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Foreword

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

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

In exceptional circumstances, when a technical committee has collected data of a different kind from that
which is normally published as an International Standard (“state of the art”, for example), it may decide by a
simple majority vote of its participating members to publish a Technical Report. A Technical Report is entirely
informative in nature and does not have to be reviewed until the data it provides are considered to be no
longer valid or useful.

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

ISO/TR 22676 was prepared by Technical Committee ISO/TC 168, Prosthetics and orthotics.
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Introduction

This Technical Report is exclusively intended for use in connection with ISO 22675.

This Technical Report offers information that is closely related to the above International Standard but is not
necessarily required for its application.

In order to confine the volume of ISO 22675 to the necessary, information with guidance character has been
separated from it and compiled in this Technical Report.

A 1O ANNAN AN 1
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TECHNICAL REPORT ISO/TR 22676:2006(E)

Prosthetics — Testing of ankle-foot devices and foot units —
Guidance on the application of the test loading conditions of
ISO 22675 and on the design of appropriate test equipment

1 Scope

This Technical Report offers guidance on:

a) the specification of the test loading conditions of ISO 22675;

b) the design of appropriate test equipment.

The analytical work related to these items would have expanded the length of ISO 22675 without being

directly required for its application. Most of the text of this Technical Report relates to the theoretical and
technical background and the design of the equipment.

2 Guidance on the specification of the test loading conditions of ISO 22675

21 General

Although the concept of the tests on ankle-foot devices and foot units of ISO 22675 differs from that of the
corresponding tests of ISO 10328, the relevant values of loads and dimensions are adopted where possible.
Nevertheless, a few adaptations are unavoidable.

In order to confine the volume of ISO 22675 to the necessary, these and other matters relevant to the

specification of the test loading conditions and test loading levels of ISO 22675 are dealt with in detail in this
Technical Report.

2.2 Directions of static and maximum cyclic heel and forefoot reference loading

NOTE For the meaning of “reference” see also statements under “IMPORTANT” at the end of 2.4.1 and 2.4.2.

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) and c) below.

a) According to Figure 1, for any instant of the loading period shown in Figure 2 there is a given relationship
between the test force F and the forces at the foot platform, comprising the tangential (A-P) force
component Fr, the perpendicular force component Fp and their resultant Fg. This relationship is

determined by the angles «, fand y.
The following Equations apply:
a+f=y (1)

p = arctan (F{/Fp) (2)

A 1A~ AR~ AT
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b) The values of the tilting angles y; and y, of the foot platform for static and maximum cyclic heel and
forefoot reference loading are consistent with those specified in 1ISO 10328 for the separate structural
tests on ankle-foot devices and foot units. These values are y; = — 15° for heel loading and y, = 20° for
forefoot loading (see Table 10, Figure 7 and 17.2 of ISO 10328:2006 and Table 8 of ISO 22675:2006).

c) The ratio F{/Fp of the values of the tangential and perpendicular force components at the foot platform
according to Figures 1 and 2 for static and maximum cyclic heel and forefoot reference loading at the
tilting angles according to b) is roughly + 0,15.

NOTE The ratio addressed in c) is based on gait analysis data representative of normal level walking.

2.2.2 Lines of action of the resultant reference forces Fp, and Fg,

The relationships of 2.2.1 a) and the conditions of 2.2.1 b) and c) allow the inclination of the lines of action of
the resultant reference forces Fr4 and Fr, of static and maximum cyclic heel and forefoot reference loading to
be specified as follows:

— from Equation (2) and the condition according to 2.2.1 ¢) g = arctan (Fy/Fp) = arctan (+ 0,15) = + 8,5°;

— from Equation (1) and the conditions according to 2.2.1 b) oy = 4 — 4 = - 15° + 8,5° = - 6,5° and
0.’2=}/2—ﬂ2=200—8,50_ 11 5O

The inclinations of the load lines of test loading conditions | and Il of the principal structural tests of ISO 10328
do not correspond to these values, as the following calculation demonstrates. The inclination of their
projection on the f-u-plane is defined by Equation (3).

o = —arctan [(fx — fal(ug — up)] (3)

The specific values of ¢ | calculated with the /- and u-coordinates specified for test loading level PS5 (see
Tables 5 and 6 of ISO 10328:2006) are ¢ = — 11,31° and ¢ = 6,52°. Together with the values 3 = — 3,69°
and g, = 13,48° calculated using Equation (1) and the values of y according to 2.2.1 b) they determine the
ratio of horizontal and vertical ground reaction force as

(Fr/Fp), i =tan f y “)

giving the values (F1/Fp), = — 0,064 and (F{/Fp),, = 0,24, which differ considerably from the ratio according to
2.21c).

In order to approach the conditions illustrated in Figures 1 and 2, the inclination of the lines of action of the
resultant reference forces Fgq and Fr, of static and maximum cyclic heel and forefoot reference loading
according to ISO 22675 need to be determined by values of the angles a4 and «, close to those calculated in
the above.

This has been taken into account when establishing the full set of parameters required to specify the test
loading conditions of the tests on ankle-foot devices and foot units of ISO 22675.

Figure 3 illustrates the profiles (curves) of the forces Fp, F, Fr and F as well as the profiles (curves) of the
angles «, fand yas a function of stance phase time.

Apparently, the values of the angles « and g for static heel reference loading or maximum cyclic heel
reference loading at 150 ms after heel contact («y = — 6,18° B, = - 8,82°) and for static forefoot reference
loading or maximum cyclic forefoot reference loading at 450 ms after heel contact (a, = 11,14°; S, = 8,86°)
are close to the values of the angles 4, a, and g calculated in the above (a4 = - 6 5% a, = 11,5° and
p==8,5°).

n .
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Based on these values, the directions of static and maximum cyclic heel and forefoot reference loading
according to ISO 22675 can be specified in part as follows:

— The direction of static and maximum cyclic heel reference loading is defined as a straight line inclined to
the u-axis by a4 = - 6,18°.

— The direction of static and maximum cyclic forefoot reference loading is defined as a straight line inclined
to the u-axis by o, = 11,14°.

NOTE The angles «; and «a, only determine the inclination to the u-axis of the lines of action of the resultant
reference forces Frq and Fg, of static and maximum cyclic heel and forefoot reference loading according to ISO 22675. In
order to also determine their position, further parameters need to be specified, as for example the coordinates of specific
reference points, through which they pass, as follows.

The different test loading conditions applicable to or particularly developed for ankle-foot devices and foot
units, specified in 1ISO 10328 and ISO 22675, are illustrated in Figure 4 for test loading level P5. This figure
illustrates:

1) the test loading conditions | and Il of the principal structural tests of ISO 10328 (their projection on
the f~u-plane);

2) the loading conditions of the separate structural tests on ankle-foot devices and foot units of
ISO 10328;

3) the directions of static and maximum cyclic heel and forefoot reference loading of the tests on ankle-
foot devices and foot units of ISO 22675.

The directions of static and maximum cyclic heel and forefoot reference loading according to ISO 22675 are
specified in Cartesian coordinates as in test loading conditions | and Il of the principal structural tests of
ISO 10328.

For consistency at test loading level P5, the lines of action of the resultant reference forces Fry and Fr, of
static and maximum cyclic heel and forefoot reference loading according to 1SO 22675 have the same
Jfa-offsets as in test loading conditions | and Il of ISO 10328 (see Figure 4).

With the values of the f,-offsets at test loading level P5 specified in Table 7 of ISO 10328:2006 the above
requirement allows the complete specification of the directions of static and maximum cyclic heel and forefoot
reference loading according to ISO 22675 at test loading level P5 as follows:

— the direction of static and maximum cyclic heel reference loading at test loading level P5 is defined as a
straight line which passes the ankle level at /a4 = f; = — 32 mm and is inclined to the u-axis by
oy =—-6,18°% :

— the direction of static and maximum cyclic forefoot reference loading at test loading level P5 is defined as
a straight line which passes the ankle level at fa, = fo; = 120 mm and is inclined to the u-axis by
o =11,14°.

2.2.3 Position of the top load application point P
NOTE 1 The following is in accordance with Clause 6 and Figure 1 of ISO 22675:2006.

For the tests on ankle-foot devices and foot units of ISO 22675, the top load application point Py is the point of
intersection P; of the lines of action of the resultant reference forces Fr4 and Fgr, of static and maximum cyclic
heel and forefoot reference loading specified in 2.2.2.

A 1A~ AR~ AT
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The' coordinates Jr and uy of the top load application point Pt are calculated by determining at first the
functions u4(f) and u,(f) of these lines of action from Equation (5)

u(f) =fx tan (90 — a) + ug (5)
and then determining their point of intersection P; by putting u4(f) = u,(f).

This method provides the following results:

— the functions of the lines of action of the resultant reference forces Fgr, and Fg, are
u1(f)p5 = 9,24 Xf"r 375,53 and uz(f)Ps = - 5,08 Xf"r 689,39,

— their point of intersection is located at P; ps (fi p5 = 22; u; p5 = 578).

The method for determining the functions u4(f) and u,(f) of the lines of action of the resultant reference forces
Frq and Fg, and their point of intersection P; relates to test loading level P5. To apply this method to test
loading levels P4 and P3, adaptations concerning the specific fy-offsets are necessary, as described in the
following.

According to 10.1.2.1 of ISO 10328:2006, “For the principal structural tests on samples of prosthetic structures
including an ankle-foot device or a foot unit [...], the size of the foot selected shall allow the application of load
in accordance with the combined bottom offset Sg specified for the test...”

NOTE2  The combined bottom offset Sy, determines the distance from the u-axis of the bottom load application point
Pg, on the forefoot.

The selection of the correct size of foot providing the correct distance from the wu-axis of the bottom load
application point Pg, on the forefoot determines also the correct distance from the u-axis of the bottom load
application point Pg, on the heel.

Assuming standard proportions for different sizes of feet, the values of Sy, and Sg; should show a similar
scaling. According to the dimensions specified in Table 8 of ISO 10328:2006, this is, however, not the case.
While the values of Sg; decrease from test loading level P5 to test loading level P3, as to be expected, the
corresponding values of Sg, have the opposite trend. (Hence, for test loading levels P4 and P3, the bottom
load application point Pg, of test loading condition | is likely to be located outside the heel portion of an ankle-
foot device or foot unit of the size that provides the correct combined bottom offset Sy, of the load application
point Pg, on the forefoot.)

The same applies, in principle, to the values of the offsets fg);; f5; and fai; fal-

For the determination of the reference test loading conditions for static and maximum cyclic heel and forefoot
reference loading according to ISO 22675 adapted values of f5- and fg-offsets, identified by suffixes “1” and
“2”, can be established by the following conditions, which take account of the configurations described in 2.2.2
and illustrated in Figure 4.

NOTE 3 The offsets f5, and f,, of test loading level PS5 and the offset f,, of test loading levels P4/P3 of
ISO 10328:2006 have been adopted as f,, and f,, of P5 and f,, of P4/P3 without adaptation of their values.

('a, p5 = /i, ps)/(ui, ps — un, ps) = /8, p5 = /i, ps)/(ui, ps — U, ps) (6)
In1, pslin2, ps = /a1, pap3liaz, Pap3 (7)
/81, Ps!fB2, P5 = /81, PaiP3l/B2, P4/P3 (8)
('B2, P5 —/B1, P5)fa2, P5 = /a1, P5) = (B2, P4/p3 —/B1, P4ip3)/ (a2, PaiP3 — /a1 PaiP3) 9)

A .
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using Equation (6)  fg¢ ps = (- 32 -22)/(578 — 80) x (578 — 0) + 22 = — 41 and
J2, p5 = (120 — 22)/(578 - 80) x (578 - 0) + 22 = 136.
using Equation (7)  faq pap3 =—32/120 x 115 = - 31.

USing Equation (8) fB1, P4/P3[f82, P4/P3 =—-41/136 = - 0,3 or

81, pap3 = — 0,3 x /g2 paps-

USing Equation (9) fBZ, P4/P3 _fB1, P4/P3 = (136 + 41)/(120 + 32) X (115 + 31) =170 or

To2,Pajp3 + 0.3 x f2 pap3 = 1,3 < fg2, pajp3 = 170, giving

fB2, P4/P3 = 170/1,3 =131 and

/81, Parp3 = — 0.3 x fo pajp3 = 39.

Since it is desired that for static and maximum cyclic heel and forefoot reference loading the ratio F:Fp of the
values of the tangential and perpendicular force components (see 2.2.1) is the same for all test loading levels,
the inclinations of the lines of action of the resultant reference forces Fr4 and Fg,, determined by the angles
oy =—-6,18°and a, = 11,14° (see 2.2.2) also need to be the same for all test loading levels.

The point of intersection P; py/p3 of the lines of action of the resultant reference forces Fry and F, for the
specific fy-offsets related to test loading levels P4 and P3 illustrated in Figure 5 in the style applied to Figure 4
can, therefore, be calculated in the manner described in the above for test loading level P5, using the
functions determined by application of Equation (5), modified by a coordinate transformation that regards
parallel shifting determined by the differences

(fa1, P5 = /a1, Pasp3) for uq(f) and (faz ps — /a2, paspa) for ux(h).

The resulting coordinates of the point of intersection P; p4p3 are

Pi, papalfi, paip3 = 21; uj, pajp3 = 554).

The different positions of the point of intersection P, of the lines of action of the resultant reference forces Fg4
and Fr, determined in the above are dependent on the size of foot determined by the foot length L rather than
on the test loading level. This can be shown as follows.

Assuming again, standard proportions for different sizes of feet, the values of fp,, faq OF (fao +/a1) €an be
expected to show a scaling that is proportional to the size of foot.

Indeed, the scaling of the /- and u-coordinates of P; p5 by the quotient fa, pa/palfaz, ps = 115/120 gives exactly
the same position of P; ps/p3 as calculated in the above.

For test loading level P5 test loading condition Il the most appropriate size of foot meeting the condition of
10.1.2.1 of ISO 10328:2006 quoted in the above is size 26 (foot length L = 26 cm).

Consequently, the most appropriate size of foot meeting this condition for test loading levels P4 and P3 shall
be size 26 scaled by either of the quotients

('a2, Paip3 = /a1, Paip3) a2, ps = /a1, ps) = (115 + 31)/(120 + 32) o

(/s2, paip3 — /81, Paip3)/(fB2, 5 — /a1, p5) = (131 + 39)/(136 + 41),

which give identical values (0,96) indicating size 25 (foot length L = 25 cm).
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In this relation it is important to realize that straight lines drawn from the points of intersection P; p5 or P; ps/p3
to the points on the f-axis at fg1, ps and fgy ps5 OF fg1, pajp3 @nd fgo, pasp3 determine reference triangles of
identical proportions (see Figure 5).

Since the ratio of f-offsets/foot length L is identical for both sizes of foot, triangles determined by straight lines
drawn from the points of intersection P; p5 or P; pg/p3 to the points on the f~axis determined by the posterior
heel edge and the point of foot of the reference feet of sizes 26 (foot length L =26 cm) and 25 (foot
length L = 25 cm) will also have identical proportions (see Figure 6).

The dependence of the position of the point of intersection P; of the lines of action of the resultant reference
forces Fr4 and Fg, on the foot length L described in the above has been established in the concept of the
tests of ISO 22675 in the following manner.

— The point of intersection P; of the lines of action of the resultant reference forces Fr4 and Fg, of static
and maximum cyclic heel and forefoot reference loading is referred to as top load application point Py. If
appropriate, the dependence of the position of the top load application point P1(f7, u7) on the foot length L
is indicated by the additional suffix 'L" in the form Pt | (ff |, ut ). If appropriate, general suffix 'L' is
replaced by specific values. o '

— The f and u-coordinates determining the position of the top load application point Py are specified in
Table 8 of 1ISO 22675:2006 for a wide range of foot lengths L. In addition, that table includes the
Equations that determine these coordinates for any other foot length.

— As is illustrated in Figure 6, the proportion of the reference triangle described in the above uniformly
applies to all sizes of foot, independent of the test loading level. In principle, this allows ankle-foot devices
and foot units of any size of foot to be tested at any of the test loading levels specified.

For feet of different lengths L, positioned within the coordinate system as illustrated in Figure 6, the related top
load application points Pt | are located on a straight line directed to the origin of the coordinate system. The
distance Dpt between load application points Pt | relating to two successive values of foot length L has a
fixed value determined by the Equation

(fT,262 + “T,262)
Dpr = o (10)

which gives a value of Dpt = 22,2.

2.3 Magnitudes of static and maximum cyclic heel and forefoot reference loading

The specification of the magnitudes of static and maximum cyclic heel and forefoot reference loading is based
on the following general condition.

The specific values Fgq, and Fr, of the resultant reference forces Fr4 and Fr, (see Figure 1) are consistent
with the corresponding values F,, and F,, of the test forces F; and F, specified in ISO 10328 for the separate
tests on ankle-foot devices and foot units (see Tables 12 and D.3 of ISO 10328:2006). The specific values
FRr1, and Fg,, of the resultant reference forces Fr4 and Fg, are listed in Table 1.

The specific values F4, and F,, of the test forces F; and F, related to the specific values Fg4, and Fg,, of the
resultant reference forces Fr4 and Fg, (see Figure 1) are determined by the following Equation, derived from
the relationship described in 2.2.1 a):

F1’2=FR1’R2><COSQ1’2 (11)

The specific values F4, and F,, of the test forces F; and F, calculated using Equation (11) for a4 = -6,18°
and a, = 11,14° (see 2.2.2) are listed in Tables 10 and C.2 of ISO 22675:2006.
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Table 1 — Magnitudes of resultant reference forces Fg, and Fro,

Resultant force Related test forces F and F, of the separate tests on ankle-foot devices and foot units
Frip Froy specified in ISO 10328 (see Tables 12 and D.3 of ISO 10328:2006)
Symbol Numerical values for heel and forefoot loading 7 and 7,
at test loading level Py
P6 P5 P4 P3
Heel | Forefoot | Heel | Forefoot | Heel | Forefoot | Heel | Forefoot
N

Frisp, Fisp 2800 — 2240 — 2065 — 1610 —
Frosp Fasp — 2800 — 2240 — 2065 — 1610
FRisu, lower level, Fisu, lower level, 4200 - 3360 - 3098 - 2415 -
FRosu, lower level, Fasu, lower level _ 4200 _ 3360 _ 3098 _ 2415
FRisu, upper level, Fisu, upper level, 5600 - 4480 - 4130 - 3220 -
FRosu, upper level Fasu, upper level _ 5600 _ 4480 _ 4130 _ 3220
Fricmax, Fier 1600 — 1280 — 1180 — 920 —
FRrocmax Foer — 1600 — 1280 — 1180 — 920
FRifin, Fitin 2800 — 2240 — 2 065 — 1610 —
FRrofin Fotin — 2 800 — 2240 — 2 065 — 1610

2.4 Reference test loading conditions of static and cyclic tests

241 Static tests

According to the statements of 2.2 and 2.3, the reference test loading conditions for static (and maximum
cyclic; see NOTE) heel and forefoot loading according to ISO 22675 are determined by the parameters listed
in a) to d). (For the meaning of “reference” see IMPORTANT.)

a) The position of the top load application point P, determined by the coordinates f and ut relevant to the
foot length L of the test sample (see 2.2.3); these are specified as offsets /r | and uy | in Table 8 of
ISO 22675.

The direction of the lines of action of the resultant reference forces Fry and Fg,, determined by the
coordinates of the top load application point Pt [see a)] and their inclinations to the u-axis, determined by
the angles 4 =—-6,18° and a, = 11,14° (see 2.2.2).

The magnitudes of the resultant reference forces Frq and Fr,, specified in Table 1, and the related test
forces F, and F, to be applied in the top load application point Pt [see a)] as illustrated in Figure 1,
determined by Equation (11) for ¢4 = — 6,18° and o, = 11,14°. These are specified in Table 10 of
ISO 22675:2006.

d) The tilting angles y; = — 15° and y, = 20° of the foot platform for static (and maximum cyclic; see NOTE)
heel and forefoot loading. These are specified in Table 9 of ISO 22675:2006.

IMPORTANT — The inclinations of the lines of action of the resultant reference forces Fgr, and Fg, to the
u-axis addressed in b) are only relevant to the reference test loading conditions of the static (and cyclic; see
NOTE) tests, since the concept of the tests of ISO 22675 allows each sample of ankle-foot device or foot unit
to develop its individual performance under load corresponding to its individual design.

A 1A~ AR~ AT
Copyright International Organization for Standardization ghtS reserved 7
Provided by IHS under license with ISO

No reproduction or networking permitted without license from IHS Not for Resale



ISO/TR 22676:2006(E)

This will automatically determine the individual position of the bottom load application point Pg4 on the heel or
Pg, on the forefoot of the test sample (and with it the individual inclination of the load line) relating to the tilting
position of the foot platform at y; or » [see d)] and the individual magnitude of the resultant reference
force Frq or Fro.

For this reason the configuration of the test set-up for the preparation of test loading [see 16.1.1 a) of
ISO 22675:2006] is determined only by the position of the top load application point P relevant to the foot
length L of the test sample according to a) and the tilting angles y; and y, of the foot platform according to d).

NOTE References (in parentheses) to the cyclic tests take into account that the linear and angular dimensions
determining the reference test loading conditions for static heel and forefoot loading are identical to those for determining
the reference test loading conditions for maximum cyclic heel and forefoot loading [see 2.4.2 a)].

2.4.2 Cyclic test

According to the statements of 2.2 and 2.3, the reference test loading conditions for cyclic loading according
to ISO 22675 are determined by the parameters listed in a) and b). [For the meaning of “reference” in a)
see IMPORTANT of 2.4.1 and for the meaning of “reference” in b) see IMPORTANT of this subclause.]

a) The reference test loading conditions for maximum cyclic heel and forefoot loading are determined by the
same linear and angular dimensions as the reference test loading conditions for static heel and forefoot
loading (see 2.4.1).

b) The reference test loading conditions for repeated foot loading progressing from heel contact to toe-off
are determined by the parameters listed in 1) to 4).

1) The position of the top load application point P+ [see 2.4.1 a)].

2) The progression of the resultant force Fg, 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 Pt [see 2.4.1 a)] and the inclinations of the line of action to the u-axis at the related
instantaneous values of angle « (see Figures 1 and 3).

Figure 7 illustrates the progression of the line of action of the resultant force Fr from heel contact to
toe-off in 30 ms time increments for related values of angle « shown in Figure 3.

3) The profile (curve) of the pulsating test force F, to be applied in the top load application point P
[see 2.4.1 a)] as illustrated in Figure 1 as a function of time F () as illustrated in Figure 3 and in
Figure 6 of ISO 22675 or as a function of tilting angle of the foot platform F(y) as illustrated in Figure
7 of ISO 22675. The instantaneous values of F, are determined by Equation (11) for the related
instantaneous values of the resultant force Fg and the angle « (see Figures 1 and 3).

The description and specification of the profile of the test force F(r) or F(y) is primarily based on the
values Fycmnax (1st maximum of loading profile), F, (intermediate minimum of loading profile) and
Foemax (2nd maximum of loading profile), specified in Table 10 of ISO 22675.

Further guidance on the description and specification of the profile of the test force F is given in
Figure 3 and Tables 11 and 12 and also by Equation (2) of 13.4.2.9 of ISO 22675.

4) The profile (curve) of the tilting angle y(¢) of the foot platform, determining its periodical oscillation
within the range of — 20° < y < 40° specified for the period between the instants of heel contact and
toe-off (see Figure 3).

The description and specification of the profile of the tilting angle y(¢) of the foot platform is primarily
based on the values y; = - 15° (instant of 1st maximum F; ., of loading profile), y.min = 0° (instant
of intermediate minimum F_ .., of loading profile) and y, = 20° (instant of 2nd maximum Fy ., of

loading profile), specified in Table 9 of ISO 22675:2006.

Further guidance on the description and specification of the profile of the tilting angle i¢) is given in
Table 12 and also by Equation (1) of 13.4.2.8 of ISO 22675:2006.

[o] .
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IMPORTANT — The progression of the lines of action of the resultant force Fg addressed in b) 2) is only
relevant to the reference test loading conditions for the cyclic test, since the concept of the tests of ISO 22675
allows each sample of ankle-foot device or foot unit to develop its individual performance under load
corresponding to its individual design.

This will automatically determine the individual position of the bottom load application point Pg on the foot of
the test sample relating to the specific value of tilting angle Az, of the foot platform and the individual
inclination and magnitude of the resultant force Fg.

For this reason the configuration of the test set-up for the preparation of test loading [see 16.1.1 b) of
ISO 22675] is determined only by the position of the top load application point P relevant to the foot length L
of the test sample according to b) 1) and an appropriate initial tilting position of the foot platform. [According to
16.1.1 b) 3) of ISO 22675:2006 an appropriate initial tilting position of the foot platform is determined by the
temporary tilting angle y = 0° relevant to the instant of the intermediate minimum F ., of the loading profile.]
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1
f
Key
1 foot platform f, u axes of coordinate system
P top load application point F  testforce
Fg resultant force y  ftilting angle of foot platform

Fp force component perpendicular to foot platform

F; force component tangential to foot platform

F,, force component transverse to line of application of test force F

a  angle of inclination to u-axis of line of action of resultant force Fx

F  angle between resultant force iz and force component F determining ratio Fr/Fp

Figure 1 — lllustration of different components of loading
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NOTE The loading period of 600 ms corresponds to the average stance phase time of a typical walking

cycle of 1 second duration. (The remaining time of 400 ms of the walking cycle corresponds to the swing phase.)

Key
1 force component F, perpendicular to foot platform X loading time in milliseconds
2 force component F; tangential to foot platform Y, forces in newtons
3  tilting angle y of foot platform Y, anglesin degrees
Figure 2 — Profiles (curves) of force components and tilting angle for test loading level P5,
based on gait analysis data representative of normal level walking
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NOTE

The loading period of 600 ms corresponds to the average stance phase time of a typical walking

cycle of 1 second duration. (The remaining time of 400 ms of the walking cycle corresponds to the swing phase.)

Key

1

2

3 resultant force Fg

4  testforce F

X loading time in milliseconds

Y1 forces in newtons
Y2 angles in degrees

force component F; tangential to foot platform

force component Fp perpendicular to foot platform

5 tilting angle y of foot platform

6 angle abetween resultant force Fr and u-axis

7  angle gbetween resultant force Fg and force

component Fp

Figure 3 — Profiles (curves) of force components and angles for test loading level P5,
establishing the basis from which to specify the test loading conditions of ISO 22675
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See page 14 for the key to this figure.
Figure 4 — lllustration of different test loading conditions for test loading level P5
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Key to Figure 4

fiu axes of coordinate system

Ck effective knee joint centre

Cyp effective ankle joint centre

L foot length

I, directions of test loading conditions | (heel loading) and Il (forefoot loading) of principal tests of ISO 10328

A, B directions of heel (A) and forefoot (B) loading of separate tests on ankle-foot devices and foot units of ISO 10328

1,2 directions of static and maximum cyclic heel (1) and forefoot (2) loading of ISO 22675:2006

P point of intersection of lines of application of test loading conditions | and Il of principal tests of ISO 10328

Pi as point of intersection of lines of application of heel (A) and forefoot (B) loading of separate tests on ankle-foot
devices and foot units of ISO 10328:2006

Pi 12 point of intersection of lines of action of static and maximum cyclic heel (1) and forefoot (2) loading of
I1SO 22675:2006

Pk knee load reference points of test loading conditions | and Il of principal tests of ISO 10328

Payan a@nkle load reference points of test loading conditions | and Il of principal tests of ISO 10328

Paa2  ankle load reference points of static and maximum cyclic heel (1) and forefoot (2) loading of ISO 22675:2006

Paygil bottom load application points of test loading conditions | and Il of principal tests of ISO 10328

Peapg  bottom load application points of heel (A) and forefoot (B) loading of separate tests on ankle-foot devices and
foot units of ISO 10328:2006

Pgyp2  bottom load application points of static and maximum cyclic heel (1) and forefoot (2) loading of ISO 22675:2006
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See page 16 for the key to this figure.

Figure 5 — lllustration of different test loading conditions for test loading levels P5, P4 and P3
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Key to Figure 5

fiu
CK
CA
L

b5, Pa, P3
llps, pasp3
Aps, paip3
Bps, pa/p3
Tps, Paip3

2P5, P4/P3

Pi, I, P5, P4, P3
Pi, A/B, P5, P4/P3

Pi, 1/2, P5, P4/P3

PKI, P5, P4, P3
PKII, P5, P4/P3
PAI, P5, P4, P3
PAII, P5, P4/P3
PA1, P5, P4/P3
PAZ, P5, P4/P3
PBI, P5, P4, P3
PBII, P5, P4/P3
PBA, P5, P4/P3
PBB, P5, P4/P3
PB1, P5, P4/P3

PBZ, P5, P4/P3

axes of coordinate system
effective knee joint centre
effective ankle joint centre
foot length

directions of test loading condition | (heel loading) of principal tests of ISO 10328 for test loading levels
P5, P4 and P3 according to suffix

directions of test loading condition Il (forefoot loading) of principal tests of ISO 10328 for test loading
levels P5 and P4/P3 according to suffix

directions of heel loading (A) of separate tests on ankle-foot devices and foot units of ISO 10328 for test
loading levels P5 and P4/P3 according to suffix

directions of forefoot loading (B) of separate tests on ankle-foot devices and foot units of ISO 10328 for
test loading levels P5 and P4/P3 according to suffix

directions of static and maximum cyclic heel loading (1) of ISO 22675 for test loading levels P5 and
P4/P3 according to suffix

directions of static and maximum cyclic forefoot loading (2) of ISO 22675 for test loading levels P5 and
P4/P3 according to suffix

points of intersection of lines of application of test loading conditions | and Il of principal tests of
ISO 10328 for test loading levels P5, P4 and P3 according to suffix

points of intersection of lines of application of heel (A) and forefoot (B) loading of separate tests on ankle-
foot devices and foot units of ISO 10328 for test loading levels P5 and P4/P3 according to suffix

points of intersection of lines of action of static and maximum cyclic heel (1) and forefoot (2) loading of
1ISO 22675:2006 for test loading levels P5 and P4/P3 according to suffix

knee load reference points of test loading condition | of principal tests of ISO 10328 for test loading levels
P5, P4 and P3 according to suffix

knee load reference points of test loading condition Il of principal tests of 1ISO 10328 for test loading
levels P5 and P4/P3 according to suffix

ankle load reference points of test loading condition | of principal tests of 1SO 10328 for test loading
levels P5, P4 and P3 according to suffix

ankle load reference points of test loading condition 1l of principal tests of ISO 10328 for test loading
levels P5 and P4/P3 according to suffix

ankle load reference points of static and maximum cyclic heel loading (1) of ISO 22675 for test loading
levels P5 and P4/P3 according to suffix

ankle load reference points of static and maximum cyclic forefoot loading (2) of ISO 22675 for test
loading levels P5 and P4/P3 according to suffix

bottom load application points of test loading condition | of principal tests of ISO 10328 for test loading
levels P5, P4 and P3 according to suffix

bottom load application points of test loading condition Il of principal tests of ISO 10328 for test loading
levels P5 and P4/P3 according to suffix

bottom load application points of heel loading (A) of separate tests on ankle-foot devices and foot units of
ISO 10328 for test loading levels P5 and P4/P3 according to suffix

bottom load application points of forefoot loading (B) of separate tests on ankle-foot devices and foot
units of ISO 10328 for test loading levels P5 and P4/P3 according to suffix

bottom load application points of static and maximum cyclic heel loading (1) of ISO 22675:2006 for test
loading levels P5 and P4/P3 according to suffix

bottom load application points of static and maximum cyclic forefoot loading (2) of ISO 22675:2006 for
test loading levels P5 and P4/P3 according to suffix
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See page 18 for the key to this figure.
Figure 6 — lllustration of the dependence of the position
of the top load application point P on the foot length L (see 2.2.3)
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Key to Figure 6

1 symbolic view of foot

f, u axes of coordinate system
Cy effective knee-joint centre
C, effective ankle-joint centre

@  Top load application points relevant to indicated foot length L (reference: P 4 for L = 26 cm).
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See page 20 for the key to this figure.

Figure 7 — lllustration of the progression of the line of action of the resultant force F from heel
contact to toe-off in 30 ms time increments for related values of angle « shown in Figure 3
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Key to Figure 7

fiu axes of coordinate system

Pr top load application point

Ck effective knee joint centre

Ca effective ankle joint centre

L foot length

Payan  ankle load reference points of test loading conditions | and Il of principal tests of ISO 10328

Pa1az  ankle load reference points of static and maximum cyclic heel (1) and forefoot (2) loading of ISO 22675:2006
Frimax 18t maximum of resultant force F, referred to as resultant reference force Fg,

Frmin intermediate minimum of resultant force /5

Fromax ~2nd maximum of resultant reference force Fy, referred to as resultant reference force Fy,

FRro. 20 instantaneous lines of action of resultant force /5 in 30 ms time increments

3 Guidance on the design of appropriate test equipment for the application
of ISO 22675

3.1 Background statement

The guidance on the design of test equipment offered in this Technical Report is based on the mathematical
and graphical analysis of various situations of interest. As far as physical characteristics of ankle-foot devices
or foot units are concerned, the analytical work is based on simplified foot models. This does, however, not
impair the power of statement of the related findings, since all of them are also applicable, in principle, to
relevant arrangements with real ankle-foot devices and foot units.

The guidance offered establishes a basis that can also be used for deliberations and decisions on a uniform
design concept for the test equipment required, in order to optimize the conditions of comparability of test
results achieved at different places.

3.2 Basic design for test equipment

Figure 8 illustrates the basic design concept of test equipment capable of performing cyclic loading in
accordance with the requirements of 13.4.2 of ISO 22675:2006, characterized by the following features.

a) An actuator applies the test force F(7) or F(y) to the top side of the test sample. The application of force
can be carried out directly or indirectly, depending on whether additional components are arranged
between the actuator and the test sample e.g.:

— a device of axial guiding, used to protect the actuator against forces or moments transverse to the
direction of actuating or against torque about the axis of actuating;

— aload cell, required for the control of the actuator.

b) The test sample is set up in the test equipment in a manner that does not allow it to perform angular
movement typical of the progression during the stance phase of walking from heel contact to toe-off.
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¢) Instead, this angular movement is simulated by a foot platform capable of active tilting about an axis
transverse to the direction of progression of the test sample. As illustrated in principle in Figure 9, one
way to actuate the tilting of the foot platform is by means of a crank gear. The particular profile (curve) of
tilting angle A¢) required (see Table 11, 13.4.2.4 and Figure 6 of ISO 22675:2006) can be achieved by
appropriate dimensioning of

— the length of the cantilever fixed to the foot platform;
— the position of the crank shaft relative to the tilting axis TA of the foot platform;

— the length of the crank arm;
— the length of the driving rod.

Test equipment capable of performing cyclic loading in accordance with the requirements of 13.4.2 of
ISO 22675:2006 may also be capable of performing static heel and forefoot loading in accordance with the
requirements of 13.4.1 of ISO 22675:2006, depending on its design.

This capability is, for example, of particular interest if the final static tests at proof load level following each
successfully completed cyclic test (see 16.4 of ISO 22675:2006) are intended to be conducted on the same
test equipment, on which the cyclic test has been conducted.

In this case it is recommended that means be provided to lock the foot platform in the positions of static heel
and forefoot loading at the tilting angles y; and y, (see Table 8 of ISO 22675:2006) to facilitate its adjustment
and to avoid overloading of the tilting drive mechanism (see Figure 8).

21
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See page 23 for the key to this figure.

Figure 8 — Diagrammatic view of test equipment with test sample
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Key to Figure 8

1 reasonable area for the arrangement of alternative end attachments in consideration of the current spectrum of foot
designs
2  example of appropriate means to flexibly resist dislocation of the foot in the fu-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
(corresponding means to resist dislocation in the plane transverse to the f~u-plane and about the long axis of the test
sample not shown)
3 block of recommended heel height /. with specific shape of top surface to provide a smooth transition towards the
forefoot
4 tiltable foot platform,
— either fixed at the values of tilting angle y, and y, specified for static heel and forefoot loading
or
— periodically oscillating with »¢) within the range specified for progressive heel and forefoot loading from heel
contact to toe-off
5 means of locking the foot platform at the values of tilting angle y, and y, specified for static heel and forefoot loading
(option)
F  testforce F (1) or F(y), Fgp OF Fy, Fyy,
Fy  lifting force to lift the test sample off the foot platform during the period corresponding to the swing phase of walking
P; top load application point, preferably allowing rotation of the test sample about each of the 3 spatial axes
Ck effective knee-joint centre
Cp effective ankle-joint centre
TA tilting axis of foot platform
A
Q
 J
Key
1  foot platform 4  crank arm
2 cantilever 5  crank shaft
3  driving rod TA tilting axis of foot platform
@  Horizontal distance between tilting axis of foot platform TA and crank shaft (5).
b Vertical distance between tilting axis of foot platform TA and crank shaft (5).
Figure 9 — Parameters of a crank gear capable of driving the foot platform
of the test equipment to generate the profile (curve) x¢)
Copyright International Org:\ni;;t‘ign\ f;g[’;l%ardiz’\a;ilor?:ghts reserved 23

Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



ISO/TR 22676:2006(E)

3.3 Design variants for load application

3.3.1 General

Two different designs for load application have been discussed. They are briefly described in 3.3.2 and 3.3.3
as design variants A and B.

In this Technical Report preference has been given to design variant A, carefully balancing its advantages and
disadvantages against those of design variant B, outlined in 3.3.4, 3.4 to 3.7 and 3.9.

3.3.2 Design variant A

The test force F is applied in a direction parallel to the u-axis by an actuator fixed to the base frame of the test
equipment.

The top load application point Py of the test sample is directly or indirectly (see NOTE) attached to the driving
part of the actuator (e.g. the piston rod of a fluid system) by a connecting device providing at least one degree
of freedom in order to allow free angular movement of the test sample in the fu-plane, caused by the
superimposed effects of tilting of the foot platform and loading by the test force F (see statements below), and
to exclude the transmission of A-P bending moments.

A second degree of freedom may allow free angular movement of the test sample perpendicular to the
Jf-u-plane and exclude the transmission of M-L bending moments, and a third degree of freedom may allow
free rotation about the axis of actuating and exclude the transmission of torque.

NOTE For actuators sensitive to forces or moments transverse to the direction of actuating or to torque about the
axis of actuating, a guiding device to prevent transmission of these load actions may be required, to be arranged between
the actuator and the test sample. In addition, a load cell, required for the control of the actuator, is likely to be arranged
between the actuator and the guiding device.

3.3.3 Design variant B

The test force F is applied by an actuator capable of tilting relative to the base frame of the test equipment
about an axis parallel to the tilting axis TA of the foot platform, located in a position P1¢ corresponding to that
of the top load application point Py of the test sample in its neutral position, i.e. with the tilting angle y of the
foot platform set at zero.

The test sample is directly or indirectly (see NOTE of 3.3.2) attached rigidly to the driving part of the actuator
(e.g. the piston rod of a fluid system), the driving part thus representing a particular piece of end attachment of
variable length relative to the top load application point P¢.

The axis of tilting of the actuator allows free angular movement of the test sample in the f~u-plane and
excludes the transmission of A-P bending moments [except those generated by effects addressed in
3.3.4 b) 2) and NOTE].

A second and a third degree of freedom may be provided at any appropriate position for the purposes
described in 3.3.2 for design variant A.
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3.3.4 Main differences between design variants A and B

The main differences between design variants A and B briefly described in 3.3.2 and 3.3.3 are addressed
below (see also 3.7 and Figures 20 and 21).

a) For the distance uy of the top load application point P (P1g) from the f~axis, which is decisive for the test
sample set-up, the following applies:

1) for design variant A, this distance does not change during a loading cycle from heel contact to
toe-off;

2) for design variant B, this distance varies with the amount of elevation of the test sample caused by
the superimposed effects of the related values of tilting angle of the foot platform and test force F
applied.

b) For the orientation of the actuator the following applies:

1) for design variant A, the orientation of the actuator parallel to the u-axis does not change during a
loading cycle from heel contact to toe-off;

2) for design variant B, the actuator is tilted by the angle Ag, which will cause additional deviations from
the specified test loading conditions (see 3.7) and which may cause mass effects, depending on the
magnitude of the angular accelerations, the magnitude of the total mass of all components tilted and
the position of its centre of gravity relative to the position of the top load application point Prg

(see also NOTE).

NOTE If the centre of gravity of the total mass of the arrangement of actuator and adjacent components gets into a
position above the tilting axis with which they are linked to the base frame of the test equipment, this arrangement will
become top-heavy and tend to exert unintended A-P bending moments on the test sample during the loading cycle from
heel contact to toe-off and eventually to topple or capsize during the lift-off phase of the test sample, if special
suspensions do not prevent this.

3.4 Examples of crank gear designs

3.41 General

In principle, two different types of crank gear design can be used. Examples of each type are briefly described
in 3.4.2 and 3.4.3.

3.4.2 Asymmetrical (60:40) crank gear

The crank gear according to Figure 10 has asymmetric positions of the dead centres determining the
maximum angular positions of the foot platform. The larger rotation of the crank arm (upper right portion)
exceeds its smaller rotation (lower left portion) by 36°.

The resulting ratio is (180° + 36°):(180° — 36°) = 60:40; i.e. it takes 60 % of the time of one revolution to pass
through the upper right portion used to tilt the foot platform during the period of loading from its position
specified for heel contact (y= — 20°) to its position specified for toe-off (y =+ 40°) and 40 % to pass through
the lower left portion used to return the foot platform to the angular position specified for heel contact.

Hence, the ratio of 60:40 corresponds exactly to the average ratio of stance phase time and swing phase time
of a typical walking cycle, intended to be simulated by the test cycle; i.e. within a test cycle simulating a typical
walking cycle of 1 s duration the loading period simulating the stance phase will be 600 ms (but see NOTE).

NOTE This statement is only correct if the rotational speed of the crank is constant. This may require particular
technical measures, taking into account that the load on the mechanism varies over a wide range and reverses in direction.
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However, the asymmetrical crank gear according to Figure 10 has two disadvantages, one regarding the
deviations of the profile of tilting angle Ar) created from the profile (curve) of tilting angle specified
(see Table 11, 13.4.2.4 and Figure 6 of ISO 22675:2006) and the other regarding the critical dimensions of the
components of the crank gear specified.

a) The profile of tilting angle {¢) created by the upper right portion of this crank gear design is shown in
Figure 12. It deviates from the profile of tilting angle specified (see Figure 6 of 1ISO 22675:2006) by
slightly less than + 5°.

b) The boundary conditions for the design of a crank gear with an asymmetry of 60:40 of the positions of the
dead centres determining the maximum angular positions of the foot platform and a range of tilting angle
of — 20° < y < + 40° are very limiting. This leads to the following conditions:

1) the angle of the driving rod to the cantilever, occurring in the position of the dead centre determining
the position of the foot platform specified for heel contact (y= — 20°), is 15°; as a consequence, the
sum of the lengths of the driving rod and the cantilever is only about 1,5 mm longer than the distance
between the centres of the crank shaft and the tilting axis TA of the foot platform;

2) when the crank arm passes through the upper right portion used to tilt the foot platform during the
period of loading, the angles between the driving rod and the crank arm and between the driving rod
and the cantilever reach low values, resulting in the force in the driving rod being considerably higher
than it would be if the rod were at right angles to the crank arm.

The conditions addressed in 1) and 2) need to be carefully considered in the design, manufacturing and
assembling of the system. The condition listed in 1) may require technical means such as a buffer, preventing
the tilting of the foot platform in the wrong direction when passing the dead centre.

Further details are given in 3.5 to 3.7 and 3.9.

3.4.3 Symmetrical (50:50) crank gear

The crank gear according to Figure 11 has symmetrical positions of the dead centres determining the
maximum angular positions of the foot platform, i.e. the ratio of the angles of the upper right and lower left
portions is 180°:180° = 50:50; i.e. it takes 50 % of the time of one revolution to pass through each of the upper
right and lower left portion (but see NOTE of 3.4.2).

The crank gear is designed to tilt the foot platform within an angular range of —20° < y < + 50° (toe-off
position + 10°). This measure allows a better approach of the linear course of the final part of the specified
profile (curve) of tilting angle y(¢) of the foot platform up to the maximum value of + 40° at toe-off (see Table 11,
13.4.2.4 and Figure 6 of ISO 22675:2006), since the diminishing of the slope of the final part of the profile of
tilting angle produced by the crank gear drive is mainly progressing within the range of + 40° to + 50° early in
the lift-off phase of the test sample.

The profile of tilting angle 1¢) created by the lower left portion of this crank gear design up to the value of
y=+ 40° at toe-off is shown in Figure 12. It is much closer to the profile of tilting angle specified than the
profile of the crank gear design according to 3.4.2, deviating from the profile of tilting angle specified
(see Figure 6 of ISO 22675:2006) by at most + 1° or — 0,6°.

However, the symmetrical crank gear according to Figure 11 has also two disadvantages, one regarding the
timing and the other regarding the elevation and A-P displacement of the test sample caused by the tilting of
the foot platform.

a) The angular position of the crank arm corresponding to the angular position of the foot platform specified
for toe-off (y= + 40°) is reached at 143° from the dead centre (0°) determining the angular position of the
foot platform specified for heel contact (y =—-20°) and 37° to the dead centre (180°) determining the
maximum angular position of the foot platform (after toe-off) of y = + 50°.

The resulting ratio of angle and/or time is (180° — 37°):(180° + 37°) = 39,7:60,3; i.e. it takes 39,7 % of the
time of one revolution to pass through the lower left portion used to tilt the foot platform during the period
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of loading up to the value specified for toe-off (y =+ 40°) and 60,3 % to pass through the upper right
portion used to reach the maximum angular position of the foot platform (after toe-off) of =+ 50° and
then to return the foot platform to the angular position specified for heel contact (y = — 20°) (but see NOTE
of 3.4.2).

Hence, if 39,7 % of the time of one revolution is 600 ms, one full revolution takes 1,5 s, which is 50 %
longer than the time of one full revolution of the crank gear design according to 3.4.2.

b) The tilting of the foot platform elevates and horizontally displaces the test sample at the foot. Apparently,
the value of elevation and A-P displacement is higher for a tilting angle of =+ 50° than for a tilting angle
of y=+40°.

NOTE In contrast to the crank gear design according to 3.4.2, the crank gear design according to 3.4.3 does not
suffer from limiting boundary conditions. For example, it is possible to increase only the length of the driving rod, in order
to reduce the load level at which the transmission of the driving forces is performed. Of course, the profile of tilting angle
will change, accordingly, and may deviate from the profile of tilting angle at a greater extent than is the case for the crank
gear design specified in 3.4.3 and Figure 11.

Further details are given in 3.5 to 3.7 and 3.9.

Dimensions in millimetres

~
~
 J
NOTE The crank gear characteristic does not change, if the given values of lengths (except the minimum length of
the foot platform) are proportionally scaled.
Key
foot platform of length > 350 mm 4 crank arm of specific length 47 mm
cantilever of specific length 100 mm 5  crankshaft
3  driving rod of specific length 75 mm TA tilting axis of foot platform
Figure 10 — Asymmetrical (60:40) crank gear according to 3.4.2 —
Tilting range — 20° (heel contact) to + 40° (toe-off)
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Dimensions in millimetres

129

NOTE The crank gear characteristic does not change, if the given values of lengths (except the minimum length of
the foot platform) are proportionally scaled.

Key

1 foot platform of length > 350 mm

cantilever of specific length 100 mm
driving rod of specific length 100 mm
crank arm of specific length 57 mm

a A WON

crankshaft
TA tilting axis of foot platform

Figure 11 — Symmetrical (50:50) crank gear according to 3.4.3 —
Tilting range — 20° (heel contact) via + 40° (toe-off) to + 50°
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Key

X loading time in milliseconds

Y1 angles in degrees

Y2 deviation of angles in degrees

specified profile (curve) of tilting angle () of foot platform

tilting angle x¢) produced by crank gear 60:40 upper right portion of rotation
tilting angle 1(¢) produced by crank gear 50:50 lower left portion of rotation
deviation of tilting angle produced by crank gear 60:40 from specified profile
deviation of tilting angle produced by crank gear 50:50 from specified profile

a b W N =

Figure 12 — Tilting characteristics of asymmetrical (60:40) crank gear according to 3.4.2 and Figure 10
and symmetrical (50:50) crank gear according to 3.4.3 and Figure 11
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3.5 Effect of deviations of the tilting angle )(r) from the specified profile (curve), addressed
in 3.4, on the test loading conditions of ISO 22675

Apparently, the deviations of the tilting angle y¢) of the foot platform, which occur if this is driven by the crank
gear described in 3.4.2 and illustrated in Figure 10, will affect the related angles « and g and, consequently,
the ratio of the force components Fp and Fy, acting perpendicular and tangential to the foot platform
[see Figure 1 and Equations (1) and (2) of 2.2.1].

There are two possibilities of evaluating this effect, as described in a) and b).

a) The instantaneous values of the tilting angle x¢) of the foot platform driven by the crank gear according to
3.4.2, which occur in 30 ms time increments from the instant of heel contact to the instant of toe-off, will
also occur in the course of the prescribed profile of tilting angle y«¢), however, at different instants
wherever the two profiles deviate from each other. The different instants determine the distortion of the
time base of the prescribed profile of tilting angle ¢) necessary to adapt it to that produced by the crank
gear according to 3.4.2. A graph of the angles « and g as a function of the distorted time base facilitates
the determination of their values at the regular 30 ms time increments. With these values the force
components Fp and Fy, acting respectively perpendicular and tangential to the foot platform, can be
calculated. The results of this measure are shown in Figures 13 to 16.

The most noticeable effects are that on the force component F tangential to the foot platform. The first
occurs at the instant of 360 ms after heel contact. According to Figure 16, the deviation from the
prescribed value at this instant is — 36 N, which is about — 80 %. The second occurs at the 2nd maximum.
According to Figure 16, the deviation from the prescribed value at this instant is 48 N, which is about
20 %. These deviations are considered to exceed the tolerable range.

The effect on the force component Fp perpendicular to the foot platform can be neglected. The same
applies to the resultant force Fir, composed of Fp and Fr, and the test force F (Figure 1).

b) The situation described in a) is based on the condition that the profiles of tilting angle and test force are
applied as synchronized functions of time »(¢) and F(¢).

This need not necessarily be the case. As already addressed in 13.4.2 of ISO 22675:2006, an
appropriate alternative is the application of the profile of tilting angle as a function of time )«¢) and the
profile of test force as a function of tilting angle F(y). In this case the deviations referred to in a) are
irrelevant, since the test force follows the tilting angle as specified by the profile F(y), independent of the
time base of the tilting angle.

However, any distortion of the time base of the tilting angle [see a)] will also apply to the test force. Hence,
the only noticeable effect is that on the test force F(y) when plotted against the distorted time base, as
Figure 17 illustrates. The influence of this effect on test results is not yet known.

2n :
Copyright International Organization for Standardization © ISO 2006 - A” rlghts reserved
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



ISO/TR 22676:2006(E)

40

35
30 /

(\\

25 4

20

N AN

15

10

\\\-L\

XV

0 150 300 450 600

Key

loading time in milliseconds

angles in degrees

specified profile (curve) of tilting angle () of foot platform

tilting angle »(¢) produced by crank gear 60:40 upper right portion of rotation

angle a between resultant force /' and u-axis of coordinate system related to specified profile of tilting angle
angle «a related to tilting angle produced by crank gear 60:40

angle S between resultant force F and force component F, perpendicular to foot platform related to specified profile
of tilting angle

angle Srelated to tilting angle produced by crank gear 60:40

oM WM = <X

D

Figure 13 — Profiles (curves) of angles ¢, 5 and y as specified and as produced by crank gear 60:40
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0 150 300 450 600

X loading time in milliseconds
Y angles in degrees

1 deviation of tilting angle of foot platform produced by crank gear 60:40 from specified profile (curve) A¢) of foot
platform

2  deviation of angle a between resultant force F and u-axis of coordinate system related to tilting angle produced by
crank gear 60:40 from angle « related to specified profile of tilting angle

3  deviation of angle S between resultant force F and force component Fp perpendicular to foot platform related to
tilting angle produced by crank gear 60:40 from angle g related to specified profile of tilting angle

Figure 14 — lllustration of angular deviations produced by crank gear 60:40
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Key

X loading time in milliseconds
Y force in newtons

1 force component Fp perpendicular to foot platform related to specified profile (curve) of tilting angle x7) of foot
platform

2  force component F, related to tilting angle produced by crank gear 60:40
3  force component F tangential to foot platform related to specified profile (curve) of tilting angle (¢) of foot platform
4  force component F; related to tilting angle produced by crank gear 60:40

Figure 15 — Profiles (curves) of force components F and Fr,
as specified and as produced by crank gear 60:40
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Key

X loading time in milliseconds
Y force in newtons

deviation of force component Fp perpendicular to foot platform related to tilting angle produced by crank gear 60:40
from force component F; related to specified profile (curve) of tilting angle (¢) of foot platform

2  deviation of force component F; tangential to foot platform related to tilting angle produced by crank gear 60:40 from
force component F; related to specified profile (curve) of tilting angle y/(¢) of foot platform

—_

Figure 16 — lllustration of force deviations produced by crank gear 60:40
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test force F related to tilting angle produced by crank gear 60:40 as function of distorted time

Figure 17 — lllustration of distortion of time base of test force /' produced by crank gear 60:40

3.6 Effect of the position of the tilting axis TA of the foot platform on the elevation £ and the
A-P displacement Af of the test sample at the foot
3.6.1 General

As is outlined in 3.6.3 and 3.6.4, the tilting of the foot platform during the cyclic test up to the values occurring
at the instant of heel contact (¢ = —20°) and at the instant of toe-off ()5 = 40°), specified in Table 12 of

ISO

22675:2006, can move the ankle-foot device or foot unit by considerable amounts of both elevation E,

illustrated in Figure 18, and A-P displacement Af; illustrated in Figure 19.

For the reasons given in a) and b), this is not desirable.

a)

The higher the maximum value of elevation E is, the longer the travel of the actuator needs to be. If, for
example, a fluid cylinder is used, the travel required may well result in a length of the piston rod that
makes the system sensitive to transverse forces, thus requiring additional means of axial guidance.

There is also a direct relationship between the travel of the piston (rod) and the volume of the fluid
needed for its operating. This affects the capacity of the pump and the flow control required and,
consequently, the cost-price and the operating expenses of the system.
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b) As is outlined in 3.7, any A-P displacement Af of a test sample at the foot will result in an angular
movement Ag of the test sample about the top load application point P (Pg). The higher the maximum
value of A-P displacement Af'is, the greater will be the angular movement A¢ and, hence, the deviations
from the specified test loading conditions.

As a general rule, the maximum value of angular movement Ag about the top load application point Pt
(Prg) at the instants of Fy 4y (18t maximum of the loading profile) and Fyq, 4, (2nd maximum of the
loading profile) should not exceed 1°. The statements in 3.6.3 to 3.6.5 and 3.7 demonstrate that this can
be achieved by an appropriate positioning of the tilting axis TA of the foot platform.

3.6.2 Position of the tilting axis TA of the foot platform

According to Figures 18 and 19 the position of the tilting axis TA of the foot platform within the f~u plane of the
coordinate system is determined by the coordinates f;5 and ua.

Together with the dimensions determining the position of the foot of an ankle-foot device or foot unit within the
Jf~u plane of the coordinate system the offset u, can be calculated as

utp =— (0,25 L + f7a) x tan (x x yyc) (12)

uta = (0,75 L — fra) x tan (v x 11o) (13)
with y; = 0,25, y, = 0,5 and y; = 0,41 for the illustrated situations at heel contact and toe-off (see also NOTE).

The value of fr5 = 25 mm, applied to Figures 18 and 19, corresponds to the value offT 30 of the top load
application point Pt 5, specified in Table 8 of ISO 22675:2006 for foot length L = 30 cm, i.e. for the situation
illustrated, the centre of the tilting axis TA is located on a parallel to the u-axis passing through the top load
application point Py 3.

NOTE The value of y; = 0,41 results from the condition applying to that elevated position of the tilting axis TA of the
foot platform, at which the maximum value of anterior displacement Afmax ant. Occurring during elevation of the forefoot is
the same as the value of posterior displacement Af; at the instant of toe- off (see 3.6.3). This condition can be calculated
determining at first the dimensions Af ., ,ny @nd Afrg and then putting Afy o o = Ao

The Equations determining the dimensions Afy,., o and Afrg can be derived from the following geometric and
trigonometric relationships (see Figure 19):

AMfrnax. ant. = D1aT0o - (0,75 L — f74) @nd cos (v x y70) = (0,75 L - f14)/D1p 1o for the maximum anterior displacement or

cos [(1 —y) x 5ol = (0,75 L — f7p) — Aqol/Drpto @nd cos (v x 7o) = (0,75 L — fra)lD1p1o for the posterior
displacement at toe-off, respectively,

where Drp 1q is the distance of the point of the foot from the tilting axis TA of the foot platform.

Putting Ay ox ant. = Afo gives the condition cos [y x (1 —¥)] = 2 x cos (v x y40) — 1, from which the value of y; = 0,41
results.

3.6.3 Values of elevation £
NOTE 1 All values calculated in 3.6.3 are also listed in Table 2.

NOTE 2  The values of elevation E in parentheses apply, if the foot platform is driven by a crank gear of a design
according to 3.4.3 and Figure 11.

The values of elevation E at the instants of heel contact and toe-off are determined by the following Equations
(for their derivation see NOTE 3):

Eheel contact = EHC = uTA - (0,25 L +fTA) X S|n [(1 - x) X )/HC]/COS (x X 7HC) (14)

Eioe-off = Eto = ugp + (0,75 L — f7p) x sin [(1 = ») x yrol/cos (v x y10) (15)
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or, with Equations (12) and (13)

Enc =-(0,25 L + f15) x {sin (x x yyc) + sin [(1 — x) x yycl/cos (x x yue) (14a)

E1o=(0,75 L — f3p) x {sin (v x yq0) + sin [(1 —y) x yol}/cos (v x y10) (15a)
with y; = 0,25, y, = 0,5 and y; = 0,41 for the illustrated situations at heel contact and toe-off (see also NOTE
of 3.6.2).

NOTE 3  Equations 14 and 15 are derived from two trigonometric relationships each (see Figure 19), reading
sin [(1 - x) x iyl = = (Eye — Uta)/ Drapc @nd cos (x x yye) = (0,25 L + f10)/ Drapc for the situation at heel contact or
sin [(1 = ») x 7ol = (Etg — Upa)/Drago a@nd cos (v x ) = (0,75 L — f1a)Drp1o for the situation at toe-off,
respectively, where Dy, e @and Dy 1o are the distances from the tilting axis TA of the foot platform to the posterior
heel edge or the point of the foot, respectively.

For the position of the tilting axis TA at platform level, the factors x and y become zero. This simplifies
Equations (14a) and (15a) to

Epc =-1(0,25 L + f1p) x sin yyc (14b)
E1o=(0,75 L — f1p) x Sin y10o (15b)
For the position of the tilting axis TA at platform level, the values of elevation of an ankle-foot device or foot
unit of foot length L = 30 cm at the instants of heel contact and toe-off are Eyc ( = 34 mm and

Etg 0 =129 mm; (154 mm, see NOTE 2).

The position of the tilting axis TA at platform level required to achieve a balanced proportion of elevation at the
instants of heel contact and toe-off can be calculated by the condition

Enc = Eto (16)
resulting in a value of fra determined by
' J1a =L x (0,75 x sin y4g + 0,25 x sin yyc)/(sin yro — sin yyc) = 0,40 x L; (0,44 x L, see NOTE 2) (17)

;:For an ankle-foot device or foot unit of foot length L = 30 cm, the value of elevation at heel contact and toe-off
is Eyc, o = Eto, o = 67 mm; (71 mm, see NOTE 2).

3.6.4 Values of A-P displacement Af
NOTE 1 All values calculated in 3.6.4 are also listed in Table 2.

NOTE 2  The values of A-P displacement Af in parentheses apply, if the foot platform is driven by a crank gear of a
design according to 3.4.3 and Figure 11.

The values of A-P displacement Af at the instants of heel contact and toe-off are determined by the following

Equations:
AMheel contact = Mhc = (0,25 L + frp) x {1 — cos [(1 — x) x pycl/cos (x x pyc)} (18)
Afioe-off = M1o = (0,75 L — f1p) x {1 = cos [(1 — y) x 1rol/cos (v x yro)} (19)
\éviéh23;1 =0,25, y, = 0,5 and y3 = 0,41 for the illustrated situations at heel contact and toe-off (see also NOTE of

For the position of the tilting axis TA at platform level, the factors x and y become zero. This simplifies the
Equations (18) and (19) to

AMic = (0,25 L + f7p) x (1 = €OS pyc) (19a)
A1o = (0,75 L — f15) x (1 = cos o) (20a)
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For the position of the tilting axis TA at platform level, the values of A-P displacement Af of an ankle-foot
device or foot unit of foot length L = 30 cm at the instants of heel contact and toe-off are Af;c ( =6 mm and
Mo, 0 =47 mm (72 mm, see NOTE 2).

At the position of the tilting axis TA at platform level required to achieve a balanced proportion of elevation at
the instants of heel contact and toe-off (see 3.6.3), the values of A-P displacement Af are Afyc ¢ = 12 mm
(12 mm, see NOTE 2) and Aftg o =25 mm (33 mm, see NOTE 2).

Apparently, a position of the tilting axis TA at platform level at f;5 = 0,4 L (0,44 x L, see NOTE 2) also
diminishes the A-P displacement Afrg  at the instant of toe-off to a considerable extent. Nevertheless, the
A-P displacement during elevation of the forefoot remains more critical than that during the elevation of the
heel, due to the higher value of maximum tilting angle.

The values of A-P displacement Af'can be diminished further by elevating the position of tilting axis TA at ur,
the values of u, being determined by the Equations (12) and (13). In Figure 19 three different elevated
positions are shown, determined by the values of urp 1, uta o @and utp 3 (see Table 2).

The corresponding values of A-P displacement Afrq 4, Afto, 2 and Afrg 3 shown in Figure 19 can be
calculated using Equation (19) (see Table 2).

The findings described in the foregoing paragraphs suggest that two specific positions of the tilting axis TA of
the foot platform exist, at which

a) at the instants of heel contact and toe-off the values of elevation Ep - and Etgy are the same, and the
values of A-P displacement Af,c and Aftq are zero and

b) at the instants of the first and second maximum of the test force F(¢), Fy max @Nd Focmax at which the
lines of action of the corresponding resultant reference forces Fgq and Fgr, are passing through the
bottom load application points Pg4 (heel) or Pg, (forefoot), respectively (see Figure 1 of ISO 22675:2006),
the values of elevation Epg4 and Epg, are the same, and the values of A-P displacement Afgq and Afg,
are zero.

All values can be calculated, using the Equations (14a)/(15a) and (18)/(19) with the following modifications for
the calculation of the values of elevation and A-P displacement at the bottom load application points Pg4 and
Pg» at the instants of F4,0x 8Nd Focax- All values calculated are listed in Table 2.

Epg, heel = Epg1 = — (fg1 +./1a) x {sin (x x y4) + sin [(1 — x) x p]}cos (x x y4) (20)
Epp, forefoot = £pp2 = (fg2 —f7A) * {SiN (v x 72) +sin [(1 - y) x yl}Hcos (v x 1) (21)
AfpB, heel = A1 = (fa1 +/7a) x {1 = cos [(1 - x) x p]/cos (x x 1)} (22)
AfpB, forefoot = A2 = (B2 = /7A) * {1 - cos [(1 - y) x yl/cos (v x 7o)} (23)

with x = {arctan [ura/(fg4 + fTa)} 74 @nd y = {arctan [up/(fgo — fTa)} 7% and with y; = — 15° and », = 20° (see
Table 8 of ISO 22675:2006).

The two specific positions according to a) and b) are illustrated in Figure 20 and specified in Table 2. As to be
expected, they deviate considerably from each other:

— the condition of a) is met at /75 = 0,423 L and u1, = 0,120 L, resulting in an elevation Eyc = Etg =71 mm
and an A-P displacement Af,c = Aftg = 0 for a foot length L = 30 cm;

— the condition of b) is met at f;p, = 0,222 L and upp = 0,053 L, resulting in an elevation
Epg1 = Epgy = 30 mm and an A-P displacement Afg4 = Afg, = 0 for a foot length L = 30 cm.

Hence, the final step of optimizing is the specification of a compromise position of the tilting axis TA of the foot
platform, at which
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c) the elevation £ occurring at the instant of heel contact and the elevation Etq occurring at the instant of
toe-off deviate from that according to a) by approximately equal values of opposite sign;

d) the A-P displacement Afy,c occurring at the instant of heel contact and the A-P displacement Afg4
occurring at the instant of the first maximum of the test force F(1), Fy may deviate from zero by
approximately equal values of opposite direction;

e) the A-P displacement Afg, occurring at the instant of the second maximum of the test force F(¢), Fogmax
and the A-P displacement Afr5 occurring at the instant of toe-off deviate from zero by approximately
equal values of opposite direction.

As illustrated in Figure 20 and specified in Table 2, the conditions of c), d) and e) are satisfactorily met by a
compromise position of the tilting axis TA of the foot platform at f75 = 0,365 L and ur, = 0,1 L (the values
below are related to a foot length L = 30 cm):

— The values of elevation according to condition c) are £y = 65 mm < 71 mm < Eqg = 81 mm.

— The values of A-P displacement according to conditions d) and e) are Afy;c = 1 mm anterior versus
Afgq = 2 mm posterior or Afg, =8 mm anterior versus Afro = 8 mm posterior, respectively.

3.6.5 Conclusions

The foregoing analysis indicates the position of the tilting axis TA of the foot platform, which minimizes the
values of the elevation E and the A-P displacement Af, at

f1a=0,365 L and urp = 0,1 L, where L is the foot length in centimetres.

In order to limit the complexity of the design of the foot platform, it is possible to regard the dependence of the
position of its tilting axis TA on the foot length L by a corresponding transposition of the related top load
application point P, which needs to be adjusted anyway, since it is also dependent on the foot length L. This
can be carried out in several ways, described in 3.8.
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fiu axes of coordinate system
Cp effective ankle-joint centre
TA1, P specific positions of tilting axis of foot platform on f~axis
L foot length
e tilting angle of foot platform at instant of heel contact (¢ = - 20°)
o tilting angle of foot platform at instant of toe-off (7o = 40°)

Eyc 1,2 specific values of elevation at instant of heel contact,
related to specific positions of tilting axis TA of foot platform

Ero 1o  specific values of elevation at instant of toe-off, related to specific positions of tilting axis TA of foot platform

Figure 18 — Effect of f~position of tilting axis TA of foot platform on the elevation E
of the foot at the instants of heel contact and toe-off
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fiu axes of coordinate system
Ca effective ankle-joint centre

TAy 3 specific positions of tilting axis of foot platform on straight line parallel to u-axis
L foot length
o tilting angle of foot platform at instant of toe-off ()45 = 40°)

Mo, 0..3 specific values of A-P displacement at instant of toe-off,
related to specific positions of tilting axis TA of foot platform

Figure 19 — Effect of u-position of tilting axis TA of foot platform on the A/P displacement Af
of the foot at the instant of toe-off
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Key
fiu axes of coordinate system
Cp effective ankle-joint centre
TA, b opt. specific positions of tilting axis TA of foot platform
JTA, a,b,0pt.  J-coordinates of specific positions of tilting axis TA of foot platform
UTa a b, opt. U-coordinates of specific positions of tilting axis TA of foot platform
Pg1 position of bottom load application point on heel
Pgo position of bottom load application point on forefoot
Muc opt. anterior displacement at heel of foot at instant of heel contact (test force F = 0) for optimum position of tilting
axis TAopt_ of foot platform
May, opt. posterior displacement at Pg4 on heel of foot at instant of maximum heel reference loading (test force F =
F4emax) for optimum position of tilting axis TAopt' of foot platform
Mg, opt. anterior displacement at Pg; on forefoot at instant of maximum forefoot reference loading
(test force F' = Fyp,,y) fOr optimum position of tilting axis TAopt_ of foot platform
Mo, opt. posterior displacement at point of foot at instant of toe-off (test force F = 0) for optimum position of tilting
axis TA,;. of foot platform
L foot length

Figure 20 — Values of elevation £ and A-P displacement Af at specific positions of tilting axis TA
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Table 2 — Coordinates f7, and ug, of the tilting axis TA of the foot platform and related values
of elevation E and A-P displacement Af for foot length L = 30 cm

Position of tilting axis TA Elevation £ A-P displacement Af
g mm mm mm
i.? Heel Forefoot
S Urp Heel Forefoot
Posterior | Anterior Posterior Anterior
18 | fra,1=25 0 34 129 (154) 6 47 (72) at TO
19 fra=25 urp 1= 35 137 (170) 24 (38)at TO
19 Jra=25 urp, 2 =13 146 (187) 0(0)atTO
19 fra=25 urp 3 =99 143 (181) 9(14)atTO
18 | frp,2=04L 0 67 67 (71) 12atHC | 25(33)atTO
20 | f4Ao=0222L | urp=0,053L | 49atHC 105 at TO 3atHC 28 at TO
30 at Fygmax | 30 @t Foa | 0@t Fyonax 0 at Foemax
20 | f7Ao=0423L | urp=0120L | 71atHC 71atTO 0atHC 0atTO
46 at Fy gy | 10 at Fogmax | 3 @t Figmax 11 at Fonax
20 | /4Ao=0365L | urp=0,100L [ 65atHC 81atTO 1atHC 8atTO
41 at Fignax | 16 at Fogmax | 2 at Figmax 8 at Fyomax
NOTE The values of elevation E and A-P displacement Afin parentheses (see 3.6.2 and 3.6.3) apply, if the foot platform is driven
by a crank gear of a design according to 3.4.3 and Figure 11.

3.7 Effect of the elevation £ and A-P displacement Af of the test sample, caused by the
tilting of the foot platform, on the test loading conditions of ISO 22675

The elevation E and the A-P displacement Af of the test sample at the foot, caused by the tilting of the foot
platform during the cyclic test up to the values of jc and yg occurring at the instants of heel contact and toe-
off at magnitudes depending on the position of the tilting axis TA of the foot platform, is described in detail in
3.6 and illustrated in Figures 18 to 20. Specific values are listed in Table 2.

One example of the effect of elevation E and A-P displacement Af of the test sample at the foot on the test
loading conditions of ISO 22675 is illustrated in Figures 21 and 22 for the two different designs of test
equipment, briefly described in 3.3.2 and 3.3.3.

The situation illustrated in Figures 21 and 22 is determined by:

a specific position of the top load application point Pt at /1 | and ur | relevant to a specific foot length L;

a position of the tilting axis TA of the foot platform on a straight line passing through the top load
application point P parallel to the u-axis;

a (fictitious) design of ankle-foot device or foot unit with a plane foot sole, illustrated by a symbolic view of
foot;

the instant of toe-off at a tilting angle of the foot platform of o = 40°, specified in Table 11 of
ISO 22675:2006.

43
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From Figures 21 to 22 the following can be concluded.

a) The elevation E1g and the A-P displacement Afrq of the test sample at the point of the foot, caused by
the tilting of the foot platform at an angle of j4(, results in an angular movement of the test sample about
the top load application point Pt by Agrq.

The value of angular movement Agrq reached in test equipment according to 3.3.2 and Figure 21 is
lower than that reached in test equipment according to 3.3.3 and Figure 22, due to the circumstance that
the “internal” top load application point Pt has a fixed position on the test sample and, hence, a fixed
distance to the point of the foot, while the “external” top load application point Ptg has a fixed position on
the base frame of the test equipment and, hence, a distance to the point of the foot of the test sample that
shortens approximately by the amount of its elevation.

b) The angular movement of the test sample about the top load application point Py (P1g) increases the
angle between the foot (sole) and (the contact surface of) the foot platform at a total of

770, total = 770 + A@r0-

c) Apparently, a deviation of the tilting angle y of the foot platform from the specified profile (curve) will affect
the values of the angles « and g, related to the tilting angle y by the Equation o + g = y[see Equation (1)
and Figure 1].

d) In addition to the effect on the values of the angles « and g addressed in c), the arrangement according
to 3.3.3 and Figure 22 provides an increased value of the angle aTo, pTEs €Nnclosed by the parallel to the
u-axis passing through the top load application point Pr¢ and the straight line connecting this point with
the point of the foot. This increase is likely to diminish the value of the ratio F/Fp of the tangential and
the perpendicular force components at the foot platform (see Figure 1).

e) Finally, attention has to be paid to an earlier statement [see 3.3.4 b) 2)], according to which the actuating
system in the arrangement according to 3.3.3 and Figure 22 is tilted by Agrg. The possible effects
resulting from this angular movement are already addressed in 3.3.4 b) 2).

The value of Agro can be calculated by adopting the general Equation below, which provides sufficient
accuracy within the range of angular movement occurring,

Ag = arctan (Aflut) (24)
in the form

Aprg = arctan (Afrolut) for a test sample set-up in a test equipment according to 3.3.2 or (24a)

Aprg = arctan (Afrolutg) for a test sample set-up in a test equipment according to 3.3.3. (24b)

The value of ure can be calculated from the condition (0,75 L — f7)2 + ug? = (0,75 L — f1 — Afro)? + (ut — E1o)%

The value of aqo can be calculated by adopting the general Equation

a, = arctan [(f, — f7)luq] (25)
in the form

oo, pr = arctan [(0,75 L — f1)lut] (25a)

oo, pre = arctan [(0,75 L — f7)lurgl (25b)
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For the arrangements according to Figures 21 and 22 and a foot length L = 30 cm, the following values apply
(see also Table 3).

— Arrangement according to Figure 21:  Aprg =4,03°; oo, pt = 16,69°
with ur = 667 mm (see Table 7 of ISO 22675:2006).
— Arrangement according to Figure 22:  Aprg = 5,14°; ato, pTE = 20,96°
with urg = 522 mm [see condition following Equation (24b)].

Corresponding adoptions of Equation (24) permit the calculation of the angular movement A¢ of the test
sample about the top load application point Pt (P1g), caused by the tilting of the foot platform, at any other
value Af occurring at the discrete instants of the loading cycle specified.

For specific values of Af'see 3.6.4, Figures 18 to 20 and Table 2.

In order to demonstrate once more the influence of the position of the tilting axis TA of the foot platform, a
series of informative values has been calculated or determined by graphical analysis for the specific positions
of the tilting axis TA at frp 1 =25 mm; urp 4 =0 mmand fr5 = 0,365 L; urp » = 0,10 L according to 3.6.5, all
related to a foot length L = 30 cm.

The results are listed in Table 3, comprising
— values of A-P displacement Af'and angular movement A for specified instants of the loading cycle;

— values of the deviation Ay, of the total angle yy, = 7 + Ag between the foot (sole) and (the contact
surface of) the foot platform for the period between the instants of 210 ms and 420 ms and the period
between the instants of 480 ms and 570 ms after heel contact, at which the tilting angle xr) of the foot
platform produced by the crank gear 60:40 (see Figure 10) deviates from the specified value by
—45 <Ay <+4.4°.

The latter list of values is interesting for the following reason.

As demonstrated in 3.5 and illustrated in Figures 14 and 15, the deviation of — 4,5° < Ay < + 4,4° alone results
in deviations of the force component F from the specified profile of - 36 N < Fr< + 48 N.

This deviation can be diminished or enlarged by the angular movement Ag of the test sample about the top
load application point Pt (P1g) addressed in the above, depending on the position of the tilting axis TA of the
foot platform, the resulting magnitudes and directions of A-P displacement Af of the test sample at the foot and
the arrangement according to either of the Figures 21 and 22.

For example, a position of the tilting axis TA at f5 1 =25 mm and u, 1 =0 mm in the arrangement according
to Figure 21 will increase the positive deviation of A;/ 4.,4°, produced by the crank gear 60:40 at the instant of
540 ms after heel contact, by another 3,3° (see Table 3). Apparently, this will increase the related positive
deviation of F; considerably.

The relevant values listed in Table 3 disclose the following.

The ranges of angular movement Ag, caused by the tilting of the foot platform with its tilting axis TA positioned
at fra 1 =25 mm and us 1 =0 mm, are considerably diminished by a position of the tilting axis TA positioned
atfra 2=0,365 L and urp » = 0,10 L according to 3.6.5:

a) for a position of the tilting axis TA of the foot platform at frp 4 =25 mm and urp ¢ = 0 mm the range of
angular movement Agis 0,5° anterior < Ap < 4° posterior;
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b) for a position of the tilting axis TA of the foot platform at frp , = 0,365 L and ugp 5 = 0,10 L according to
3.6.5 relating to a foot length L = 30 cm, i.e. for a position at J1A, 2 = 0,365 x 30 cm = 110 mm and
utp, 2 = 0,10 x 30 cm = 30 mm the range of angular movement Ag is '0,7° anterior < Ag < 0,7° posterior;

c) one particular effect of the diminished ranges of angular movement Ag is the reduction of the
considerable deviation Ay Of the total angle x4y, = 7 + Ap between the foot (sole) and (the contact
surface of) the foot platform during the period between the instants of 480 ms and 570 ms after heel

contact.
uj
1\
PT\?ﬁ
Ca
A
=8
TA 2 Lu,e
A | Y
\ Afro
3 ] - =
Key

axial guidance fixed to base frame of equipment with its axis parallel to u-axis of coordinate system
2 symbolic view of foot
foot platform
C, effective ankle-joint centre
P;  ‘“internal” top load application point with fixed position on test sample
TA tilting axis of foot platform

Figure 21 — lllustration of the effect of A-P displacement Afon the angular movement A of the test
sample about the "internal” top load application point P in an arrangement according to 3.3.2
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TA tilting axis of foot platform

Figure 22 — lllustration of the effect of A-P displacement Afon the angular movement A¢ of the test
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Table 3 — Specific values demonstrating the effect of A-P displacement Af'on the angular movement
Agp of the test sample about the top load application point P for foot length L = 30 cm

Position of . . e Total
e - A-P displacement Af Tilting e
tilting axis TA Tilting angle 7 Angular d(:ylatl?n
Instant Event angle y | produced | movement ge::geﬁ
Numerical —— specified | by crank Agp
JA Ura value Direction gear 60:40 foot and
platform
ms mm mm mm ° ° ° °
0 Heel contact 25 0 6 anterior - 20 - 20 0,5 0,5
150 | Fyemax at Pgy 25 0 3 anterior -15 -15 0,3 0,3
210 <1 anterior -10,5 -11,3 <0,1 -0,8
240 <1 anterior -75 -9,2 <0,1 -1,7
270 Deviation of <1 anterior -4 -6,6 <0,1 -26
300 |tilting angle y <1 anterior 0 -39 <0,1 -39
produced by 25 0
330  |crank gear 0 4 -0,5 0 -45
360 |60:40 <1 posterior 8 37 <0,1 —43
390 1,5 posterior 12 8,6 0,1 -3,3
420 4 posterior 16 14 0,3 -1,7
450 | Fogmax @t PRo 25 0 9 posterior 20 20 0,8 0,8
480 Deviation of 13 posterior 24 26,4 1,1 3,5
510 |tilting angle y 27 posterior 28 32,1 2,3 6,4
produced by 25 0
540 crank gear 38 pOSterior 32 36,4 3,3 7,7
570 [60:40 46 posterior 36 39 3.9 6,9
600 |Toe-off 25 0 47 posterior 40 40 4,0 4,0
0 Heel contact [0,365L | 0,10 L 1 posterior -20 -20 0,1 -0,1
150 | Fyomaqat Py |0,365L | 0,10 L 2 posterior [ 15 -15 0.2 -02
210 3 posterior -10,5 -11,3 0,3 -0,5
240 4 posterior -75 -9,2 0,3 -14
270 Deviation of 3 posterior -4 -6,6 0,3 -2,3
300 [tilting angle » 2 posterior 0 -39 0,2 -37
produced by [0,365L| 0,10 L
330  |crank gear 0 4 -0,5 0 -45
360 |60:40 2 anterior 8 3,7 0,2 45
390 5 anterior 12 8,6 0,4 -3,7
420 6 anterior 16 14 0,5 -25
450 | Foemax@tPgy [0,365L| 0,10 L 8 anterior 20 20 0,7 -0,7
480 Deviation of 7 anterior 24 26,4 0,6 1,8
510 |[tilting angle y 2 anterior 28 32,1 0,2 3.9
produced by [0,365L| 0,10 L
540 crank gear 2 posterior 32 36,4 0,2 4,6
570 |60:40 5 posterior 36 39 0.4 3.4
600 | Toe-off 0,365L| 0,10 L 8 posterior 40 40 0,7 0,7
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3.8 Transposition of the top load application point P; for compensation of the dependence
of the position of the tilting axis TA of the foot platform on the foot length L

3.8.1 General

As already indicated in 3.6.5, it is possible to take account of the dependence of the position of the tilting axis
TA of the foot platform on the foot length L by a corresponding transposition of the related top load application
point P, which needs to be adjusted anyway, since it is also dependent on the foot length L.

This procedure has two advantages:

— it simplifies the setting-up of the test sample in the test equipment, since it reduces the amount of
adjustment work;

— it does not necessarily require a design of the foot platform that allows the position of its tilting axis TA to
be adjusted (but see NOTES of 3.8.2).

3.8.2 Possibilities of transposing the top load application point P
According to the illustrations in Figure 23, the procedure addressed in 3.8.1 can be carried out in principle by

a) specifying a fixed standard or compromise position of the tilting axis TA of the foot platform, determined
by the offsets 15 o9 and utp 35 (see NOTE 1) or utp ¢, respectively (see NOTE 2);

b) transposing the top load application point Py | relevant to a specific foot length L of the test sample
parallel to the f~axis by Afrp |, the value of AfTA L = (fTa, 20 — f7A, L) representing the difference between
the offset 7o oq Of the fixed position of the tilting axis TA [see a)] and its offset frp  relevant to a specific
foot length L (see Table 4);

c) transposing the top load application point PT L relevant to a specific foot length L of the test sample
parallel to the u-axis by Autp | [see 1)] or A”TA c [see 2)], where

1) the value of Aurp | = (up, 32 — uta ) represents the difference between the offset ury 3, of the fixed
position of the tilting axis TA [see aj] and its offset utp, | relevant to a specific foot length L, and

2) the value of Autp ¢ = (ua, 32 — uta, c) represents the difference between the offset ury 35 of the
fixed position of the tilting axis TA [see a)] and a specified compromise offset utp, ¢ of the tilting axis
TA of the foot platform, uniformly applied to test samples of any foot length L,

the values of Aurp | and Autp ¢ corresponding to the thickness of the compensation plates used for the
elevation of the contact surface of the foot platform required to adapt it to the value of utp, L OF Uta G
respectively (but see NOTE 3).

The results of ¢) 1) and c) 2) are also listed in Table 4.

NOTE 1 The possibilities of transposing the top load application point P+ shown in this subclause, Figure 23 and Table
4 require the fixed standard position of the tilting axis TA to be determined by a value offTA L relevant to the smallest size
and a value of ug, | relevant to the largest size of foot covered by the range 20 cm < L < 32 cm, which is considered to
cover the vast majority of sizes expected to be submitted for test. If appropriate, this range can easily be extended to
smaller or larger sizes with subsequent changes of the values of Afrp |, Augp | a@nd Augp c.

NOTE 2  The most appropriate uniform compromise offset Uta c of the tilting axis TA of the foot platform addressed in
c) 2) is that providing values of A-P displacement Af, which will cause the lowest possible deviations from the specified test
loading conditions [see 3.6.1 b) and 3.7] at both the instant of ... for a test sample of an ankle-foot device or foot unit
of a low value of foot length as for example L = 20 cm and the instant of toe-off for a test sample of an ankle-foot device or
foot unit of a high value of foot length as for example L = 32 cm.
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According to Figure 24, this is the case for ur, ¢ =26 mm (0,1 L according to 3.6.5 for a foot of the length L =26 cm)
applicable to all foot lengths L, applied together with the individual offset /1, = 0,365 L according to 3.6.5 relevant to each
individual foot length L (see Figure 24). The resulting displacements Afg, o0 =7,7 mm and Afrg 3, = 12,3 mm will cause
angular movements Ag about the top load application point Py in an arrangement according to 3.3.2 keeping just below 1°
(0,99°). (The corresponding angular movements Ag about the top load application point Py in an arrangement according
to 3.3.3 slightly exceed the value of 1°.)

NOTE 3 A compromise in the design of the foot platform may be the limited adjustability of the position of its tilting axis
TA only in the u-direction. Its technical realization is considered to be rather simple, since the fixed distance between two
successive u-positions of the tilting axis TA, the value of which is 1 mm (see Figure 22 and Table 4), can be provided, for
example, by a grid of keyways cut into the contact surfaces of the adjustable bearing blocks of the tilting axis TA and the
foot platform, to which these are attached by screws. In this case the compensation plates addressed in c) are not needed,
of course.

3.8.3 Practicality
The procedure described in 3.8.1 and 3.8.2 is considered to be both appropriate and practicable:

— It provides appropriate means of diminishing the elevation £ and A-P displacement Af of the test sample
at the foot, caused by the tilting of the foot platform up to the values occurring at the instants of heel
contact and toe-off (see 3.6).

— It simplifies the setting-up of the test sample in the test equipment, since it reduces the amount of
adjustment work (see 3.8.1).

— It does not increase the complexity of the design of the foot platform to an intolerable extent (see 3.8.2).

The only difference to be regarded is that the u-axis of the coordinate system (see 6.2 and Figure 1 of
ISO 22675:2006) and the effective ankle-joint centre (see 6.7.3 of ISO 22675:2006) located on it, which are
used as reference for the alignment of the test sample and its setting-up in the test equipment, do not have
any longer a fixed position relative to the base frame of the test equipment. Moreover, they keep their fixed
position relative to the top load application point Pt and, hence, are transposed together with it.
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1 individual position of top load application point Py | for different foot lengths L

2 transposed positions of top load application point Py for different foot lengths L; positions marked square
transposed by Afra | and Aur, | and positions marked rhomb transposed by Afr | and Aupy ¢

3 individual position of tilting axis TA of foot platform for different foot lengths L
fixed standard or compromise position of tilting axis TA of foot platform at /75 2 and urp 3, Or ury ¢, respectively

5 individual elevation of contact surface of foot platform by compensation plates of different thickness Augp (or by
corresponding adjustment) for adaptation to individual foot length L

6 uniform elevation of contact surface of foot platform by Aur,  for adaptation to compromise offset ur,  applicable
to all foot lengths L

Figure 23 — lllustration of possibilities of transposing the top load application point P
for compensating the dependence of the position of the tilting axis TA
of the foot platform on the foot length L
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fiu axes of coordinate system
Ca, 20, 26, 32 specific positions of effective ankle-joint centre C, related to feet of specific lengths L =20 cm, L =26 cm
and L =32cm
TA%0, 26, 32 specific positions of tilting axis TA of foot platform related to feet of specific lengths L =20 cm, L =26 cm
and L =32cm

UTA C. 20, 26, 32 dimension of uniform compromise offset Ura ¢ = UTp, 26 = 26 mm (0,1 - foot length L = 26 cm) related to
feet of specific lengths L =20 cm, L =26 cm and L = 32 cm

Pg1 position of bottom load application point on heel

Pgo position of bottom load application point on forefoot

M2 20 anterior displacement of bottom load application point Py, at the instant of maximum forefoot reference
loading (test force F' = F, . ..) related to foot of specific length, L = 20 cm

M1o, 32 posterior displacement of the point of the foot at the instant of toe-off (test force F = 0) related to foot of
specific length, L = 32 cm

L foot length

Figure 24 — lllustration of the effect of a fixed compromise offset u, ¢ of the tilting axis TA of the

foot platform on the A-P displacement Af at the foot for different foot lengths L [see 3.8.2 ¢) 2)]
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Table 4 — Possibilities of transposing the top load application point P; for compensating the
dependence of the position of the tilting axis TA of the foot platform on the foot length L

Coordinates Procedure according to Transposition of P
« " Coordinates of 3.8.2 b) and 3.8.2 ¢) 1) for according to 3.8.2 b) and
of “regular « ' - X .
i, regular” position compensation of fixed 3.8.2 c) 2) for compensation of
position of top et . . cre . . . .
C of tilting axis TA of | position of tilting axis TA of | fixed compromise position of
load application — =ab e .
Foot . foot platform foot platform at /7, ,, =73 tilting axis TA of foot platform
point Pr d =32 tfrn 5o = 73" and up, o = 26°
length ’ and urp 37 at /1 20 and urp ¢
L2 Transposition of Use of
PriL compen-
L urT L JraL UTp L sation Afrp L Aurp °
Afra L | Auta L | plates of
thickness
cm mm mm mm mm mm mm mm mm mm
20 17 445 73 20 0 12 12 0 6
21 18 467 77 21 -4 11 11 -4 6
22 19 489 80 22 -7 10 10 -7 6
23 19 511 84 23 -11 9 9 -11 6
24 20 534 88 24 -15 8 8 -15 6
25 21 556 91 25 -18 7 7 -18 6
26 22 578 95 26 -22 6 6 - 22 6
27 23 600 99 27 - 26 5 5 - 26 6
28 24 623 102 28 -29 4 4 -29 6
29 24 645 106 29 -33 3 3 -33 6
30 25 667 110 30 - 37 2 2 -37 6
31 26 689 113 31 -40 1 1 -40 6
32 27 711 117 32 -44 0 0 —-44 6
The range of foot lengths 20 cm < L < 32 cm is considered to cover the vast majority of sizes expected to be submitted for test
This range can easily be extended to smaller or larger sizes with subsequent changes of the values AfTA’ L Augp and Augp o
The possibilities of transposing the top load application point P, shown, require the fixed standard position of the tilting axis TA to
be determined by a value of f;, | relevant to the smallest size and a value of u;, | relevant to the largest size of foot covered by
therange20cm <L < 32cm. '
For a real arrangement of foot platform with the tilting axis TA located at a uniform compromise offset ura ¢ above the platform
surface the value of AuTA ¢ Would be zero. The value of A“TA ¢ = 6 only applies to the specific arrangement shown in 3.8.2,
Figure 23 and this table. It concerns the difference between the offset urp 35 = 32 relevant to the maximum foot length L = 32 and
the most appropriate fixed compromise offset Urp ¢ = = 26 relevant to a foot length L = 26 (see NOTE 2 of 3.8.2) and allows the
effects of the two different examples of transposition to be illustrated in a comparable manner.

3.9 Effect of the position of the tilting axis TA of the foot platform on the tilting moment and
the driving torque

According to its distances from the load lines shown in Figure 25, the position of the tilting axis TA of the foot
platform at f75 ¢, located on a straight line passing through the top load application point Pt parallel to the
u-axis, provides a more balanced proportion of the tilting moments occurring at the instants of maximum heel
loading F4max (15t maximum of the loading profile) at 150 ms after heel contact (25 % of the loading period,
see NOTE) and maximum forefoot loading Fy.,, (2nd maximum of the loading profile) at 450 ms after heel
contact (75 % of the loading period, see NOTE) than the position of the tilting axis TA of the foot platform at
Jra =0,365 L and u7p = 0,10 L, developed in 3.6 as an appropriate position regarding balanced proportions of

elevation E and A-P displacement Af'(see 3.6.5).
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NOTE The instants of 150 ms and 450 ms are related to a loading period of 600 ms, which corresponds to the
average stance phase time of a typical walking cycle of 1 s duration. (The remaining time of 400 ms of the walking cycle
corresponds to the swing phase.)

At first sight, the position of the tilting axis TA of the foot platform at /75 { may, therefore, be considered as the
preferred position regarding a balanced driving torque of the actuating system.

As far as the crank gear drives according to 3.4.2/Figure 10 and 3.4.3/Figure 11 are concerned, this is not the
case. Moreover, it is the position of the tilting axis TA of the foot platform at f;o = 0,365 L and uts = 0,10 L,
which harmonizes better with the force transmission characteristics of these crank gears, as will be
demonstrated in the following.

At any instant 7, the torque about the crankshaft of a crank gear, generated by the tilting moment of the foot
platform, is determined by the general Equation

Merankshaft = [(Fr X Drr-1A)/Dpr.1aAl X DpR-cs * 1072 (N'm) (26)
where

Mankshaft 1S the torque generated about the crankshaft;

Fr is the resultant force;

DertA is the distance in millimetres of the line of action of the resultant force Fg from the tilting axis

TA;
Dpr-TA is the distance in millimetres of the driving rod DR from the tilting axis TA;
DpRr-cs is the distance in millimetres of the driving rod DR from the crankshaft CS.

The force transmission characteristics of the crank gears according to 3.4.2/Figure 10 and 3.4.3/Figure 11 at
the instants of maximum heel loading Fy,5x (1st maximum of the loading profile) and maximum forefoot
loading Fy 4« (2nd maximum of the loading profile) at 150 ms and 450 ms after heel contact are illustrated in
Figures 26 and 27.

The values of Fg, Deg_1a, Dpr-1a @nd Dpgr.cs are listed in Table 5, together with the related values of torque
M generated about the crank shaft, calculated using Equation (26).

These values give rise to the following conclusions:

— the most balanced torque about the crankshaft is reached in the combination of a foot platform with its
tilting axis TA located at f;p = 0,365 L and up = 0,10 L with a crank gear drive according to 3.4.2 and
Figures 10 and 26;

— in the combination of a foot platform of the same design with a crank gear drive according to 3.4.3 and
Figures 11 and 27, the torque generated about the crank shaft in the direction of rotation is considerably
higher than that generated about the crankshaft opposed to the direction of rotation;

— the combination of a foot platform with its tilting axis TA located at f75 1 with either of the crank gear
drives addressed in the above results in a torque about the crank shaft opposed to the direction of
rotation of 2% x the magnitude of the relevant torque generated in the previous combinations.
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position of load line on foot at instant of F, . ....; foot platform tilted by y, about TA,
position of load line on foot at instant of 7y ,,,; foot platform tilted by ; about TA

position of load line on foot at instant of F' foot platform in neutral position

cmin’
position of load line on foot at instant of F, . ..; foot platform tilted by , about TA,

a b W N =

position of load line on foot at instant of ,,,,; foot platform tilted by », about TA

[V

effective lever arm determined by distance of load line according to 1 from TA,
b effective lever arm determined by distance of load line according to 2 from TAgpt.
¢ effective lever arm determined by distance of load line according to 3 from TA,
4 effective lever arm determined by distance of load line according to 3 from TAgpt.
¢ effective lever arm determined by distance of load line according to 4 from TA,
f effective lever arm determined by distance of load line according to 5 from TA

Figure 25 — lllustration of effective lever arms
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Distance driving rod DR from:
Instant of
loading mm
Tilting axis TA (1) Crankshaft CS (2)
F1cmax 83,5 11,8
Femin 94,0 33,0
F2cmax 79,8 46,9

Figure 26 — Force transmission by asymmetrical (60:40) crank gear drive according to 3.4.2
and Figure 10
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Distance of driving rod DR from:
Instant of
loading mm
Tilting axis TA (1) Crankshaft CS (2)
F1cmax 67,1 19,0
Femin 78,0 42,3
F2cmax 95,6 56,2

Figure 27 — Force transmission by symmetrical (50:50) crank gear drive
according to 3.4.3 and Figure 11
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Table 5 — Moments at tilting axis TA and crankshaft CS, generated by test force F(¢) at test loading
level P5, applied to test sample of foot length L = 30 cm

Copyright International Organization for Standardization

Di§ta1|_1:<: of tiIIting Distance of driving rod from Moment? exerted
axis rom loa
line Tilting axis TA | Crankshaftcs | O crankshaft CS
Force mm Tilting ; mm mm N'm
Instant | value moment
N Tilting axis | Tilting axis N-
atfrn= |atfra=25 m Crank | Crank [ Crank Crank Crank | Crank
110 and | and e, = gear gear gear gear gear gear
_ TA 60:40 50:50 60:40 50:50 60:40 50:50
urp =30 0
-160,5 — - 205 29 58
F1cmax 1280 83,5 67,1 11,8 19,0
— -70,7 -90 13 26
-71,8 — -61 21 33
Fcmin 850 94,0 78,0 33,0 42,3
— 141 12 -4 -7
50,9 — 65 - 38 -38
F2cmax 1280 79,8 95,6 46,9 56,2
— 131,0 168 -99 -99
@8  Negative tilting moments assist crankshaft rotation; positive tilting moments resist crankshaft rotation.
b Ppositive moments act in the direction of rotation; negative moments act opposed to the direction of rotation.

3.10 Alternative design of foot platform

As illustrated in Figure 28 and demonstrated in the following, a polycentric design of foot platform offers
several advantages, compared to the monocentric (hinge) design referred to in the foregoing text.

Up to the maximum tilting angle of the specified foot platform, which is the tilting angle at toe-off yro = 40°, all
critical parameters keep at levels below the lowest values that are possible with a monocentric (hinge) design
of foot platform.

The maximum value of elevation is E, =57 mm.

max

— The maximum value of A-P displacement is Af,,,, = 7,5 mm. This value can be considerably reduced by
means of a compensation plate of a thickness of about 15 mm.

Starting at a tilted position of the foot platform representing, for example, the instant of heel contact, the
horizontal displacement of the instantaneous centre of rotation, IC (see Figure 29), corresponds rather
well to that of the instantaneous position of the bottom load application point Pg, shown in Figure 7. This
leads to low values of the distance of the line of action of the resultant force Fg from the tilting axis TA
and, hence, to low values of tilting moment (see 3.9).

The only disadvantage of a polycentric design of foot platform according to Figure 28 that can be currently
seen is the higher complexity of its design.

NOTE The design of a well adapted crank gear driving the foot platform according to Figure 28 is still pending.
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A bars 1 and 2 of four-bar-linkage design of foot platform
B suspension of bars 1 and 2 on frame representing bar 3
C foot platform representing bar 4
D cantilever to be linked to driving rod DR of crank gear
E compensation plate
F individual (positive) tilting positions 0 to 10 of foot platform
IC- individual instantaneous centres of rotation 0 to 10 related to individual (positive) tilting positions 0 to 10 of foot
platform

G individual (negative) tilting positions a to j of foot platform

IC; individual instantaneous centres of rotation a to j related to individual (negative) tilting positions a to j of foot platform

Figure 28 — Tilting characteristic of foot platform of polycentric (four-bar-linkage) design
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X tilting angle of foot platform in degrees
Y  horizontal displacement of instantaneous centre IC of foot platform of polycentric (four-bar-linkage) design

Figure 29 — Horizontal displacement of instantaneous centre IC of foot platform
of polycentric (four-bar-linkage) design
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(informative)

Information on ISO 22675

Contents of ISO 22675

ISO/TR 22676:2006(E)

Selected items of this Technical Report are also addressed in Annexes A and E of ISO 22675:2006. For ease
in handling, the relevant clauses and subclauses are listed in Table A.1 together with the corresponding
clauses and subclauses of this Technical Report.

Table A.1 — Excerpt from contents of Annexes A and E of ISO 22675:2006 and list of corresponding
clause/s of this Technical Report, in which selected items are dealt with

Selected clauses and subclauses of Annexes A and E of ISO 22675:2006 Corresponding
clauses and
subclauses of this
Technical Report
No. Heading Page No. Page
A2 Specification of the test loading conditions for the different test loading levels 63 2 1
A21 General 63 2.1* 1
A2.2 Directions of static and maximum cyclic heel and forefoot reference loading 64 2.2 1
A.2.2.1 |Basic relationships and conditions 64 2.2.1* 1
A.2.2.2 |Lines of action of the resultant reference forces Fg, and Fr, 64 222 2
A.2.2.3 |Position of the top load application point P 65 2.2.3* 3
A.23 Magnitudes of static and maximum cyclic heel and forefoot reference loading 66 2.3** 6
A24 Reference test loading conditions of static and cyclic tests 67 24 7
A.2.4.1 |Static tests 67 2.4.1* 7
A.2.4.2 |Cyclic test 67 2.4.2* 8
E.3.2 Effect of the position of the tilting axis TA of the foot platform on the elevation| 82 3.6 35
E and A-P displacement Af of the test sample at the foot
E.3.2.1 | General 82 3.6.1* 35
E.3.2.2 | Conclusions 82 3.6.5** 39
E.3.3 |Effect of the elevation E and A-P displacement Af of the test sample, caused| 83 3.7* 43
by the tilting of the foot platform, on the test loading conditions of this
standard
E.34 Transposition of the top load application point Py for compensation of the| 86 3.8 49
dependence of the position of the tilting axis TA of the foot platform on the
foot length L
E.3.4.1 | General 86 3.8.1** 49
E.3.4.2 |Possibilities of transposing the top load application point P 86 3.8.2* 49
E.3.4.3 | Practicality 87 3.8.3** 50
Iltems marked ** are fully included in ISO 22675:2006; items marked * are only covered in part.
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