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(54) TRAINING DEVICE

(57) A training apparatus is disclosed, comprising: a
top structure, a bottom structure, and a traction structure
disposed between the top structure and the bottom struc-
ture, and wherein the traction structure is configured to
be retractable along an axial direction of the top or bottom
structure to achieve relative movement between the top
structure and the bottom structure.
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Description

RELATED APPLICATIONS

[0001] The present application claims the benefit of
Chinese Patent Application No. 201820950573.4, filed
on June 20, 2018, the entire disclosures of which are
incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of
wearables, and more particularly to a training apparatus.

BACKGROUND

[0003] People who maintain a fixed posture for a long
time will make the neck and shoulder muscles in a rigid
state for a long time, which is easy to cause strain, and
then cause neck diseases such as cervical disc hernia-
tion, cervical spondylosis and periarthritis of shoulder.
[0004] Since neck diseases are prone to recurrent ep-
isodes, recovery time is relatively long, professional treat-
ment and rehabilitation training costs are high, and pa-
tients are inconvenient to move, at present, the neck
training is mainly performed by specialized medical in-
struments that are towed by multiple degrees of freedom.
The characteristics of these instruments comprise at
least a complicated structure, a large volume, an expen-
sive price, and are not easy to operate.

SUMMARY

[0005] It is an object of the present disclosure to pro-
vide a training apparatus for cervical vertebra rehabilita-
tion.
[0006] According to one aspect of the present disclo-
sure, there is provided a training apparatus comprising:
a top structure, a bottom structure, and a traction struc-
ture disposed between the top structure and the bottom
structure, and wherein the traction structure is configured
to be retractable along an axial direction of the top or
bottom structure to achieve relative movement between
the top structure and the bottom structure.
[0007] In some embodiments of the training apparatus
according to the present disclosure, the traction structure
comprises a plurality of traction sub-structures, each of
the plurality of traction sub-structures being configured
to be independently retractable along the axial direction.
[0008] In some embodiments of the training apparatus
according to the present disclosure, each of the top
bracket and the bottom bracket comprises annular struc-
ture, and the plurality of traction sub-structures are dis-
posed on the bottom bracket to be connected to the top
bracket, and the plurality of traction sub-structures are
sequentially spaced along the annular structure.
[0009] In some embodiments of the training apparatus
according to the present disclosure, each of the plurality

of traction sub-structures comprises an inflatable stacked
structure, each stack of the stacked structure is stacked
along a direction from the bottom structure to the top
structure, and the stacked structure is configured to be
a flat shape in an uninflated state and a stretched shape
in an inflated state, and achieve the relative movement
between the top structure and the bottom structure by
inflation and deflation.
[0010] In some embodiments of the training apparatus
according to the present disclosure, the number of the
plurality of traction sub-structures is 7-9.
[0011] In some embodiments of the training apparatus
according to the present disclosure, the stacked structure
comprises a plurality of rubber tubes stacked and in com-
munication with each other.
[0012] In some embodiments of the training apparatus
according to the present disclosure, in the stacked struc-
ture, a top rubber tube and a bottom rubber tube respec-
tively have one opening, and the rubber tubes between
the top rubber tube and the bottom rubber tube each
have both an upper opening and a lower opening, and
adjacent rubber tubes communicate through adjacent
openings.
[0013] In some embodiments of the training apparatus
according to the present disclosure, a side of each of the
top rubber tube and the bottom rubber tube closer to an
adjacent rubber tube is provided with two stuck slots lo-
cated on both sides of the opening and extending along
a direction of the opening, a side of the top bracket closer
to the rubber tube is provided with a first stuck slot that
is matched with the stuck slot of the top rubber tube; and
a side of the bottom bracket closer to the rubber tube is
provided with a second stuck slot that is matched with
the stuck slot of the bottom rubber tube.
[0014] In some embodiments of the training apparatus
according to the present disclosure, a side of the top
bracket away from the rubber tube is provided with a first
groove configured to receive the top structure; and a side
of the bottom bracket away from the rubber tube is pro-
vided with a second groove configured to receive the
bottom structure.
[0015] In some embodiments of the training apparatus
according to the present disclosure, the top structure and
the bottom structure comprise annular airbags.
[0016] In some embodiments of the training apparatus
according to the present disclosure, the annular airbag
of the top structure comprises: a notch, and two protru-
sions, the two protrusions being inflatable structures in-
tegrally designed with the annular airbag.
[0017] In some embodiments of the training apparatus
according to the present disclosure, the training appara-
tus further comprises a drive device configured to control
extension and retraction of the plurality of traction sub-
structures, and wherein the drive device comprises: an
inflation mechanism configured to inflate each of the
stacked structures; a plurality of pairs of switching valves
configured to respectively control inflation and deflation
of each of the stacked structures, each pair of switching
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valves comprising an inflation valve and a deflation valve;
and a control mechanism configured to control the infla-
tion mechanism and the plurality of pairs of switching
valves.
[0018] In some embodiments of the training apparatus
according to the present disclosure, the inflation valve
and the deflation valve comprise solenoid valves or elec-
tric valves, and the inflation valve and the deflation valve
are independently controllable.
[0019] In some embodiments of the training apparatus
according to the present disclosure, the inflation mech-
anism comprises: one or more air pumps configured to
generate a source gas; an air sack configured to be con-
nected to the air pumps to store the source gas; and an
intake valve connected to an outlet end of the air sack,
wherein the control mechanism is configured to control
the turning on and turning off of the intake valve.
[0020] In some embodiments of the training apparatus
according to the present disclosure, the inflation mech-
anism further comprises: a first air pressure sensor con-
nected between the air pumps and the air sack, the first
air pressure sensor being configured to sense an internal
pressure of the air sack, wherein the control mechanism
is configured to: compare the pressure sensed by the
first air pressure sensor with a preset upper threshold
and a preset lower threshold, and turn off the air pumps
in response to the sensed pressure being greater than
the upper threshold, and turn on the air pump in response
to the sensed pressure being less than the lower thresh-
old.
[0021] In some embodiments of the training apparatus
according to the present disclosure, each of the plurality
of pairs of switching valves further comprises: a second
air pressure sensor disposed at an outlet end of the in-
flation valve, the second air pressure sensor being con-
figured to sense an air pressure in the stacked structure,
wherein the control mechanism is configured to turn on
and turn off the inflation valve and/or the deflation valve
according to the air pressure sensed by the second air
pressure sensor.
[0022] In some embodiments of the training apparatus
according to the present disclosure, the inflation mech-
anism further comprises: an F.R.L connected between
the intake valve and the pair of switching valves, the F.R.L
being configured to control the highest pressure value
flowing into the stacked structures.
[0023] In some embodiments of the training apparatus
according to the present disclosure, the drive device fur-
ther comprises a memory configured to store operational
steps of a predetermined traction movement, and where-
in the control mechanism is configured to control the plu-
rality of pairs of switching valves according to the oper-
ational steps of the predetermined traction movement
stored in the memory.
[0024] In some embodiments of the training apparatus
according to the present disclosure, each deflation valve
of the plurality of pairs of switching valves comprises a
muffler disposed at an outlet end of the deflation valve.

[0025] In some embodiments of the training apparatus
according to the present disclosure, the predetermined
traction movement comprises forward flexion and back-
wards extension movements in a sagittal plane, left and
right flexion movements in a coronal plane, a rotational
movement in a horizontal plane, and a tensile traction
movement in a vertical direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The various aspects, features, and advantages
of the present disclosure will be readily understood from
the following detailed description and drawings, in which:

Fig. 1a schematically illustrates a perspective front
view of a training apparatus in accordance with some
embodiments of the present disclosure;
Fig. 1b schematically illustrates a cross-sectional
view of a training apparatus in accordance with some
embodiments of the present disclosure;
Figs. 2a, 2b, 2c, 2d, and 2e schematically illustrate
perspective views of a top structure, a top bracket,
a bottom bracket, a bottom structure, and a traction
structure of a training apparatus in accordance with
some embodiments of the present disclosure, re-
spectively;
Figs. 3a-3b schematically illustrate cross-sectional
views of a traction sub-structure of a training appa-
ratus in an uninflated state and an inflated state in
accordance with some embodiments of the present
disclosure, respectively;
Figs. 4a-4b schematically illustrate front and side
views of a wear effect of a training apparatus in ac-
cordance with some embodiments of the present dis-
closure, respectively;
Fig. 5 schematically illustrates a perspective view of
a training apparatus in accordance with further em-
bodiments of the present disclosure;
Fig. 6 schematically illustrates a hardware block di-
agram of a drive device of a training apparatus ac-
cording to some embodiments of the present disclo-
sure;
Fig. 7 schematically illustrates a pneumatic circuit
and control schematic of a training apparatus in ac-
cordance with some embodiments of the present dis-
closure;
Fig. 8 schematically illustrates a physical connection
diagram of various components of a training appa-
ratus in accordance with some embodiments of the
present disclosure; and
Fig. 9 schematically illustrates an operational flow-
chart of a training apparatus in accordance with
some embodiments of the present disclosure.

[0027] It should be noted that, the above drawings are
merely schematic and illustrative, and are not necessarily
drawn to scale.
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DETAILED DESCRIPTION OF EMBODIMENTS

[0028] The disclosure will be described more fully with
reference to the accompanying drawings below. Some
embodiments of the present disclosure are shown in the
drawings
[0029] Figs. 1a-1b schematically illustrate front and
cross-sectional views of a training apparatus in accord-
ance with some embodiments of the present disclosure,
respectively. As shown in Figs. 1a-1b, a training appa-
ratus according to some embodiments of the present dis-
closure may comprise a top structure 101, a bottom struc-
ture 102, and a traction structure 103 disposed between
the top structure 101 and the bottom structure 102,
wherein the traction structure 103 is configured to be re-
tractable along an axial direction of the top structure 101
or the bottom structure 102 to achieve relative movement
between the top structure 101 and the bottom structure
102. In the training apparatus according to some embod-
iments of the present disclosure, the traction structure
103 is axially extended and retracted, thereby achieving
the purpose of assisting the movement of body parts re-
quired activities, such as neck, the joint portion, and the
like. Illustratively, the training apparatus according to
some embodiments of the present disclosure may assist
a normal person in performing neck activities, or assist
a patient with cervical spondylosis to perform neck ac-
tivities to relieve or treat the pain. Moreover, the above-
mentioned training apparatus is simple in structure, port-
able and light, and low in cost, and thus is suitable for
home exercise or rehabilitation.
[0030] In some embodiments of the training apparatus
according to the present disclosure, the top structure and
the bottom structure may be annular structures, and the
traction structure may also be an annular structure
matching the top structure and the bottom structure. The
part of the trained object can be projected into the annular
structure to obtain auxiliary movement in a movement
state in which the traction structure is axially extended
and retracted.
[0031] A training apparatus according to some embod-
iments of the present disclosure may be a training appa-
ratus for a certain active position of a trained object, e.g.
a training apparatus for the joints of a human or an animal,
such as neck, arm, and leg, or the like. In the following
description of the present disclosure, a neck training ap-
paratus is mainly taken as an example for explanation.
[0032] In some embodiments of the training apparatus
according to the present disclosure, the traction structure
comprises a plurality of traction sub-structures, each of
the plurality of traction sub-structures is configured to be
independently retractable along the axial direction. The
traction sub-structures can be independently controlled
with each other, which can adapt to the autonomic activ-
ities of the trained object. For example, when the trained
object moves to a certain direction, the plurality of traction
sub-structures can be respectively controlled to adapt to
the moving direction of the trained object, thus improving

the positive effects of training and reducing the negative
effects of training. In some implementations, the training
apparatus according to the present disclosure further
comprises a top bracket disposed between the top struc-
ture and the traction structure, and a bottom bracket dis-
posed between the bottom structure and the traction
structure.
[0033] As shown in Figs. 1a and 1b, in some embodi-
ments, the training apparatus can further comprise a top
bracket 104 disposed between the top structure 101 and
the traction structure 103 for receiving and fixing the top
structure 101, and a bottom bracket 105 disposed be-
tween the bottom structure 102 and the traction structure
103 for fixing the bottom structure 102. The traction struc-
ture 103 can be detachably connected between the top
bracket 104 and the bottom bracket 105.
[0034] Figs. 2a-2e schematically illustrate perspective
views of various components of a training apparatus in
accordance with some embodiments of the present dis-
closure, respectively.
[0035] Figs. 2a and 2d illustrate a top structure 101
and a bottom structure 102 of a training apparatus in
accordance with some embodiments of the present dis-
closure, respectively. In some embodiments in accord-
ance with the present disclosure, the top structure 101
and the bottom structure 102 can be flexible structures,
such as the annular airbags illustrated in Figs. 2a and
2d, namely the top and bottom airbags. Since the top
structure 101 and the bottom structure 102 need to be in
direct contact with the trained object (e.g., the human
body), the structure such as an airbag can improve wear-
ing comfort. The top and bottom airbags may take the
form of inflatable airbags. As shown in Figs. 2a and 2d,
the top and bottom airbags may be in the shape of a ring
similar to a tire after inflation.
[0036] Since the airbag is small in volume before being
inflated, the top airbag and the bottom airbag can be kept
in an uninflated state before the training apparatus is
worn, so as to be easy to wear, store and carry. And the
airbag has a certain elasticity and flexibility after being
inflated, thereby wear comfort is achieved when the train-
ing apparatus is operated. In addition, in the inflated state,
because of the better flexibility and toughness of the air-
bag, the top airbag can fully contact the wearer’s head
to support the weight of the wearer’s head. At the same
time, it is also the direct force point when towing the neck.
In addition, the inflation and deflation of the top and bot-
tom airbags may be performed by means of an external
electric or manual air pump, or may be controlled by a
dedicated control device.
[0037] In some embodiments of the present disclo-
sure, as shown in Fig. 2a, the top structure 101 can com-
prise a notch 101a configured to correspond to a position
of a wearer’s lower jaw (commonly known as a chin) when
worn by the wearer to fit the lower jaw, thereby improving
wear comfort. Furthermore, as shown in Fig. 2a, the top
structure 101 may further comprise at least one protru-
sion 101b configured to support the wearer’s neck and/or
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head (two protrusions 101b corresponding to for example
the human shoulder positions are exemplarily shown in
Fig. 2a). The at least one protrusion 101b as shown is
mainly used to contact the neck and/or the head of the
human body when worn to support the neck or the head,
and thus its structure should be adapted to the contours
of the corresponding portions of the human neck and/or
head, to further improve wear comfort. Optionally, when
the top structure 101 is an annular airbag, the at least
one protrusion 101b is an inflatable structure integrally
designed with the annular airbag.
[0038] Fig. 2b illustrates a top bracket 104 of a training
apparatus in accordance with some embodiments of the
present disclosure. As shown in Figs. 2b and 1b, the top
bracket 104 can comprise a first groove 104c for receiving
the top structure 101. In some embodiments, the top
bracket 104 can comprise a notch 104b. The notch 104b
correspondingly matches with the notch 101a of the top
airbag 101 as shown in Fig. 2a, which is carried by the
notch 104b. Optionally, as shown in Fig. 1b, the lower
portion of the top bracket 104 may be provided with a
first stuck slot 104a (not shown in Fig. 2b) for connection
to the traction structure 103.
[0039] Fig. 2c illustrates a bottom bracket 105 of a train-
ing apparatus in accordance with some embodiments of
the present disclosure. As shown in Figs. 2c and 1b, the
bottom bracket 105 can be annular and its upper portion
is provided with a second stuck slot 105b for connection
to the traction structure 103. As shown in Fig. 2c, the
bottom bracket 105 may further be provided with a cove
105c for placing a connecting structure connected to the
external device, e.g., a connection line for connecting an
air pump that inflates the airbag when the top structure
101 or the bottom structure 102 is an airbag. Further, as
shown in Fig. 1b, the lower portion of the bottom bracket
105 may be provided with a second groove 105d (not
shown in Fig. 2c) similar to the first groove 104c of the
top bracket 104 for receiving the bottom structure 102.
[0040] In some embodiments of the training apparatus
according to the present disclosure, as shown in Figs.
1a and 1b, the first groove 104c of the top bracket 104
and the second groove 105d of the bottom bracket 105
may be annular grooves, and the opening directions of
the two grooves are opposite, that is, the first groove
104c faces upward and the second groove 105d faces
downward. The top structure 101 and the bottom struc-
ture 102 can be connected to the top bracket 104 and
the bottom bracket 105, respectively, in a detachable
manner, such as a snap fit. For example, when the top
structure 101 and the bottom structure 102 are annular
inflatable airbags, as shown in Fig. 1b, in the inflated
state, the top structure 101 and the bottom structure 102
are respectively snap fitted into the first groove 104c of
the top bracket 104 and the second groove 105d of the
bottom bracket 105.
[0041] In some embodiments, as shown in Fig. 2b, the
inner diameter of the circular section of the first groove
104c of the upper portion of the top bracket 104 is the

same as the outer diameter of the circular section of the
top structure 101, thereby achieving a close match be-
tween the two. Moreover, the height value of the first
groove 104c of the upper portion of the top bracket 104
exceeds the inner diameter value of its circular section,
and the top bracket 104 is bent inward at an angle on
both sides of the tail portion of the first groove 104c, so
that when in an inflated state the top structure 101 can
be more securely snap fitted into the first groove 104c of
the top bracket 104, the top structure 101 and the top
bracket 104 can be integrated into one whole without
being easily separated, and the top bracket 104 functions
to fix the top structure 101.
[0042] In some embodiments, as shown in Fig. 2c, the
inner diameter of the circular section of the second
groove 105d of the lower portion of the bottom bracket
105 is the same as the outer diameter of the circular
section of the bottom structure 102, thereby achieving a
close match between the two. Moreover, the height value
of the second groove 105d of the lower portion of the
bottom bracket 105 exceeds the inner diameter value of
its circular section, and the bottom bracket 105 is bent
inward at an angle on both sides of the tail portion of the
second groove 105d, so that when in an inflated state
the bottom structure 102 can be more securely snap fitted
into the second groove 105d of the bottom bracket 105,
avoiding to be separated from it, and the bottom bracket
105 functions to fix the bottom structure 102.
[0043] In some embodiments, as shown in Fig. 3a, the
traction structure 103 can be a retractable structure, such
as an inflatable stacked structure having an upper trench
103a and a lower trench 103b. The upper trench 103a
and the lower trench 103b are respectively configured to
match the first stuck slot 104a of the lower portion of the
top bracket 104 and the second stuck slot 105b of the
upper portion of the bottom bracket 105. Therefore, when
connecting, the upper trench 103a of the traction struc-
ture 103 is directly snap fitted into the first stuck slot 104a
of the top bracket 104, and the lower trench 103b of the
traction structure 103 is directly snap fitted into the sec-
ond stuck slot 105b of the bottom bracket 105.
[0044] Fig. 2e shows a plurality of traction sub-struc-
tures 1031 to 1038 of the traction structure 103 of the
training apparatus according to the present disclosure.
In some embodiments, as shown in Fig. 2e, the traction
structure 103 of the training apparatus can comprise a
plurality of traction sub-structures 1031 to 1038, wherein
each of the traction sub-structures 1031 to 1038 can be
configured to be independently retractable along the axial
direction of the top structure 101 or the bottom structure
102. As shown in Figs. 1a and 2e, the top bracket 104
and the bottom bracket 105 are annular structures, and
the plurality of traction sub-structures 1031 to 1038 are
disposed on the bottom bracket 105 to be connected to
the top bracket 104. The plurality of traction sub-struc-
tures 1031 to 1038 are sequentially spaced along the
annular structure.
[0045] According to the principle of human physiology,
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the neck movement of the human body is mainly caused
by the retraction and stretching of the muscle tissue dis-
tributed around the neck to complete the multi-degree-
of-freedom movement of the human neck. According to
the freedom of movement of the human neck and the
composition of the muscle tissue that drives the neck
movement, the complex and minute muscle tissues can
be neglected, and the muscle tissues that play the move-
ment and traction function can be simplified into several
major muscle tissues. For example, they can be simpli-
fied into the following eight muscle tissues around the
neck: the erector spinae at the direct rear side, the left
trapezius at the left rear side, the left sternocleidomastoid
at the left side, the left platysma at the left front side, the
sternohyoid muscle at the direct front side, the right
platysma at the right front side, the right sternocleido-
mastoid at the right side, and the right trapezius at the
right rear side. Thus, according to the bionics principle,
the plurality of traction sub-structures 1031-1038 shown
in Fig. 3 that can be independently retractable along the
axial direction can be configured to correspond to the
positions of different muscle tissues around the neck
when worn by the wearer. By simulatingrespective major
muscle tissue around the human neck that plays the
movement and traction function, the plurality of traction
sub-structures 1031-1038 are retracted and stretched to
drive the top structure 101 to complete multi-directional,
multi-angle, and multi-dimensional traction of the human
neck.
[0046] In the concepts of mathematics and physics,
"axial direction" is usually for a cylindrical object, that is,
the direction of the central axis of rotation of the cylinder,
i.e., the direction common to the central axis. Therefore,
"axial movement" is the movement along the axial direc-
tion, that is, the movement along the direction of the cen-
tral axis of rotation. In the present disclosure, as shown
in Fig. 2e, in order to match the contours of the neck and
the head of the human body, the top structure, the bottom
structure, the traction structure, and the like are generally
annular, and thus belong to cylindrical object that is sym-
metric about the center of rotation. Accordingly, "axial
extension and retraction or axial movement" of the trac-
tion structure or traction sub-structure as referred to here-
in refers to movement along a central axis of rotation of
the top structure, the bottom structure, or the traction
structure, i.e., movement in a substantially vertical direc-
tion, thereby driving the top structure to tow the neck.
Generally, the axial retractable movement of each of the
plurality of traction sub-structures 1031-1038 can be per-
formed separately or independently to drive the move-
ment of the top structure, to achieve flexible traction of
the neck. Of course, some or all of the plurality of traction
sub-structures 1031-1038 can also be retractable along
the axial direction in a coordinated manner to achieve
diverse neck traction.
[0047] For example, the traction sub-structures
1031-1038 as shown in Fig. 2e may be configured to
correspond to the positions of the above-described erec-

tor spinae at the direct rear side, the left trapezius at the
left rear side, the left sternocleidomastoid at the left side,
the left platysma at the left front side, the sternohyoid
muscle at the direct front side, the right platysma at the
right front side, the right sternocleidomastoid at the right
side, and the right trapezius at the right rear side around
the neck, respectively. Therefore, the retraction and/or
extension movement of the respective muscle tissue can
be simulated, and the retractable movement of the re-
spective traction sub-structures 1031-1038 can cooper-
ate to each other, for example, to achieve traction move-
ment of at least 4 degrees of freedom, such as but not
limited to, forward flexion/backwards extension move-
ment in a sagittal plane, left/right flexion movement in a
coronal plane, a rotational movement in a horizontal
plane, and a tensile traction movement in a vertical di-
rection.
[0048] The principle of using a plurality of retractable
traction sub-structures 1031-1038 to achieve multi-de-
gree-of-freedom (here, 4 degrees of freedom is taken as
an example) traction movement is described below with
reference to Fig. 2e.

1. The forward flexion/backwards extension move-
ment in a sagittal plane: the first traction sub-struc-
ture 1031 corresponding to the erector spinae per-
forms the extension movement in the vertical axial
direction, while the fifth traction sub-structure 1035
corresponding to the sternohyoid muscle performs
the retraction movement in the vertical axial direc-
tion, thereby pushing the top structure 101 to perform
the forward flexion movement of a sagittal plane, and
driving the wearer’s neck to complete the forward
flexion movement of a sagittal plane. Conversely,
the fifth traction sub-structure 1035 corresponding
to the sternohyoid muscle performs the extension
movement in the vertical axial direction, while the
first traction sub-structure 1031 corresponding to the
erector spinae performs the retraction movement in
the vertical axial direction, thereby pushing the top
structure 101 to perform the backwards extension
movement of a sagittal plane, and driving the wear-
er’s neck to complete the backwards extension
movement of a sagittal plane.
2. The left/right flexion movement in a coronal plane:
the third traction sub-structure 1033 corresponding
to the left sternocleidomastoid performs the exten-
sion movement in the vertical axial direction, while
the seventh traction sub-structure 1037 correspond-
ing to the right sternocleidomastoid performs retrac-
tion movement in the vertical axial direction, thereby
driving the wearer’s neck to complete the right flexion
movement of the coronal plane. Conversely, the sev-
enth traction sub-structure 1037 performs extension
movement in the vertical axial direction, while the
third traction sub-structure 1033 performs the retrac-
tion movement in the vertical axial direction, thereby
driving the wearer’s neck to complete the left flexion
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movement of the coronal plane.
Similarly, the fourth traction sub-structure 1034 cor-
responding to the left platysma performs extension
movement in the vertical axial direction, while the
eighth traction sub-structure 1038 corresponding to
the right trapezius performs retraction movement in
the vertical axial direction, to achieve the bending
movement of the human neck toward the right rear.
On the contrary, the eighth traction sub-structure
1038 performs extension movement in the vertical
axial direction, while the fourth traction sub-structure
1034 performs retraction movement in the vertical
axial direction, to achieve the bending movement of
the human neck toward the left front. Furthermore,
the sixth traction sub-structure 1036 corresponding
to the right platysma performs extension movement
in the vertical axial direction, while the second trac-
tion sub-structure 1032 corresponding to the left tra-
pezius performs retraction movement in the vertical
axial direction, to achieve the bending movement of
the human neck toward the left rear. Conversely, the
second traction sub-structure 1032 performs exten-
sion movement in the vertical axial direction, while
the sixth traction sub-structure 1036 performs retrac-
tion movement in the vertical axial direction, to
achieve the bending movement of the human neck
toward the right front.
3. The rotational movement in a horizontal plane: the
first, second, third, fourth, fifth, sixth, seventh, and
eighth traction sub-structures 1031-1038 corre-
sponding to the erector spinae, left trapezius, left
sternocleidomastoid, left platysma, sternohyoid
muscle, right platysma, right sternocleidomastoid,
right trapezius sequentially perform extension move-
ment in the vertical axial direction in a clockwise or-
der, while the traction sub-structure opposite to the
traction sub-structure which is performing the exten-
sion movement performs retraction movement in the
vertical axial direction. That is, the first traction sub-
structure 1031 performs extension movement, while
the fifth traction sub-structure 1035 opposite thereto
performs retraction movement in the vertical axial
direction; the second traction sub-structure 1032
performs extension movement, while the sixth trac-
tion sub-structure 1036 opposite thereto performs
retraction movement in the vertical axial direction;
the third traction sub-structure 1033 performs exten-
sion movement, while the seventh traction sub-struc-
ture 1037 opposite thereto performs retraction
movement in the vertical axial direction; the fourth
traction sub-structure 1034 performs extension
movement, while the eighth traction sub-structure
1038 opposite thereto performs retraction move-
ment in the vertical axial direction; the fifth traction
sub-structure 1035 performs extension movement,
while the first traction sub-structure 1031 opposite
thereto performs retraction movement in the vertical
axial direction; the sixth traction sub-structure 1036

performs extension movement, while the second
traction sub-structure 1032 opposite thereto per-
forms retraction movement in the vertical axial direc-
tion; the seventh traction sub-structure 1037 per-
forms extension movement, while the third traction
sub-structure 1033 opposite thereto performs retrac-
tion movement in the vertical axial direction; the
eighth traction sub-structure 1038 performs exten-
sion movement, while the fourth traction sub-struc-
ture 1034 opposite thereto performs retraction
movement in the vertical axial direction, so that the
wearer’s neck can be driven to complete the clock-
wise rotational movement of the horizontal plane.
Conversely, if the eight traction sub-structures
1031-1038 sequentially perform extension move-
ment in the vertical axial direction in a counterclock-
wise order, while the traction sub-structure opposite
to the traction sub-structure which is performing ex-
tension movement performs retraction movement,
the wearer’s neck can be driven to complete the
counterclockwise rotational movement of the hori-
zontal plane.
4. The tensile traction movement in a vertical direc-
tion (i.e., the axial direction): the eight traction sub-
structures 1031-1038 simultaneously perform ex-
tension movement in the vertical axial direction, and
the wearer’s neck can be driven to complete the ten-
sile traction movement in the vertical direction.

[0049] According to the above description, the training
apparatus according to the present disclosure simulates
the extension and retraction of the corresponding muscle
tissues by using a plurality of retractable traction sub-
structures 1031-1038 respectively corresponding to the
positions of the plurality of main muscle tissues around
the neck that play traction functions, thereby achieving
multi-degree-of-freedom (i.e. multi-angle, multi-direc-
tional, multi-dimensional) traction and stretching move-
ment to the neck, to achieve the purpose of neck and
cervical rehabilitation training. The above 4-degree-of-
freedom traction movement is merely an example or as
a preset traction movement mode to achieve a basic trac-
tion and stretching to the neck. On this basis, the user
can design a plurality of personalized traction movement
modes according to his or her own needs and actual con-
ditions.
[0050] Optionally, each of the traction sub-structures
can be controlled cooperatively or independently. In
some embodiments, the control of each of the traction
sub-structures can be performed simultaneously or with
a time difference between each other. This allows the
traction sub-structures to cooperate with each other to
complete the drive of the top bracket and the top struc-
ture, thereby completing the rehabilitation training tasks
for the user’s (i.e., the wearer’s) neck.
[0051] The training apparatus according to the present
disclosure can achieve traction on the wearer’s neck by
simulating the neck muscle tissue by the retractable trac-
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tion structure according to the bionic design, thereby re-
ducing the pressure on the cervical vertebrae of the head,
relieving the muscle spasm of the neck, increasing the
distance between the vertebral bodies, relieving the neck
nerve roots, muscles, cervical vertebrae from the pres-
sure or stimulation, and achieving the purpose of exer-
cising the neck muscles and treating cervical spondylo-
sis. Further, the cervical vertebra rehabilitation training
apparatus according to the present disclosure makes the
top and bottom structures directly contact the neck and/or
the head and their surrounding skins, achieving comfort-
able wearing and traction. Therefore, the training appa-
ratus of the present disclosure has the advantages of
simple structure, portability, flexibility, comfortable wear-
ing, low cost, and the like, and can be widely applied to
the field of home rehabilitation medical services.
[0052] Figs. 3a-3b illustrate cross-sectional views of a
traction sub-structure of a training apparatus in an unin-
flated state and an inflated state, in accordance with
some embodiments of the present disclosure. The plu-
rality of traction sub-structures may be inflatable struc-
tures as shown in the figures, i.e., structures that can be
expended by inflation and retracted by deflation. For the
sake of clarity of description, only one traction sub-struc-
ture 1031 is shown in Figs. 3a and 3b.
[0053] As shown in Figs. 3a and 3b, the retractable
traction sub-structure 1031 can be, for example, an in-
flatable stacked structure 1031. Each stack of the
stacked structure 1031 is stacked along a direction from
the bottom structure to the top structure. The stacked
structure 1031 is configured to be a flat shape in an un-
inflated state and a stretched shape in an inflated state,
and achieve relative movement between the top structure
and the bottom structure by inflation and deflation. The
stacked structure 1031 can have an internal cavity. In
the uninflated state of the internal cavity (as shown in
Fig. 3a), the stacked structure 1031 is a flat shape. In the
inflated state of the internal cavity (as shown in Fig. 3b),
the inflation pressure of the internal cavity is increased,
and the stacked structure is bulged, vertically elongated,
i.e., axially extended. This will create an axial drive thrust
that drives the top bracket and top airbag to push the
wearer’s neck for axial movement, achieving neck or cer-
vical rehabilitation training. Thus, when the inflatable
structure, in particular the inflatable stacked structure
1031, is used as a retractable traction sub-structure, axial
traction of the neck can be achieved simply by inflation
and deflation. In some embodiments, the length of axial
extension of the inflatable stacked structure 1031 can
also be controlled by controlling the amount of inflation
of the inflatable stacked structure 1031. Optionally, the
number of the plurality of traction sub-structures is 7-9.
For example, as shown in Fig. 2e, the number may be
8. In some embodiments according to the present dis-
closure, the upper and lower ends of the internal cavity
of the stacked structure 1031 extend to the positions of
the upper stuck slot 103a and the lower stuck slot 103b,
respectively. Thus, as shown in Fig. 1b, in the inflated

state, the internal air pressure of the stacked structure
1031 is increased, and the upper end portion and the
lower end portion of the internal cavity are expanded,
respectively pressing the upper stuck slot 103a and lower
stuck slot 103b on both sides, to make them tightly fitted
and firmly snap fitted into the wall of the first stuck slot
104a of the top bracket 104 and the wall of the second
stuck slot 105b of the bottom bracket 105, respectively,
achieving a close match and preventing loosening. More
generally, in addition to the retractable structure by infla-
tion and deflation, the traction sub-structure 1031 can
also employ a retractable structure that can be controlled
by mechanical principles, such as a spring or a structure
similar to a fire elevator.
[0054] In some embodiments according to the present
disclosure, the stacked structures 1031-1038 may be
made of rubber tubes, because the low ductility of the
rubber tube may prevent extension elastic deformation
to prevent it from becoming uncontrollable, and its good
toughness may increase its pressure endurance. Option-
ally, the stacked structures 1031-1038 may comprise a
plurality of rubber tubes stacked and in communication
with each other.
[0055] In some embodiments according to the present
disclosure, as shown in Figs. 3a and 3b, in the stacked
structures 1031-1038, the top rubber tube and the bottom
rubber tube respectively have one opening, and the rub-
ber tubes between the top rubber tube and the bottom
rubber tube each have both an upper opening and a lower
opening, and adjacent rubber tubes communicate
through adjacent openings.
[0056] In some embodiments according to the present
disclosure, a side of each of the top rubber tube and the
bottom rubber tube closer to the adjacent rubber tube is
provided with two stuck slots 103a, 103b located on both
sides of the opening and extending along the opening
direction. And a side of the top bracket closer to the rubber
tube is provided with a first stuck slot 104a that is matched
with the stuck slot 103a of the top rubber tube; and a side
of the bottom bracket closer to the rubber tube is provided
with a second stuck slot 105b that is matched with the
stuck slot 103b of the bottom rubber tube.
[0057] In some embodiments of the training apparatus
according to the present disclosure, when the traction
sub-structures 1031-1038 are inflatable stacked struc-
tures, each of the stacked structures 1031 to 1038 and
the inflation and deflation device (e.g., an air pump) can
be connected through a plurality of air tubes to achieve
inflation and deflation of the stacked structure. The air
tube may be an air passage that inflates the inflatable
stacked structures 1031-1038 and deflates the inflatable
stacked structures 1031-1038. Optionally, as shown in
Fig. 2c, the outer end portions of the plurality of air tubes
may be disposed at the cove 105c of the bottom bracket
105.
[0058] Figs. 4a-4b schematically illustrate front and
side views of a three-dimensional wear effect of a training
apparatus in accordance with some embodiments of the
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present disclosure. As can be seen from the figures, the
training apparatus in accordance with some embodi-
ments of the present disclosure, particularly the top
bracket and the bottom bracket, may be annular shapes,
such that a user’s neck may extend therein and the di-
ameter of the training apparatus may be set to be slightly
larger than the size of the user’s head, which is conven-
ient for the user to wear the training apparatus. As shown
in Figs. 4a-4b, in the inflated state, the notch 101a and
the protrusions 101b of the top structure 101 are well
fitted to the lower jaw and the neck of the human body,
thereby making the wearing comfortable.
[0059] Fig. 5 schematically illustrates a perspective
view of a training apparatus in accordance with further
embodiments of the present disclosure. Compared with
Fig. 1a, the training apparatus shown in Fig. 5 may further
comprise a drive device 200 that controls axial extension
and retraction of the traction structure 103, which may
be detachably connected to the traction structure 103,
for example, by a connecting structure 300. This detach-
able connection allows the traction structure 103 and the
drive device 200 to be connected as a whole only when
in use, and to be relatively independent individuals when
not being used, improving portability.
[0060] Fig. 6 illustrates a hardware block diagram of a
drive device of a training apparatus according to some
embodiments of the present disclosure, in which arrows
indicate flow directions of signals. As shown in Fig. 6, a
drive device of a training apparatus according to some
embodiments of the present disclosure comprises: an
inflation mechanism 201 configured to inflate the stacked
structure; a plurality of pairs of switching valves 202 con-
figured to respectively control inflation and deflation of
each of the stacked structures; and a control mechanism
203 configured to control the inflation mechanism 201
and the pairs of switching valves 202. Each of the pairs
of switching valves 202 can be connected to a corre-
sponding stacked structure by respective air tubes and
comprises an inflation valve 202a and a deflation valve
202b for controlling the respective stacked structure to
inflate and deflate, respectively.
[0061] In some embodiments according to the present
disclosure, as shown in Fig. 6, the inflation mechanism
201 may comprise an air pump 204, an air sack 205 con-
figured to be connected to the outlet end of the air pump
204 to store the source gas generated by the air pump
204, a first air pressure sensor 206 for sensing the air
pressure in the air sack 205, and an intake valve 207
connected between the outlet end of the air sack 205 and
the intake end of the pair of switching valves 202. The
intake valve 207 can be automatically controlled by the
control mechanism 203 according to a user instruction
or can also be manually controlled. In addition, the infla-
tion mechanism 201 may further comprise an F.R.L 208
connected between the intake valve 207 and the pair of
switching valves 202 for controlling (reducing) the highest
pressure value flowing into the plurality of stacked struc-
tures before the source gas reaches the pair of switching

valves. In pneumatic technology, the F.R.L is a combi-
nation of three source gas treatment components (Filter
(F), Regulator (R) and Lubricator (L)), for source gas pu-
rification, filtration and pressure reduction, to supply the
rated source gas pressure. The Regulator can regulate
the source gas to keep the source gas in a constant state,
and can reduce the damage to the pair of switching valves
202 and the like due to a sudden change of the source
gas pressure. The Filter is used to clean the source gas,
and to filter the moisture in the compressed air, to prevent
moisture from entering the stacked structure 102 with the
gas.
[0062] In some embodiments according to the present
disclosure, as shown in Fig. 6, the pair of switching valve
202 may further comprise a second air pressure sensor
202c disposed at an outlet end of the inflation valve 202a
for sensing an air pressure in the traction structure (e.g.,
the stacked structure) in real time. The control mecha-
nism 203 can determine whether to turn off the inflation
valve 202a or the deflation valve 202b according to the
air pressure sensed by the second air pressure sensor
202c, to stop the inflation or deflation process of the in-
flatable stacked structure. For example, firstly, according
to the target traction movement (for example, the front,
rear, left, right, up and down traction movement of the
neck), the limit degree of the extension or retraction of
the stacked structure (for example, the distance of axial
extension or retraction) can be determined, and then the
internal air pressure measured when the stacked struc-
ture is extended and retracted to the limit degree is set
to be an inflation threshold and a deflation threshold. After
the threshold is determined, the internal air pressure de-
termined in real time at the second air pressure sensor
202c can be compared to the inflation threshold or the
deflation threshold during inflation or deflation. The infla-
tion valve 202a or the deflation valve 202b can be turned
off when the sensed threshold reaches or exceeds the
inflation or deflation threshold, to stop the inflation or de-
flation. Thus, the turning on and turning off of the inflation
valve 202a and the deflation valve 202b can be controlled
relatively accurately, thereby accurately controlling the
inflation and deflation processes to prevent the air pres-
sure in the stacked structure from being too large or too
small.
[0063] In some embodiments in accordance with the
present disclosure, as shown in Fig. 6, the drive device
200 can further comprise a memory 210 for storing pre-
determined operational methods or steps for effecting
predetermined traction movement for the neck. The con-
trol mechanism 203 is configured to control the pairs of
switching valves 202 according to stored predetermined
operational methods or steps for the neck. Therefore, the
user can control the turning on and turning off of each
inflation valve and deflation valve in the switching valve
group according to the preset operational method, so as
to control the inflation and deflation of each traction sub-
structure. That is, to drive the top structure to achieve
various predetermined traction movement for the neck.
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For example, as described above, the predetermined
traction movement for the neck comprises forward flexion
and backwards extension movement of a sagittal plane,
left and right flexion movement of a coronal plane, a ro-
tational movement of a horizontal plane, and a tensile
traction movement in a vertical direction.
[0064] In some embodiments according to the present
disclosure, as shown in Fig. 6, the drive device 200 may
further comprise a control panel 211 disposed at an outer
surface thereof for receiving user instructions. The con-
trol mechanism 203 can be configured to control the pairs
of switching valves 202 according to user instructions.
The control panel 211 can comprise a power switch but-
ton for turning the power on, and can also comprise a
predetermined traction movement selection interface
(such as a corresponding physical button, or touch
screen) connected to the control mechanism 203 and the
memory 210, for selecting the preset traction movement.
Further, the control panel 211 may further comprise re-
spective individual interfaces (such as physical buttons
or touch screens) connected to each pair of switching
valves, so that the user can freely control the retraction
and extension of the respective traction sub-structures
according to individual needs, thereby achieving person-
alized traction movement of the neck.
[0065] Fig. 7 illustrates a pneumatic circuit and control
schematic of a training apparatus in accordance with
some embodiments of the present disclosure, in which
thick arrows indicate airflow directions and thin solid ar-
rows indicate flow directions of signals. As shown in Fig.
7, in the training apparatus according to the present dis-
closure, the drive device inflates and deflates the traction
structure103 by controlling the inflation mechanism 201
and the pair of switching valves 202 by the control mech-
anism 203. The specific operation process of the drive
device is as follows: when the air pump 204 is controlled
to be turned on, for example, by the central controller
203, the gas from the air pump 204 first enters the air
sack 205 and then reaches the intake valve 207 (which
can be regarded as the main switch of the pneumatic
circuit system and can control the subsequent inflow of
the source gas). When the intake valve 207 is controlled
to be turned on, for example, by the control mechanism
203, the gas flows to the F.R.L 208. The F.R.L 208 per-
forms depressurization process to the inflowing source
gas, to control the highest value of the air pressure flow-
ing into the subsequent circuit. After the depressurization
treatment, the gas reaches the group of the pairs of
switching valves, i.e., the plurality of pairs of switching
valves 202 (comprising the inflation valve 202a and the
deflation valve 202b) corresponding to the respective
traction sub-structures of the traction structure 103, re-
spectively. At this time, the respective ones of pairs of
switching valves cooperate with each other to control the
inflation and deflation of their corresponding traction sub-
structure s, thereby achieving corresponding traction
movement. Further, in the above process, the first and
second air pressure sensors 206, 202c can also sense

the air pressure in the air sack 205 and the traction struc-
ture 103, respectively, and transmit the sensed results
to the control mechanism 203 in real time. The control
mechanism 203 can control the turning on and turning
off of the air pump 204 and/or the pairs of switching valves
202 accordingly based on the pressure sensed by the
first and/or second air pressure sensors 206, 202c.
[0066] In some embodiments according to the present
disclosure, the drive device may further comprise a muf-
fler 209 disposed at an outlet end of the deflation valve
202b, to reduce exhaust noise when the deflation valve
202b is turned on to deflate the traction structure 103.
[0067] Fig. 8 illustrates a physical connection diagram
of various components of a training apparatus in accord-
ance with some embodiments of the present disclosure.
As shown in Fig. 8, the air pump 204 comprises one or
more micropumps. According to the flow rate of the gas
generated by the micropump 204, one can determine
how many micropumps are needed simultaneously to
supply gas to ensure sufficient source gas generation.
One or more (two shown in the figure) micropumps 204
may be connected to the air sack 205 via the air tube and
a tee. Further, the air pump 204 can be an electric pump
or a manual pump.
[0068] As shown in Fig. 8, the first air pressure sensor
206 can be connected between the micro air pump 204
and the air sack 205 through the tee, to sense the internal
pressure value of the air sack 205 in real time. At the
same time, a pressure gauge can be introduced at the
end portion of the air sack, to visually present the pres-
sure value of the source gas inside the air sack 205 to
the user. The first air pressure sensor 206 can transmit
the sensed data to the control mechanism in real time,
such that the control mechanism can control the turning
on and turning off of the air pump 204 based on the pres-
sure value inside the air sack 205 sensed by the first air
pressure sensor 206. Exemplarily, when the sensed
pressure value is greater than the upper limit of the pres-
sure value set in the controller, the control mechanism
may issue a stop instruction to control the micropump to
stop working; and when the pressure value is less than
the lower limit of the pressure value set in the controller,
the control mechanism can issue a turning on instruction
to control the micropump to start working. The introduc-
tion of the first air pressure sensor 206 makes it possible
to control the pressure of the source gas inside the air
sack 205 within a relatively reasonable range (between
the upper limit and the lower limit) to avoid problems
caused by too large or too small pressure values. For
example, too large pressure inside the air sack 205 may
cause damage due to unbearability; and if the pressure
is too small, the stacked structure may not be fully driven
to extend.
[0069] In a training apparatus according to some em-
bodiments of the present disclosure, the pair of switching
valves 202 may employ a solenoid valve group. Because
the solenoid valve is more sensitive and has a shorter
response time (for example, as short as several millisec-
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onds) compared to other types of valves, it is a relatively
high-speed switching valve, which allows the gas pres-
sure in the stacked structure to be quickly adjusted to
achieve flexible and versatile control of the neck traction
movement and makes it easy to implement more com-
plex traction movement, such as rotational movement on
a horizontal plane. In addition, the solenoid valve is sim-
ple in structure, small in size, and low in power consump-
tion, and thus is well suited for use in a portable training
apparatus according to the present disclosure. Of course,
the pair of switching valves 202 can also be an electric
valve group or other drive types of valve groups, as long
as it is suitable for sensitive (high-speed) control and port-
ability requirements.
[0070] The inflation valve 202a and the deflation valve
202b in the pair of switching valves 202 can be connected
to the air passage through a tee, wherein the intake end
of the inflation valve 202a is connected to the inflation
mechanism 201 (i.e., the F.R.L 208 therein), and the out-
let end is connected to the tee. The inlet end of the de-
flation valve 202b is connected to the tee, and the outlet
end is connected to the external environment, that is,
serving as the outlet of the corresponding stacked struc-
tures 1031-1038. It should be noted that, for the sake of
clarity, only one pair of switching valves, namely a set of
inflation valve and deflation valve, is shown in Figs. 6 and
7. And in fact, as shown in Fig. 8, each traction sub-
structure or stacked structure 1031-1038 can correspond
to one pair of switching valves, i.e., one inflation valve
and one deflation valve. Thus the total number of switch-
ing valves is twice that of the stacked structures
1031-1038. For example, Fig. 8 shows eight stacked
structures, so that the corresponding pairs of switching
valves has a total of eight pairs of switching valves, and
a total of 16 single-switching valves, eight of which are
inflation valves and eight of which are deflation valves.
The control mechanism respectively controls the pairs of
switching valves in the switching valve group to work in
cooperation with each other to achieve inflation or defla-
tion (i.e., pressurization or depressurization) of the cor-
responding stacked structure to form axial extension and
retraction, thereby driving the top airbag movement and
achieving multi-degree-of-freedom traction movement of
the neck.
[0071] In some embodiments according to the present
disclosure, as shown in Fig. 8, the muffler 209 is disposed
at the outlet end of the deflation valve 202b, to reduce
exhaust noise when the deflation valve 202b is turned
on to deflate the stacked structures 1031-1038.
[0072] Fig. 9 illustrates a workflow diagram of a training
apparatus in accordance with some embodiments of the
present disclosure. Hereinafter, for the purpose of expla-
nation, eight traction sub-structures are taken as an ex-
ample, and the positions of which on the main structure
are respectively corresponding to the positions of the fol-
lowing eight muscle tissues around the neck of the human
body: the erector spinae at the direct rear side, the left
trapezius at the left rear side, the left sternocleidomastoid

at the left side, the left platysma at the left front side, the
sternohyoid muscle at the direct front side, the right
platysma at the right front side, the right sternocleido-
mastoid at the right side, and the right trapezius at the
right rear side.
[0073] In general, the workflow of a training apparatus
in accordance with some embodiments of the present
disclosure comprises the following steps. First, the eight
traction sub-structures are pre-inflated such that the ex-
tension of the traction sub-structures drives the top airbag
to support the wearer’s head, keeping the wearer’s neck
in an upright state. Then, the multi-degree-of-freedom
traction movement is achieved by controlling the inflation
and deflation of the respective traction sub-structures,
such as forward flexion and backwards extension move-
ments in a sagittal plane, left and right flexion movements
in a coronal plane, a rotational movement in a horizontal
plane, and a tensile traction movement in a vertical di-
rection.
[0074] In one example, after the user wears the training
apparatus, as shown in the flow chart of Fig. 9, in step
S901, the user can turn on the training apparatus by trig-
gering, for example, a power switch on the control panel.
[0075] Next, in step S902, the control mechanism turns
on the intake valve of the inflation mechanism. At the
same time, in step S902’, the control mechanism turns
on the air pump; then, the control mechanism controls
the turning on and turning off of the air pump according
to the pressure value in the air sack sensed by the first
air pressure sensor in real time. Specifically, in step
S903’, the control mechanism compares the pressure
value sensed in real time with a preset threshold: if the
sensed pressure value is greater than the preset upper
threshold, the air pump is turned off in step S904’; When
the sensed pressure value is less than the preset lower
threshold, the turning on of the air pump is kept, thereby
controlling the pressure in the air sack to be in a reason-
able range. The upper threshold and the lower threshold
can be preset as needed.
[0076] After step S902, the operational flow enters the
pre-inflation phase. Specifically, at step S903, the control
mechanism controls the pairs of switching valves to turn
on all of the inflation valves, to inflate and pressurize the
traction sub-structures. During the inflation process, at
step S904, the second air pressure sensor senses in real
time whether the gas pressure in the traction sub-struc-
ture reaches a preset pre-inflation pressure threshold: if
so, the inflation valve is turned off at step S905, and the
pre-inflation phase ends; otherwise the inflation valve is
continued to be kept on for inflation until the preset value
is reached. Here, the above-mentioned air pressure pre-
set value for defining whether the pre-inflation process
is completed may be set by: firstly, pre-inflating the trac-
tion sub-structure until the traction structure is extended
such that the top structure just touches the wearer’s head
and the wearer’s neck is kept in an upright sate, and then
the gas pressure value inside the traction structure at this
time is measured, and the pressure value can be used
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as the above-mentioned pre-inflation pressure threshold.
[0077] After the pre-inflation is completed, in step
S906, the control mechanism can receive an input in-
struction from the user. For example, the user can input
a specific control instruction through a control panel or a
touch screen on the drive device. The instructions may
comprise, for example, selecting a predetermined neck
traction movement mode stored in the memory via a se-
lection interface on the control panel or the touch screen,
or setting the specified specific traction movement via
e.g. a separate interface (such as the physical button or
touch button) corresponding to each pair of the switching
valves on the panel by the user to form personalized trac-
tion movement on the neck. Additionally, the control in-
struction can also comprise an instruction to turn off the
training apparatus, such as by a power switch.
[0078] Subsequently, in steps S907 and S907’, the
control mechanism determines regarding to the received
user input instructions to perform different movement ac-
cording to different instructions. First, in step S907, it is
determined whether the instruction is to end the neck
training, i.e., turn off the training apparatus (or turn off
the power), and if so, the workflow proceeds to the end
step S911; if not, the workflow proceeds to the next de-
cision step S907’. In step S907’, if the received instruction
is the predetermined traction mode selected by the user,
the workflow proceeds to step S908, and the control
mechanism controls the turning on and turning off of the
pairs of switching valves based on the specific process
of the predetermined traction movement stored in the
memory; if the instruction is the personalized traction
movement input by the user, the workflow proceeds to
step S909, and the control mechanism controls the turn-
ing on and turning off of the pairs of switching valves
based on the specific movement of the respective traction
sub-structures input by the user. In the end step S911,
the control mechanism can control the pairs of switching
valves to completely deflate the respective traction sub-
structures, and then the power switch, the total intake
valve and the pairs of switching valves are turned off.
[0079] After the above-mentioned traction movement
step S908 or S909 is completed, the workflow proceeds
to step S910, and the control mechanism may control
the traction sub-structures to restore or maintain the pre-
inflation state, and to wait for the next operation instruc-
tion, that is, proceeding to step S906. Subsequently, the
control mechanism determines whether to re-execute the
traction movement (S908 or S909) or completely end the
neck training (S911) according to the instruction input by
the user again.
[0080] Hereinafter, the first traction sub-structure cor-
responding to the erector spine and the corresponding
pair of solenoid valves are taken as an example to de-
scribe how the pair of switching valves can inflate and
deflate the traction sub-structure. The pair of switching
valves corresponding to the first traction sub-structure
comprises an inflation valve and a deflation valve, which
are combined to cause the first traction sub-structure to

be in one of three states: inflation, holding, and deflation.
Specifically, when the inflation valve is turned on and the
deflation valve is turned off, the source gas enters the
first traction sub-structure through the inflation valve, and
the first traction sub-structure is in an inflated and pres-
surized state, causing it to extend to generate an axial
pushing force, thereby pulling up the corresponding part
of the neck upwards. When the inflation valve is turned
off and the deflation valve is turned off, the external
source gas cannot enter and the internal gas cannot flow
out, and the air pressure inside the first traction sub-struc-
ture remains the original state, and there is no influence
on the neck at this time. When the inflation valve is turned
off and the deflation valve is turned on, the internal gas
enters the external environment through the deflation
valve, and the first traction sub-structure is in a deflated
and depressurized state, causing it to extend to generate
an axial retractive force, thereby pulling down the corre-
sponding part of the neck downwards. Obviously, the in-
flation valve and the deflation valve cannot be turned on
at the same time, because in this way the external source
gas entering from the inflation valve will directly flow to
the external environment via the deflation valve, there is
no influence on the internal pressure of the first traction
sub-structure, and the source gas generated by the in-
flation mechanism (i.e., the air pump) is wasted, which
is not worth it.
[0081] The above describes how to achieve axial
movement by controlling the extension and retraction of
a single traction sub-structure by inflation and deflation
using the switching valve. Next, based on the working
principle of the traction structure of the training apparatus
according to the present disclosure described above with
reference to Fig. 2e, how the plurality of inflatable traction
sub-structures cooperate with each other by inflation
and/or deflation operations to complete the multi-degree-
of-freedom traction movement of the neck is described.
For the sake of clarity, the plurality of traction sub-struc-
tures are first to eighth inflatable stacked structures re-
spectively corresponding to the erector spinae at the di-
rect rear side, the left trapezius at the left rear side, the
left sternocleidomastoid at the left side, the left platysma
at the left front side, the sternohyoid muscle at the direct
front side, the right platysma at the right front side, the
right sternocleidomastoid at the right side, and the right
trapezius at the right rear side, where both the top and
bottom structures are airbags.
[0082] For example, a training apparatus according to
the present disclosure can achieve a 4-degree-of-free-
dom traction movement as follows:
The forward flexion/backwards extension movement in
a sagittal plane in a first degree of freedom: inflating and
pressurizing the first stacked structure to cause axial ex-
tension movement, while deflating and depressuring the
fifth stacked structure to cause axial retraction move-
ment, to push the top bracket and the top airbag to per-
form forward flexion movement of a sagittal plane to drive
the wearer’s neck to complete the forward flexion move-
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ment of a sagittal plane. Instead, inflating and pressuriz-
ing the fifth stacked structure to cause axial extension
movement, while deflating and depressuring the first
stacked structure to cause axial retraction movement,
thereby driving the wearer’s neck to complete the back-
wards extension movement in a sagittal plane.
[0083] The right/left flexion movement in a coronal
plane in a second degree of freedom: inflating and pres-
surizing the third stacked structure to cause axial exten-
sion movement, while deflating and depressuring the
seventh stacked structure to cause axial retraction move-
ment, thereby driving the wearer’s neck to complete the
right flexion movement of a coronal plane. Instead, in-
flating and pressurizing the seventh stacked structure to
cause axial extension movement, while deflating and de-
pressuring the third stacked structure to cause axial re-
traction movement, thereby driving the wearer’s neck to
complete the left flexion movement in a coronal plane.
[0084] The rotational movement in a horizontal plane
in a third degree of freedom: inflating and pressurizing
the first to eighth stacked structures sequentially in a
clockwise manner so that they are sequentially extended
in the axial direction, while deflating and depressuring
the stacked structures opposite to the stacked structures
that are being inflated and pressurized, so that they are
sequentially retracted in the axial direction, thereby driv-
ing the wearer’s neck to complete the clockwise rotational
movement of the horizontal plane. Instead, inflating and
pressurizing the first to eighth stacked structures sequen-
tially in a counterclockwise manner so that they are se-
quentially extended in the axial direction, while deflating
and depressuring the stacked structures opposite to the
stacked structures that are being inflated and pressu-
rized, so that they are sequentially retracted in the axial
direction, thereby driving the wearer’s neck to complete
the counterclockwise rotational movement in the horizon-
tal plane.
[0085] The tensile traction movement in a vertical di-
rection in a fourth degree of freedom: at the same time,
the eight stacked structures are inflated and pressurized
so that they are simultaneously extended in the vertical
axial direction, which can drive the wearer’s neck to com-
plete the tensile traction movement in a vertical direction.
[0086] It should be noted that the "control mechanism"
described herein may employ a general control mecha-
nism (chip), a single chip microcomputer, etc., capable
of transmitting and receiving signals, operating and
processing information and data, and automatically run-
ning, and may comprise drive circuits or other types of
drive devices for directly driving the respective compo-
nents (e.g., inflation mechanisms and switching valve
groups, etc.) depending on the drive method, such as
electric, hydraulic, pneumatic, electromagnetic, etc. For
the sake of clarity and simplification, these drive devices
or drive circuits are omitted herein and what is directly
stated herein is that the control mechanism controls the
various components in the drive device, such as the in-
flation mechanism and the switching valve group. In ad-

dition, the drive device may also comprise a power source
(fixed power source (mains power) or mobile power
source (battery)) for supplying power to each component
and the driving circuit, and if necessary, the power source
can supply power to the drive circuit and control mech-
anism after passing through the buck regulator circuit
(transformer).
[0087] Furthermore, "detachable connection" as used
herein refers to the joining of two structures together by
means of a detachable and/or removable connection
such as bonding, snap-fitting, riveting, threading, over-
fitting, and the like, and the connection between the A
structure and the B structure can be removed by, for ex-
ample, heating, pulling, pressing, impacting, vibrating,
etc., without damaging and/or breaking the A structure
and B structure, so as to facilitate the replacement and
recycling of components.
[0088] It should be noted that, in the claims, the term
"comprising" and the variants thereof does not exclude
the presence of other elements or steps that are not stat-
ed in the claims; The article "a" or "an" does not exclude
a plurality.
[0089] While particular embodiments of the present
disclosure have been shown and described, it will be ap-
parent to those skilled in the art that, a number of changes
and modifications can be made in its broader aspects
without departing from the disclosure. Therefore, the ap-
pended claims shall comprise all such changes and mod-
ifications within their scopes, as falling within the true
spirit and scope of this disclosure.

Claims

1. A training apparatus comprising:

a top structure ,
a bottom structure, and
a traction structure disposed between the top
structure and the bottom structure, and
wherein the traction structure is configured to be
retractable along an axial direction of the top or
bottom structure to achieve relative movement
between the top structure and the bottom struc-
ture.

2. The training apparatus according to claim 1, wherein
the traction structure comprises a plurality of traction
sub-structures, each of the plurality of traction sub-
structures is configured to be independently retract-
able along the axial direction.

3. The training apparatus according to claim 2, further
comprising:

a top bracket disposed between the top structure
and the traction structure, and
a bottom bracket disposed between the bottom
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structure and the traction structure.

4. The training apparatus according to claim 3, wherein
each of the top bracket and the bottom bracket com-
prise an annular structure, and the plurality of traction
sub-structures are disposed on the bottom bracket
to be connected to the top bracket, and the plurality
of traction sub-structures are sequentially spaced
along the annular structure.

5. The training apparatus according to claim 4, wherein
each of the plurality of traction sub-structures com-
prises an inflatable stacked structure, each stack of
the stacked structure is stacked along a direction
from the bottom structure to the top structure, and
the stacked structure is configured to be a flat shape
in an uninflated state and a stretched shape in an
inflated state, and achieve the relative movement
between the top structure and the bottom structure
by inflation and deflation.

6. The training apparatus according to claim 5, wherein
the number of the plurality of traction sub-members
comprises 7-9.

7. The training apparatus according to claim 6, wherein
the stacked structure comprises a plurality of rubber
tubes stacked and in communication with each other.

8. The training apparatus according to claim 7, wherein
in the stacked structure, a top rubber tube and a bot-
tom rubber tube respectively have one opening, and
the rubber tubes between the top rubber tube and
the bottom rubber tube each have both an upper
opening and a lower opening, and adjacent rubber
tubes communicate through adjacent openings.

9. The training apparatus according to claim 8, wherein
a side of each of the top rubber tube and the bottom
rubber tube closer to an adjacent rubber tube is pro-
vided with two stuck slots located on both sides of
the opening and extending along a direction of the
opening,
a side of the top bracket closer to the rubber tube is
provided with a first stuck slot that is matched with
the stuck slot of the top rubber tube; and a side of
the bottom bracket closer to the rubber tube is pro-
vided with a second stuck slot that is matched with
the stuck slot of the bottom rubber tube.

10. The training apparatus according to claim 9, wherein
a side of the top bracket away from the rubber tube
is provided with a first groove configured to receive
the top structure; and a side of the bottom bracket
away from the rubber tube is provided with a second
groove configured to receive the bottom structure.

11. The training apparatus according to claim 10, where-

in the top structure and the bottom structure com-
prise annular airbags.

12. The training apparatus according to claim 11, where-
in the annular airbag of the top structure comprises:

a notch, and
two protrusions, the two protrusions being inflat-
able structures integrally designed with the an-
nular airbag.

13. The training apparatus of any of claims 1-11, further
comprising a drive device configured to control ex-
tension and retraction of the plurality of traction sub-
structures, and wherein the drive device comprises:

an inflation mechanism configured to inflate
each of the stacked structures;
a plurality of pairs of switching valves configured
to respectively control inflation and deflation of
each of the stacked structures, each pair of
switching valves comprising an inflation valve
and a deflation valve; and
a control mechanism configured to control the
inflation mechanism and the plurality of pairs of
switching valves.

14. The training apparatus according to claim 13, where-
in the inflation valve and the deflation valve comprise
solenoid valves or electric valves, and the inflation
valve and the deflation valve are independently con-
trollable.

15. The training apparatus according to claim 14, where-
in the inflation mechanism comprises:

one or more air pumps configured to generate
a source gas;
an air sack configured to be connected to the air
pumps to store the source gas;
an intake valve connected to an outlet end of
the air sack, and
wherein the control mechanism is configured to
control the turning on and turning off of the intake
valve.

16. The training apparatus according to claim 15, where-
in the inflation mechanism further comprises:

a first air pressure sensor connected between
the air pumps and the air sack, the first air pres-
sure sensor being configured to sense an inter-
nal pressure of the air sack,
wherein the control mechanism is configured to:

compare the pressure sensed by the first
air pressure sensor with a preset upper and
lower thresholds, and
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turn off the air pumps in response to the
sensed pressure being greater than the up-
per threshold, and turn on the air pumps in
response to the sensed pressure being less
than the lower threshold.

17. The training apparatus according to claim 14, where-
in each of the plurality of pairs of switching valves
further comprises:

a second air pressure sensor disposed at an out-
let end of the inflation valve, the second air pres-
sure sensor being configured to sense an air
pressure in the stacked structure,
wherein the control mechanism is configured to
turn on and turn off the inflation valve and/or the
deflation valve according to the air pressure
sensed by the second air pressure sensor.

18. The training apparatus according to claim 16, where-
in the inflation mechanism further comprises:
an F.R.L connected between the intake valve and
the pair of switching valves, the F.R.L being config-
ured to control the highest pressure value flowing
into the stacked structure.

19. The training apparatus according to claim 13, where-
in the drive device further comprises a memory con-
figured to store operational steps of a predetermined
traction movement, and wherein the control mecha-
nism is configured to control the plurality of pairs of
switching valves according to the operational steps
of the predetermined traction movement stored in
the memory.

20. The training apparatus according to claim 13 or 14,
wherein each deflation valve of the plurality of pairs
of switching valves comprises a muffler disposed at
an outlet end of the deflation valve.

21. The training apparatus according to claim 19, where-
in the predetermined traction movement comprises
forward flexion and backwards extension movement
in a sagittal plane, left and right flexion movement in
a coronal plane, a rotational movement in a horizon-
tal plane, and a tensile traction movement in a ver-
tical direction.
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