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AN EXOSKELETON SUPPORT MECHANISM FOR A MEDICAL
EXOSKELETON

CROSS-REFERENCE TO RELATED APPLICATIONS

18601} This application clanms the benefit under 35 U.S.C. § 119(e} of US
Provisional Patent Application No. 62/588,824, filed on 11-20-2017, which 1s

mcorporated herein by reference in its entirety for all purposes.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

[0602] This invention was made with government support under Contract No.
1545106 awarded by the National Science Foundation. The government has certain

rights 1n the mvention,
TECHNICAL FIELD

[8063] The present disclosure pertams to medical exoskeletons. More specifically,
described herein are mechanisms that reduce the chance of falling in a medical

exoskeleton.
BACKGROUND

[8604] Medical exoskeletons are designed to provide locomotion for individuals
with mobihity disorders. Typically, an exoskeleton 1s comprised of two leg braces
and an upper body brace. Most medical exoskeletons are powered via an assortment
of motors, which move the user’s body when commanded by the user themselves or
a chnmician. For most medical exoskeletons, a user supports themselves with the
help of two forearm crutches. These crutches are crucial to the user’s stability.

Without the crutches, the exoskeleton user would fall.
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BRIEF DESCRIPTION OF DRAWINGS

18605 Figure 1 shows a sagittal view of a person in a double stance.

[0006] Figure 2 shows a mechanism representing a leg and torso during a stance.

18067} Figure 3 shows a constrained mechamsm representing a leg and torso during

a stance.

8608} Figure 4 shows anocther example of a constrained mechanism representing a

feg and torso during a stance.

{8009} Figure 5 shows an example of a person standing inside of a walker.

[9016] Figure 6 shows an example of a coupling device.

18611} Figure 7 shows a sagittal view of a person coupled to a walker.

(8012} Figure 8 shows an embodiment of a coupling device.

0013} Figure @ shows another embodiment of a coupling device.

8614} Figure 10 shows another embodiment of a coupling device.

1001 5] Figure 11 shows another embodiment of a coupling device.

8616} Figure 12 shows another embodiment of a coupling device.

{86171 Figure 13 shows an embodiment of a torso angle adjustment feature and a

height adjustment feature of a coupling device.

1061 8] Figure 14 shows a side profile of a torso angle adjustment feature.
18619} Figure 1S shows a view of a walker connection feature.

19020} Figure 16 shows another view of a walker connection feature.

18021} Figure 17 shows a view of an exoskeleton connection feature.
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10022} Figure 18 shows another view of an exoskeleton connection feature.

18023} Figure 19 shows another view of an exoskeleton connection feature.
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DESCRIPTION OF EMBODIMENTS

18624} In the following description, numercus specific details are set forth in order
to provide a thorough understanding of the presented concepts. The presented
concepts may be practiced without some or all of these specific details. In other
mstances, well known process operations have not been described in detail so as to
not unnecessarily obscure the described concepts. While some concepts will be
described in conjunction with the specific examples, it will be understood that these

examples are not intended to be limiting.

[8025] As noted above, medical exoskeletons may implement the use of crutches.
According to various embodiments disclosed herein, an “Hxoskeleton Support
Mechanism” {coupling device} 1s provided that provides stability for an individual
using an exoskeleton. Because of the support provided by the coupling device,
medical exoskeleton users now are able to walk without the use of crutches. The
coupling devices described below can be used on any medical exoskeleton that

typically uses crutches.

8026} Figure 1 shows a sagittal view of a person at a beginning of a single stance
of a leg. Accordingly, as person 101 progresses forward, the rear leg of person 101
will 1ift off the ground (e toe off}. After “toe off” has occurred, person 101 will be
i single stance and will be supported by leg 105, At this time person 101 18
modeled as a simple linkage consisting of person’s torso 103 and person leg 105,
Person’s torso 103 and person’s leg 105 are coupled by person hip 107, which is
modeled as a rotary joint. Person’s leg 105 1s on the ground via person ankle 109,
which s approximately modeled as a rotary jomnt. It is assumed that the knee of
person’s leg 105 maintains complete extension during the stance phase. In some
embodiments, a knee joint may be slightly flexed during the stance phase. However,
as described m various embodiments, 1t 15 assumed that the knee 1s fully extended.
As person 101 contracts specific muscle groups surrounding person’s torse 103 and
person’s leg 105, a torque 15 produced about person’s hip 107, This torque may
cause the enlargement of angle 3 as can be seen in Figure 1. Because the orientation

of person’s torso 103 remains constant with respect to ground (i.e., torso angle o 15
4
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constant during locomotion}, the torque produced at hip 107 enlarges angle $and
causes person’s torso 103 to proceed along a trajectory from state A through states
B and C. If the orientation of person’s torso 103 was not constrained to a constant
angle (1.e., if angle o was not constant), then when angle § increased, person’s leg
and hink 113 would not proceed along a trajectory from state A through states B and
C. Furthermore, torso 103 would not proceed along forward direction 102
Accordingly, the orientation of person’s torso 103 remaiming constant at an angle of
o enables the torque generated at person’s hip 107 to move person’s torso 103

forward and provide locomotion of person 101,

198027} Figure 2, shows linkage 111, which models person 101 in Figure 1. Linkage
111 15 a two degree of freedom system. Link 113 represents person’s torso 103 and
hink 115 represents person’s leg 105 Joint 117 represents joint of a person’s hip
107. If ink 113 15 constrained such that angle o 15 held constant, hinkage 111 will
become a one degree of freedom system and a torque generated at joint 117 will

cause hink 113 to move forward along forward direction 102.

10028} Figure 3 shows a mechanism where an additional constraint 121 1s applied.
Constraint 121 constrains the ortentation of link 113 but allows link 113 to move
forward along forward divection 102 as well as along free line 210. Trolley 300 13
coupled to constraint 121 and can move along forward direction 102. The forward
motion of trolley 300 is produced by wheels 302, which are permitted to move
along forward direction 102 on surface 304. The addition of constraint 121 reduces
the number of degrees of freedom in a mechanism such as linkage 111 from two to
one. With constraint 121 applied, any torgue produced at joint 117 causes forward
motion of link 113 along forward direction 102, while keeping the orientation of
hink 113 constant. Figure 3 emulates how locomotion occurs when the orientation of
hink 113 is constrained. A person with intact mobility constrains the angle of their
torso {1.e. angle o) through many muscle activations. However, if a person has a
mobility disorder and cannot control their torso angle, said person will not be able to

progress forward along forward direction 102,
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10029} Figure 4, as similarly discussed above with reference to figure 3, illustrates
varigus embodiments where constraint 121 1s made as a part of a walker 167, which
15 permitted to move on the ground. For iHlustration purposes, the entire walker 1s
not shown. In figure 4, constraint 121 1s coupled to walker 167, which is moving on
the ground. As discussed above with reference to figure 3, constraint 121 may be

coupled to trolley 300 and may move along surface 304,

8030} Thus, as discussed above, constraining an orientation of the torso helps
facilitate forward locomotion. As shown in figure 4, a person with poor balance can
be coupled to a walker, which can act to constrain their torso angle. As long as said
person can provide a torque at their hip, the person and the walker, taken as a whole,
will move forward. The above procedure can also be applied to a person who has
no ability to produce a torque at their hip. In this case, an individual uses an
exoskeleton to produce said hip torque. The exoskeleton torso is coupled to a walker
and also is able to constrain the person’s torso angle. In such embodiments, if the
exoskeleton can provide a torque at the person’s hip, the person and the walker,
taken as a whole, will move forward. In the case where the person walks with the
assistance of an exoskeleton and walker, the person will remain stable (1.e. will not
fall) because the walker has four wheels. Therefore, the person 13 always stable
since the center of mass remains within the footprint of the walker’s four wheels.
Dhsclosed heren are coupling devices that couple a person 101 to a walker 167

while constraining the person torso angle.

[8031] Figure 5 shows person 101 standing nside of walker 167, As discussed

above and discussed n greater detail below, person 101 may be attached to walker
167 in a variety of ways. In some embodiments, walker 167 mcludes four wheels.
In one example, two of the wheels are always behind person 101 and two of which

are always in front of person 101,

18032} Figure 6 shows an example of a coupling device. As will be discussed in
greater detail below, a coupling device 183 may include various components such as
mechanism 189, orthosis coupling member 187, walker coupling member 185,
walker 167, and a wheel, such as wheel 1065.

6
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19033} Figure 7 shows an embodiment of coupling device 183 when 1t 1s coupling
person 101 to walker 167, Coupling device 183 is configurable to couple walker
167 to torso orthosis 200, Torso orthosis 200 1s configurable to couple to person
101, Coupling device 183 comprises an orthosis coupling member 187 which s
configurable to be coupled to torso orthosis 200. Coupling device 183 further
comprises a walker coupling member 185 which is configurable to be coupled to
walker 167. Coupling device 183 further comprises a mechanism 189 which is
coupled to orthosis coupling member 187 from its first end and to walker coupling
member 185 from its second end. For illustration purposes, figures 6 and 7 do not
show all features of mechanism 189, but additional details are provided below.
Mechansm 189 1s configured such that it constrains orthosis coupling member 187
to move, relative to walker coupling member 185, along a free line 210 (shown in
figure 4}. In some erobodiments of invention, free line 210 15 a straight line. This
freedom to move along free line 210 1s needed for locomotion as seen n Figure |
where the person’s hip 107 moves up and down when traveling through an arc. In
operation when torso orthosts 200 1s worn by person 101 and coupling mechanism
189 1s coupled to both walker 167 and torso orthosis 200, coupling mechanism 189
forces walker and torso orthosis (which is coupled to person 101} to move together
along moving direction 102, As shown m embodiment of figure 7, free line 210
and moving direction 102 are not parallel. In other words, coupling device 183 does
not allow walker 167 and person 101 to move relative to each other along free line
210, This causes walker 167 and person 101 to move together as person 101

progresses to move along direction 102.

18034} Figure 8 shows an embodiment of mechanism 189. In varicus embodiments,
walker coupling member 185 is coupled to walker 167, Such coupling may be
mnplemented by coupling walker coupling member 185 to horizonal bar 310 of
walker 107 (as shown in figure 6). Link 245 1s rotatably coupled to walker coupling
member 185 where axis 249 represents the rotation axis. Component 253 may bea
fow friction material which allows for smooth rotation of link 245, Link 255 1s
rotatably coupled to link 245 where line 250 represents the rotation axis. Link 259
is rotatably coupled to link 255 where line 252 represents the rotation axis.

~7
/
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Together hink, 245, 255, and 259 make up a three-bar serial link mechanism which
allows link 259 to have three mndependent degrees of freedom relative to walker
coupling member 185, These three independent degrees of freedom exists within a

plane parallel to free plane 254.

18035} In various embodiments, mechanism 189 aliows for translation and rotation
of link 259 in a plane. In some embodiments, link 259 15 the same as orthosis
coupling member 187 which s coupled to torso orthosis 200. Accordingly, the
motion created by this serial link mechanism allows orthosis coupling member 187
to move laterally while coupled to torso orthosis 200, This lateral movement
pernuts weight shifting of person 101 (i.e. the transfer of person 101°s body weight
off of one leg and onto another leg so as to permut the swinging of an unloaded leg),
which occurs when walking in an exoskeleton. As shown by figure 8, mechanism
189 allows orthosis coupling member 187 (and by connection link 259) to move and
rotate with three degrees of freedom in a plane parallel to free plane 254, This
mdicates that although torso orthosis 200 is free to move and rotate in this plane,
any motion of the orthosis coupling member 187, not in free plane 254, leads to

motion of walker coupling member 185

[9036] Figure 9 shows other embodiments of mechanism 189 that function similarly
as the embodiments of figure §, however link 247 and 257 are added, thereby
creating a six bar mechanism. Link 247 is rotatably coupled to walker coupling
member 185, Axis 251 represents this rotation. Link 257 1s rotatably coupled to hink
247 Axis 261 represents this rotation. Link 257 1s rotatably coupled to link 259
Axis 262 represents this rotation. Like mechanism 189 of Figure 8, ink 259 15 able
to move and rotate i a plane parallel to free plane 254 However, embodiments of
mechanism 189 disclosed by figure 9 may be stronger than embodiments of

mechanism 139 disclosed by Figure 8.

86371 Figure 10 shows embodiments where a rotational segment, such as
component 217, 15 rotatably coupled to link 259 at joint 265, Axis 267 shows the
axis of rotation of component 217 relative to hink 259, In this embodiment,
component 217 becomes orthosis coupling member 187 and couples to torso

]
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orthosis 200. This rotation of component 217 relative to link 259 constitutes another
degree of freedom permitted by mechanism 189. This rotational movement will
assist person 101 when attempting to turn walker 167 to walk m a new direction. A
similar degree of freedom can be added to the embodiments discussed above with
reference to Figure 9. Figure 11 shows embodiments where component 217 is
rotatably coupled to link 259 at joint 265, Axis 267 shows the axis of rotation. In
this embodiment, component 217 1s configured as the orthosis coupling member

187.

0038} Figure 12 an embodiment of mechanism 189 where rotation between link
259 and component 217 is reduced and instead walker coupling member 185 rotates
relative to walker 167 about an alternative axis (instead of walker coupling member
185 being fixed relative to walker 167 as shown in figures 10and 11}, Insuch
embodiments, mechanism 189 can rotate relative to walker pin 271 (In this
embodiment, walker pin 271 1s fixed relative to walker 167) about axis 273. This
rotational movement will assist person 101 when attempting to turn walker 167 to
walk 11 a new direction. Accordingly, in some embodiments the order of the
rotational degree of freedom and the aforementioned six bar mechanism can be
switched. The rotational degree of freedom n in figure 11 represented by axis 267 13
closer to the spine of person 101 than axis 273 of figure 12, Accordingly, when
person 101 attempts to rotate, person 101 will rotate along a shorter arc length than

if person 101 attempts to rotate about axis 273,

[8639] Embodiments disclosed herein describe coupling devices 183 that are
configurable to couple a walker 167 to a torso orthosis 200, An embodiment of the
torso orthosis 200 1s described above and shown in figure 7. The torso orthosis 200
i3 configurable to couple to a person 101, Torso orthosts 200 can be a part of an
exoskeleton 306 as shown in figure 19, As will be discussed in greater detail below,
figure 19 illustrates embodiments where coupling device 183 is coupled to the back
of the torso orthosis 200 which 1s labeled as exoskeleton spine 191, Accordingly,
torso orthosis 200 may be an orthosis that embraces the person’s torso area {i.e.

upper body or above hip). In various embodiments, such a torso orthosis can be used
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alone, or it can be a part of an exoskeleton. Torso orthosis 200 may be made of hard
and soft materials. In this case the torque at the hip is generated at least partly by
actuator 311. Actuator 311 rotatably couples exoskeleton leg 308 to a horizontal
member 312 of torso orthosis 200, Battery 193 of exoskeleton 306 is mounted on

exoskeleton spine 191,

18040] As discussed above, for example with reference to Figure 7, a coupling
device comprises an orthosis coupling member which 1s configurable to be coupled
to the torso orthosis. This coupling takes place etther behind the person, like
embodiments shown here, or 1n front the person. Coupling devices described herein
may also comprises a walker coupling member which is configurable to be coupled
to a walker. In some embodiments of invention, this coupling can be implemented
using any suitable mechanism. In some embodiments of the invention, the coupling
can be done via welding or various fasteners. In various embodiments, the coupling
is designed to include quick connect and disconnect features. According to some
embodiments, a coupling device may also include a mechanism which 1s coupled to
the orthosis coupling member from its first end and to the walker coupling member
from its second end. The mechanism may be configured such that it constrains the
orthosis coupling member to move {and rotate if allowed), relative to the walker
coupling member in a subspace of the mechanism. More specifically, the
mechanism, such as mechanism 189, i1s configured such that it allows limuted

moving freedom of orthosts coupling member relative to walker coupling member.

18041} In some embodiments of the mvention, this sebspace 15 a plane 254 {as
shown mn figure 8} where orthosis coupling member 187 moves and rotates relative
to walker coupling member 185 in plane 254, In operation, a torso orthosis 18 worn
by a person and a coupling device 13 coupled to both the walker and torso orthosis.
When configured in this way, a person moves along a moving direction 102, as
described above. This causes orthosis coupling member 187 to move along moving
direction 102 also. If this moving direction is within the free subspace, then walker
coupling member 185 will not move. This may be the case because, in free

subspace, orthosis coupling member 187 and walker coupling member 185 can

[u—
o
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move relative to each other. If moving direction 102 15 not within the free
subspace, then the coupling device forces the walker and torso orthosis to move
along moving direction 102 together. Further, mechanism 189 allows the torss
orthosis to move freely in free subspace. This movement permits weight shifting of
a person {1.e. the transfer of the person’s body weight off of one leg and onto
another leg so as to permit the swinging of an unloaded leg), which is an essential

part of walking i an exoskeleton.

8042} In some embodiments, the free subspace is a free plane 254, This means
mechanism 189 allows orthosis coupling member 187 to move and rotate relative to
walker coupling member 185 in a free plane 254. In some embodiments, when
subspace is a plane, mechanism 189 comprises a serial three-bar linkage to allow
orthosis coupling member 187 to move and rotate relative to walker coupling
member 185 in free plane 254. In some embodiments, when subspace is a plane,
mechanism 189 comprises a three-degree-of-freedom linkage to allow orthosis
coupling member 187 to move and rotate relative to the walker coupling member

185 in plane 254,

[0043] In some ernbodiments, the free subspace 5 a free plane 254 rotatable along
an axis 267 parallel to plane 254, as shown in Figures 10 and 11, and mechanism
189 constrains orthosis coupling member 187 member to move and rotate in free
plane 254 while the plane is rotatable. In some embodiments, when subspace 15 a
plane rotatable along an axis 267 parallel to the plane, mechanismn 189 comprises a
serial three-bar linkage to allow the orthosts coupling member to move and rotate
relative to the walker coupling member in the free plane. In some embodiments,
when subspace is a plane rotatable along an axis paraliel to free plane, mechanism
189 comprises a three-degree-of-freedom hinkage to allow orthosis coupling
member 187 to move and rotate relative to the walker coupling member 185 in

plane 254.

[8044] In some embodiments, as shown i figure 13, a coupling device may mclude
a height adjustment feature 291, In the context of a walker, this feature allows a
coupling device to be used by mndividuals with various heights. Accordingly, height

i1
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adjustment feature 291 allows the entirety of a coupling device to become taller or
shorter depending on the height of user such as person 101 and the height of walker
167, described above. In some embodiments of the inventions, a height adjustment
feature, such as link 245 described above, is a tool-less feature, allowing for easy
adjustment by any user. In some embodiments of invention, height adjustment
feature 291 uses fasteners to prevent the translation of walker coupling member 185
relative to holding shaft 281, Via height adjustment feature 291, walker coupling
member 185 is able to shide up and down holding shaft 281 and lock in place at

discrete steps.

[8045] Figure 15 shows an embodiment of walker connection feature 385, Walker
connection feature 385 connects coupling device 183 to walker 167, 1t will be
appreciated that Figure 15 1s a simplified illustration of walker connection feature
385. According to various embodiments, a human such as person 101, the
exoskeleton worn by person 101, and the rest of coupling device 183 may be
mcluded in Figure 15, However, for the purposes of clarnity of walker connection
feature 385, the aforementioned components have not been shown in Figure 15, Tn
various embodiments, walker connection feature 385 mncludes contamer 197 and
component 199 — each of which may be on opposite sides of walker 167,
Component 199 ts coupled to pins 201, which are pressed mto component 199, By
guiding pins 201 into holes 203, component 199 can be moved toward contamer
197, Additionally, inserts 205 are attached to container 197 and component 199
{(insert 205 on component 199 is not Iabeled 1 Figure 14) to ensure solid contact
between walker connection feature 385 and walker 167, Inserts 205 are designed
with contoured faces identical to that of walker 167’s cross section. Unce container
197 and component 199 are aligned via pins 201, knobs 207 can be screwed into
threaded holes 209 on container 197 and tightened by hand. This tightening allows
mserts 205 to clamp firmly around walker 167, In various embodiments, container
197 may also be coupled via fasteners to component 211, In some embodiments,

component 211 and container 197 can be treated as the same body.

12
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10046} Figure 16 shows an alternative view of walker connection feature 385. In
Figure 16, component 199 and component 211 are shown, Components 199 and
211 are aligned via pins 201 and are clamped together via the hand tightening of
knobs 207. As mentioned earlier, the actual contact between walker connection
feature 385 and walker 167 occurs via inserts 205, Figure 16 provides a cross
sectional view of mserts 205 and walker 167. From Figure 16, it can be seen that
the contacting face of inserts 205 are contoured to match the cross sectional shape of
walker 167. This match in shape between inserts 205 and the cross section of
walker 167 allows for a rigid connection between walker 167 and walker connection
feature 385, In various embodiments, coupling device 183 (and w particular,
walker connection feature 385) 15 designed to be compatible with walkers of all
shapes and sizes. For example, custom inserts 205 may be designed for each walker
167 that 15 desired for use. Thus, inserts 205 may be configured to be easily
mterchangeable in order to attach coupling device quickly from one walker to the
next. Accordingly, container 197 and component 199 are configured such that

mserts 205 can easily shide in and out of said components.

8647} On both front and back sides of component 199 (the front side 13 shown in
Figure 16 but the above discussion regarding design applies to the back side of
component 199), component 213 1s attached to component 199 via fasteners 215
Fasteners 215 are configured to attach component 213 to 199, and fasteners 215 are
configured to constrain component 213 to move only up and down relative to
component 199, If walker connection feature 385 1s in the orientation shown in
Figure 16, and if gravitational acceleration acts downwards, component 213
naturally rests as shown in Figure 16, thereby preventing insert 205 from shiding out
of component 199 unintentionally (which could lead to failure of coupling device
183). In various embodiments, insert 205 can be removed from component 199
manually. In some embodiments, the same constraint technique of insert 205
applies to the back side of container 197 {container 197 can be seen in Figure 15).
However, msert 205 is prevented from shiding out the front side of container 197 via
the presence of component 211, which 1s rigidly attached to container 197 via

fasteners. Once knobs 207 are hand tightened, compressive forces bind inserts 205

i3
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to container 197 and component 199, essentially making components 213 act as
secondary locking features. Components 213 are configured to facilitate swapping
of mserts 205 when coupling device 183 1s not in use. This design allows coupling
device 183 to be easily used amongst any walker regardless of shape. It will be
appreciated that walker connection feature 385 requires no use of tools, thereby

making this feature easy to use for any individual.

[0048] Figure 17 provides an embodiment of exoskeleton connection feature 387
Exoskeleton connection feature 387 connects coupling device 183 to the
exoskeleton being worn by person 101, As simtilarly discussed above, Figure 17152
simplified illustration of the exoskeleton connection feature 387. More specifically,
person 101, walker 167, and the rest of coupling device 183 may be included in
figure 17, but have been omitted for purposes of clarity. Exoskeleton spine 191,
exoskeleton battery 193, and exoskeleton control board 195 are shown in Figure 16
to further clarity the functionality of exoskeleton connection feature 387 In various
embodiments, exoskeleton connection feature 387 mcludes components 217 and
219, In various embodiments, there are two components 219 — both attached to
exoskeleton spine 191 and each on opposite sides of exoskeleton battery 193, On
each side of component 217 lies pin 221, Pins 221 are pressed into component 217
and face components 219, which both have holes 223 that pins 221 can shde wnto.
This nterface between pins 221 and holes 223 comprise the connection of
exoskeleton connection feature 387, By gwding component 217 such that pins 221
align with holes 223, an individual can connect the entirety of coupling device 183
to the exoskeleton worn by person 101, To ensure that component 217 cannot
separate from components 219 after pins 221 are aligned in holes 223, a snap fit
mechanism is incorporated into exoskeleton connection feature 387, 1n particular, a
non-releasing trap snap fit mechanism may be implemented to provide load bearing
capabilities and an optimal fatlure mode. In some embodiments, two non-releasing
trap snap {it mechanisms may be implemented, where one is on each side of

exoskeleton connection feature 387,
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0049} Figure 18 shows an embodiment of exoskeleton connection feature 387. As
similarly noted above, a particular side is illustrated in Figure 18, but such features
may be implemented on either side of exoskeleton connection feature 387, In Figure
18, component 217 1s shown with pin 221 pressed into component 217 Component
217 1s also attached to non-releasing trap 225 — which is coupled to component 217
via pin 227. The axis of pin 227 extends into and out of Figure 18. Thus, non-
releasing trap 225 has the ability to rotate relative to component 217 about the axis
of pin 227 However, said rotation i1s controlled via torsional spring 229 — which is
configured to sit inside non-releasing trap 225 and is concentric to the axis of pin
227. Due to the preload of torsional spring 229, in 1ts assembled state, non-
releasing trap 225 sits such that trap section 231 of non-releasing trap 225 rises
above cavity 233 m component 217 To couple component 217 with component
219, component 217 15 moved along the direction of arrow 2335 and component 219
is moved along the direction of arrow 237 until pin 221 aligns with hole 223, In
order for the non-releasing trap snap it mechanism to function, pins 221 contact
holes 223 before component 217 contacts components 219, As discussed above, the
may be two pins 221 and two holes 223 n exoskeleton connection feature 387,
Thus, if both pins 221 and both holes 223 align together, component 217 and
components 219 are reduced to a one degree of freedom system. Accordingly, once
the alignment of pins 221 and holes 223 occurs, component 217 and components
219 can only slide along the direction of the axes of pins 221, This reduction in
degrees of freedom forces face 239 of component 219 to attempt to shide over trap
section 231 as components 217 and 219 are brought together. As a result, non-
releasing trap 225 1s forced to rotate about the axas of pin 227 such that trap section

231 1s lowered into cavity 233.

00508} Figure 19 shows an embodiment of exoskeleton connection feature 387
when components 217 and 219 have been fully connected. As discussed above in
figure 18, face 239 of component 219 shdes over trap section 231, non-releasing
trap 225 rotates about the axis of pin 227 such that trap section 231 1s lowered into
cavity 233, Once face 239 has completely passed over trap section 231, non-
releasing trap 225 now sits under cavity 241 of component 219. Due to the open
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space created by cavity 241 and the preload of torsional spring 229, non-releasing
trap 225 rotates back to its original position as seen in Figure 17. Once this
happens, components 217 and 219 are locked together. Attempting to separate the
two results in trap section 231 contacting a wall of cavity 241, thereby preventing
linear motion between components 217 and 219, Thus, the embodiment of Figure
19 represents the configuration where coupling device 183 has successfully been

attached to the exoskeleton of person 101,

8051} In order to release coupling device 183 from the exoskeleton of person 101,
non-releasing trap 225 may be rotated about pin 227 such that trap section 231 15
fowered back into cavity 233. This motion will allow components 217 and 219 to
slide away from each other until pins 221 are fully removed from holes 223, Trap
section 231 may be lowered back into cavity 233 if the lower portion of non-
releasing trap 225 (1.e. the only part of non-releasing trap 225 that 1s exposed in
Figure 18} is manually manipulated such that a counter-clockwise torque is
provided on non-releasing trap 225 about the axis of pin 227. Without this manual
mput from a user, exoskeleton connection feature 387 will not separate.
Furthermore, the non-releasing snap-fit mechanism implemented in exoskeleton
connection feature 387 may provide additional benefits. First, the connection and
disconnection of components 217 and 219 require no tools, thereby making the
connection process possible for any user. Second, is that the trap snap fit

mechanisms 1 general are optimal for load bearing applications.

[8652] 1t will be appreciated that person 101 (who 1s of considerable weight) 13
ultimately attached to components 219, Additionally, it will be appreciated that
coupling device 183 15 ultimately attached to component 217 and 1s responstble for
supporting person 101, In order to provide this support, exoskeleton connection
feature 387 1s configured to support the weight of person 101, As shown n figure
18, under a load-bearing scenario, components 217 and 219 will experience forces
that attempt to draw them apart from each other, thereby placing significant load on
trap section 231 of non-releasing trap 225 However, this load is compressive in

nature, making buckling the primary failure mode for non-releasing trap 225

16
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Buckling may be a preferred failure mode for load bearing applications due to its
compressive nature {compared to tension-based fatlure modes such as beam
bending. Thus, the non-releasing snap fit mechanism provides beneficial failure

tolerance for exoskeleton connection feature 387,

[8053] Although the foregoing concepts have been described in some detail for
purposes of clarity of understanding, it will be apparent that certain changes and
modifications may be practiced within the scope of the appended claims. It should
be noted that there are many alternative ways of implementing the processes,
systems, and devices. Accordingly, the present examples are to be considered as

tlustrative and not restrictive.
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CLAIMS
What 1s claimed 1s:

1. A coupling device configured to couple a walker to a torso orthosis which s
configurable to couple to a person, said coupling device comprising:

an orthosis coupling member configurable to be coupled to said torso
orthosis;

a walker coupling member configurable to be coupled to said walker; and

a mechanism coupled to the orthosis coupling member from its first end and
to the walker coupling member from its second end, wherein said mechanism 13
configured to constrain said orthosis coupling member to move, relative to the
walker coupling member, along a free line,

wherein said torso orthosis s worn by the person and said coupling device 13
coupled to both said walker and said torso orthosis,

wherein said person is able to walk in a moving direction, and

wherein said mechanism is configured to force said walker and said torso
orthosis to move along said moving direction together, and 15 further configured to
allow said torso orthosis to move freely along said free line when said moving

direction is not parallel with said free line.

2. The coupling device of claim 1, wherein said orthosis coupling member i3
configured to move 1n a free plane relative to the walker coupling member, wherein
said free hine lies in said free plane.

3. The coupling device of claim 1, wherein said orthosis coupling member 18
configured to rotate in a free plane relative to the walker coupling member, wherein

satd free hine lies n said free plane.

4. The coupling device of claim 1, wherein said orthosis coupling member is
configured to rotate along an axis substantially parallel to a spine of the person

allowing said person to rotate.
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5. A coupling device configurable to couple a walker to a torso orthosis which
1s configurable to couple to a person, said coupling device comprising:
an orthosis coupling member configurable to be coupled to said torso
5  orthosis;
a walker coupling member configurable to be coupled to said walker; and
a mechanism coupled to the orthosis coupling member from its first end and
to the walker coupling member from its second end, wherein said mechanism 1s
configured to constrain said orthosis coupling member to move and rotate relative to
10 the walker coupling member in a free plane,
wherein said torso orthosis is worn by the person and said coupling
mechanism is coupled to both said walker and said torso orthosis,
wherein saud person 1s able to walk in a moving direction, and
wherein said mechanism 15 configured to force said walker coupling member
15 and said orthosis coupling member to move along said moving direction together,
and 1s further configured to allow said orthosis coupling member to move and rotate

freely 10 said free plane.

6. The coupling device of claim 5, wherein said mechanism comprises a serial
20 three-bar linkage configured to constrain said orthosis coupling member to move

and rotate relative to said walker coupling member in a said plane.

7. The coupling device of claim 5, wherein said mechanism comprises a three-
degree-of-freedom linkage configured to constrain said orthosis coupling member to

25  move and rotate relative to said walker coupling member in said plane.

8. A coupling device configurable to couple a walker to a torso orthosis which
is configurable to couple to a person, said coupling device comprising:
an orthosis coupling member configurable to be coupled to said torso
30 orthosis;

a walker coupling member configurable to be coupled to said walker; and

1%
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a mechanism coupled to the orthosis coupling member from its first end and
to the walker coupling member from 1ts second end, wherein said mechanisn is
configured to constrain said orthosis coupling member to move and rotate relative to
walker coupling member in a free subspace,

wherein said torso orthosts i1s worn by the person and said coupling
mechanism s coupled to both said walker and said torso orthosis,

wherein said person s able to walk in a moving direction, and

wherein said mechanism 1s configured to force said walker coupling member
and said orthosis coupling member to move along said moving direction together
and allows said orthosis coupling member to move and rotate freely in said free

subspace.

9. The device of claim §, wherein said free subspace is a free plane and said
mechanism s configured to constrain said orthosis coupling member to move and

rotate relative to walker coupling member n said free plane.

10. The coupling device of claim 9, wherein said mechanism comprises a serial
three-bar hinkage configured to constrain said orthosis coupling member to move

and rotate relative to said walker coupling member m said free plane.

11 The coupling device of claim 9, wherein said mechanism comprises a three-
degree-of-freedom linkage configured to constrain said orthosis coupling member to

move and rotate relative to said walker coupling member in said free plane.

12. The device of claim 8, wherein said free subspace is a free plane configured
to rotate along an axis parallel to said free plane, and wherein said mechanism s
configured to constrain said orthosis coupling member to move and rotate i said

free plane relative to walker coupling member.

[ \.]
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13 The coupling device of claim 12, wherein said mechanism comprises a serial
three-bar linkage configured to constrain said orthosis coupling member to move

and rotate relative to said walker coupling member in said free plane.

5 14 The coupling device of claim 12, wherein said mechanism comprises a
three-degree-of-freedom linkage configured to constrain said orthosis coupling
member to move and rotate relative to said walker coupling member in said free

plane.

10 15 The device of claim 8, wherein said free subspace is a free line and said
mechanism s configured to constrain said orthosis coupling member to move

relative to the walker coupling mermber along said free line.

15
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