forces Fpand Fp (see Figure A.1) ata fixed ratio independent of the foot lengths L. This requires fixed inclinations of the
lines of action of the resultant reference forces Fp; and Fy, and, hence, fixed values of the angles §; and §, determining
the inclinations.

A.2.3 Magnitudes of static and maximum cyclic heel and forefoot reference loading

The speciffcation of the magnitudes of static and maximum cyclic heel and forefoot referencd loading is
based on the following general condition.

The specific values FR1x and FR2x of the resultant reference forces FR1 and FR2 accordifig to thi§ document
(see Figur¢ A.1) are consistent with the corresponding values Fl1x and F2x of the(test forces|F1 and F2
specified in ISO 10328:2016 for the separate tests on ankle-foot devices and footyurits (see Talles 12 and
D.3 of ISO 10328:2016). The specific values FR1x and FR2x of the resultant referénce forces FR1 and FR2 are
listed in Table A.1.

The specific values F1x and F2x of the test forces F1 and F2 related to thé-specific values FR1x and FR2x of
the resultant reference forces FR1 and FR2 (see Figure A.1) are detepmined by equation (A.5), ddrived from
the relationship described in A.2.2.1 a):

Fy 5 =Hg1 r2 X COS 6y 5 (A.5)

The specif]c values F1x and F2x of the test forces F1 and¥?2 calculated using Formula (A.5) for ¢, = - 6,18°
and a, = 11,14° (see A.2.2.2) are listed in Tables 9.

Table A.1 — Magnitudes of resultant reference forces F,, and Fy,,

Related test forces F,, and F,, of theé separate tests on ankle-foot devices and foot units specified in{ISO 10328
Resultant réfer- (see Tables/11 and D.3 of ISO 10328:2016 - modified combined view)
ence forcgs Test loading level
Frixand Ff,.
o ticakd P8 | P7 | P6 | P5 | P4 | P3
maximum cyclic | gympol Numerical values for heel loading (F;,) and forefoot loading (F,,)
heel and forg¢foot
reference logding Hix | Fox | Fix | Fox | Fix | Fox | Fix | Fox | Fix | Fox | Flx | Fox
N
Frisp Fisp -3200 - 2900 - 2490 - 2240 - 2065 - 1410 -
Frosp Fosp - -3200 - -2900 - -2490 - -2 240 - -2 065 1 -1610
Flsu,lower
FRrisu, lower leve level -4 450 - -4 100 - -3760 - -3360 - -3098 - -2 415 -
FRrasu, lower leve E2su lower - -4 450 - -4 100 - -3760 - -3360 - -3098 1 -2 415
level
LTI upper
FRisu, upper level level -5700 - -5300 - -4 880 - -4 480 - -4 130 - -3220 -
FRasu, upper level Fosu, upper - -5700 - -5300 - -4 880 - -4 480 - -4 130 - -3220
level
FRicmax Fier -2 050 - -1770 - -1530 - -1280 - -1180 - -920 -
Frocmax Fyer - -2050 - -1770 - -1530 - -1280 - -1180 - -920
FRifin Fifin -3200 - -2900 - -2490 - -2240 - -2 065 - -1610 -
FRrotin F)tin - -3200 - -2900 - -2490 - -2240 - -2 065 - -1610
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ference test loading conditions of static and cyclic tests

tatic tests

According to the statements of A.2.2 and A.2.3, the reference test loading conditions for static (and maximum
cyclic, see NOTE) heel and forefoot loading according to this document are determined by the parameters

listed in a)

a)

to d).

The position of the top load application point Py (= point of intersection P; of the lines of action of the

resultant reference forces Fyp; and Fp,), determined by the coordinates f} and u relevant to the foot
length L of the test sample (see A.2.2.3). These are specified as offsets f1 | and ug | in Table 7.

determined by Formula (A.5) for §; = - 6,18° and 6, = 11,14°. These are specifi¢d in Table 9.

b)
coordi
by the
¢) Them
forces
d) Thetil
These

The incling
in b) are o
performed
concept of]
performan|

This will qutomatically determine the individual position 6f the bottom load application point

heel or Pg,)

force Fpq 0

For this re
determine
sample acd

NOTE !
determinin
the referend

A242 (

According
document

a) The re

The direction of the lines of action of the resultant reference forces Fyp, and Fp,, determined by the

hates of the top load application point P [see a)] and their inclinations to the u-axis,.g
angles §; = - 6,18° and 6, = 11,14° (see A.2.2.2).

hgnitudes of the resultant reference forces Fy; and Fy,, specified in Table A.15and the j
F, and F, to be applied in the top load application point P [see a)] as illustrated in

Ling angles f; and 3, of the foot platform for static (and maximum cycli¢) heel and foref
are specified in Table 8.

tions of the lines of action of the resultant reference forces(Fp; and Fy, to the u-axis
nly relevant to the reference test loading conditions of the)static (and cyclic - see N
at I1SO 22675:2016 tilting angles (with introduction.of Ranges they are modified)
this document allows each sample of ankle-foot device or foot unit to develop its
ce under load corresponding to its individual design.

" [ps.

ason, the configuration of the test-set-up for the preparation of test loading [see 1
1 only by the position of the top‘ead application point Py relevant to the foot length [
ording to a) and the tilting anglés B, and [, of the foot platform according to d).

References (in parentheses),to the cyclic tests take into account that the linear and angular

e test loading conditions for maximum cyclic heel and forefoot loading [see A.2.4.2 a)].

yclic test

to A.2.2¢and A.2.3, the reference test loading conditions for cyclic loading accord
hre determined by the parameters listed in a) and b).

ference test loading conditions for maximum cyclic heel and forefoot loading are d

etermined

elated test
Figure A.1,

otloading.

addressed
OTE) tests
, since the
individual

Py, on the

on the forefoot of the test sample (and witlrit the individual inclination of the load line) relating
to the tilting position of the foot platform at ; or f;-{see d)] and the individual magnitude of th|

e resultant

6.1.1 a)] is
of the test

dimensions

b the reference testloading conditions for static heel and forefootloading are identical to those ¢letermining

ng to this

etermined

by the

1: 1 1 1. : 4] £ 4 4l 1. g £ 4
SAIIIT IITAD dIIU dIIgUldl UIITITIISTUILS 45 UIT TTITITIILT LES U TU4dUTTTE COITUILIUILS TUT Stdt

forefoot loading (see A.2.4.1).

b)

are determined by the parameters listed in 1) to 4).

1) The position of the top load application point Py [see A.2.4.1 a)].

ic heel and

The reference test loading conditions for repeated foot loading progressing from heel contact to toe-off

2) The progression of the resultant force Fp, characterized by the sequence of the instantaneous
directions of its line of action, which are determined by the coordinates of the top load application
point Py [see A.2.4.1 a)] and the inclinations of the line of action to the u-axis at the related
instantaneous values of angle § (see Figure A.1).
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3) The profile (curve) of the pulsating test force F,, to be applied in the top load application point Py
[see A.2.4.1 a)] as illustrated in Figure A.1 as a function of time F_(¢) as illustrated in Figure 6 or a
function of tilting angle of the foot platform F.(f). The instantaneous values of F_ are determined
by Formula (A.5) for the related instantaneous values of the resultant force Fy and the angle 6 (see

Figure A.1).

The description and specification of the profile of the test force F,(t) or F.(f) is primarily based on
the values F; .« (1st maximum of loading profile), F_;, (intermediate minimum of loading profile)

an

d F,.max (2nd maximum of loading profile), specified in Table 9.

Further guidance on the description and specification of the profile of the test force F is given in
Figure 3, Tables 10 and 11 and also by Formula (8).

4)

Th
pr
Pr
m

Fu
byl

The progrs
reference 1
each sampl]
to its indiv

This will a
of the test
inclination

For this reg
determine
test sampl
to 16.1.1 b
tilting angl

hin the range of — 20° < § < 40° specified for the period between the instants of heelc
p-off (see Figure 6).

e description and specification of the profile of the tilting angle f(t) of\the foot j

Lmin = 0° (instant of intermediate minimum F;, of loading profile)’and B,5q)(inst
ximum F, . of loading profile), specified in Table 8.

rther guidance on the description and specification of the profile of the tilting angle [
the Formulae 4 to 7).

pssion of the lines of action of the resultant force F addréssed in b) 2) is only rele)

e of ankle-foot device or foot unit to develop its individual performance under load cort
idual design.

itomatically determine the individual positiorrof the bottom load application point Py
sample relating to the specific value of tilting angle S(t,) of the foot platform and the
and magnitude of the resultant force Eg:

ason, the configuration of the test set-up for the preparation of test loading [see 1|
l only by the position of the top joad application point P relevant to the foot leng
e according to b) 1) and an.appropriate initial tilting position of the foot platform.

3), an appropriate initialtilting position of the foot platform is determined by the

e f = 0° relevant to the jnstant of the intermediate minimum F,

cmin

of the loading profile.

oscillation
ontact and

blatform is

fmarily based on the values B; = B(150) (instant of 1st maximum Fyg{} of loadipg profile),

ant of 2nd

() is given

yant to the

est loading conditions for the cyclic test, since the coneept of the tests of this docunent allows

'esponding

on the foot
individual

6.1.1 b)] is
th L of the
According
temporary
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foof platform

axes of coordinate'system
top|load applieation point
test force

forge-component transverse to line of application of test force F

resultant force

force component perpendicular to foot platform

force component tangential to foot platform

inclination angle of line of action of resultant force Fy

angle between resultant force F and force component Fp determining ratio Fp/Fp
tilting angle of foot platform

Figure A.1 — Illustration of different components of loading
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Dimensions in centimetres
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f,u axes of coordinate system
symbolic view of foot
effective knee-joint centre
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C, effective ankle-joint centre
a Top load application points relevant to indicated foot length L (Reference: Py ,¢ for L = 26 cm).
(see A.2.2.3)

Figure A.2 — Illustration of the dependence of the position of the top load application point P} on
the footlength L

© IS0 2024 - All rights reserved
72


https://standardsiso.com/api/?name=d3d3fe976fb162811493548dc9d4eaf0

	Foreword 
	Introduction 
	1 Scope 
	2 Normative references 
	3 Terms and definitions 
	4 Symbols 
	5 Strength and related performance requirements and conditions of use 
	6 Coordinate system and test configurations 
	6.1 General 
	6.2 Origin and axes of the coordinate system 
	6.3 Reference points 
	6.4 Test force F 
	6.5 Line of application of test force F 
	6.6 Lines of action of resultant reference forces FR1 and FR2 
	6.7 Longitudinal axis of the foot and effective ankle joint centre 
	6.7.1 General 
	6.7.2 Longitudinal axis of the foot 
	6.7.3 Effective ankle-joint centre CA 


	7 Test loading conditions and test loading levels 
	7.1 Test loading conditions 
	7.2 Test loading levels and Test Ranges (R) 

	8 Values of test forces, dimensions and cycles 
	9 Compliance 
	9.1 General 
	9.2 Particular arrangements and requirements concerning the part required to connect an ankle-foot device or foot unit to the remainder of a prosthetic structure 
	9.2.1 Arrangements for testing 
	9.2.2 Requirements for claiming compliance 

	9.3 Number of tests and test samples required to claim compliance with this document 
	9.4 Multiple use of test samples 
	9.4.1 General 
	9.4.2 Restriction 

	9.5 Testing at particular test loading levels not specified in this document 

	10 Test samples 
	10.1 Selection of test samples 
	10.1.1 General 
	10.1.2 Selection of ankle-foot devices and foot units of appropriate size of foot 

	10.2 Types of test sample 
	10.2.1 Complete structure 
	10.2.2 Partial structure 

	10.3 Preparation of test samples 
	10.4 Identification of test samples 
	10.5 Alignment of test samples 
	10.6 Worst-case alignment position of test samples 

	11 Responsibility for test preparation 
	12 Test submission document 
	12.1 General requirements 
	12.2 Information required for test samples 
	12.3 Information required for tests 
	12.3.1 General 
	12.3.2 For all tests 
	12.3.3 For the static proof test and the static ultimate strength test 
	12.3.4 For the static ultimate strength test 
	12.3.5 For the cyclic test 


	13 Equipment 
	13.1 General 
	13.2 End attachments 
	13.2.1 General 
	13.2.2 Proof test of end attachments 

	13.3 Jig 
	13.4 Test equipment 
	13.4.1 Test equipment to perform static heel and forefoot loading 
	13.4.2 Test equipment to perform cyclic loading 


	14 Accuracy 
	14.1 General 
	14.2 Accuracy of equipment 
	14.3 Accuracy of procedure 

	15 Test principles 
	15.1 General 
	15.2 Static test procedure 
	15.3 Cyclic test procedure 

	16 Test procedures 
	16.1 Test loading requirements 
	16.1.1 Preparation for test loading 
	16.1.2 Test loading conditions 

	16.2 Static proof test 
	16.2.1 Test method 
	16.2.2 Performance requirement 
	16.2.3 Compliance conditions 

	16.3 Static ultimate strength test 
	16.3.1 Test method 
	16.3.2 Performance requirements 
	16.3.3 Compliance conditions 

	16.4 Cyclic test 
	16.4.1 Test method 
	16.4.2 Performance requirements 
	16.4.3 Compliance conditions 

	16.5 Separate static test in torsion 
	16.5.1 General 
	16.5.2 Purpose of test 
	16.5.3 Test method 
	16.5.4 Performance requirements 
	16.5.5 Compliance conditions 


	17 Test laboratory/facility log 
	17.1 General requirements 
	17.2 Specific requirements 

	18 Test report 
	18.1 General requirements 
	18.2 Specific requirements 
	18.3 Options 

	19 Classification and designation 
	19.1 General 
	19.2 Example of classification and designation 

	20 Identifier 
	20.1 General 
	20.2 Identifier layout 
	20.3 Identifier placement 

	Annex A (informative)  Reference data for the specification of the test loading conditions and test loading levels of this document 
	Annex B (informative)  Guidance on the application of an alternative static ultimate strength test 
	Annex C (informative)  Summary of the records entered in the test laboratory/facility log 
	Annex D (informative)  Information on ISO/TR 22676 
	Annex E (informative)  Background data (reduced) of the six-minute walk test for adults 
	Bibliography 

