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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
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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 prder to confine the volume of ISO 22675 to the necessary, information with guidance charactef has been

separated from it and compiled in this Technical Report.

© I1SO 2006 — All rights reserved

Vii


https://standardsiso.com/api/?name=b70cc2e12b3b6d692d1ff87dfe234bc6



https://standardsiso.com/api/?name=b70cc2e12b3b6d692d1ff87dfe234bc6

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
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Scope
s Technical Report offers guidance on:
the specification of the test loading conditions of ISO 22675;
the design of appropriate test equipment.
b analytical work related to these items would have expanded the length of 1ISO 22675 wit

pctly required for its application. Most of the text of this Techhical Report relates to the theo
hnical background and the design of the equipment.

Guidance on the specification of the testdoading conditions of ISO 22675

General
hough the concept of the tests on anklesfoot devices and foot units of ISO 22675 differs from
responding tests of ISO 10328, the relévant values of loads and dimensions are adopted wher
vertheless, a few adaptations are unavoidable.
order to confine the volume ‘ef 1SO 22675 to the necessary, these and other matters reley

bcification of the test loading~conditions and test loading levels of ISO 22675 are dealt with in d
chnical Report.

) Directions of static and maximum cyclic heel and forefoot reference loading
TE For thexmeaning of “reference” see also statements under “IMPORTANT” at the end of 2.4.1 and 2

1 Basic.relationships and conditions

b specification of the directions of static and maximum cyclic heel and forefoot reference loadin

on

hout being
retical and

that of the
b possible.

ant to the
btail in this

4.2.

g is based

the‘relationships of a) and the conditions of b) and ¢) 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

p = arctan (F{/Fp)

© I1SO 2006 — All rights reserved
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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 F, and Fg,
The relatignships 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 referénce loading to
be specifidd 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) o4 = 4 — 4 =5 15° + 8,5° = - 6,5° gnd
0.’2= 2_ﬂ2=200_8’5o— 11 5O

The inclingtions of the load lines of test loading conditions | and Il of the principal structural tests of ISO 10328
do not cdrrespond to these values, as the following calculation demonstrates. The inclination of their
projection pn 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 gnd 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) andx«the values of y according to 2.2.1 b) they determine the
ratio of hofizontal and vertical ground reaction foree.as

(Fr/Fg), i =tan f y “)

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

In order tq approach the conditions illustrated in Figures 1 and 2, the inclination of the lines of action of fhe
resultant reference forces~Fgy and Fr, of static and maximum cyclic heel and forefoot reference loadjing
according fo ISO 22675/need to be determined by values of the angles a4 and «, close to those calculateq in
the above.

This has been taken into account when establishing the full set of parameters required to specify the test
loading copditions 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°).

2 © I1SO 2006 — All rights reserved
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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:

NOTE

refi

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

inclined to

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°.

rence forces F. and F_. of static and maximum cyclic heel and forefoot reference loading according to IS

The angles «; and «a, only determine the inclination to the u-axis of the lines of action of the resultant

0 22675. In

ord
ref

Th
un
ilu

Th

SpA
1S(

Fo

stgtic and maximum cyclic heel and forefoot reference loading according to 1ISO 22675 have

Ia

Wi
red
refi

er to also determine theri\r‘position, further parameters need to be specified, as for example the coordinate|
erence points, through which they pass, as follows.

b different test loading conditions applicable to or particularly developed for ankle-foet -device
ts, specified in ISO 10328 and ISO 22675, are illustrated in Figure 4 for test loading\level P5.
strates:

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

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

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

[ consistency at test loading level P5, thedines of action of the resultant reference forces Fg,
pffsets as in test loading conditions l:and Il of ISO 10328 (see Figure 4).
h the values of the fj-offsets ,at test loading level P5 specified in Table 7 of ISO 10328:2006

uirement allows the completé:specification of the directions of static and maximum cyclic heel a
brence loading accordingtolSO 22675 at test loading level P5 as follows:

straight line which-passes the ankle level at fa4y = fay = — 32 mm and is inclined to the
ay =—6,18°%

the diregctian of static and maximum cyclic forefoot reference loading at test loading level P5 is
a straight line which passes the ankle level at fy, = fo; = 120 mm and is inclined to thg
o 5,140,

5 of specific

s and foot
This figure

bjection on

bt units of

5 on ankle-

22675 are

b directions of static and maximum cyclic heel and_forefoot reference loading according to 1ISO
pcified in Cartesian coordinates as in test loading.conditions | and Il of the principal structural tests of
D 10328.

and Fr, of
the same

the above
nd forefoot

the direction of static-and maximum cyclic heel reference loading at test loading level P5 is dg¢fined as a

u-axis by

defined as
u-axis by

2.2:3—Position-of-the-toptoad-applicationpoint 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.

© I1SO 2006 — All rights reserved
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The coordinates fr and ug of the top load application point Py 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
uq(fp§ = 9,24 x 7+ 375,53 and u,(f)ps = — 5,08 x '+ 689,39;

— their goint of intersection is located at P; ps5 (f; p5 = 22; u; p5 = 578).

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

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

NOTE 2  |The combined bottom offset Sy, determines the distance from the_u-aXxis of the bottom load application ppint
Pg, on the forefoot.

The selection of the correct size of foot providing the correctidistance from the wu-axis of the bottom lgad
applicatior] point Pg,, on the forefoot determines also the carrect distance from the u-axis of the bottom lgad
applicatior| point Pg, on the heel.

Assuming |standard proportions for different sizes \offeet, the values of Sy, and Sg; should show a simjlar
scaling. A¢cording to the dimensions specified inTable 8 of ISO 10328:2006, this is, however, not the cafse.
While the palues of Sg; decrease from test loading level P5 to test loading level P3, as to be expected, the
correspondling values of Sg, have the opposite trend. (Hence, for test loading levels P4 and P3, the bottbm
load appligation point Pg, of test loading eondition | is likely to be located outside the heel portion of an ankle-
foot deviceg or foot unit of the size that-provides the correct combined bottom offset Sy, of the load applicatjon
point P, ¢n the forefoot.)

The samefapplies, in principle,do the values of the offsets fg);; f5; and fai; fal-

For the defermination of-the’ reference test loading conditions for static and maximum cyclic heel and forefpot
reference [oading accerding to ISO 22675 adapted values of f5- and fg-offsets, identified by suffixes “1” and
“2”, can bq established' by the following conditions, which take account of the configurations described in 2.p.2
and illustrgted in_Figure 4.

NOTE 3 |[The) offsets f,, 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)

4 © I1SO 2006 — All rights reserved
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ng Equation (6)  fg4 p5 = (- 32 —22)/(578 — 80) x (578 - 0) + 22 = — 41 and
J2, p5 = (120 — 22)/(578 - 80) x (578 - 0) + 22 = 136.

ng Equation (7)  faq, pajp3 = —32/120 x 115 = - 31.

ng Equation (8)  fg4, paspslfaz, paips = —41/136 =-0,3 or

81, pap3 = — 0,3 x /g2 paps-

Sin
val
thg
a4

Th

sp
ca
fun

pa

Th

Th
an
on

As
ex

Ing
the

Fo

alaoatiaa (Q) £ £ =L
G EqHater B PaPs /BT PAP3—(
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.

ce it is desired that for static and maximum cyclic heel and forefoot reference loading the ratio F|

ues of the tangential and perpendicular force components (see 2.2.1) is.the 'same for all test loac
inclinations of the lines of action of the resultant reference forces Fy-@nd Fr,, determined by
=—6,18° and o, = 11,14° (see 2.2.2) also need to be the same for alktest loading levels.

e point of intersection P; py/p3 of the lines of action of the resultant reference forces Frq and |
cific fy-offsets related to test loading levels P4 and P3 illustrated in Figure 5 in the style applied
, therefore, be calculated in the manner described in“the above for test loading level P5,
ctions determined by application of Equation (5), modified by a coordinate transformation th
allel shifting determined by the differences

(fa1, P5 = /a1, pasp3) for uq(f) and (faz ps —faz, Baspa) for ux(f).

e resulting coordinates of the point of intersection P; py/p3 are

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

e different positions of the point.of intersection P, of the lines of action of the resultant reference
| Fro determined in the abeve are dependent on the size of foot determined by the foot length L
the test loading level. This can be shown as follows.

suming again, standard proportions for different sizes of feet, the values of fp,, fa1 OF (fas + /i
pected to show a scaling that is proportional to the size of foot.

eed, the scaling of the /- and u-coordinates of P; p5 by the quotient /oy pa/pslfaz, ps = 115/120 gi
same position of P; p4/p3 as calculated in the above.

[ test loading level P5 test loading condition 1l the most appropriate size of foot meeting the G

10

r-Fp of the
ing levels,
the angles

F'ro for the
o Figure 4
using the
at regards

forces Fry
rather than

h1) can be

es exactly

ondition of

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

wh

size 26 scaled by either of the quotients

(fa2, Paip3 = /a1, Paip3) a2, ps = /a1, ps) = (115 + 31)/(120 + 32) or

(B2, Pair3 — /81, Paip3) /B2, ps — f1, ps) = (131 + 39)/(136 + 41),

ich 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 FR1 and F-. on the foot Inngfh L _described in the above has been established in the concept of-the

tests of ISP 22675 in the following manner.

— The ppint of intersection P; of the lines of action of the resultant reference forces Fr4 and Fgi;0f static
and maximum cyclic heel and forefoot reference loading is referred to as top load application’point P. If
appropriate, the dependence of the position of the top load application point P1(f7, u1) on the'foot length L
is indjcated by the additional suffix 'L" in the form Pt ((ff |, ut ). If appropriate, general suffix 'L} is
repladed by specific values. o '

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

— As is|illustrated in Figure 6, the proportion of the reference triandle,"described in the above uniformly
applies to all sizes of foot, independent of the test loading level. In‘principle, this allows ankle-foot devi¢es
and fdot 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 fop
load appligation points Pt | are located on a straight line directed to the origin of the coordinate system. The
distance [Jpt between load application points Pt | relating to two successive values of foot length L has a
fixed valug determined by the Equation

(fT,262 + “T,262)
Dp = %6 (10)

which gives a value of Dpt = 22,2.

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

The specifjcation of the magnitudes of static and maximum cyclic heel and forefoot reference loading is baged
on the follgwing general-condition.

The specific valuesiFi 4, and Fro of the resultant reference forces Fr4 and Fr, (see Figure 1) are consistent
with the cqrrespending values F4, and F,, of the test forces F; and F, specified in ISO 10328 for the separpte
tests on ahkle~foot devices and foot units (see Tables 12 and D.3 of ISO 10328:2006). The specific vallies
FRr1, and Arsof the resultant reference forces Frq and Fro are listed in Table 1. T

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

Feisp, Figp, 2800 — 2240 — 2 065 — 1640 —
Febep Fasp — 2800 — 2240 — 2 065 L 1610
FRltsu, lower level, Fisu, lower level, 4200 _ 3 360 - 3098 — 2415 _
Frsy, lower level, Fosu, lower level _ 4 200 _ 3 360 _ 3098 _ 2415
Frltsu, upper level, Fisu, upper level, 5600 _ 4480 - 4130 - 3220 —
Frsu, upper level Fosu, upper level _ 5600 _ 4480 C 4130 _ 3220
Feicmax, Fier, 1 600 — 1280 — 1180 — 920 —
Fbocmax Foer — 1 600 — 1280 — 1180 — 920
Fifin, Fifin, 2800 — 2240 — 2 065 — 1610 —
Fotin Fotin — 2800 — 2240 — 2 065 — 1610
2.4 Reference test loading conditions of static and cyclic tests

2.4.1 Static tests

Ac
cy(

in @) to d). (For the meaning of “reference” see IMPORTANT.)

a)

cording to the statements of 2.2 and\2.3, the reference test loading conditions for static (and
lic; see NOTE) heel and forefoot loading according to ISO 22675 are determined by the param

The position of the top {oad application point P, determined by the coordinates f1 and uy rele
foot length L of the test'sample (see 2.2.3); these are specified as offsets /v | and uy | in
ISO 22675.

The direction<of the lines of action of the resultant reference forces Fr4 and Fg,, determi
coordinates\of the top load application point P+ [see a)] and their inclinations to the u-axis, det
the anglestay = - 6,18° and a, = 11,14° (see 2.2.2).

maximum
pters listed

vant to the
Table 8 of

ed by the
rmined by

The\magnitudes of the resultant reference forces Frq and Fr,, specified in Table 1, and the rfelated test

forces F, and F, to be applied in the top load application point Pt [see a)] as illustrated i

h Figure 1,

farmina d - h | 4 414\ £ = A 190 AnAd =11 440 Tha o T

able 10 of

d)

da 1 N auntinn ([ \ _for an ra conacifind i~
e NCO— Oy = gquataorT— (1 TOT— ¢ LA LEA B =) LB} TCSC—arC—opComCt——t

ISO 22675:2006.

The tilting angles 4 = — 15° and », = 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.
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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
determining_the reference test loading conditions for static heel and forefoot loading are identical to those for determining

the referenge test loading conditions for maximum cyclic heel and forefoot loading [see 2.4.2 a)].

2.4.2 Cyrclic test

References (in parentheses) to the cyclic tests take into account that the linear and angular dimensions

According|to the statements of 2.2 and 2.3, the reference test loading conditions for cyclic Joading accordjng
to ISO 22675 are determined by the parameters listed in a) and b). [For the meaning of freference” in| a)

see IMPORTANT of 2.4.1 and for the meaning of “reference” in b) see IMPORTANT of this_subclause.]

a) The rg¢ference test loading conditions for maximum cyclic heel and forefoot loading are determined by the
samel|linear and angular dimensions as the reference test loading conditions”for static heel and forefpot

b)

loading (see 2.4.1).

The re¢ference test loading conditions for repeated foot loading progressing from heel contact to toetoff

are dgtermined by the parameters listed in 1) to 4).

1)
2)

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

he progression of the resultant force Fg, characterized by the sequence of the instantanegus
rections of its line of action, which are determined by the coordinates of the top load applicafjon
pint P [see 2.4.1 a)] and the inclinations\'of the line of action to the u-axis at the relafed
instantaneous values of angle « (see Figures)1 and 3).

S a -

-n

gure 7 illustrates the progression of the line of action of the resultant force Fg from heel contact to
qe-off in 30 ms time increments forrelated values of angle « shown in Figure 3.

—

—

he profile (curve) of the pulsating test force F,, to be applied in the top load application point|P
gee 2.4.1 a)] as illustrated-in-Figure 1 as a function of time F(¢) as illustrated in Figure 3 and in
gure 6 of ISO 22675 or.as~a function of tilting angle of the foot platform F(y) as illustrated in Fighre
of ISO 22675. Theinstantaneous values of F, are determined by Equation (11) for the relafed
stantaneous values'of the resultant force Fg and the angle « (see Figures 1 and 3).

N TNy

=

he description/and specification of the profile of the test force F () or F(y) is primarily based on the
hlues Fymax (1St maximum of loading profile), Fg,, (intermediate minimum of loading profile) gnd
bemax (2hdvmaximum of loading profile), specified in Table 10 of ISO 22675.

s

urther ‘guidance on the description and specification of the profile of the test force F is giver] in
gure 3 and Tables 11 and 12 and also by Equation (2) of 13.4.2.9 of ISO 22675.

T T

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.
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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
1ISQ ‘7‘7R7R] is-determined nnly hy the pncifinn of the {op. load npplir\aﬁnn pninf P- relevant to the foot |ength L
of the test sample according to b) 1) and an appropriate initial tilting position of the foot platform. {A¢cording to
16]1.1 b) 3) of ISO 22675:2006 an appropriate initial tilting position of the foot platform is determiped by the
teporary tilting angle y = 0° relevant to the instant of the intermediate minimum F ., of the loading profile.]

© I1SO 2006 — All rights reserved 9
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1
f

Key
1 foot platform f, u axes of coordinate system
P top logd application point F  testforce
Fg resultgnt force y  ftilting angle of foot platform
Fp force gomponent 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

Y1 b Y2

1400 70
TN -
1200 / \ 60
\ / 1/’1
1000 ’/ AN /| \ 50
N 74
/ N \
800 40
/ 3 A
600 / /‘i 30
400 — 20
/ e a\
200 - 10
Zd N
0 0>
N 7 X

-200 10
] — -20

400 0 150 300 450 600

Y14 fv2

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

Key
force component F, perpendicular to foot\platform X loading time in milliseconds
force component /7 tangential to foot-platform Y, forces in newtons
tilting angle y of foot platform Y, anglesin degrees

based on gait analysis data representative of normal level walking

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

Figure 2 — Profiles (curves) of force components and tilting angle for test loading leve| P5,

© I1SO 2006 — All rights reserved
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Y14 Y2
1 400 3 1 70
1 s
1 200 / \ / ' 60
1 000 / \ /| b \ 50
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600 o 30
400 / ! \ 20
/ At any
200 v — 10
0 /% 0 —-
— X
-200 — -10
L~
//
400 F——T" -20
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Y14 Y2

NOTE The loading period of 600 ms corresponds to the*average stance phase time of a typical walking
cycle gf 1 second duration. (The remaining time of 400 ms of the walking cycle corresponds to the swing phase.)
Key
1 force domponent Fp perpendicular to foot platform 5 tilting angle y of foot platform
2  force domponent F; tangential to foot platform 6 angle abetween resultant force Fr and u-axis
3 resultgnt force Fg 7  angle gbetween resultant force Fg and force
4  testfofce F component Fp
X Ioadinl time in milliseconds
Y1 forces|in newtons
Y2 anglegin degrees
Flgure 3 — PRrofiles (curves) of force components and angles for test loading level P5,
dstablishing 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
Cx
Ca
L
I
A B
1,2
Pi, I

Pi, A/B
Pi, 12

PKI/KII
PAI/AII
PA1/A2
PBI/BII
PBA/BB

PB1/B2

14

axes of coordinate system

effective knee joint centre

effective ankle joint centre

foot length

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

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

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

point of intersection of lines of application of test loading conditions | and 1l of principal tests of ISO 10328

bint of intersection of lines of application of heel (A) and forefoot (B) loading of separate tests on @ankle-
bvices and foot units of ISO 10328:2006

bint of intersection of lines of action of static and maximum cyclic heel (1) and forefoot(2) loading
0 22675:2006

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

—~—T QT

=

ankle load reference points of test loading conditions | and Il of principal tests of ISO 10328
ankle load reference points of static and maximum cyclic heel (1) and forefoot (2) I6ading of ISO 22675:2006

o

bttom load application points of test loading conditions | and Il of principal tests.0f1SO 10328

o

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

bttom load application points of static and maximum cyclic heel (1) @and*forefoot (2) loading of ISO 22675:20

o =

oot

of

hnd

D6
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|:>AI, PS/P

A1, P5

All, P4/P3
P, ps/P

All, P5

/ I:>A2, P4/P3

A2, P5

L

/PBA, P5
I:’BI, P3

I:)BI, P5

F)BI, P4

T

B1, P4/P3

\\\ PBZ, P4/P3 o
PBZ, P5

PB1 ,P5
PBA, P4/P3

See page 16 for the key to this figure.

|:>BII, P4/P3

/P

SN

BB, P4/P3

PBII, P5

f

/PBB, P5

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 axes of coordinate system

Ck effective knee joint centre

Cyp effective ankle joint centre

L foot length

lps P4 p3 directions of test loading condition | (heel loading) of principal tests of ISO 10328 for test loading levels
P5, P4 and P3 according to suffix

lps, paps 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

Aps. pasp3 directions of heel loading (A) of separate tests on ankle-foot devices and foot units of ISO 10328 forjest
loading levels P5 and P4/P3 according to suffix

Bps, pap3 directions of forefoot loading (B) of separate tests on ankle-foot devices and foot units of 1SOI10328| for
test loading levels P5 and P4/P3 according to suffix

1ps, P43 directions of static and maximum cyclic heel loading (1) of ISO 22675 for test loading levels P5 and
P4/P3 according to suffix

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

Pi . ps palps POINts of intersection of lines of application of test loading conditions”) and Il of principal testy of
ISO 10328 for test loading levels P5, P4 and P3 according to suffix

P am, ps, p4p3 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

Pi, 112, P5, P4lP3 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

Pk, ps, pa, PB knee load reference points of test loading condition | of/principal tests of ISO 10328 for test loading le
P5, P4 and P3 according to suffix

Pxii, ps, paph knee load reference points of test loading condition Il of principal tests of ISO 10328 for test loag
levels P5 and P4/P3 according to suffix

Pal ps, pa, PB ankle load reference points of test loading condition | of principal tests of 1ISO 10328 for test loag
levels P5, P4 and P3 according to suffix

Pail, ps, paph ankle load reference points of testloading condition Il of principal tests of ISO 10328 for test loag
levels P5 and P4/P3 according.to suffix

Pa1, ps, paph ankle load reference points:of static and maximum cyclic heel loading (1) of ISO 22675 for test loaq
levels P5 and P4/P3 accerding to suffix

Pa2, ps, paiph ankle load referenge, points of static and maximum cyclic forefoot loading (2) of ISO 22675 for
loading levels P5and’ P4/P3 according to suffix

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

PBI, P5, P4, P

™

Pgii, ps, paph bottom lead application points of test loading condition Il of principal tests of ISO 10328 for test loag
levels B5 and P4/P3 according to suffix

Pga, ps, pais  Ottom load application points of heel loading (A) of separate tests on ankle-foot devices and foot unit
ISO 10328 for test loading levels P5 and P4/P3 according to suffix

els

ing

ing

ing

ing

est

ing

ing

oot

bottom-load npplir\nfinn pninh: of forefoot Innding (R) of enpnrnfn tests on-ankle-foot devices and

units of ISO 10328 for test loading levels P5 and P4/P3 according to suffix

PBB, P5, P4/P3

Pg1. ps, pap3 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

Pg2, ps, Paip3 bottom load application points of static and maximum cyclic forefoot loading (2) of ISO 22675:2006
test loading levels P5 and P4/P3 according to suffix

for
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Dimensions in centimetres
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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

fiu
CK
CA

a

18

symbolic view of foot

axes of coordinate system
effective knee-joint centre
effective ankle-joint centre

Top load application points relevant to indicated foot length L (reference: PT, o6 for L =26 cm).
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See page 20 for the key to this figure.

FR2max

f
Frie  Frao

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 1 R R
Frmin intermediate minimum of resultant force /5

Fromax  2hd 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 2R675

3.1 Badkground statement

The guidapce on the design of test equipment offered in this Technical Report is based on the mathemat
and graphj|cal analysis of various situations of interest. As far as physical Characteristics of ankle-foot devi
or foot unifs are concerned, the analytical work is based on simplified foot models. This does, however,
impair the|power of statement of the related findings, since all of.'them are also applicable, in principle
relevant afrangements with real ankle-foot devices and foot units:

The guidapce offered establishes a basis that can also_be-used for deliberations and decisions on a unifd

cal
Les
hot
to

rm

design comcept for the test equipment required, in order to optimize the conditions of comparability of fest

results achlieved at different places.

3.2 Basjic design for test equipment

Figure 8 f{llustrates the basic design concept of test equipment capable of performing cyclic loading
accordancg with the requirements of 13:4.2 of ISO 22675:2006, characterized by the following features.

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

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

o Q

load.cell, required for the control of the actuator.

|
QO

rce
ed

the

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 abo

ut 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;

Te
1S(
red

Th
su
tes

a
an

>

—thetengthrof thecrankarm;
— the length of the driving rod.

5t equipment capable of performing cyclic loading in accordance with the requifements of
D 22675:2006 may also be capable of performing static heel and forefoot loading\in accordanc
uirements of 13.4.1 of ISO 22675:2006, depending on its design.

s capability is, for example, of particular interest if the final static tests at proof load level follg
ccessfully completed cyclic test (see 16.4 of ISO 22675:2006) are intended to be conducted or
t equipment, on which the cyclic test has been conducted.

his case it is recommended that means be provided to lock the{foot platform in the positions of
i forefoot loading at the tilting angles y; and y, (see Table 8,0f ISO 22675:2006) to facilitate its
j to avoid overloading of the tilting drive mechanism (see Figure 8).

13.4.2 of
e with the

wing each
the same

static heel
hdjustment
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+y

TA

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

example of appropriate means to flexibly resist dislocation of the foot in the f~u-plane during the lift-off phase of the
test sample to ensure contact of the foot on the foot platform in correct position for the next loading cycle
(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)

block of recommended heel height /. with specific shape of top surface to provide a smooth transition towards the

forefoot

Key

tlita'uic fUUt piatfm LLLEY
— 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 loadin
contact to toe-off

means of locking the foot platform at the values of tilting angle y, and y, specified for static’heel and fore
(option)

test force F (1) or F(7), Fgp OF Fy, Fyy,

lifting force to lift the test sample off the foot platform during the period correspending to the swing phase
top load application point, preferably allowing rotation of the test sample about each of the 3 spatial axes
effective knee-joint centre

effective ankle-joint centre

tilting axis of foot platform

g from heel

foot loading

bf walking

foot platform 4  crank arm
cantilever 5  crank shaft
driving rod TA tilting axis of foot platform

Horizontal distance between tilting axis of foot platform TA and crank shaft (5).
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¢)
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3.3 Des

3.31

ign variants for load application

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 Depign variant A

The test fg

The top lo
part of the
of freedon
superimpo|
to exclude

A second
f~u-plane 3
free rotatig

NOTE

axis of actu
the actuato
between thg

3.3.3 Depign variant B

The test fq
about an g
of the top

foot platfoym set at zero.

The test s
(e.g. thep
variable le

The axis
excludes
3.3.4b)2)

A second

hd application point Pt of the test sample is directly or indirectly (see NOTE) attached to the driv]
actuator (e.g. the piston rod of a fluid system) by a connecting device providing atleast one deg
h in order to allow free angular movement of the test sample in the fui-plane, caused by
sed effects of tilting of the foot platform and loading by the test force F (see\statements below),
the transmission of A-P bending moments.

degree of freedom may allow free angular movement of the,test sample perpendicular to
nd exclude the transmission of M-L bending moments, and a-third degree of freedom may al
n about the axis of actuating and exclude the transmission of torque.

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

rce F is applied by an actuator capable of tilting relative to the base frame of the test equipm
xis parallel to the tilting axis TA of the foot platform, located in a position Ptg corresponding to t
oad application point P of the test sample in its neutral position, i.e. with the tilting angle y of

bmple is directly or indirectly (see NOTE of 3.3.2) attached rigidly to the driving part of the actus
ston rod of a fluid system), the driving part thus representing a particular piece of end attachmen
ngth relative to the-top’load application point Pyg.

P

[«

f tilting of the—actuator allows free angular movement of the test sample in the fu-plane
and NOTE].

and “a third degree of freedom may be provided at any appropriate position for the purpos

he transmission of A-P bending moments [except those generated by effects addressed| i

rce F' is applied in a direction parallel to the u-axis by an actuator fixed to the base framerof-the test
equipment.

ng
ree
the
nd

the
oW

the
ben
jed

ent
hat
the

tor
t of

beS

described
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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. @nd 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-akis-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 devigtions from
the specified test loading conditions (see 3.7) and which maycause 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 pasition of the top load application| point Prg

(see also NOTE).

NQTE If the centre of gravity of the total mass of the arrangement of actuator and adjacent componentg gets into a
pogition above the tilting axis with which they are linked to the base frame of the test equipment, this arrarlgement will
begome top-heavy and tend to exert unintended A-P bending moments on the test sample during the loading cycle from
heg¢l contact to toe-off and eventually to topple or(capsize during the lift-off phase of the test samplg, if special
sugpensions do not prevent this.

3.4 Examples of crank gear designs

3.41 General

In principle, two different types-ef crank gear design can be used. Examples of each type are briefly described
in .4.2 and 3.4.3.

3.4.2 Asymmetricaly(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)
exgeeds 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 it the foot plattorm 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

d d 3 datarnainiaa th ra-ada-R—ana-Har-npacitiana—aof-tha f $ oolaotfarna oA o oo £ b o I
ea CCTIrC S OCtCT T T g trC T raAT o artgorar pUSTiOTTS U thiC TOO T PratroTT T and— o rarng ottty oty e

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-determinjng
e position of the foot platform specified for heel contact (y= - 20°), is 15°; as a corisequence, the
Im of the lengths of the driving rod and the cantilever is only about 1,5 mm longercthan the distance

btween the centres of the crank shaft and the tilting axis TA of the foot platform;

—
=

o »n

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

= 0 T

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

Further defails 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{ ite. the ratio of the angles of the upper right and lower Jeft
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 Ipwer 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° (toetoff
position +[10°). This measure allows”a better approach of the linear course of the final part of the specified
profile (cunve) of tilting angle 1#) of'the foot platform up to the maximum value of + 40° at toe-off (see Table|11,
13.4.2.4 apd Figure 6 of ISO'22675:2006), since the diminishing of the slope of the final part of the profilg 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 profilg of tilting~angle 1¢) created by the lower left portion of this crank gear design up to the valug of
y=+ 40° gt toesoff is shown in Figure 12. It is much closer to the profile of tilting angle specified than fhe
profile of [the ‘erank gear design according to 3.4.2, deviating from the profile of tilting angle specifred
(see Figure 6-0f 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°.

NQTE In contrast to the crank gear design according to 3.4.2, the crank gear design according t0~3-4.3 does not
suffer from limiting boundary conditions. For example, it is possible to increase only the length of the driving fod, in order
to feduce 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 thans'the case fpr the crank
gedr design specified in 3.4.3 and Figure 11.

Further details are given in 3.5 to 3.7 and 3.9.

Dimensions i} millimetres

124

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 changg, if the given values of lengths (except the minimum length of

the foot plafform) are proportionally scaled.

Key
1 foot platform of length > 350 mm

cantilever of specific length 100 mm
drivingl rod of specific length 100-mm

crank arm of specific length-57 mm
crankshaft

a A WON

TA tilting gxis 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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0 150 300 450 600

Y14 fY?2

Key

X | loading time in milliseconds

Y1| angles in degrees

Y2| deviation of angles in degrees

specified profile (curve) of tilting angle 4(¢) ;of foot platform

tilting angle x¢) produced by crank gear'60:40 upper right portion of rotation
tilting angle /(¢) 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) Thei g 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 gccur in the course of the prescribed profile of tilting angle y¢), however, at different(instants

er the two profiles deviate from each other. The different instants determine the distortion of the

time Hase of the prescribed profile of tilting angle ¢) necessary to adapt it to that produced by the crank
gear 3gccording to 3.4.2. A graph of the angles « and g as a function of the distorted time®ase facilitates
termination of their values at the regular 30 ms time increments. With these values the fofce
components Fp and Fy, acting respectively perpendicular and tangential to the oot platform, can|be
calculgted. The results of this measure are shown in Figures 13 to 16.

The most noticeable effects are that on the force component F; tangentiahtothe foot platform. The fjrst
occur$ at the instant of 360 ms after heel contact. According to Figure 16, the deviation from fhe
prescribed value at this instant is — 36 N, which is about — 80 %. The sécond occurs at the 2nd maximym.
Accorfling to Figure 16, the deviation from the prescribed value af this instant is 48 N, which is abput
20 %.|These deviations are considered to exceed the tolerable range.

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

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

This heed not necessarily be the case. As already addressed in 13.4.2 of ISO 22675:2006, |an
appropriate alternative is the application-ef-the profile of tilting angle as a function of time ¥r) and the
profild of test force as a function of tilting angle F(y). In this case the deviations referred to in a) gre
irreleMant, since the test force follows. the tilting angle as specified by the profile F(y), independent of the
time Hase of the tilting angle.

Howeyer, any distortion of thé\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
Figurg 17 illustrates. The-influence of this effect on test results is not yet known.
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loading time in milliseconds

angles in degrees

specified profile (curve) of tilting angle )(z) offoot platform

tilting angle x(¢) produced by crank gear 60:40 upper right portion of rotation
angle o between resultant force Fr and‘u-axis of coordinate system related to specified profile of tilting anp
angle «a related to tilting angle produced by crank gear 60:40

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

angle Srelated to tiltingangle produced by crank gear 60:40

e

oM WM = <X

D

s 1 |

igure 13 — Profiles (curves) of angles ¢,  and y as specified and as produced by crank gear 60:40
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5
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R
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-3 /
. N\ |/
NS
®0 150 300 450 600
2,

loading time in milliseconds
angleg|in degrees

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

deviatipn of angle « between resultant force Fg-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

deviatipn of angle g between resultant.force F and force component Fp perpendicular to foot platform related to
tilting gngle 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 F perpendicular to foot*platform related to specified profile (curve) of tilting angle
platform

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

10 /

0 150 300 450 600

newtons

pbn of force component Fp perpendicular to foet-platform related to tilting angle produced by crank gear 6J:40
rce component F, related to specified profile-(curve) of tilting angle y/(¢) of foot platform

pbn of force component F; tangential to-foot platform related to tilting angle produced by crank gear 60:40 flom
omponent F related to specified profile{(curve) of tilting angle (¢) of foot platform

Figure 16 — lllustration of force deviations produced by crank gear 60:40
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Key
X | loading time in milliseconds
Y | force in newtons
1 | specified profile (curve) of test force as function-of time F(¢)
2 | test force F related to tilting angle produced*hy-crank gear 60:40 as function of distorted time
Figure 17 — lllustration of distortion of time base of test force /' produced by crank gear

3.6 Effect of the positionof the tilting axis TA of the foot platform on the elevation |

3.4.

As
at

1S(
illu

A-P displacement)Af of the test sample at the foot

1 General

is outlined in~3.6.3 and 3.6.4, the tilting of the foot platform during the cyclic test up to the value
the instant, of heel contact (¢ = —20°) and at the instant of toe-off () = 40°), specified in T
D 22675:2006, can move the ankle-foot device or foot unit by considerable amounts of both g
strated in Figure 18, and A-P displacement Af, illustrated in Figure 19.

60:40

I and the

5 occurring
able 12 of
levation E,

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 req
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 Pogitionofthetittingaxis TAof thefootptatform

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 footunit within the
Jf~u plane of the coordinate system the offset u, can be calculated as

uta =[0,75 L — fra) x tan (v x y1o) (13)
with y4 = 0}25, y, = 0,5 and y; = 0,41 for the illustrated situations at heel gotitact and toe-off (see also NOTR).

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

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

The Equatipns determining the dimensions Afy .. . and Af;o can be derived from the following geometric and
trigonometr|c relationships (see Figure 19):

Afrnax ant. = DraTo - (0,75 L — f7,) @nd cos (y x y70) = (0,75 L - f14)/D1p 1o for the maximum anterior displacementfor

cos [(1 - ¥) x ol = [(0,78°L — f7p) — Aol/Drato @nd cos (v x y0) = (0,75 L — fra)D1p 1o for the posterior
displagement at toe-off, respectively,

where Dpp 14 is the distanee of the point of the foot from the tilting axis TA of the foot platform.

Putting Af,
results.

% ant. S0 gives the condition cos [y4q x (1 —»)] = 2 x cos (y x y1o) — 1, from which the value of y; = 4,41

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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with Equations (12) and (13)
Enc =-(0,25 L + f15) x {sin (x x yyc) + sin [(1 — x) x yycl/cos (x x yue)

E1o=(0,75 L — f1p) x {sin (y x y10) + sin [(1 = ») x yrol}/cos (v x y1q)

(14a)

(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

Fo
Eq

Fo
un

Th
ins|

res

Fo
is 1
3.6
NG

NQ
des

Th
Eq

SN (T — %) X 7qal = — Ene — UraAVDranc @nd COS (x X i) = (0,25 L + /rAVD1anc 10T the situation at heel
respectively, where D1 e @nd Dy 1o are the distances from the tilting axis TA of the foot platform to t
heel edge or the point of the foot, respectively.

- the position of the tilting axis TA at platform level, the factors x and y begome zero. This
uations (14a) and (15a) to

EHC = - (0,25 L +fTA) x sin THC
ETO = (0,75 L —fTA) x Sin Yare)
- the position of the tilting axis TA at platform level, the values-of elevation of an ankle-foot de

t of foot length L = 30 cm at the instants of heel contact and toe-off are Eyc ¢ = 34
b, 0 = 129 mm; (154 mm, see NOTE 2).

tants of heel contact and toe-off can be calculated by.the condition
Ene = E10
ulting in a value of ;o determined by
J1a =L x (0,75 x sin y4q + 0,25 x sinyyc)/(sin yro — sin juc) = 0,40 x L; (0,44 x L, see NOTE 2

 an ankle-foot device or foot unit of foot length L = 30 cm, the value of elevation at heel contact
Fhe, 0 = E1o, 0 = 67 mm; (71-mm, see NOTE 2).

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

TE 2  The values of A-P displacement Af in parentheses apply, if the foot platform is driven by a crar
ign according’to 3.4.3 and Figure 11.

e values  of A-P displacement Af at the instants of heel contact and toe-off are determined by th
pations:

contact or

sin [(1 = ) x 7ol = (Etg — Upa)/Drago @nd cos (v x 1) = (0,75 L — f1a)Drp1o for the situation at toe-off,

he posterior

simplifies

(14b)
(15b)

ice or foot
mm and

b position of the tilting axis TA at platform level required, to achieve a balanced proportion of elevation at the

(16)

(17)

and toe-off

k gear of a

e following

AMheel contact = Mnc = (0,25 L + f7p) x {T = cos [(T —x) x pyclicos (x x pyc)}

Mroe-off = M0 = (0,75 L — fp) x {1 — cos [(1 - y) x yol/cos (v x y1o)}

(18)
(19)

with y; = 0,25, y, = 0,5 and y3 = 0,41 for the illustrated situations at heel contact and toe-off (see also NOTE of
3.6.2).

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

AfHC = (0,25 L +fTA) X (1 — COSs ]/Hc)
A1o = (0,75 L — f15) x (1 = cos o)

© I1SO 2006 — All rights reserved
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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 Afro ) at the instant of toe-off to a considerable extent. Nevertheless, the
A-P displace the
heel, due to the hlgher value of maximum tilting angle.

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

The corregponding values of A-P displacement Afrq 4, Afto, 2 and Afrg, 3 showndn. 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 £}j¢ and Eq are the same, and the
valueg 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(¢), Fymax @Nd Focmax at which the
lines pf action of the corresponding resultant referenceforces Fgr4 and Fgr, are passing through the
bottor load application points Pg4 (heel) or Pg, (forefoot), respectively (see Figure 1 of ISO 22675:2006),
the vglues of elevation Epg4 and Epg, are the same;and the values of A-P displacement Afgq and Afg,
are zgro.

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

Epg, hkel = Epg1 = — (fa1 +./1a) * {SIA(X x v4) + sin [(1 — x) x p]}cos (x x y4) (RO)
Epp, tdrefoot = Epp2 = (fo2 —f1A) X {sin (v x 72) +sin [(1 - y) x yl}Hcos (v x 1) (1)
Afpg, feel = Ap1 = (fa1, #Fpa) x {1 — cos [(1 —x) x p]/cos (x x 1)} (R2)
AfpB, fprefoot = Afpg = 7B2 —/7A) * {1 - cos [(1 - y) x yl/cos (v x 7o)} (g3)

with x = {grctan_[uga/(fg4 + fTa)} 74 and y = {arctan [up/(fgo — fTa)¥ 72 and with y; = — 15° and », = 20° (see
Table 8 of [SO;22675:2006).

The two specific positions according to a)and by are ifustratedim Figure 20 and specified i Table 2 AS 1o 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

compromise position of the tilting axis TA of the foot platform at /75 = 0,365 L and up = ;1L

be

3.6

Th
val

po
ap
ca

illustrated in Figure 20 and specified in Table 2, the conditions of c), d) and e) are satisfactoril
ow are related to a foot length L = 30 cm):
The values of elevation according to condition c) are £, = 65 mm < 71 mm < Egg+ 81 mm.

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

.5 Conclusions

 foregoing analysis indicates the position of the tilting axis TAof the foot platform, which min
ues 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.ih-'centimetres.
sition of its tilting axis TA on the foot length L by a corresponding transposition of the relate

plication point Py, which needs to be adjusted.anyway, since it is also dependent on the foot len
h be carried out in several ways, described in"3.8.

y met by a
the values

fior versus

imizes the

prder to limit the complexity of the design of the foot‘platform, it is possible to regard the depend¢nce of the

d top load
oth L. This

© I1SO 2006 — All rights reserved

39


https://standardsiso.com/api/?name=b70cc2e12b3b6d692d1ff87dfe234bc6

ISO/TR 22676:2006(E)

\~.
\.
./.. \ A
Ca S
-/\"\._ \
- e -
\ o
A ) o \\ :l -
W A~ A Vg
~ ¥ 2 @ W
Y AR R vV
Aok A f
fTA, e
< Fia 2 -
P 0,25L + frp 4 | 0,#5L - frp 4 a
P 0,251 + fTA’2 p 0,75L - fTA,Z
< L -
Key
fiu axes of coordinate system
Cp ffective ankle-joint centre
TA, 5 Epecific positions of tilting axis of foot platform on f~axis
L ‘ oot length
e ilting angle of foot platform at instant of heel contact (732 = — 20°)
o ilting angle of foot platform at instant of toe-off (j5.g\= 40°)

Epyc 1,2 $pecific values of elevation at instant of heel contact,
elated to specific positions of tilting axis TA.¢f foot platform

Erg 12 Epecific values of elevation at instant of-foe=0ff, related to specific positions of tilting axis TA of foot platform

Figure 18 — Effect of /~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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. L 8,
\LY\‘ Afro,
/ i ;\! Bfro g
A . / TA, ﬂ'
: [ A !
< I
<| \_A | R
* gl A i
5 TA( '
Yy v v
f
0,25L
0,25L + frp
<l L -
Key
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
"d tilting angle of foot platform at instant of toe-off (945 = 40°)

M1, 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.oftilting axis TA of foot platform on the A/P displacemgnt Af
ofthe foot at the instant of toe-off
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f
>l AfB1 opt > & AfBZ opt I AfTO dpt
Bhuc_opt ol < o1 -
0,25¢L fTA,b = 0,222L
P fTA, opt = 3651 .
P fra 5 = 0,623L .
- e .
- L -
Key
fiu axes of coordinate system
Cp effective ankle-joint centre
TA, b opt. specific positions of tilting axisyTA of foot platform
JTA, a,b, opt. | /-coordinates of specific pesitions 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 bettem load application point on forefoot
Muc opt. anterior disptacement at heel of foot at instant of heel contact (test force F = 0) for optimum position of tilfing
axis TAopt_ of foot platform
M1, opt. posterjor displacement at Pgq on heel of foot at instant of maximum heel reference loading (test force [ =
Fsmax) for optimum position of tilting axis TAopt' of foot platform
AfBZ opt ahterior displacement at Pas on forefoot at instant of maximum forefoot reference loading
T (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

byl|a crank gear of a design according to 3.4.3 and Figure 11.

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 fTA, 1 =25 0 34 129 (154) 6 47 (72) at TO
1|9 fra=25 Urp 1= 35 137 (170) 24 (38) at TO
1|9 Jra=25 urp 2 = 73 146 (187) 0(0)atTO
1|9 fra=25 urp 3= 59 143 (181) 9 (14)at TO
1|8 f'-I'A, ,=04L 0 67 67 (71) 12 at HC | 25\(38) at TO
20 |f7a=0222L | ury =0,053 L 49 at HC 105 at TO 3atHC 28 at TO
30 at F1cmax 30 at FZCmax 0 at F1 cmax at F2cmax
20 |f7a=0423L | urp=0,120L 71 at HC 71 at TO O-atHC 0atTO
46 at F1cmax 10 at F2cmax 3 at F1cmax 1t at F20max
20 | /AA=0,365L | urp =0,100 L 65 at HC 81atTO 1atHC 8atTO
41 at Fiemax 16 at Focmax 2 at Femax at Fomax
NOTE The values of elevation E and A-P displacement Afin parentheses (see 3.6.2 and 3.6.3) apply, if the foot platfgrm is driven

3.7

The elevation E and the A-P displacement Af of the test sample at the foot, caused by the tilting

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

of the foot

platform during the cyclic test up to the“values of jc and yg occurring at the instants of heel contagt and toe-

off|at magnitudes depending on_the position of the tilting axis TA of the foot platform, is described
and illustrated in Figures 1810 20. Specific values are listed in Table 2.

3.6

One example of the effect)of elevation E and A-P displacement Af of the test sample at the foot

in detail in

bn the test

loading conditions of \ }SO 22675 is illustrated in Figures 21 and 22 for the two different designs of test

eqgliipment, briefly déseribed 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 filting 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.

© I1SO 2006 — All rights reserved
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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
dlstance to the point of the foot wh|Ie the external” top load appllcatlon point Pg has a fixed position on

the bz
shortgns approximately by the amount of its eIevat|on

b) The angular movement of the test sample about the top load application point Py (P1g) incfeases the
angle| between the foot (sole) and (the contact surface of) the foot platform atCa total| of
770, total = 70 + APrO-

c) Apparently, a deviation of the tilting angle y of the foot platform from the specified profile”(curve) will affect
the vdlues of the angles « and g, related to the tilting angle y by the Equation « #\3'= y [see Equation|(1)
and Flgure 1].

d) In addition to the effect on the values of the angles « and g addressed in<c), the arrangement accordjng
to 3.3|3 and Figure 22 provides an increased value of the angle aTo p7E" €nclosed by the parallel to the
u-axis| passing through the top load application point Pr¢ and the straight line connecting this point with
the pqint of the foot. This increase is likely to diminish the value ©f the ratio F/Fp of the tangential and
the pgrpendicular force components at the foot platform (see Figure 1).

e) Finally, attention has to be paid to an earlier statement [se€43.3.4 b) 2)], according to which the actuafjng
systerp 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 Apro can be calculated by adoptingcthe general Equation below, which provides sufficient

accuracy Within the range of angular movement occurring,

Ap = arctan (Aflut) (R4)
in the form

Apro F arctan (Afrolut) for atest’sample set-up in a test equipment according to 3.3.2 or (2¢ta)

Apro F arctan (Afrolutg).fora test sample set-up in a test equipment according to 3.3.3. (21ib)

The value of ure can be(galCulated from the condition (0,75 L — f7)2 + utg? = (0,75 L — f1 — Afro)? + (ut — E1p)%.

The value pf aro cannbe calculated by adopting the general Equation
a, = arctan[(f, — fr)lut] (R5)

in the form
oo, pr = arctan [(0,75 L — f1)lut] (25a)
aTO, PTE = arctan [(0,75 L _fT)/uTE] (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:  Agrg = 4,03%; oo, pt = 16,69°

with ur = 667 mm (see Table 7 of ISO 22675:2006).

Arrangement according to Figure 22:  Agrg = 5,14°; ato, pTE = 20,96°

with urg = 522 mm [see condition following Equation (24b)].
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esponding adoptions of Equation (24) permit the calculation of the angular movement Ag
ple about the top load application point Pt (Ptg), caused by the tilting of the foot platform;’ at
ue Af'occurring at the discrete instants of the loading cycle specified.

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

brder to demonstrate once more the influence of the position of the tilting akis. TA of the foot
ies of informative values has been calculated or determined by graphical analysis for the specifi
he tilting axis TA at f75 1 =25 mm; utp 4 =0 mmand f75 2 = 0,365 L; ufa)o = 0,10 L according
pted to a foot length L = 30 cm.

b results are listed in Table 3, comprising
values of A-P displacement Af'and angular movement Ag for specified instants of the loading cy

values of the deviation Ay, of the total angle x4y =
surface of) the foot platform for the period betweén-the instants of 210 ms and 420 ms and
between the instants of 480 ms and 570 ms after heel contact, at which the tilting angle Ar)
platform produced by the crank gear 60:40,"(see Figure 10) deviates from the specified
—45 <Ay <+4.4°.

latter list of values is interesting for thefollowing reason.

demonstrated in 3.5 and illustrated-in Figures 14 and 15, the deviation of — 4,5° < Ay < + 4,4° al

s deviation can be diminished or enlarged by the angular movement Ag of the test sample ab
d application point P((Byg) addressed in the above, depending on the position of the tilting axis

arrangement accéording to either of the Figures 21 and 22.

example, a-position of the tilting axis TA at frp 4 =25 mm and urp 4 =0 mm in the arrangemen
Figure 21<will increase the positive deviation of A;/ 4.,4°, produced by the crank gear 60:40 at the
) ms after heel contact, by another 3,3° (see Table 3). Apparently, this will increase the relat
iation(of Fr considerably.

pf the test
any other

blatform, a
C positions
0 3.6.5, all

cle;

¥ + Ag between the foot (sole) and (the contact

the period
of the foot
value by

bne results

but the top
5 TA of the

t platform, the resulfing magnitudes and directions of A-P displacement Af of the test sample at the foot and

according
b instant of
ed positive

Th

e relevant values listed In Table 5 disClose the 10llowing.

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 fr5 1 =25 mm and ugs 1 = 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
A -
°
_ Y Y
\ Afrg
3 > <
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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Key

1 axial guidance ftiltable about axis' passing through Pyg and fixed to base frame of equipment parallel t
TA of foot platform

2 symbolic view of foot
foot platform
C,| effective ankle-joint eentre

Pr¢ ‘“external” toplload application point on axis fixed to base frame of equipment parallel to tilting axis
platform (sée™t)

TA| tilting axis of foot platform

Higure 22 — lllustration of the effect of A-P displacement Afon the angular movement A¢ of

b tilting axis

TA of foot

the test

sample about the "external" top load application point Pr¢ in an arrangement according to 3.3.3
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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
f1a Urp value Direction gear 60:40 foot and
platform
ms mm mm mm ° ° ° °
0 gelcontact 25 U 3] anterior =20 =20 U5 U5
150 | Flemax at Pe1 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 [ peviation of <1 anterior -4 -6,6 <04 -2,6
300 |tifting angle y <1 anterior 0 -39 <0,1 -39
pfoduced by 25 0
330 crank gear 0 4 - 0,5 0 - 4,5
360 |6P40 <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 | Fbemax @t PRo 25 0 9 posterior 20 20 0,8 0,8
480 Dleviation of 13 posterior 24 26,4 1,1 3,5
510 |tilting angle y 27 posteriok 28 32,1 2,3 6,4
pfoduced by 25 0
540 ctfank gear 38 pOSterior 32 36,4 3,3 7,7
570 |6p-40 46 posterior 36 39 3.9 6,9
600 | Tpe-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 | Femax @t Pgq |0,365L| 0,10 L 2 posterior -15 -15 0,2 -0,2
210 3 posterior -10,5 -11,3 0,3 -0,5
240 4 posterior -75 -9,2 0,3 -14
270 Deeviation of 3 posterior -4 -6,6 0,3 -2,3
300 [tifting angle » 2 posterior 0 -3,9 0,2 -37
pfoduced by~ 10,365 L | 0,10 L
330 crank gear 0 4 - 0,5 0 - 4,5
360 [6P40 2 anterior 8 3,7 0,2 45
390 5 anterior 12 8,6 04 =37
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 positioR-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
Acfording 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, getermined
by the offsets f15 o9 and utp 32 (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 t¢st sample
parallel to the f~axis by Afrp |, the value of AfTA L Z:/Ta 20 — f7A, L) representing the differenge between
the offset 7o oq Of the fixed position of the tilting axis TA [see a)] and its offset fr  relevant tg 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 t¢st sample
parallel to the u-axis by Autp | [see 1)] oF A”TA c [see 2)], where

1) the value of Aurp | = (urp, 32~ 7A ) represents the difference between the offset ury 3, pf the fixed
position of the tilting axis TA'[see aj] and its offset utp, | relevant to a specific foot length | and

2) the value of Aurp ¢ & \uta 32 — uta, c) represents the difference between the offset ut) 3, of the
fixed position of the tilting axis TA [see a)] and a specified compromise offset uyp ¢ of the tilting axis
TA of the foot platform, uniformly applied to test samples of any foot length L,

the values of Aéga | 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, | OF Uta G
respectively(but see NOTE 3).

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

NQTEA The possibilities of transposing the top load application point P+ shown in this subclause, Figure 2B and Table
4 rJquue l[le IIXBU bldﬂudru pUbIlIUH ()I I.He lIIlIHg dxlb TA o [)B UBLBHHIHGU [)y d leue OI]TA L reIeVdHl o llle S nallest SIZG
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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