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(57) ABSTRACT

Disclosed is a knee joint guide apparatus which can be
driven even at any point on a plane in which an instanta-
neous rotation center of a knee joint can be positioned by a
self-alignment function, and can also implement output
performance required for a walking operation through a
mechanical advantage change depending on a flexion angle.
The knee joint guide apparatus includes: a proximal body
link provided above a knee joint; a distal body link provided
at a location corresponding to the proximal body link below
the knee joint; and a planar rigid body 6-bar linkage mecha-
nism including a plurality of revolute joints and a plurality
of prismatic joints, and a plurality of links between the
proximal body link and the distal body link to output a
mechanical advantage depending on a flexion angle of the
knee joint in movement of the knee joint with a self-
alignment function.

10 Claims, 9 Drawing Sheets
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FIG. 3
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FIG. 6B
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FIG. 7A
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1
KNEE JOINT GUIDE APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2021-0113279 filed in the
Korean Intellectual Property Office on Aug. 26, 2021, the
entire contents of which are incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION
(a) Field of the Invention

The present disclosure relates to a knee joint guide
apparatus.

(b) Description of the Related Art

Depending on a knee joint shape of a wearer, an instan-
taneous center of rotation path of a knee joint changes upon
walking. A conventional knee joint mechanism is difficult to
be applied to multiple people as it is formed by a simple
revolute joint or simulates only a representative instanta-
neous center of rotation path.

In recent years, a knee mechanism joint with its self-
alignment function has been designed in consideration of the
knee joint instantaneous center of rotation path of various
wearers, but due to the increase in degrees of freedom,
power and speed transmission characteristics are not easy
for walking. In addition, in order to use a wearable robot
without causing a strain on a body of the wearer, a robot
design according to an individual body type and a manual
wearing process of an expert are required, but it is difficult
to commercialize the wearing robot due to high cost.

The above information disclosed in this Background
section is only for enhancement of understanding of the
background of the disclosure, and therefore it may contain
information that does not form the prior art that is already
known in this country to a person of ordinary skill in the art.

SUMMARY OF THE INVENTION

The present disclosure has been made in an effort to
provide a knee joint guide apparatus which can be driven
even at any point on a plane in which an instantaneous
rotation center of a knee joint can be positioned by a
self-alignment function, and can also implement output
performance required for a walking operation through a
mechanical advantage change depending on a flexion angle.

An exemplary embodiment of the present disclosure
provides a knee joint guide apparatus which includes: a
proximal body link provided above a knee joint, a distal
body link provided at a location corresponding to the
proximal body link below the knee joint, and a planar rigid
body 6-bar linkage mechanism including a plurality of
revolute joints and a plurality of prismatic joints, and a
plurality of links to output a mechanical advantage depend-
ing on a flexion angle of the knee joint in movement of the
knee joint with a self-alignment function.

The knee joint and the proximal body link, the distal body
link, and the planar rigid body 6-bar linkage mechanism may
form one closed loop and have one degree of freedom.

The planar rigid body 6-bar linkage mechanism may
include three revolute joints, three prismatic joints, and four
links.
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Three revolute joints may include a first revolute joint
connecting the proximal body link and a first link, a second
revolute joint connecting the first link and a second link, and
a third revolute joint connecting the proximal body link and
a third link.

Three prismatic joints may include a first prismatic joint
connecting the second link and the third link, a second
prismatic joint connecting the third link and a fourth link,
and a third prismatic joint connecting the fourth link and the
distal body link.

The first prismatic joint, the third revolute joint, and the
second prismatic joint may be connected to each other
through the third link.

The first revolute joint is connected to one side of the
proximal body link, one side of the first link is connected to
the first revolute joint, the second revolute joint is connected
to the other side of the first link, one side of the second link
is connected to the second revolute joint, the first prismatic
joint is connected to the other side of the second link, one
side of the third link is connected to the first prismatic joint,
and the third revolute joint is connected to the third link to
form a first closed loop.

The third revolute joint is connected to the other side of
the proximal body link, one side of the third link is con-
nected to the third revolute joint, the second prismatic joint
is connected to the other side of the third link, one side of
the fourth link is connected to the second prismatic joint, and
the third prismatic joint is connected to the other side of the
fourth link to form a second closed loop.

The flexion angle of the knee joint may be set to O degree
to 180 degrees.

The first revolute joint may further include an actuating
unit generating actuating torque.

Four links may include at least one ternary link.

According to an exemplary embodiment of the present
disclosure, since a knee joint guide apparatus can be used for
walking operations of multiple persons without complicated
customizing task even by a single product, manufacturing
cost can be reduced and a wearer range can be increased.

Further, there is an effect that a new mechanism special-
ized in the walking operation can be implemented through a
mechanical advantage change according to a knee flexion
angle for any point on a plane in which an instantaneous
rotation center of a knee joint can be positioned.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram schematically illustrating a knee joint
guide apparatus according to an exemplary embodiment of
the present disclosure.

FIG. 2 is a diagram illustrating a connection relationship
of the knee joint guide apparatus according to an exemplary
embodiment of the present disclosure.

FIG. 3 is a diagram illustrating a state is assumed in which
the knee joint guide apparatus is worn by a wearer according
to an exemplary embodiment of the present disclosure.

FIG. 4 is a diagram illustrating a state is assumed in which
the knee joint guide apparatus is worn by the wearer and
moved at a set flexion angle according to an exemplary
embodiment of the present disclosure.

FIG. 5 is a diagram illustrating a mechanism shape change
depending on location of a knee joint instant center of
rotation and a flexion angle of the knee joint guide apparatus
according to an exemplary embodiment of the present
disclosure.

FIG. 6A is a diagram illustrating a mechanical advantage
according to the flexion angle of a knee joint.
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FIG. 6B is a diagram illustrating a size of shear force
depending on the flexion angle of the knee joint.

FIGS. 7A and 7B are diagrams illustrating a state in which
a proto type of the knee joint guide apparatus is worn
according to an exemplary embodiment of the present
disclosure.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

The terms used herein is for the purpose of describing
specific exemplary embodiments only and are not intended
to be limiting of the present disclosure. The singular forms
used herein include plural forms as well, if the phrases do
not clearly have the opposite meaning. The terms “com-
prises,” “comprising,” “includes” and/or “including” used in
the specification means that a specific feature, region, inte-
ger, step, operation, element and/or component is embodied
and presence or addition of other specific features, regions,
integers, steps, operations, elements, components, and/or
groups are not excluded.

Unless defined otherwise, all terms including technical
and scientific terms used herein have the same meaning as
commonly understood by those skilled in the art to which the
present disclosure belongs. Commonly used predefined
terms are further interpreted as having a meaning consistent
with the relevant technical literature and the present disclo-
sure, and are not construed as ideal or very formal meanings
unless defined otherwise.

The present disclosure will be described more fully here-
inafter with reference to the accompanying drawings, in
which exemplary embodiments of the disclosure are shown.
As those skilled in the art would realize, the described
embodiments may be modified in various different ways, all
without departing from the spirit or scope of the present
disclosure.

The drawings and description are to be regarded as
illustrative in nature and not restrictive. Like reference
numerals designate like elements throughout the specifica-
tion. In addition, some components are exaggerated or
omitted or schematically illustrated in the accompanying
drawings, and the size of each component does not fully
reflect an actual size.

FIG. 1 is a diagram schematically illustrating a knee joint
guide apparatus according to an exemplary embodiment of
the present disclosure.

Referring to FIG. 1, the knee joint guide apparatus
according to the exemplary embodiment includes a proximal
body link 10, a distal body link 15, and a planar rigid body
6-bar linkage mechanism.

The proximal body link 10 is a part provided above a knee
joint. The distal body link 15 is a part provided at a location
corresponding to the proximal body link 10 below the knee
joint.

The planar rigid body 6-bar linkage mechanism connects
the proximal body link 10 connected to a femoral region of
a wearer and the distal body link 15 connected to the shin of
the wearer.

The planar rigid body 6-bar linkage mechanism may
implement a self-alignment function at any point on a plane
in which an instantaneous rotation center of the knee joint
may be positioned, and implement output performance
required for a walking operation through a mechanical
advantage changes depending on a knee flexion angle in
walking.

The planar rigid body 6-bar linkage mechanism is a part
that includes a plurality of revolute joints and a plurality of
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prismatic joints, and a plurality of links between the proxi-
mal body link 10 and the distal body link 15 to output a
mechanical advantage depending on the flexion angle of the
knee joint in movement of the knee joint with the self-
alignment function. For example, the planar rigid body 6-bar
linkage mechanism may include a mutual connection struc-
ture among three revolute joints, three prismatic joints, and
four links. Here, three revolute joints include a first revolute
joint 21, a second revolute joint 22, and a third revolute joint
23. Three prismatic joints include a first prismatic joint 31,
a second prismatic joint 32, and a third prismatic joint 33.
Four links include a first link 11, a second link 12, a third
link 13, and a fourth link 14.

An actuating unit may be applied to the first revolute joint
21. The proximal body link 10 and the first link 11 are
connected by the first revolute joint 21. The first link 11 and
the second link 12 are connected by the second revolute joint
22. The second link 12 and the third link 13 are connected
by the first prismatic joint 31. The third link 13 and the
proximal body link 10 are connected by the third revolute
joint 23.

Further, the third link 13 and the fourth link 14 are
connected by the second prismatic joint 32. The fourth link
14 and the distal body link 15 are connected by the third
prismatic joint 33.

The planar rigid body 6-bar linkage mechanism including
three revolute joints, three prismatic joints, and four links is
a part different from a knee joint mechanism proposed in
conventional robots. The planar rigid body 6-bar linkage
mechanism may have the self-alignment function, and out-
put the mechanical advantage depending on the flexion
angle of the knee joint in walking.

The distal body link 15 and the proximal body link 10
may be connected through a knee joint 41 of the wearer. In
this case, since the knee joint 41 has any location and any
flexion angle on a plane, the knee joint 41 may be expressed
with three degrees of freedom on the plane. The knee joint
41 and the proximal body link 10, the distal body link 15,
and the planar rigid body 6-bar linkage mechanism may
form one closed loop and have one degree of freedom.

The planar rigid body 6-bar linkage mechanism is con-
figured to have three revolute joints and three prismatic
joints as described above, and the planar rigid body 6-bar
linkage mechanism may be driven even at any point on the
plane in which the instantaneous rotation center of the knee
joint may be positioned with the self-alignment function and
show the output performance required for the walking
operation through the mechanical advantage change depend-
ing on the flexion angle.

FIG. 2 is a diagram illustrating a connection relationship
of the knee joint guide apparatus according to an exemplary
embodiment of the present disclosure.

In FIG. 2, virtual revolute and prismatic joints 4la
including two links and three joints connected to the third
prismatic joint 33 shows an instantaneous center of a dif-
ferent knee joint for each person. That is, the virtual revolute
and prismatic joints 4la are a joint for expressing the
location of a revolute motion of the knee joint which is fixed
and extended. In the virtual revolute and prismatic joints
41a, two orthogonal prismatic joints are joints for represent-
ing a center of the knee joint which may be freely positioned
in a predetermined space on a plane. That is, in order to
express the center of the knee joint of one wearer, two
prismatic joints determine a central location of the knee joint
according to a slide length, and one revolute joint determines
the flexion angle of the knee joint according to a rotation
angle.
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Therefore, it is shown that the third prismatic joint 33 is
connected to the virtual revolute and prismatic joints 41a in
FIG. 2, but the third prismatic joint 33 may be attached to the
distal body link 15. Here, the distal body link 15 may refer
to a shin part below a knee of an actual person. For
reference, the proximal body link 10 may refer to a femoral
region part above the knee of the actual person.

The proximal body link 10, the third revolute joint 23, the
third link 13, the second prismatic joint 32, the fourth joint
14, the third prismatic joint 33, the virtual revolute and
prismatic joints 41a, and the proximal body link 10 are
connected in sequence to form a second closed loop 2. When
the second closed loop 2 has three degrees of freedom before
being worn by the wearer, but is worn on the knee joint of
one wearer, the virtual revolute and prismatic joints 41a are
changed to a joint having one degree of freedom, and as a
result, a wearing unit including a mechanism and the knee
joint of the wearer generally becomes a one degree-of-
freedom system as a whole. That is, once a location (X,..,
Vimeo) Of the knee joint and a flexion angle (0,,,,.) of the knee
joint are determined, movements of another link and joint
constituting the second closed loop 2 may also be deter-
mined.

The virtual revolute and prismatic joints 41a representing
the center of the knee joint are first connected to the fourth
link 14 through the third prismatic joint 33. The third
prismatic joint 33 which is restrained by the rotation of the
knee joint performs a translational movement. The transla-
tional movement of the third prismatic joint 33 makes the
translational movement of the second prismatic joint 32
through the fourth link 14. Therefore, the third revolute joint
23 attached to the proximal body link 10 makes a rotational
movement.

Meanwhile, a first closed loop 1 different from the second
closed loop 2 is formed by a sequential connection of the
proximal body link 10, the first revolute joint 21, the first
link 11, the second revolute joint 22, the second link 12, the
first prismatic joint 31, the third link 13, the third revolute
joint 23, and the proximal body link 10. In this case, the first
revolute joint 21 and the third revolute joint 23 are con-
nected to the proximal body link 10. The actuating unit may
be applied to the first revolute joint 21. Since the third link
13 is a link to which the first prismatic joint 31, the third
revolute joint 23, and the second prismatic joint 32 are
attached jointly, the movement of the first prismatic joint 31
may also be determined when the movement of the third link
13 is determined according to the rotation of the knee joint.
When the first prismatic joint 31 performs the translational
movement, the second link 12 performs the translational
movement parallel thereto. Accordingly, the restrained sec-
ond revolute joint 22 performs the rotational movement, and
lastly, the movement of the first link 11 which is an actuating
unit joint is made.

In this case, since the first closed loop 1 has the one degree
of freedom in itself, the first closed loop 1 has the same
movement according to the flexion angle regardless of the
location of the knee joint. Further, the third link 13 as a
ternary link connects the first closed loop 1 and the second
closed loop 2.

FIG. 3 is a diagram assuming and illustrating a state in
which the knee joint guide apparatus is worn by a wearer
according to an exemplary embodiment of the present
disclosure and FIG. 4 is a diagram assuming and illustrating
a state in which the knee joint guide apparatus is worn by the
wearer and moved at a set flexion angle according to an
exemplary embodiment of the present disclosure.
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Referring to FIGS. 3 and 4, the movement when the knee
joint guide apparatus according to the exemplary embodi-
ment has locations and angles of multiple output units may
be known. In the knee joint guide apparatus according to the
exemplary embodiment, the knee joint may be positioned at
any point in an internal part of at least 30 mm in each of an
anterior/posterior direction and a proximal/distal direction
on a sagittal plane. Further, the knee joint guide apparatus
may have a flexion angle of the knee joint of 0 to 180
degrees.

In FIGS. 3 and 4, a situation is assumed in which the
proximal body link 10 and the distal body link 15 are the
same as the femoral region and the shin of one wearer. When
it is assumed that the proximal body link 10 is a ground, a
movement of the distal body link 15 relative to the proximal
body link 10 may be defined according to the knee joint
movement of the wearer. The knee joint movement of the
wearer is implemented by the virtual revolute and prismatic
joints 41a. Since the knee joint movement of the wearer is
determined, an entire degree of freedom between the knee
joint guide apparatus and the wearer according to the
exemplary embodiment may form the one degree of freedom
system. That is, as the first revolute joint 21 applied as the
actuating unit has the rotational movement, the movements
of the first link 11 to the fourth link 14 and the second
revolute joint 22, the third revolute joint 23, and the first
prismatic joint 31 to the third prismatic joint 33 are deter-
mined.

In the second closed loop 2, the second prismatic joint 32
and the third prismatic joint 33 correct the knee joint
location of the wearer and when the third revolute joint 23
revolves according to the knee joint flexion angle of the
wearer, the third revolute joint 23 transmits the movement to
multiple joints of the first closed loop 1.

FIG. 5 is a diagram illustrating a mechanism shape change
depending on a knee joint rotation center location and a
flexion angle of the knee joint guide apparatus according to
an exemplary embodiment of the present disclosure.

Referring to FIG. 5, a location of a knee joint instant
center or rotation is represented by a location of virtual
revolute and prismatic joints inside a region indicated by
reference numeral 41a in FIG. 2. Knee joints of various
wearers may be variously positioned in a predetermined
space (inside anterior/posterior direction 30 mm length and
proximal/distal direction 30 mm length on the sagittal
plane). The location of knee joint instantaneous center of
rotation of the wearer is expressed as two orthogonal virtual
prismatic joints inside the region indicated by reference
numeral 41a in FIG. 2. In this case, the location of the
instantaneous center of the knee joint is represented by
(Xippees Vimee) and the flexion angle is represented by 6,,,...
FIG. 5 illustrates a mechanism state when the flexion angle
of the knee joint is 0, 30, 60, and 90 degrees when the
instantaneous center of the knee joint is positioned at a total
of five points.

When a part corresponding to the second closed loop 2 is
described, translation movement lengths of the second pris-
matic joint 32 and the third prismatic joint 33 vary depend-
ing on the location of the knee joint. However, the rotation
angle of the third revolute joint 23 according to the flexion
angle of the knee joint is the same regardless of the location
of the instantaneous rotation center of the knee joint.

When a part corresponding to the first closed loop 1 is
described, the corresponding part has the same movement
according to the flexion angle regardless of the location of
the knee joint.
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FIG. 6A is a graph illustrating a mechanical advantage
according to the flexion angle of the knee joint in the knee
joint guide apparatus according to an exemplary embodi-
ment and FIG. 6B is a graph illustrating a size of shear force
depending on the flexion angle of the knee joint.

When the flexion angle is 0 degree or more and approxi-
mately 20 degrees or less, the mechanical advantage is 1 or
more and a torque of the actuating unit may be increased and
transmitted in the output unit. When the flexion angle is
approximately 20 degrees or more, the mechanical advan-
tage is 1 or less and an angular velocity of the actuating unit
may be increased and transmitted in the output unit. A
maximum torque which the actuating unit should assist for
the walking operation through the change in mechanical
advantage depending on the angle is smaller than that of a
robot of a simple revolute joint. Further, there is little
unnecessary shear force applied to the body regardless of the
knee joint location on the sagittal plane at all angles. That is,
the knee joint guide apparatus according to the exemplary
embodiment may possess the self-alignment function in a
working space of the sagittal plane.

FIGS. 7A and 7B are diagrams illustrating a state in which
a proto type of the knee joint guide apparatus is worn
according to an exemplary embodiment of the present
disclosure. FIG. 7A is a diagram illustrating a state in which
a woman having a height of an early range of 160 cm wears
the proto type of the knee joint guide apparatus according to
the exemplary embodiment of the present disclosure. In
addition, FIG. 7B is a diagram illustrating a state in which
a man having a height of a middle range of 170 cm wears the
proto type of the knee joint guide apparatus according to the
exemplary embodiment of the present disclosure.

Referring to FIGS. 7A and 7B, it can be seen that even
though different persons wear the same proto type, the
walking operation is not difficult.

While this disclosure has been described in connection
with what is presently considered to be practical exemplary
embodiments, it is to be understood that the disclosure is not
limited to the disclosed embodiments. On the contrary, it is
intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the
appended claims.

<Description of symbols>
10; Proximal body link 11; First link
12; Second link 13; Third link
14; Fourth link 15; Distal body link

21; First revolute joint
23; Third revolute joint
32; Second prismatic joint

22; Second revolute joint
31; First prismatic joint
33; Third prismatic joint

What is claimed is:

1. A knee joint guide apparatus comprising:

a proximal body link configured to be provided above a
knee joint;

a distal body link configured to be provided at a location
corresponding to the proximal body link below the
knee joint; and
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a planar rigid body 6-bar linkage mechanism including a
plurality of revolute joints and a plurality of prismatic
joints, and a plurality of links between the proximal
body link and the distal body link configured to output
a mechanical advantage depending on a flexion angle
of the knee joint in movement of the knee joint with a
self-alignment function.

2. The knee joint guide apparatus of claim 1, wherein:

the proximal body link, the distal body link, and the planar
rigid body 6-bar linkage mechanism form one closed
loop and have one degree of freedom.

3. The knee joint guide apparatus of claim 2, wherein:

the planar rigid body 6-bar linkage mechanism

includes three revolute joints, three prismatic joints, and
four links.

4. The knee joint guide apparatus of claim 3, wherein:

the three revolute joints include

a first revolute joint connecting the proximal body link
and a first link,

a second revolute joint connecting the first link and a
second link, and

a third revolute joint connecting the proximal body link
and a third link.

5. The knee joint guide apparatus of claim 4, wherein:

the three prismatic joints include

a first prismatic joint connecting the second link and the
third link,

a second prismatic joint connecting the third link and a
fourth link, and

a third prismatic joint connecting the fourth link and the
distal body link.

6. The knee joint guide apparatus of claim 5, wherein:

the first prismatic joint, the third revolute joint, and the
second prismatic joint are connected to each other
through the third link.

7. The knee joint guide apparatus of claim 6, wherein: the
first revolute joint is connected to a first end of the proximal
body link, a first end of the first link is connected to the first
revolute joint, the second revolute joint is connected to a
second end of the first link, a first end of the second link is
connected to the second revolute joint, the first prismatic
joint is connected to a second end of the second link, a first
end of the third link is connected to the first prismatic joint,
and the third revolute joint is connected to the third link to
form a first closed loop.

8. The knee joint guide apparatus of claim 7, wherein: the
third revolute joint is connected to a second end of the
proximal body link, a second end of the third link is
connected to the third revolute joint, the second prismatic
joint is connected to the first end of the third link, a first end
of the fourth link is connected to the second prismatic joint,
and the third prismatic joint is connected to a second end of
the fourth link to form a second closed loop.

9. The knee joint guide apparatus of claim 4, wherein:

the first revolute joint further includes an actuating unit
generating actuating torque.

10. The knee joint guide apparatus of claim 3, wherein:

the four links include at least one ternary link.

#* #* #* #* #*



