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(57) Abstract: Energy storing prosthetic knee actuator (2) and method of
using such an energy storing prosthetic knee actuator comprising a hy-
draulic or pneumatic cylinder (3) with a piston (4) and a piston rod (5),
wherein the piston and the hydraulic or pneumatic cylinder are movable
with respect to each other, said actuator further comprising an energy
storage accumulator (6) and a control valve (7) provided in piping con-
necting the hydraulic or pneumatic cylinder with the energy storage ac-
cumulator for controlling an exchange of fluid or gas between the energy
storage accumulator and the hydraulic or pneumatic cylinder, wherein: -
the hydraulic or pneumatic cylinder and the piston are connected to a
user's upper leg and lower leg respectively or vice versa, and wherein the
actuator is arranged to - close the control valve when the user is sitting
down; and - open the control valve when the user is going to stand or
standing up.
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Energy storing prosthetic knee actuatoer

The invention relates to an energy storing prosthetic
knee actuator comprising a hydraulic or pneumatic cylinder
with a piston and a piston rod, wherein the piston and the hy-
draulic or pneumatic cylinder are movable with respect to each
other and are cconnected or connectable to a user’s upper leg
and lower leg respectively or vice versa, and further compris-
ing an energy storage accumulator and at least one control
valve provided in piping connecting the hydraulic or pneumatic
cylinder with the energy storage accumulatcr for controlling
an exchange of fluid or gas between the energy storage accumu-
lator and the hydraulic or pneumatic cylinder.

Such an energy storing prosthetic knee actuator 1is
known from EP 1 415 &Z26.

US2013/0013085 also teaches such an energy storing
prosthetic knee actuator, and is provided with at least two
controllable variable fluid flow resisting devices and a con-
trol system. The control system is actuable to cause storage
of the fluid energy for a predetermined length of time and re-
lease of the fluid energy at a predetermined time during the
gait cycle. Both the storage and the release of the fluid en-
ergy are variable by action cf the control system.

The invention has as its prime object and aim to pro-
vide a mere standing up assist to amputees who have lost at
least one of their lower legs including the knee joint. Such
an assist is particularly useful for the elderly or other per-
sons having limited physical condition and who would benefit
from a device assisting them in standing up from a seated po-
sition.

Another object and aim is to provide such a standing
up assist which is low weight, and which is capable to regen-
erate energy that i1s stored during sitting down and use it for
standing up.

Surprisingly the inventors have found that the aims
and objects of the invention can at low cost be attained in an
energy storing prosthetic knee actuator comprising a hydraulic
or pneumatic cylinder with a piston and a piston rod, wherein

the piston and the hydraulic or pneumatic cylinder are movable
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with respect to each other and wherein the actuator comprises
an energy storage accumulator and a control valve provided in
piping connecting the hydraulic cor pneumatic cylinder with the
energy storage accumulator, wherein the control valve is auto-
matically operable and connected to at least one sensor for
detection whether the user is standing up. The control valve
is then suitably arranged to close cff the piping and stop the
flow between the hydraulic or pneumatic cylinder and the ener-
gy storage accumulator when the at least one sensor detects
that the user is seated and to open said piping and thus ena-
ble the flow of gas or fluid when the at least one senscr de-
tects that the user is standing up. The control valve is pref-
erably a single control valve. Preferably the cylinder is a
pneumatic cylinder.

Using the energy storing prosthetic knee actuator of
the invention after connecting the hydraulic or pneumatic cyl-
inder and the piston to a user’s upper leg and lower leg re-
spectively or vice versa, enables assisting the standing up of
the user by contrelling an exchange of fluid or gas between
the energy storage accumulator and the hydraulic or pneumatic
cylinder, by executing the steps cf:

- providing at least one sensor for detection whether
the user is seated or standing up:

- closing the control valve when the senscor detects
that the user is sitting down to maintain the stored energy in
the energy storage accumulator that corresponds to the flow of
fluid or gas received into the accumulator as induced by the
piston moving in the hydraulic or pneumatic cylinder by reason
of the user’s motion from standing up to sitting; and

- opening the contrxol valve when the sensor detects
that the user intends to stand or is standing up for release
of the stored energy from the energy stecrage accumulator fer
driving the piston and move it with respect to the hydraulic
or pneumatic cylinder to straighten the user’s leg again.

It is possible to use different types of sensors,
such as a mechanic, electric or a pneumatic sensor. Preferably
the sensor is a load sensor, an accelerometer, an inertial
measurement unit, or any suitable combination of any such sen-

sors. Advantageously the sensor cr sensors can be combined
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with a suitable signal processing unit.

One other preferable feature is that the piston is
movable along and up to an extremity of the piston rod. In
this way the pistcn dces not hinder extension of the knee when
the user is sitting.

Tt may further be preferable that in addition to the
control valve the piping comprises a controllable flow re-
striction member, which can be used to restrict the speed of
the extension ¢of the knee.

It may also be preferzable that redundant piping is
provided between the hydraulic or pneumatic cylinder and the
energy storage accumulator, in which redundant piping a one-

way valve 1s included enabling a flow of fluid or gas from the

hydraulic or pneumatic cylinder to the energy storage accumu-
lator. This enables that the user can sit down also when the
control valve closes off the piping between the hydraulic or
prneumatic cylinder and the energy storage accumulator.

One other preferable feature is that a high-pressure
reservoir 1s provided to connect to the energy storage accumu-
lator. This can ccmpensate for energy losses and leakage and -
if desired - can also assist the user when he has to deliver
power such as when walking the stairs.

The invention will hereinafter be further elucidated
with reference tc the drawing of an exemplary embodiment of an
apparatus according to the invention that is not limiting as
to the appended claims.

In the drawing:

—-figure 1 shows a user standing up and wearing an en-
ergy storing prosthetic knee actuator accerding to the inven-
tion;

~-figure 2 the user of figure 1 sitting down:; and

-figure 3 schematically shows the energy storing
prosthetic knee actuator according to the invention.

Whenever in the figures the same refexence numerals
are applied, these numerals refer to the same parts.

Making reference first to figure 1 and figure 2 a us-
er 1 is shown respectively standing up and sitting down, and
wearing an energy storing prosthetic knee actuator 2 according

to the invention, comprising a hydraulic or pneumatic cylinder
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3 with a piston 4 and a piston rod 5. The piston 4 and the hy-
draulic or pneumatic cylinder 3 are movable with respect to
each other and are connected to an upper leg 1’ and lower leg
1’7 of the user 1. The connection can of course also be re-
versed. Preferably a pneumatic cylinder is applied because of
its lower weight than an hydraulic cylinder.

Making now reference to figure 3, it is shown that
the actuator 2 further comprises an energy storage accumulator
6 and a control valve 7 provided in piping 8 connecting the
hydraulic or pneumatic cylinder 3 with the energy storage ac-
cumulator 6. Preferably there is only a single control valve.
The energy storing prosthetic knee actuator 2 of the invention
thus enables assisting the standing up of the user 1 by con-
trolling an exchange of fluid or gas between the energy stor-
age accumulator 6 and the hydraulic or pneumatic cylinder 3,
by executing the steps of:

- providing at least one sensor 9 for detection
whether the user 1 is seated or standing up

- closing the control valve 7 when the sensor 9 de-
tects that the user is sitting down to maintain the stored en-
ergy in the energy storage accumulator 6 that corresponds to
the flow of fluid or gas received in the accumulator 6 as in-
duced by the piston 4 moving in the hydraulic or pneumatic
cylinder 3 by reason of the user’s motion from standing up
{figure 1} to sitting down (figure 2}; and

- opening the control valve 7 when the sensor 9 de-
Tects that the user 1 intends toc stand up or is standing up
for release of the stored energy from the energy storage accu-
mulator 6 for driving the piston 4 and move it with respect to
the hydraulic or pneumatic cylinder 3 to straighten the user’s
leg so that the user 1 eventually can assume again the posi-
tion shown in figure 1.

Although it is pecssibkble to inclilude a manual opera-
ticn, the control valve 7 operates automatically and is there-
fore connected to the at least cone sensor 92, which is for in-
stance provided at the bottom of the lower leg 1’°', for detec-
tion whether the user 1 is in the process of standing up. Ac-
cording to what i1s mentioned abcve the preferably single con-

trel valve 7 is then suitably arranged to close off the piping
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8 between the hydraulic or pneumatic cylinder 3 and the energy
storage accumulator € when the sensor 9 detects that the user
1 is seated (as shown in figure 2) and to open said piping 8
and enable again the flow of gas or fluid when the at least
one sensor 2 detects that the user 1 is in the process of
standing up. It is possible to use different types of sensors,
such as a mechanic, electric cor a pneumatic sensor. Preferably
the senscr 9 is selected from the group comprising & locad sen-
sor, an accelerometer, an inertizl measurement unit, or any
suitable combination of any such sensors.

One other preferable feature is that the piston 4 is
movable along and up to an extremity of the piston rod 5. In
this way the piston 4 does not hinder extension of the knee
when the user 1 is sitting.

In addition to the application of a preferably single
control valve 7 the piping 8 comprises advantageously a con-
trollable flow restriction member 10 which can be used to re-
strict the speed of the extension of the knee.

It may also be prefereble that redundant piping 11 is
provicded between the hydraulic or pneumatic cylinder 3 and the
energy storage accumulator 6, in which redundant piping 11 a
one-way valve 12 is included enabling a flow of fluid or gas
from the hydraulic or pneumatic cylinder 3 tc the energy stor-
age accumulator €. This enables that the user 1 can sit down
also when the control valve 7 closes off the piping 8 between
the hydraulic or pneumatic cylinder 3 and the energy storage
accumulator 6 which would otherwise prevent that the piston 4
moves in the hydraulic or pneumatic cylinder 3 and correspond-
ingly that the knee c¢f the user 1 would be bent.

Finally a& high-pressure reservoir 13 can be provided
to connect to the energy storage accumulator 6. This can com-
pensate for possible energy losses and leakage. If desired it
can alsc be used to extend the leg in situations that addi-
ticnal power is required that would otherwise have to be de-
livered by the user, such as when walking the stairs.

Although the invention has been discussed in the
foregeing with reference to an exemplary embodiment cof the en-
ergy storing prosthetic knee actuator of the invention, the

invention is not restricted to this particular embodiment
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which can be varied in many ways without departing from the
principles of the invention. The discussed exemplary embodi-
ment shall therefore nct be used to construe the appended
claims strictly in accordance therewith. On the contrary the
embodiment is merely intended to explain the wording of the
appended claims without intent to Iimit the claims to this ex-
emplary embodiment. The scope of protection of the invention
shall therefore be construed in accordance with the appended
claims only, wherein a possikle ambiguity in the wording of

the claims shall be resoclved using this exemplary embodiment.
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CLAIMS

1. Energy storing prosthetic knee actuater (2) com-
prising a hydraulic or pneumatic cylinder (3} with a piston
{4) and a piston rod (5), wherein the piston (4) and the hy-
draulic or pneumatic cylinder {(3) are movable with respect to
each cther and are connected or connectable to a user’s upper
leg {(17) and lower leg (1’’) respectively or vice versa, and
further comprising an energy storage accumulator (6) and at
least cne control valve (7) provided in piping (8) connecting
the hydraulic or pneumatic cylinder {3) with the energy stor-
age accumulator (6) for contreolling an exchange of fluid or
gas between the energy storage accumulatcr (6} and the hydrau-
lic or pneumatic cylinder (3}, characterized in that the con-
trol valve {7) is automatically operable and connected to at
least one sensor (9) for detection whether the user (1) is
standing up.

2. Energy storing prosthetic knee actuator according
to claim 1, characterized in that the cylinder (3) is a pneu-
matic cylinder.

3. Energy storing prosthetic knee actuator according
to claim 1 or 2, characterized in that the contreol wvalve (7)
is arranged to clcse off the piping (8) when the sensor (9)
detects that the user (1) is seated and to open the piping (8)
when the sensor (9) detects that the user (1) is standing up.

4, Energy storing prosthetic knee actuator according
to any one of claims 1 - 3, characterized in that the sensor
(9} is selected from the group comprising a load sensor, an
accelerometer, an inertial measurement unit, or any suitable
combiration of any such sensors.

5. Energy storing prosthetic knee actuator according
tc any one of the previous c¢laims 1 - 4, characterized in that
the piston (4} is movable along and up to an extremity of the
piston rod (5).

6. Energy storing prosthetic knee actuator according
to any one of the previous claims 1 - 5, characterized in that
in the piping (8) comprising the contrcel valve (7) a control-
lable flow restriction member (10) is included.

7. Energy storing prosthetic knee actuator according
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to any one of the previcus claims 1 - 6, characterized in that
it comprises redundant piping (11) between the hydraulic or
pneumatic cylinder (3) and the energy storage accumulator (o),
in which redundant piping (11) a one-way valve (12) is includ-
ed enabling a flow of fluid or gas from the hydraulic or pneu-
matic cylinder (3) to the energy storage accumulator (6).

8. Energy storing preosthetic knee actuator according
to any cone cof the previocus claims 1 - 7, characterized in that
it comprises a high-pressure reservoir (13) connected to the
energy storage accumulator (6).

9. Energy storing prosthetic knee actuator according
to any one cof the previous claims 1 - 8, characterized in that
the contrel valve i1s a single control wvalve (7).

10. Method of using an energy storing prosthetic knee
actuator {(2) comprising a hydraulic or pneumatic cylinder (3)
with a piston {4) and a piston rod (5), wherein the piston (4)
and the hydraulic or pneumatic cylinder {3) are movable with
respect to each other, said actuator (2) further comprising an
energy storage accumulator (6} anc a control valve (7} provid-
ed in piping (8) connecting the hydraulic or pneumatic cylin-
der (3) with the energy storage accumulator {6) for control-
ling an exchange of fluid or gas between the energy storage
accumulator (6) and the hydraulic or pneumatic cylinder (3),
comprising the step of:

- connecting the hydraulic or pneumatic cylinder (3)
and the piston (3) to a user’s upper leg (1’) and lower leg
(177} respectively or vice versa, and characterized by the
steps of:

- providing at least one sensor {(9) for detection
whether the user (1) 1s seated or standing up;

~ closing the control valve (7) when the sensor (9)
detects that the user (1) is sitting down; and

- opening the control valve (7) when the sensor (9)

detects that the user (1) is standing up.
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