Office de la Proprieté Canadian CA 2420187 C 2008/06/10

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 420 187
Un organisme An agency of 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(22) Date de depot/Filing Date: 2003/02/26 (51) CLInt./Int.Cl. A67F 2/38 (2006.01),
(41) Mise a la disp. pub./Open to Public Insp.: 2003/09/28 AGTF 2/46(2006.01), AGTF 2/64(2006.01)

A671F 2/68(2006.01), F16F 9/53 (2006.01)
(45) Date de délivrance/lssue Date: 2008/06/10 _
(72) Inventeur/Inventor:

(30) Priorité/Priority: 2002/03/28 (DE102 14 357.9) MOSLER, LUDER, DE

(73) Proprietaire/Owner:
OTTO BOCK HEALTHCARE GMBH, DE

(74) Agent. KIRBY EADES GALE BAKER

(54) Titre : PROTHESE DU GENOU AVEC CYLINDRE D'AMORTISSEMENT HYDRAULIQUE
(54) Title: KNEE-JOINT PROSTHESIS WITH A HYDRAULIC DAMPING CYLINDER

8
m W 3
X X
3 1
§ \
N § — 4
Sp— : B a
9 NWrirrs, ';4}" y /jffl \'
NN, / <
H KX 2] B 2
N XN i A
§ KPP A B .
' 3:0:’;% . N T 5
H £ X4 sl
N PAeA o0k
11 3 ?‘“é%f. Al S~ -
i 1 ,
Y BAN Ty d
Wz // 3
=: \
g N
-:~«: N “—— 4b
\ s
NN

S

1)

(57) Abrégée/Abstract:

The invention relates to a knee-joint prosthesis with a hydraulic damping cylinder (1) for regulating the swing phase control and
stance phase stabilization, and with an electronic control for a force field acting on the hydraulic fluid of the damping cylinder (1),
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(57) Abrege(suite)/Abstract(continued):
the viscosity of the hydraulic fluid being able to be changed by the force field. The object of the present invention Is to make

avallable a knee-joint prosthesis whose electronic control has a high degree of safety and a minimal power consumption.
According to the Invention, the object is achieved by the fact that an actuating member (6, 7, 9, 12) Is provided which generates a
permanent force field and acts on the hydraulic fluid with an existing force field which I1s weakened or strengthened by the

electronically controlled force field.
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Abstract

The invention rolotes to a knee-=jolnt prosthesis with a
hycraulic damping c<¢ylinder (1) for regulating the swing
voaasne control and stonce phase stabllizatzen, and with
zn electronic control for a farce field zcting on the
nydrau~ic  fluid of the camping cylinder (1), the
v_acosity of the hydraulic Tluid being abkle to Lke
cheanged by the torea treld. The object 0 tne present
tnvenTion 1s to make avallable a kne2-jcint prosthesis
wnose electronie <control hes o high degrese of safery
arpd a minimal power consumption. Accgording to  the
invention, the opiec. 18 acnleved by the fact —hat an
zotuating member (&, 7, %, 1) is5 provided which
gensrates a permanent  torce field and acis on  tne
aydrauv.ic riuld witn an existing force field which is
woa honed O <t roengthened A% The electronically
controlled Lorce Lliedld.

S2e Figure Z2a
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Knee-joint prosthesis with a hydraulic damping cylinder

The invention relates o a knee-joint prosthesis with a

hydraulic damping zylinder as set forth in the preamble

of claim 1. The damping properties of & hydraulic

cylinder for use in a prosthetlic knee can pe designed

to be controllable 1n order to take account of the

different resistance demands 1n the swing phase and the

stance phase. One possibility of adaptation lies in

electronic control wvlia electrical actuating members

which either change the current conditions or affect
the wviscosity precperties of the fluid. A change 1n

current conditions can be effected via a regulator

valve, and a change 1in viscoslity properties can be

effected by acting, for example, on magnetorheological
fluids.

As regards changing the viscosity properties of a

fluid, it 1s known from the prior art for an actuating

member, as a functicn of the phase o0of movement, tTO

change the viscosity of the fluid by application of a

magnetic field, with a high resistance and consequently
a high viscosity beling necessary 1n particular in the
stance phase. Since the stance phase generally lasts

longer than the swing phase, a relatively high current

is always needed to» safely permit standing.

Starting from this prior art, the object o©of the
invention 1s to make available a knee-jolint prosthesis
which can be controlled with lower power consumption
and which additionally guarantees increased safety 1n

the event of the control system failing.

According to the nvention, this object 1s achieved by

a knee-joint prosthesis with the features of claim 1.

Advantagecus embodiments and developments of  the

invention are set out in the dependent claims.
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By means of an actuating member which generates a

permanent force field and acts on the hydraulic fluid
with an existing force field which 1s weakened or
strengthened by the electronically controlled force
field, only a low current need be applied for the swing
phase 1n order tc¢ weaken the existing force field via

the electronically controlled force field or to

increase stance safety by means ¢i an electronically
controlled force field <correspondingly differently

oriented. In the event of a failure of the electronic

control system, the stance stability of the prosthesis

wearer 13 thus further guaranteed and a movement
possibility, albeit a limited one, remalns. In
addition, the maintenance intervals for the knee-joint
prosthesis can be extended, since overall there 1s a

lower power consumption.

One embodiment of the invention involves a
premagnetized actuating member which acts on a
magnetorheological hydraulic fluid with a magnetic
field.

In order to provide a constant magnetic field, the
actuating member advantageously has a permanent magnet
whose magnetic field 1s strengthened or weakened via a
suitably arranged magnet coil to which voltage 1s

applied.

As an alternative to this, provision 1s made for the

force field to ke an electrica. field and for the

hydraulic fluid to be an electrorheological fluid, the

actuating member having electrodes made of an electret.

A particularly compact construction of the knee-jolnt
prosthesis and of the damping device 1s obtained 1f the
actuating member is located 1inside a piston or 1S
integrated in the latter, which piston moves 1n the
damping cylinder so that no additional structural space

is needed to accommodate the act-uating member. In a
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S

development of the magnetorheological varliant,
provision 1s made for the damping cylinder to be made

of a ferromagnetic material 1n c¢rder to achieve a

higher degree of 1ntegration.

In a further development, provision 135 made for a

passage for the movement of the hydraulic fluid to be

present between the inside wall of the cylinder and the

hydraulic piston, so that the cylinder wall forms part

of the magnetic c:ircult or the fle.d excilitation closed

by the piston, the embedded permanent magnet or

electrets via the passage and the cylinder. The passage
is advantageously designed as an annular gap so that

leakage takes place around the piston.

As an alternative to thilis, a passage for the movement

of the magnetorheological or electrorheological fluild

is formed inside the piston, so that the magnetic

circuit or the field closes inside the piliston and there

changes the viscosity of the fluid flowing through. In

this embodiment, 5t 1s not necessary for the cylinder

to be made of a ferromagnetic material. The passage can

be designed as a bore, channel o¢r annular gap with

diamagnetic bridges for magnetorheological fluids, 1in

which case a plurality of bores or channels can also Dbe

formed inside the piston or at the piston edge.

An advantageous form of energy supply to the actuating

member consists of a feed line through the piston rod,

by which means the energy can be fed 1n a very stable
manner and 1immediately to the magnet coi1l or the

electrodes inside the piston.

In another embodiment of the invention, 1t 1s provided
that the cylinder volumes which can be changed by the

hydraulic piston are connected via a connecting line or

leakage line and the actuating member acts on the

magnetorheological or electrorheological fluid 1in the

leakage line or connecting line with a field or changes
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the existing field 1n the line. Such an arrangement

involves a relatively low outlay 1in construction terms
and can be realized with convent.onal hydraulic means

and field-generating elements.

The invention 1s explalined 1n more detailil below on the

basis of 1llustranive embodiments. Identical reference
numbers 1in different figures designate 1dentical

structural elements.

Figure 1 shows a first embodiment of a damper unit

with an external actuating member;

Figure Za shows a damper unit with an actuating member

integrated in a piston;

Figure 2b shows a varilant of the damper unit according

to Figure Z2Z2a; and

Figure 3 shows an embodiment o©f the damper unit for

electrorheological fluids.

Figure 1 1s a <«ross-sectional representation of a
hydraulic damping cylinder 1 with a hydraulic piston 2
which moves 1n the latter and which 15 moved 1n an

oscillating manner via a piston rod 3 1nside the

cylinder 1. Provicded at the dead centers of the piston

2 there 1s 1n each case an attachment for a leakage

line 10 which connects the changing cylinder volumes

gir—

4a, 4b to one another. Upon a movement of the piston Z

inside the c¢ylinder 1, a magnetorheclogical fluid
present 1inside the cylinder 1 1s thus pumped through
the leakage line 10. Arranged around the leakage 1line
10 there 1s a permanent magnet 7 1nside which there 1is
an electronically controllable magnet coil 6 which 1is
enclosed by pole plates 9 1n order tc realize a closed
magnetic circuit 11 when a voltage 1s applied. The

magnetic circuit 11 encloses the leakage 1line 10.

Depending on the orientation of the magnetic field
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generated by the magnet coil o6, the magnetic field

formed by the permanent magnet /7 and always present 1s

strengthened or weakened so as to correspondingly

change the T1SCOS1tY properties of the
magnetorheological  fluid. The permanent magnet 7
provides for premagnetization, with which a certain

-

damping 1s preset. As a result of thils presetting, a

more favorable energy consumptlion can be achieved on
the basis of small additional magnetic fields via the

magnet coll ©.

Thus, 1n addition to a presetting to a basic dampilng

value, the damping 1s electronically controlled by a

change 1in the magnetic excitation vlia the magnet coil

6, by which means the magnetorheological fluid
constituting the hydraulic medium 1s correspondingly

influenced.

As an alternative to this, provision 1s made for a

closed embodiment o©of the damper unit, 1in which the

leakage between the c¢cylinder volumes 4da, 4b occurs

inside the cylinder 1. Figure Z2& shows a first wvariant

”

in which a passage 5 1n the form of an annular gap 1s

formed between the piston 2 and the i1nside wall of the

cylinder, so that the magnetorheological fluid flows
through the annular gap 5 upon a movement of the piston
? inside the cylinder 1. Formed 1inside the piston 2
there 1s a permanent magnet 7/ which provides for

premagnetization, which 18 effected by the

ferromagnetic piston 2, which forms the pole plates 9

for the magnet coil 6, and the ferromagnetic cylinder

wall, so that a c¢losed magnetic circuit 11 1s formed
inside these components. By means of the
premagnetization obtained via the permanent magnet 7/, a

certain degree of damping 1s preset, which 1s

strengthened by activation of the magnet coil 6 via a

feed line 8 routed through the piston rod 3, or 1s
decreased 1in the case of a correspondingly different

orientation. In this way, the degrees of damping of the
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knee-jolnt prosthesis can be adjusted over a wide
range.

For the case where the cylinder 1 1s not ferromagnetic
and, consequently, the magnetlic circult cannot be
closed via the ferromagnetic piston £ with embedded
permanent magnet / vlia the annular gap oS and the
ferromagnetic cylinder 1, a variant 1s shown 1n Figure

2b in which the leakage takes place through the piston

2, the 1leakage flow being formed by a passage 5, for

p

example 1n the form of a bere, a channel or an

interrupted annular gap. The piston 2 1s thus sealed

y—t=
e

off against the inside wall of the cylinder so that a

leakage flow takes place only through the passage 5
provided 1inside the piston 2, sald passage 5 beilng
provided with dilamagnetic bridges. The magnetic circult
11 is thus established in the piston 2, salid magnetic
circuit 11 1n the present embodiment Dbeing formed by
the permanent magnet 7 and the piston Z2. If need Dbe,
the magnetic circult 11 or magnetic filield can be
strengthened or weakened by activation of the magnet

coil ©. The feed line to the magnet coll 6 1s once

again routed through the piston rod 3, so that safe and

reliable control ¢f the magnet coi1. €& 1s guaranteed.

The damping c¢ylinder 1 1is therefore a hydraulic

cylinder which 1s provided with a speciflc leakage
between the two ¢ylinder volumes 4a, 4b, which are
separated by the hydraulic piston 2. The leakage rate
is controlled by means of the magnetorheoclogical fluid,
which constitutes the hydraulic medium, being acted
upon by a magnetic field which 1s initially provided by

a permanent magnet: ] and thus atfords a

premagnetization of the magnetorheclogical fluid and

presetting of the damping. If need be, the dampling can
be controlled electronically by applying a voltage to
the magnet coil 6, that 1s to say the viscosity of the

hydraulic medium 1is changed and, consequently, the

dampiling.
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To reduce the number of components, rovision 1s made
for the pole plates 9 to be formed by the piston 2

itself, 1in which <case the piston 2 1s made of a

ferromagnetic material with an embedded permanent
magnet 7 or a pluraitity ot embedded permanent magnets
7.

A possible embodiment of the one damping cylinder 1

with an electrorheological hydraulic fluid 1s shown in

Figure 3.

The leakage between the cylinder volumes 4a and 4b 1is
in this case effected via circumferential bores 13 and
a leakage line 10 arranged concentrically with respect

to the cylinder 1. This carries the planar electrodes

12. When these are acted upon with an electrical
potential field, the viscosity of the
electrorheological fluid rises, which 1ncreases the

resistance to tne displacement of the piston 2.
According to the invention, these electrodes 12 can be

designed as electrically prepolarized electret.

In none c¢of the embodiments 1s account taken of the fact
that the piston surface of the upper cylinder volume 4a
1s reduced by the surface of the piston rod 3, and thus
a volume compensation or a contlinuous plston rod 3 1s
required. Such compensation volumes, as gas—-prestressed
or spring-prestressed solutions, bkelong to the prior

art and are not 1nciuded here for reasons of clarity.



10

15

2.0

23

CA 02420187 2007-05-29

Claims

1. Knee-joint ©prosthesis with a hydraullic damping

cylinder for regulating the swing phase control and

stance phase stabilization, and with an electronic

control for a force field acting on the hydraulic fluid

F

of the damping cylinder, the viscosity of the hydraulic

fluid being able to be changed by the force field,

characterized by an actuating member which generates a

permanent force field and acts on the hydraulic fluid

with an existing force field which 1s weakened or
strengthened by the electronically controlled force

field.

2. Knee-joint prosthesis according to claim 1,

characterized in that the force field 1s a magnetic

field and the hydraulic fluid 1s a magnetorheological

fluid.

3. Knee-joint prosthesis according to claim 1,
characterized 1n that the actuating member has a

permanent magnet and a magnet coil.

4. Knee-joint prosthesis according to claim 3,

—
P—

characterized 1in that the damping cylinder 1s made of a

ferromagnetic material.

5. Knee-joint prosthesis according to claim 1,
characterized 1in that the force field 1s an electric
field and the hydraulic fluid 1is an electrorheological

fluid.
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6. Knee-joint prosthesis according to claim 5,

characterized 1n that the actuating member has

P

electrodes made of an electret.

7. Knee-joilnt prosthesis according to one of

claims 1 to 6, characterized 1n that the actuating

member 1s arranged 1n a piston moving inside the dampiling

cylinder.

8. Knee-joint prosthesis according to claim 7,
characterized 1n that a passage for the movement of the
hydraulic fluid 1is formed 1in the piston or between the

pre—

inside wall of the cylinder and the piston.

9. Knee-joint prosthesis according to claim 3,
characterized 1n that the passage 1s designed as an

annular gap.

10. Knee-joint prosthesis according to claim 9,
characterized 1n that the passage 1s designed as a bore,

channel or annular gap with diamagnetic bridges.

11. Knee-joint prosthesis according to one of claims 1
to 10, characterized 1in that a feed 1line to the

actuating member extends through a piston rod.

12. Knee-joint prosthesis according to claim 2,
characterized 1in that the cylinder volumes which can be
changed by a piston are connected via a leakage line and
the actuating member acts on the magnetorheological
fluid 1n the leakage 1line with a magnetic field or

electric field.
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