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(54) SUPPORT STRUCTURE

(57)  Asupportstructure, which supports a drive shaft
(10) performing reciprocating motion. The support struc-
ture (20) comprises an inner fixing ring (23) of the support
structure, at least one elastic member (22) of the support
structure, and an outer fixing ring (21) of the support 10
structure; the innerfixing ring (23) of the support structure /
is fastened on the drive shaft (10); the outer fixing ring
(21) of the support structure is fastened on an inner wall
of a lower device housing; the elastic member (22) of the - ]F1
support structure is provided between the outer fixing '

ring (21) and the inner fixing ring (23) of the support struc-
ture; and on the cross section of the elastic member (22) \
of the support structure perpendicular to the radial direc-
tion of the drive shaft (10), the width (b,) in the direction
perpendicular to a drive force (F) is three times larger
than the thickness (t4) in the direction parallel to the drive
force (F). The support structure (20) has the advantages
of being low noise, low in energy loss, low in cost, simple
in structure, and suitable for batch production.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a support struc-
ture, and more particularly, to a support structure for sup-
porting a drive shaft that performs reciprocating motion
in an electric cleaning care appliance.

BACKGROUND

[0002] Typically, adrive shaftthat performs reciprocat-
ing motion (e.g., reciprocating rotary motion or recipro-
cating linear motion) needs to be supported by one or
more supports to maintain its proper functioning. In the
prior art, a shaft-hole matching structure such as a shaft
sleeve is commonly used to support the drive shaft, and
there is a clearance fit between the drive shaft and the
shaft sleeve hole. Such a support structure often has
relatively large noise and energy loss. It is also possible
to support the drive shaft with bearings. For example, the
drive shaft that performs reciprocating rotary motion is
supported by ball bearing, and the drive shaft for that
performs reciprocating linear motion is supported by lin-
ear bearing. However, the cost of bearing support is high.

SUMMARY

[0003] The purpose of the present invention is to pro-
vide a support structure for supporting a drive shaft that
performs reciprocating motion, which has the advantag-
es of low noise, low energy loss, low cost, simple struc-
ture, and is suitable for mass production.

[0004] In order to achieve the above object, in the
present invention, at least a part of the drive shaft is lo-
cated in the stationary lower device housing, and driven
by the drive force, the drive shaft reciprocates relative to
the lower device housing along/about its longitudinal ax-
is. A support structure for supporting the drive shaft is
also provided in the the lower device housing. A head
driven by the drive shaft is also provided in a stationary
upper device housing. The transverse axis of the head
is substantially perpendicular to the longitudinal axis of
the drive shaft, wherein the support structure includes an
inner fixing ring of the support structure, atleastone elas-
tic member of the support structure and an outer fixing
ring of the support structure. The inner fixing ring of the
support structure is fastened on the drive shaft along the
circumferential direction of the drive shaft. The outer fix-
ing ring of the support structure is directly or indirectly
fastened on the inner wall of the lower device housing.
The elastic member of the support structure has the per-
formance of a spring, and the elastic member of the sup-
port structure is distributed between the outer fixing ring
of the support structure and the inner fixing ring of the
support structure. The outer end of the elastic member
of the support structure is fixedly coupled to the outer
fixing ring of the support structure, and the inner end of
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the elastic member of the support structure is fixedly cou-
pled to the inner fixing ring of the support structure,
wherein the width along the direction perpendicular to
the drive force, and the thickness parallel to the direction
of the drive force is distributed on the cross section of
the elastic member of the support structure perpendicular
to the radial direction of the drive shaft. The width of the
elastic member of the support structure along the direc-
tion perpendicular to the drive force is greater than three
times the thickness of the elastic member of the support
structure along the direction parallel to the drive force.
[0005] The outer fixing ring of the support structure,
the elastic member of the support structure and the inner
fixing ring of the support structure can be made of plastic,
preferably thermoplastic, and the inner fixing ring of the
support structure and the drive shaft can be injection-
molded into an integral piece. The elastic member of the
support structure may also be integrally coupled to the
inner and outer fixing rings of the support structure.
[0006] Preferably, the elastic member of the support
structure is arranged such that its length along the radial
direction of the drive shaft is greater than three times the
thickness of the elastic member in the direction parallel
to the drive force on the cross section perpendicular to
the radial direction of the drive shaft.

[0007] In one embodiment, a thickness of the elastic
member of the support structure on the cross section
perpendicular to the radial direction of the drive shaft
along the direction parallel to the drive force is 0.1 mm -
1.3mm. Inanother embodiment, a thickness of the elastic
member of the support structure on the cross section
perpendicular to the radial direction of the drive shaft
along the direction parallel to the drive force is 0.2 mm -
0.7 mm.

[0008] The electric cleaning care appliance of the
present invention is preferably an electric toothbrush or
a dental irrigator, and the support structure is a linear
motion support structure for supporting a drive shaft that
performs reciprocating linear motion along the longitudi-
nal axis. Preferably, the distance between the upper sur-
faces of the inner and outer fixing rings of the linear mo-
tion support structure and the head is less than the dis-
tance between the upper edge of the elastic member of
the linear motion upport structure and the head, or the
distance between the lower surfaces of the inner and
outer fixing rings of the linear motion support structure
and the head is greater than the distance between the
lower edge of the elastic member of the linear motion
support structure and the head, such that the combined
linear motion support structure is in a concave shape on
at least one side of the upper and lower sides of the cross
section parallel to the longitudinal axis of the drive shaft
that performs reciprocating linear motion. Preferably, un-
der the action of the drive force of the reciprocating linear
motion , the maximum motion amplitude of the drive shaft
that performs reciprocating linear motion along its longi-
tudinal axis is less than 3 mm, and more preferably, the
maximum motion amplitude is 2 mm.
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[0009] In yet another embodiment, the electric clean-
ing care appliance is an electric toothbrush with a drive
shaft that performs reciprocating rotary motion about its
longitudinal axis, and the support structure is a rotary
motion support structure for supporting the drive shaft
that performs reciprocating rotary motion. Under the ac-
tion of the drive force of the reciprocating rotary motion,
the inner end of the elastic member of the rotary motion
support structure performs a reciprocating bending mo-
tion around the outer end of the elastic member of the
rotary motion support structure. Preferably, the maxi-
mum rotational angle magnitude of the drive shaft that
performs reciprocating rotary motion about its longitudi-
nal axis is less than 40 degrees, and more preferably,
the maximum rotational angle magnitude is 25 degrees.
[0010] In the presentinvention, due to the reasonable
selection for the numeric ratio of the thickness along the
direction parallel to the drive force on the cross section
of the elastic member of the support structure perpen-
dicular to the radial direction of the drive shaft to the width
along the direction perpendicular to the drive force on
the cross section, for a drive shaft that performs recipro-
cating linear motion, the elastic member of the support
structure, driven by the drive force of the reciprocating
linear motion, not only easily produces bending deforma-
tion in response to the reciprocating linear motion of the
drive shaft along its longitudinal axis, but also can hinder
the rotation of the drive shaft about its longitudinal axis,
so as to reliably generate elastic bending deformation in
response to the drive force of the drive shaft; and for a
drive shaft that performs reciprocating rotary motion, the
elastic member of the support structure, driven by the
drive force of the reciprocating rotary motion, not only
easily produces bending deformation in response to the
reciprocating rotary motion of the drive shaft about its
longitudinal axis, but also can hinder the motion of the
drive shaft along its longitudinal axis, so as to reliably
generate elastic bending deformation in response to the
drive force of the drive shaft. At the same time, because
the drive shaftis coupled to the support structure without
gap, the impact and collision on the support structure
caused by the reciprocating motion of the drive shaft are
avoided, and the noise is greatly reduced. In addition,
the conversion energy loss between the elastic potential
energy of the elastic member of the support structure and
the driving kinetic energy of the drive shaft is very small,
so it has the advantages of simple structure, low noise
and small energy loss.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]

FIG. 1 is a front view of the reciprocating linear mo-
tion combination of the drive shaft that performs re-
ciprocating linear motion and its support structure of
the present invention, and the support structure
shown in the figure includes a plurality of elastic
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members of the support structure;

FIG. 2 is a front view of the reciprocating linear mo-
tion combination shown in FIG. 1 in different working
states, wherein FIG. 2-1 shows the situation where
the drive shaft that performs reciprocating linear mo-
tion is at the origin position (i.e., the middle position)
of its linear motion trajectory, and part of a fixture of
the reciprocating linear motion support structure can
be seen in the figure. FIG. 2-2 shows that the drive
shaft that performs reciprocating linear motion is at
the origin position of its linear motion trajectory, and
in the figure, the fixture of the reciprocating linear
motion support structure is completely disassem-
bled. FIG. 2-3 shows that the drive shaft for recipro-
cating linear motion moves upward along its longi-
tudinal axis from the origin position of the motion
trajectory shown in FIG. 2-2. FIG. 2-4 shows that the
drive shaft for reciprocating linear motion moves
downward along its longitudinal axis from the origin
position of the motion trajectory shown in FIG. 2-2.
FIG. 2-5 shows that there is one elastic member of
the linear support structure, and the drive shaft that
performs reciprocating linear motion shown in the
figure is at its origin position of the linear motion tra-
jectory;

FIGS. 3 to 3-3 are cross-sectional views of the re-
ciprocating linear motion combination shown in
FIGS. 2 to 2-4 in corresponding working states,
wherein FIG. 3-1 corresponds to the working state
shownin FIG. 2-2; FIG. 3-2 corresponds to the work-
ing state shown in FIG. 2-3; FIG. 3-3 corresponds to
the working state shown in FIG. 2-4;

FIG. 4 is a front view of the reciprocating rotary mo-
tion combination of the drive shaft that performs the
reciprocating rotary motion and its support structure
of the present invention, and the support structure
shown in the figure includes a plurality of elastic
members of the support structure;

FIG. 5 is a front view of the reciprocating rotary mo-
tion combination shown in FIG. 4 in different working
states, wherein FIG. 5-1 shows that the drive shaft
for reciprocating rotary motion installed with the fix-
ture of the reciprocating rotary motion support struc-
ture is at the origin position of its rotary motion tra-
jectory. FIG. 5-2 shows that the drive shaft for recip-
rocating rotary motion is at the origin position of its
rotary motion trajectory, and in the figure, the fixture
of the reciprocating rotary motion support structure
is completely disassembled. FIG. 5-3 shows that the
drive shaft for reciprocating rotary motion rotates
clockwise away from the origin position of the motion
trajectory shown in FIG. 5-2. FIG. 5-4 shows that the
drive shaft for reciprocating rotary motion rotates
counterclockwise away from the origin position of
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the motion trajectory shown in FIG. 5-2;

FIG. 6 is a bottom view of the reciprocating rotary
motion combination shown in FIG. 5in a correspond-
ing working state, wherein FIG. 6-1 corresponds to
the working state shown in FIG. 5-1; FIG. 6-2 corre-
sponds to the working state shown in FIG. 5-2; FIG.
6-3 corresponds to the working state shown in FIG.
5-3; FIG. 6-4 corresponds to the working state shown
in FIG. 5-4;

FIG. 7 to FIG. 7-4 are perspective views of the re-
ciprocating rotary motion combination shown in FIG.
5toFIG. 5-4 in corresponding working states, where-
in FIG. 7-1 corresponds to the working state shown
in FIG. 5-1; FIG. 7-2 corresponds to the working state
shown in FIG. 5-2; FIG. 7-3 corresponds to the work-
ing state shown in FIG. 5-3; FIG. 7-4 corresponds to
the working state shown in FIG. 5-4; FIG. 7-5 shows
that there is one elastic member of the rotary support
structure, and the drive shaft for reciprocating rotary
motion shown in the figure is at the origin position of
its rotary motion trajectory;

FIG. 8 is a schematic diagram of an electric tooth-
brush equipped with the linear motion combination
shown in FIG. 1;

FIG. 9 is a schematic diagram of an electric tooth-
brush equipped with the rotary motion combination
shown in FIG. 4; and

FIG. 10 is a schematic diagram of a dental irrigator
equipped with the linear motion combination shown
in FIG. 1.

EXPLANATION OF MAIN REFERENCE NUMBERALS

[0012]

10 a drive shaft, which performs reciprocating linear
motion along the longitudinal axis of the drive shaft,
hereinafter referred to as the translation shaft;

20 a linear motion support structure, which supports
the drive shaft that performs reciprocating linear mo-
tion, hereinafter referred to as the linear-support
structure;

21 an outer fixing ring of the reciprocating linear mo-
tion support structure, hereinafter referred to as the
linear-support structure outer fixing ring;

22 an elastic member of the reciprocating linear mo-
tion support structure, hereinafter referred to as the

linear-support structure elastic member;

23 an inner fixing ring of the reciprocating linear mo-
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tion support structure, hereinafter referred to as the
linear-support structure inner fixing ring;

30 afixture of the reciprocating linear motion support
structure, hereinafter referred to as the linear-sup-
port structure fixture;

40 a drive shaft that performs reciprocating rotary
motion about the longitudinal axis of the drive shaft,
hereinafter referred to as the rotating shaft;

50 a rotary motion support structure which supports
the drive shaft that performs reciprocating rotary mo-
tion, hereinafter referred to as the rotary-support
structure;

51 an outer fixing ring of the reciprocating rotary mo-
tion support structure, hereinafter referred to as the
rotary-support structure outer fixing ring;

52 an elastic member of the reciprocating rotary mo-
tion support structure, hereinafter referred to as the
rotary-support structure elastic member;

53 aninner fixing ring of the reciprocating rotary mo-
tion support structure, hereinafter referred to as the
rotary-support structure inner fixing ring;

60 afixture of the reciprocating rotary motion support
structure, hereinafter referred to as the rotary-sup-
port structure fixture;

L4 a longitudinal axis of the drive shaft for recipro-
cating linear motion;

h; a length of the linear-support structure elastic
member along the radial direction of the drive shaft
for reciprocating linear motion;

b, a width of the linear-support structure elastic
member on the cross section perpendicular to the
radial direction of the drive shaft along the direction
perpendicular to the drive force Fy;

t4 a thickness of the linear-support structure elastic
member on the cross section perpendicular to the
radial direction of the drive shaft along the direction
parallel to the drive force Fy;

L, a longitudinal axis of the drive shaft for recipro-
cating rotary motion;

hz a length of the rotary-support structure elastic
member along the radial direction of the drive shaft
that performs reciprocating rotary motion;

b, a width of the rotary-support structure elastic
member on the cross section perpendicular to the
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radial direction of the drive shaft along the direction
perpendicular to the drive force Fy;

t, a thickness of the rotary-support structure elastic
member on the cross-section perpendicular to the
radial direction of the drive shaft along the direction
parallel to the drive force Fy;

F, a force that drives the drive shaft to perform re-
ciprocating linear motion along its longitudinal axis;

F, a force that drives the drive shaft to perform re-
ciprocating rotary motion about its longitudinal axis.

DETAILED DESCRIPTION

[0013] In the following description of the present appli-
cation, terms that express relative positions in space,
such as "inner", "outer", "upper", "lower", "upper portion
(or upper end)", "lower portion (or lower end)", etc. are
used to briefly describe the interrelationship of one ele-
ment or feature with another element(s) or feature(s) as
shown in the figures. In this specification, "inner" and
"outer" are relative to the radial direction of the electric
cleaning care appliance. Being adjacent to its center is
defined as inner, and being away from the center is de-
fined as outer. "Upper", "lower", "upper portion" , "lower
portion", "upper end", and "lower end" are relative to the
longitudinal axis of the electric toothbrush. When the
electriccleaning care applianceis in an upright orinclined
working state, the adjacent bristle ends are defined as
"upper", "upper portion", or "upper end," with the opposite
end defined as "lower," "lower portion", or "lower end."
[0014] When an element is described as being "on" or
"coupled to" another element, it can be directly located
on or coupled to the other element or there may be ele-
ment(s) therebetween. When an element is described as
being "directly on" or "directly coupled to" another ele-
ment, there are no element(s) therebetween. Other
words describing the relationship between elements
should be understood to have a similar meaning (e.g.,
"between" is relative to "directly between," etc.).

[0015] The stationary device housing (notshown inthe
figure) of the present invention includes an upper device
housing and a lower device housing. In the lower device
housing, there are at least a part of the drive shaft 10 or
40 and a support structure 20 or 50 for supporting the
drive shaft 10 or 40. Under the action of the drive force
F, or F,, the drive shaft 10 or 40 makes a reciprocating
linear motion or a reciprocating rotary motion relative to
the lower device housing of the device housing along its
longitudinal axis L4 or about its longitudinal axis L,. In
the upper device housing of the device housing, there is
a head driven by the drive shaft 10, 40. The transverse
axes Lj, L, of the head are substantially perpendicular
to the longitudinal axes L4, L, of the drive shaft 10, 40.
FIG. 1-3 illustrates the reciprocating linear motion of the
drive shaft 10 along its longitudinal axis L. FIG. 4-7 il-
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lustrates the reciprocating rotary motion of the drive shaft
40 about its longitudinal axis L,.

[0016] Referringto FIGS. 1-7, the support structure 20,
50 of the present invention includes a inner fixing ring
23, 53 of the support structure, at least one elastic mem-
ber 22, 52 of the support structure and a outer fixing ring
21, 51 of the support structure, wherein FIG. 2-5 and FIG.
7-5 show the case where there is one elastic member of
the support structure. FIG. 2-1 to FIG. 2-4 and FIG. 7-1
to FIG. 7-4 show that there are multiple elastic members
of the support structure. The outer fixing ring 21, 51 of
the support structure, the elastic member 22, 52 of the
support structure and the inner fixing ring 23, 53 of the
support structure can be made of plastic, and preferably
thermoplastic. The inner fixing ring 23, 53 of the support
structure is fastened to the drive shaft along the circum-
ferential direction of the drive shaft 10, 40. The inner fixing
ring 23, 53 of the support structure moves together with
the drive shaft 10, 40 that performs reciprocating motion,
and there is no relative movement between them. The
inner fixing ring 23, 53 of the support structure and the
drive shaft 10, 40 can be injection-molded together to
form an integral piece, or the inner fixing ring 23, 53 of
the support structure and the drive shaft 10, 40 can be
separate parts which can be fastened together through
fittings. The outer fixing ring 21, 51 of the support struc-
ture is fastened on the inner wall of the lower device hous-
ing directly along the circumferential direction of the lower
device housing or through the support structure fixture
30, 60. There is no relative movement between the outer
fixing ring 21, 51 of the support structure and the support
structure fixture 30, 60 (when fastened by the fixture) and
the lower device housing, that is, the support structure
fixture 30, 60 and the outer fixingring 21, 51 of the support
structure are both stationary relative to the lower device
housing. At least one elastic member 22, 52 of the sup-
port structure is distributed between the outer fixing ring
21, 51 of the support structure and the inner fixing ring
23, 53 of the support structure, but the present invention
is not limited to this. The elastic member 22, 52 of the
support structure of the present invention can be inte-
grally coupled to the inner fixing rings 23, 53 and outer
fixing rings 21, 51 of the support structure 20, 50, such
as in aring shape, or a part of the elastic member of the
support structure is coupled to a part of the inner and
outer fixing rings. These modifications are not beyond
the scope of the present invention. In addition, the cross
section of the elastic member 22, 52 of the support struc-
ture of the present invention, which is perpendicular to
the radial direction of the drive shaft, can be in any shape,
such as polygons or a combination of linear segment(s)
and arcuate segment(s), etc. and these modifications are
also within the scope of the present invention.

[0017] As shown in FIG. 2-2 to FIG. 2-5, FIG. 6-2 to
FIG. 6-4 and FIG. 7-5, one end of the elastic member 22,
52 of the support structure, which is fixed to the outer
fixing ring 21, 51 of the support structure, is an outer end
A, C. The other end of the elastic member 22, 52 of the
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support structure, which is opposite to the outer end A,
C and fixed to the inner fixing ring 23, 53 of the support
structure, isaninnerendB, D. Of course, the lower device
housing or the drive shaft for reciprocating motion can
also be in other shapes. The inner fixing ring and outer
fixing ring of the support structure can also be shaped to
match the lower device housing or the drive shaft for re-
ciprocating motion.

[0018] FIG. 1-3 shows the reciprocating linear motion
of the drive shaft 10. Referring to FIG. 2-2, FIG. 2-5 and
FIG. 3-1, when the translation shaft 10 is at the origin
position of its reciprocating linear motion trajectory (the
middle position of the reciprocating linear motion trajec-
tory), the linear-support structure 20 is also at the origin
position. At this time, the linear-support structure elastic
member 22 isin a free state, and the linear-support struc-
ture elastic member 22 does not produce elastic bending
deformation. Referring to FIG. 2-3 and FIG. 3-2, when
the translation shaft 10 moves upward along its longitu-
dinal axis L4 from the origin position, due to the fastening
of the linear-support structure inner fixing ring 23 and the
translation shaft 10, the translation shaft 10 drives the
linear-support structure inner fixing ring 23 to move up-
ward, and the linear-support structure inner fixing ring 23
then drives the inner end B of the linear-support structure
elastic member 22 to move upward. The outer end A of
the linear-support structure elastic member is fixedly cou-
pled to the linear-support structure outer fixing ring 21,
and the linear-support structure outer fixing ring 21 is
stationary relative to the lower device housing. Therefore,
the translation shaft 10 moves relative to the outer end
A of the linear-support structure elastic member. The lin-
ear-support structure elastic member 22 presents elastic
bending deformation under the action of the relative
movement of the translation shaft 10. More specifically,
when the translation shaft 10 drives the inner end B of
the linear-support structure elastic member 22 to move
upward from the origin position, the inner end B of the
linear-support structure elastic member 22 produces up-
ward bending motion relative to the outer end A of the
linear-support structure elastic member 22. The linear-
support structure elastic member 22 produces upward
bending deformation. The displacement generated by
the position of the inner end B of the current linear-sup-
port structure elastic member 22 relative to the position
of the inner end B of the elastic member 22 in the free
state is the upward deflection of the linear-support struc-
ture elastic member 22. FIG. 2-4 and FIG. 3-3 illustrate
the downward movement of the translation shaft 10 along
its longitudinal axis L, away from the origin position.
Since the linear-support structure inner fixing ring 23 and
the translation shaft 10 are fastened, when the translation
shaft 10 moves downward from the original position, the
translation shaft 10 drives the linear-support structure
inner fixing ring 23 to move downward, and then drives
the inner end B of the linear-support structure elastic
member to move downward. Since the outer end A of
the linear-support structure elastic member 22 is tightly
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coupled to the linear-support structure outer fixing ring
21, the linear-support structure outer fixing ring 21 is sta-
tionary relative to the lower device housing. Therefore,
the outer end A of the linear-support structure elastic
member 22 is stationary relative to the lower device hous-
ing. The translation shaft 10 is relatively moved relative
to the outer end A of the linear-support structure elastic
member 22. The linear-support structure elastic member
22 is elastically bent and deformed under the action of
the relative movement of the translation shaft 10. More
specifically, when the translation shaft 10 drives the inner
end B of the linear-support structure elastic member 22
to move downward from the free state of the elastic mem-
ber, the inner end B of the linear-support structure elastic
member 22 produces downward bending motion relative
to its outer end A. The linear-support structure elastic
member 22 produces downward bending deformation,
and the direction of this bending deformation is opposite
to the direction of bending deformation produced when
the translation shaft 10 moves upward from the origin
position. The displacement generated by the position of
the inner end B of the current linear-support structure
elastic member 22 relative to the position of the innerend
B of the elastic member 22 in a free state is the downward
deflection of the linear-support structure elastic member
22. Accordingly, when the drive shaft 10 performs a re-
ciprocating linear motion, it drives the inner end B of the
linear-support structure elastic member 22 to perform an
upward-downward reciprocating bending motion around
the outer end A of the elastic member. The linear-support
structure elastic member 22 generates upward-down-
ward bending deformation.

[0019] As stated above, the translation shaft 10 per-
forms linear reciprocating motion relative to the linear-
support structure outer fixing ring 21. The outer and inner
ends, i.e., both ends A and B, of the linear-support struc-
ture elasticmember 22 are respectively fixed to the linear-
support structure outer fixing ring 21 and the linear-sup-
port structure inner fixing ring 23. The linear-support
structure elastic member 22 has the performance of a
spring, which is equivalent to a bending elastic member.
The linear-support structure inner fixing ring 23 and the
translation shaft 10 are tightly coupled without gap, that
is, the translation shaft 10 and the B end of the linear-
support structure elastic member 22 are tightly coupled
without gap. The linear-support structure inner fixing ring
23, the B end of the linear-support structure elastic mem-
ber 22 and the translation shaft 10 have the same linear
speed, so this fixed connection without gap can ensure
that the movement noise between the translation shaft
10 and the linear-support structure 20 is very small.
[0020] The dimension of the linear-support structure
elastic member 22 along the direction perpendicular to
the drive force F, on the cross section perpendicular to
the radial direction of the drive shaft is set as the width
b4; the dimension of the linear-support structure elastic
member 22 along the direction parallel to the drive force
F, on the cross section perpendicular to the radial direc-
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tion of the drive shaft is set as the thickness t,. In an
embodiment of the present invention, b, is selected to
be greater than three times of t,, that is, b4>3t,. It is set
that when the linear-support structure elastic member 22
is subjected to aforce along the circumferential tangential
direction of the translation shaft 10, the bending defor-
mation section coefficient of the linear-support structure
elastic member 22 corresponding to the generated bend-
ing deformation is the circumferential bending deforma-
tion section coefficient |4; when the linear-support struc-
ture elastic member 22 is subjected to a force parallel to
the longitudinal axis L, of the translation shaft 10 (i.e.,
the drive force F,), the bending deformation section co-
efficient of the linear-support structure elastic member
22 corresponding to the generated bending deformation
is the axial bending deformation section coefficient |,.
The axial bending deformation section coefficient |, can
also be understood as the bending deformation section
coefficient of the cross section composed of the thickness
t1 in the direction of the longitudinal axis L4 of the trans-
lation shaft 10 on the cross section perpendicular to the
radial direction of the drive shaft and the width by in the
circumferential direction (perpendicular to the direction
of the drive force F,) of the translation shaft 10 on the
cross section, when the thickness t; of the linear-support
structure elastic member 22 along the direction of the
longitudinal axis L4 (the direction of drive force F;) of
translation shaft 10 on the cross section perpendicular
to the radial direction of the drive shaft is the force direc-
tion and the linear-support structure elastic member 22
produces bending deformation. Since the numerical ratio
of b, to t; is reasonably selected in this embodiment, the
axial bending deformation section coefficient I, of the
linear-support structure elastic member 22 may be much
less than the circumferential bending deformation sec-
tion coefficient |,4, and the axial bending deformation
section coefficient |I,, may even be less than one-ninth
of the circumferential bending deformation section coef-
ficient |4 (1,0<I,4/9). Therefore, the linear-support struc-
ture elastic member 22 not only easily produces bending
deformation in response to the reciprocating motion of
the translation shaft 10 along the longitudinal axis L, of
the drive shaft, and can also prevent the translation shaft
10 from rotating about its longitudinal axis L4, so that the
linear-support structure elastic member 22, driven by the
reciprocating linear motion of the drive shaft 10, can re-
liably produce corresponding elastic bending deforma-
tion in response to the drive force F; of the translation
shaft 10. In the present invention, the bending deforma-
tion section is the cross section formed by t; and b4 of
the linear-support structure elastic member 22. Obvious-
ly, the linear-support structure elastic member 22 is more
difficult to bend when subjected to a force in the circum-
ferential direction (the direction perpendicular to the drive
force F,) of the translation shaft 10.

[0021] In the present invention, the linear-support
structure inner fixing ring 23 is fixedly coupled to the
translation shaft 10. The maximum amplitude of the
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translation shaft 10 is approximately equal to the maxi-
mum deflection of the linear-support structure elastic
member 22. The maximum amplitude of the translation
shaft 10 refers to the maximum displacement of the trans-
lation shaft 10 from the origin of the trajectory correspond-
ing to the free state of the linear-support structure elastic
member 22 to the upper (or lower) side.

[0022] Inaddition, since the linear-support structure in-
ner fixing ring 23 is fixedly coupled to the translation shaft
10, the thickness of the linear-support structure inner fix-
ing ring 23 along the direction of the longitudinal axis L,
of the translation shaft 10 is greater than the thickness
t, of the linear-support structure elastic member 22 in the
direction of the longitudinal axis L, (i.e., the direction of
drive force F4) of the translation shaft 10 on the cross
section perpendicular to the radial direction of the drive
shaft, which can thereby ensure that the linear-support
structure inner fixing ring 23 and the translation shaft 10
are firmly coupled.

[0023] In the present invention, as shown in FIG. 3-1,
the distance between the upper surfaces of the innerand
outer fixing rings 21 and 23 of the linear-support structure
20 and the head is designed to be less than the distance
between the upper edge of the linear-support structure
elastic member 22 and the head, or the distance between
the lower surfaces of the inner and outer fixing rings 21,
23 of the linear-support structure 20 and the head is de-
signed to be greater than the distance between the lower
edge of the linear-support structure elastic member 22
and the head, such that at least one side of the upper
side or the lower side of the cross section of the combined
linear-support structure 20 in the direction parallel to the
longitudinal axis L4 of the translation shaft 10 is in a con-
cave shape, that is, at least one of the upper side or the
lower side of the cross section of the combined linear-
support structure 20 in the direction parallel to the move-
ment of the translation shaft 10 is in a concave shape.
[0024] As stated above, the linear-support structure
elastic member 22 has spring characteristics. According
to the principle of the spring oscillator, the driving kinetic
energy of the translation shaft 10 can be converted into
the elastic potential energy of the linear-support structure
elastic member 22. Similarly, the elastic potential energy
of the linear-support structure elastic member 22 can be
converted into the driving kinetic energy of the translation
shaft 10. The elastic potential energy of the linear-support
structure elastic member 22 and the driving kinetic en-
ergy of the translation shaft 10 are repeatedly converted,
and the energy loss during the conversion is very small.
When the natural frequency of the elastic system com-
posed of the linear-support structure elastic member 22
and the motion frequency of the translation shaft 10 are
in the resonance oscillation range, that is, the ratio of the
natural frequency of the elastic system to the motion fre-
quency of the translation shaft 10 is 75% - 125%, the
conversion of the elastic potential energy and the driving
kinetic energy between the linear-support structure elas-
tic member 22 and the translation shaft 10 hardly pro-
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duces energy loss. For this reason, the linear-support
structure elastic member 22 can be designed such that
its cross section perpendicular to the radial direction of
the translation shaft 10 is a rectangle. At this time, the
equivalent spring stiffness coefficient of the linear-sup-
port structure elastic member 22 is
K{=n*E*b,,*t;3/(4*h,3), where n is the equivalent
number of the linear-support structure elastic member
22; E is the elastic modulus of the material; bir, t;,, hy,

represent by, ty, hy of the linear-support structure elastic

member 22 respectively when the cross section of the
linear-support structure elastic members 22 is rectangle.
It can be known from the principle of elastic oscillator that
the natural frequency of the elastic system composed of
the linear-support structure elastic member 22 is

2 37
JK”/mh” , and m,, is the mass of the elastic system.
By reasonably selecting the values of by, t;,, hq, or the

value ratio between them, the ideal equivalent spring stiff-
ness coefficient K, can be obtained, and the required

natural frequency of the elastic system composed of the
linear-support structure elastic members 22 can be there-
by obtained, so that when the natural frequency of the
elastic system composed of the linear-support structure
elastic member 22 and the linear motion frequency of the
translation shaft 10 are in the resonance oscillation
range, there is almost no energy loss between the linear-
support structure elastic member 22 and the translation
shaft 10. The linear-support structure elastic member 22
can also be designed such that its cross section perpen-
dicular to the radial direction of the translation shaft 10
is triangular. At this time, the equivalent spring stiffness
coefficient of the linear-support structure elastic member
22 is K4g=n*E*b1s*t4s3 /(12*h443), where n is the equiva-
lent number of the linear-support elastic member 22; E
is the elastic modulus of the material; b4, t45, hy4g repre-

sent by, t4, h4 of the linear-support structure elastic mem-
ber 22 respectively when the cross section of the linear-
support structure elastic member 22 is triangular. It can
be known from the principle of elastic oscillator that the
natural frequency of the elastic system composed of the
linear-support structure elastic member 22 is

2]
V1M ,and m, is the mass of the elastic system.

Similarly, by reasonably selecting the values of byg, t;,
h, or the value ratio between them, the ideal equivalent
spring stiffness coefficient K4, can be obtained, and the

required natural frequency of the elastic system com-
posed of the linear-support structure elastic members 22
can be thereby obtained, so that when the natural fre-
quency of the elastic system composed of the linear-sup-
port structure elastic member 22 and the linear motion
frequency of the translation shaft are in the resonance
oscillation range, there is almost no energy loss between
the linear-support structure elastic member 22 and the
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translation shaft 10. In addition, the natural frequency of
the elastic system composed of the linear-support struc-
ture elastic members 22 can also be obtained through
experiments.

[0025] FIG. 4-7 illustrates the reciprocating rotary mo-
tion of the drive shaft 40 about its longitudinal axis L,
relative to the lower device housing. In this embodiment,
in the lower device housing is installed at least a part of
the rotating shaft 40 and the rotary motion support struc-
ture 50 for supporting the rotating shaft40. The remaining
part of the rotating shaft 40 can extend into the upper
device housing, and a head driven by the rotating shaft
40 is also provided in the upper device housing. The
transverse axis of the head is substantially perpendicular
to the longitudinal axis L, of the rotating shaft 40. The
rotary-support structure 50 includes a rotary-support
structure outer fixing ring 51, at least one rotary-support
structure elastic member 52 and a rotary-support struc-
ture inner fixing ring 53. The rotary-support structure in-
ner fixing ring 53 is fastened to the rotating shaft 40, and
there is no relative movement between them. The rotary-
support structure inner fixing ring 53 rotates with the ro-
tation of the rotating shaft 40. The rotary-support struc-
ture outer fixing ring 51 is fastened to the inner side of
the lower device housing directly or by the rotary-support
structure fixing structure 60. The rotary-support structure
outer fixing ring 51 is stationary relative to the rotary-
support structure fixture 60 (when fastened by the fixture)
and the lower device housing. Atleast one rotary-support
structure elastic member 52 is distributed between the
rotary-support structure outer fixing ring 51 and the rota-
ry-support structure inner fixing ring 53. As shown in FIG.
6-2to FIG. 6-4 and FIG. 7-5, the outer end C of the rotary-
support structure elastic member 52 is firmly coupled to
the rotary-support structure outer fixing ring 51, and the
inner end D of the rotary-support structure elastic mem-
ber 52 is firmly coupled to the rotary-support structure
inner fixing ring 53. FIG. 6-2, FIG. 7-2 and FIG. 7-5 show
the situation where the rotary-support structure 50 is at
the origin position of the reciprocating rotary motion tra-
jectory of the rotating shaft 40. At this time, the deflection
angle of the rotation axis 40 is zero when the rotation
axis 40 rotates around its longitudinal axis L,, the rotary-
support structure elastic member 52 is in a free state,
and the elastic member 52 does not produce elastic
bending deformation. Referring to FIG. 6-3 and FIG. 7-3,
when the rotating shaft 40 moves in a clockwise direction
away from the origin position of its reciprocating rotary
motion trajectory, due to the fastening of the rotary-sup-
port structure inner fixing ring 53 and the rotating shaft
40, the inner end D of the rotary-support structure elastic
member 52 is firmly coupled to the rotary-support struc-
ture inner fixing ring 53. The rotating shaft 40 drives the
rotary-support structure inner fixing ring 53 to rotate in a
clockwise direction. The rotary-support structure inner
fixing ring 53 also drives the inner end D of the rotary-
supportstructure elastic member 52 to rotate in the clock-
wise direction, while the outer end C of the rotary-support



15 EP 4 186 468 A1 16

structure elastic member 52 is tightly coupled to the ro-
tary-support structure outer fixing ring 51. The rotary-sup-
port structure outer fixing ring 51 and the outer end C of
the rotary-support structure elastic member 52 are sta-
tionary relative to the lower device housing. The rotating
shaft 40 moves relative to the rotary-support structure
outer fixing ring 51 and the outer end C of the rotary-
support structure elastic member 52. The inner end D of
the rotary-support structure elastic member 52 is station-
ary relative to the rotating shaft 40. The rotary-support
structure elastic member 52 is elastically bent and de-
formed under the action of the rotating shaft 40. More
specifically, when the rotating shaft 40 drives the inner
end D of the rotary-support structure elastic member 52
to move clockwise away from the free state of the elastic
member 52, the rotary-support structure elastic member
52 is bent and deformed counterclockwise around the
outer end C thereof. The displacement generated by the
position of the inner end D of the current rotary-support
structure elastic member 52 relative to the position of the
inner end D when the elastic member is in a free state is
the counterclockwise deflection of the elastic member
52. Referring to FIG. 6-4 and FIG. 7-4, they illustrate the
case where the rotating shaft 40 moves in the counter-
clockwise direction away from the origin position of the
reciprocating rotational motion trajectory. Since the rota-
ry-support structure inner fixing ring 53 is fastened to the
rotary drive shaft 40, the rotary drive shaft 40 drives the
rotary-support structure inner fixing ring 53 to move in
the counterclockwise direction, and the inner end D of
the rotary-support structure elastic member 52 is firmly
coupled to the rotary-support structure inner fixing ring
53. The inner end D of the rotary-support structure elastic
member 52 is also driven to move in the counterclockwise
direction, the outer end C of the rotary-support structure
elastic member 52 is firmly coupled to the rotary-support
structure outer fixing ring 51, and the rotary-support
structure outer fixing ring 51 is stationary relative to the
lower device housing. The rotating shaft 40 rotates rela-
tive to the rotary-support structure outer fixing ring 51.
The inner end D of the rotary-support structure elastic
member 52 rotates relative to the outer end C of the ro-
tary-support structure elastic member 52. The rotary-
support structure elastic member 52 exhibits elastic
bending deformation under the action of the rotating shaft
40. More specifically, when the rotating shaft 40 drives
the inner end D of the rotary-support structure elastic
member 52 to move in the counterclockwise direction
away from the free state of the elastic member 52, the
inner end D of the rotary-support structure elastic mem-
ber 52 rotates clockwise around the outer end C thereof.
The displacement generated by the current position of
the inner end D of the rotary-support structure elastic
member 52 relative to the position of the inner end D in
the free state of the elastic member 52 is the clockwise
deflection of the elastic member 52.

[0026] Referring to FIGS. 4-7, the rotating shaft 40
drives the rotary-support structure elastic member 52 to
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perform a reciprocating, clockwise-counterclockwise
bending motion around the outer end C of the elastic
member 52. The rotary-support structure elastic member
52 is equivalent to elastic pieces. The rotary-support
structure inner fixing ring 53 and the rotating shaft 40 are
fastened and have the same angular velocity. The rotat-
ing shaft 40 and the rotary-support structure inner fixing
ring 53 are tightly coupled without gap. The rotating shaft
40 is equivalent to be coupled to the rotary-support struc-
ture elastic member 52 without gap. The dimension of
the rotary-support structure elastic member 52 along the
radial direction of the rotating shaft 40 is set as the length
h,. The dimension of the rotary-support structure elastic
member 52 on the cross section perpendicular to the
radial direction of the drive shaft along the direction per-
pendicular to the drive force F, is set as the width b,. The
dimension of the rotary-support structure elastic member
52 on the cross section perpendicular to the radial direc-
tion of the drive shaft along the direction parallel to the
drive force F5 is set as the thickness t,, preferably b,>3t,.
It is set that when the rotary-support structure elastic
member 52 is bent and deformed by the force from the
circumferential tangential direction of the rotating shaft
40, the bending deformation section coefficient corre-
sponding to the rotary-support structure elastic member
52 is the circumferential bending deformation section co-
efficient | .5, which can also be understood as the circum-
ferential bending deformation section coefficient 1,5 of
the cross section composed of b, and t, when the rotary-
support structure elastic member 52 is subjected to the
force in the circumferential tangential direction of the ro-
tating shaft 40. Itis setthat when the rotary-support struc-
ture elastic member 52 is subjected to a force parallel to
the longitudinal axis L, of the rotating shaft 40, the bend-
ing deformation section coefficient of the rotary-support
structure elastic member 52 corresponding to the gen-
erated bending deformation is the axial bending defor-
mation section coefficient l,4, which can also be under-
stood as the axial bending deformation section coefficient
I,4 of the cross section composed of b, and t, when the
rotary-support structure elastic member 52 is subjected
to aforce parallel to the longitudinal axis L, of the rotating
shaft 40. Since the numerical ratio of b, and t, is reason-
ably selected in the present invention such that b,>3t,,
the axial bending deformation section coefficient 1,4 of
the rotary-support structure elastic member 52 is much
larger than the circumferential bending deformation sec-
tion coefficient |5, the circumferential bending deforma-
tion section coefficient |,; may even be less than one-
ninth of the axial bending deformation section coefficient
1z4 (1,3<l,4/9). Therefore, the rotary-support structure
elastic member 52, driven by the reciprocating rotational
motion of the drive shaft 40, can reliably produce elastic
bending deformation in response to the drive force of the
rotating shaft 40. In the present invention, the bending
deformation section is the cross-section composed of b,
and t, of the rotary-support structure elastic member 52.
Obviously, under the action of the force along the circum-
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ferential direction of the rotating shaft 40, the rotary-sup-
port structure elastic member 52 is easier to bend, so
that the rotary-support structure elastic member 52, driv-
en by the reciprocating rotational motion of the driving
shaft 40, can reliably generate the elastic bending defor-
mation in response to the drive force of the rotating shaft
40.

[0027] Inthis embodiment, the rotary-support structure
inner fixing ring 53 is fixedly coupled to the drive shaft 40
for rotary motion. The maximum clockwise (or counter-
clockwise) rotation angle reached by the drive shaft 50
for rotary motion when the drive shaft 50 leaves the tra-
jectory point corresponding to the free state of the elastic
member 52 is roughly equal to the maximum counter-
clockwise (or clockwise) rotation angle of the rotary-sup-
port structure elastic member 52.

[0028] Further exemplary embodiments of the present
invention will be described below in conjunction with
FIGS. 8-10 by taking electric toothbrushes and dental
irrigators as examples. Although the following only takes
the electric toothbrush and the dental irrigator as exam-
ples for explanation, the present invention is not limited
thereto. The present invention is also applicable to other
electric cleaning care appliances with other drive shafts
for reciprocating motion, such as facial cleansers, shav-
ers, and the like.

[0029] FIG. 8 is a schematic diagram of an electric
toothbrush equipped with the reciprocating linear motion
combination shown in FIG. 1. FIG. 9 is a schematic dia-
gram of an electric toothbrush equipped with the recip-
rocating rotary motion combination shown in FIG. 4. FIG.
10 is a schematic diagram of a dental irrigator equipped
with the reciprocating linear motion combination shown
in FIG. 1.

[0030] As shown in FIG. 8, the drive shaft (translation
shaft) 10 for reciprocating linear motion of the electric
toothbrush is arranged in the lower handle housing S-1
and extends into the upper handle housing S-2, and a
brush head driven by the translation shaft 10 is also in-
stalled in the upper handle housing S-2. Bristles S-3 for
cleaning teeth are distributed on the brush head. The
axis L, of the bristles S-3 is approximately perpendicular
to the longitudinal axis L of the transition shaft 10. In the
embodiment shown in FIG. 10, the translation shaft 10
isarranged inthe lowerhousing C-1 ofthe dental irrigator.
A flushing head is installed in the flushing head housing
C-2 , and the flushing liquid driven by the translation shaft
10 flows out via the flushing head. For this type of electric
cleaning care appliance, the maximum amplitude of the
translation shaft 10 is small, which is about 2 mm. There-
fore, the linear-support structure 20 of the present inven-
tion is especially suitable for electric cleaning care appli-
ance with the maximum amplitude less than 3 mm of the
translation shaft 10. More specifically, the linear-support
structure 20 of the present invention is suitable for use
in electric cleaning care products where the total dis-
placement of the translation shaft 10 from top to bottom
is less than 6 mm. For duality, it is generally expected
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that the drive shaft of the electric cleaning care products
can withstand more than 100,000 reciprocating motions.
To this end, the length h of the linear-support structure
elastic member 22 along the radial direction of the tran-
sition shaft 10 is designed to be more than three times
the thickness t; of the linear-support structure elastic
member 22 along the longitudinal axis L, (i.e., the direc-
tion of drive force F,) of the transition shaft 10 on the
cross section perpendicular to the radial direction of the
drive shaft, thatis, h,>3t,, so as to ensure that the linear-
support structure elastic member 22 can reliably realize
the reciprocating bending deformation during the life cy-
cle of the electric cleaning care appliances. The applicant
has further obtained through a large number of experi-
ments that the dimension t; of the linear-support structure
elastic member 22 along the direction of the longitudinal
axis L4 (i.e., the direction of drive force F,) of the transition
shaft 10 on the cross section perpendicular to the radial
direction of the drive shaft is preferably in the range of
0.1mm - 1.3mm. More preferably, the thickness t; of the
linear-support structure elastic member 22 along the di-
rection of the longitudinal axis L4 (i.e., the direction of
drive force F) of the transition shaft 10 on the cross sec-
tion perpendicular to the radial direction of the drive shaft
is in the range of 0.2mm - 0.7mm.

[0031] In the embodiment shown in FIG. 8, the pres-
sure exerted by teeth on the bristles S-3 is approximately
perpendicular to the longitudinal axis L4 of the translation
shaft 10. The pressure exerted by teeth on the bristles
S-3is equivalently exerted on the linear-support structure
elastic member 22, and is also equivalent to applying a
force (pressure or tension) along the direction from the
inner end B to the outer end A of the linear-support struc-
ture elastic member 22. According to Newton'’s third law,
the linear-support structure elastic member 22 will gen-
erate aresistance force against the pressure (or tension)
exerted by the teeth on the bristles S-3. The direction of
the resultant force of the resistance force is substantially
perpendicular to the longitudinal axis L4 of the translation
shaft and is opposite to the direction of the pressure ap-
plied by the teeth on bristle S-3. Therefore, the linear-
support structure elastic member 22 constrains the
movement of the translation shaft 10 in the radial direc-
tion. The linear-support structure elastic member 22 con-
strains the movement of the translation shaft 10 along
the direction perpendicular to its longitudinal axis L, and
forms a support for the translation shaft 10 in the radial
direction of the translation shaft 10. Since the linear-sup-
port structure elastic member 22 forms the support for
the drive shaft 10 along the radial direction of the trans-
lation shaft 10, the direction of the supporting force gen-
erated by the linear-support structure elastic member 22
and the movement displacement direction of the trans-
lation shaft 10 are 90 degrees; and the linear-support
structure inner fixing ring 23 is fixedly coupled to the
translation shaft 10, between the linear-support structure
inner fixing ring 23 and the translation shaft 10 there is
no need to overcome the frictional force to perform work.
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Therefore, no energy loss occurs in the support of the
linear-support structure 20 for the drive shaft 10 along
the radial direction of the translation shaft 10.

[0032] In the present invention, the linear-support
structure 20 can not only constrain the radial movement
of the translation shaft 10, but also form an effective sup-
port for the translation shaft 10, and the translation shaft
10 and the inner fixing ring 23 of the linear-support struc-
ture 20 are connected without gap, thereby avoiding the
impact and collision of the translation shaft 10 on the
linear-support structure 20, and greatly reducing the
noise. In addition, the energy loss of the reciprocating
conversion between the elastic potential energy of the
linear-support structure elastic member 22 and the driv-
ing kinetic energy of the translation shaft 10 is very small.
[0033] Referring to FIG. 9, the drive shaft 40 of the
electric toothbrush for reciprocating rotary motion is ar-
ranged in the lower handle housing S-4 and extends into
the upper handle housing S-5. Within the upper handle
housing S-5 is also equipped a brush head driven by the
drive shaft40. Bristles S-6 for cleaning teeth is distributed
on the brush head. The axis L, of the bristles S-6 is sub-
stantially perpendicular to the longitudinal axis L, of the
rotating shaft 40. For electric cleaning care appliances
such as electric toothbrushes, the rotation angle ampli-
tude of the rotating shaft 40 is relatively small, which is
about 25 degrees. Therefore, the rotating-support struc-
ture 50 of the present invention is suitable for electric
cleaning care appliances with a maximum rotation angle
amplitude of the rotating shaft 40 less than 40 degrees.
More specifically, the rotating-support structure 50 of the
presentinvention is suitable for electric cleaning care ap-
pliances whose total rotation angle of the rotating shaft
40 is less than 80 degrees. The total rotation angle of the
rotating shaft 40 is twice the maximum rotation angle
amplitude, and it can also be understood that the total
rotation angle of the rotating shaft 40 is the angle swept
from the leftmost to the rightmost away from the rotation
center. For durability, it is generally desirable that the
drive shaft of the electric cleaning care appliance can
withstand more than 100,000 reciprocating movements.
To this end, in yet another embodiment of the present
invention, the rotating-support structure elastic member
52 is arranged so that its length h, along the radial direc-
tion of the rotating shaft 40 is greater than three times
the thickness t, of the elastic member 52 along the di-
rection of the drive force F, parallel to the rotating shaft
40 on the cross section perpendicular to the radial direc-
tion of the drive shaft, that is, h,>3t,, to ensure that the
rotating-support structure elastic member 52 can reliably
realize reciprocating bending deformation during the life
cycle of the electric cleaning care products. The applicant
has further obtained from a large number of experiments
that it is preferable that the thickness t, of the rotating-
support structure elastic member 52 along the circum-
ferential direction of the rotating shaft 40 on the cross
section perpendicular to the radial direction of the drive
shaft is in the range of 0.1mm - 1.3mm, and more pref-
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erably, t, is in the range of 0.2mm - 0.7mm.

[0034] In contrast to the existing shaft-hole matching
structure, the drive shaft that performs reciprocating mo-
tion (the drive shaft that performs reciprocating rotary
motion or the drive shaft that performs reciprocating lin-
ear motion) passes through the shaft sleeve, and there
is generally a motion clearance of 0.01mm - 0.03mm be-
tween the shaft sleeve and the drive shaft that performs
reciprocating motion. The shaft sleeve restricts the radial
movement of the drive shaft and supports the drive shaft.
Due to the existence of the above-mentioned motion
clearance and the characteristics of the shaft sleeve re-
stricting the radial movement of the drive shaft, an irreg-
ular radial force is applied on the drive shaft when the
teeth exert an irregular force on the bristles. This radial
force will cause impact and collision between the drive
shaft and the shaft sleeve. The impact and collision can
cause large irregular noises. On the other hand, since
the shaft sleeve constrains the radial movement of the
drive shaft and supports the drive shaft, when a radial
force is applied on the drive shaft, the drive shaft and the
shaft sleeve come into contact, and the shaft sleeve sup-
ports the drive shaft to overcome the applied radial force
on the drive shaft. Friction is created between the drive
shaft and the sleeve shaft, and the friction will hinder the
movement of the drive shaft, thereby consuming energy.
[0035] To sum up, comparing the support structure of
the drive shaft that performs reciprocating rotary motion
or reciprocating linear motion provided by the present
invention with the existing support structure, on the one
hand, because the drive shaft that performs reciprocating
motion is coupled to the support structure without gap,
the impact and collision on the support structure caused
by the reciprocating motion of the drive shaft are avoided,
and the noise is greatly reduced. On the other hand, the
conversion energy loss between the elastic potential en-
ergy of the elastic member of the support structure and
the driving kinetic energy of the drive shaft is very small,
so it has the advantages of simple structure, low noise
and small energy loss. In addition, the support structure
is preferably a plastic part, which is low in cost and suit-
able for mass production.

Claims

1. A support structure for supporting a drive shaft (10,
40) that performs reciprocating motion in an electric
cleaning care appliance, at least a part of the drive
shaft (10, 40) is located in a stationary lower device
housing, under the action of drive force (F4, F5), the
drive shaft (10, 40) reciprocates relative to the lower
device housing along or about its longitudinal axis
(L4, Ly), a support structure (20, 50) for supporting
the drive shaft (10, 40) is also provided in the lower
device housing, a head driven by the drive shaft (10,
40) is also provided in a stationary upper device
housing, the transverse axis (L3, L4) of the head is
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perpendicular to the longitudinal axis (L4, L,) of the
drive shaft (10, 40),

wherein the support structure (20, 50) compris-
es an inner fixing ring (23, 53) of the support
structure, at least one elastic member (22, 52)
of the support structure and an outer fixing ring
(21, 51) of the support structure, the inner fixing
ring (23, 53) of the support structure is fastened
onthedrive shaft(10, 40) along a circumferential
direction of the drive shaft (10, 40), the outer
fixing ring (21, 51) of the support structure is
directly or indirectly fastened on an inner wall of
the lower device housing, the elastic member
(22, 52) of the support structure has the perform-
ance of a spring, the elastic member (22, 52) of
the support structure is distributed between the
outer fixing ring (21, 51) of the support structure
and the inner fixing ring (23, 53) of the support
structure, an outerend (A, C) of the elastic mem-
ber (22, 52) of the support structure is fixedly
coupled to the outer fixing rings (21, 51) of the
support structure, aninnerend (B, D) of the elas-
tic member (22, 52) of the support structure is
fixedly coupled to the inner fixing ring (23, 53)
of the support structure,

wherein, on a cross section of the elastic mem-
ber (22, 52) of the support structure perpendic-
ular to a radial direction of the drive shaft (10,
40) is distributed a width ( b4, b,) along a direc-
tion perpendicular to the drive force (F4, F5), on
a cross section of the elastic member (22, 52)
of the support structure perpendicular to a radial
direction of the drive shaft (10, 40) is distributed
a thickness (t4, t,) along a direction parallel to
the drive force (F4, F5), the width (b4, b,) of the
elastic member (22, 52) of the support structure
along the direction perpendicular to the drive
force (F4, F5) is greater than three times the
thickness (4, ty) along the direction parallel to
the drive force (F4, Fy), that is, b;>3t,, by>3t,.

The support structure of claim 1, wherein the outer
fixing ring (21, 51) of the support structure, the elastic
member (22, 52) of the support structure and the
inner fixing ring (23, 53) of the support structure are
all made of plastic.

The support structure of claim 2, wherein the outer
fixing ring (21, 51) of the support structure, the elastic
member (22, 52) of the support structure and the
inner fixing ring (23, 53) of the support structure are
made of thermoplastic.

The support structure of claim 2 or 3, wherein the
inner fixing ring (23, 53) of the support structure and
the drive shaft (10, 40) that performs reciprocating
motion are injection-molded as an integral piece.
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5.

10.

1.

22

The support structure of claim 1, wherein the elastic
member (22, 52) of the support structure is integrally
coupled to the inner fixing rings (23, 53) and outer
fixing rings (21, 51) of the support structure (20, 50).

The support structure of claim 1, wherein the elastic
member (22, 52) of the support structure is arranged
such that a length (h4, h,) of the elastic member (22,
52) of the support structure along the radial direction
of the drive shaft (10, 40) is greater than three times
a thickness (t;, t,) of the elastic member (22, 52) of
the support structure in the direction parallel to the
drive force (F4, F,) on the cross section perpendic-
ular to the radial direction of the drive shaft, that is,
hy > 3tq, hy > 3t,.

The support structure of claim 1, wherein the thick-
ness (i, t,) of the elastic member (22, 52) of the
support structure in the direction parallel to the drive
force (F4, F5) on the cross section perpendicular to
the radial direction of the drive shaft is 0.1mm -
1.3mm.

The support structure of claim 7, wherein the thick-
ness (t4, t,) of the elastic member (22, 52) of the
support structure in the direction parallel to the drive
force (F4, F5) on the cross section perpendicular to
the radial direction of the drive shaft is 0.2mm -
0.7mm.

The support structure of claim 1, wherein the electric
cleaning care appliance is an electric toothbrush or
adentalirrigator, and the support structure is alinear
motion support structure (20) for supporting a drive
shaft (10) that performs reciprocating linear motion
along the longitudinal axis (L).

The support structure of claim 9, wherein a distance
between upper surfaces of the inner and outer fixing
rings (21, 23) of the linear motion support structure
(20) and the head is less than a distance between
an upper edge of the elastic member (22) of thelinear
motion support structure and the head, or a distance
between lower surfaces of the inner and outer fixing
rings (21, 23) of the linear motion support structure
(20) and the head is greater than a distance between
a lower edge of the elastic member (22) of the linear
motion support structure and the head, such that the
combined linear motion support structure (20) is in
a concave shape on at least one side of the upper
and lower sides of the cross section parallel to the
longitudinal axis (L4) of the drive shaft (10) that per-
forms reciprocating linear motion.

The support structure of claim 9, wherein under the
action of the drive force (F4) of reciprocating linear
motion, a maximum motion amplitude of the drive
shaft (10) that performs reciprocating linear motion
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along its longitudinal axis (L4) is less than 3mm.

The support structure of claim 11, wherein a maxi-
mum movement amplitude of the drive shaft (10) that
performs reciprocating linear motion along its longi-
tudinal axis (L4) is 2 mm.

The support structure of claim 1, wherein the electric
cleaning care appliance is an electric toothbrush, the
support structure is a rotary motion support structure
(50) for supporting the drive shaft (10) that performs
reciprocating rotary motion about the longitudinal ax-

is (L,).

The support structure of claim 13, wherein under the
action of the drive force (F5) of reciprocating rotary
motion, a maximum rotational angle amplitude of the
drive shaft (40) that performs reciprocating rotary
motion about its longitudinal axis (L,) is less than 40
degree.

The support structure of claim 14, wherein the max-
imum rotary angular amplitude of the drive shaft (40)
that performs reciprocating rotary motion about its
longitudinal axis (L,) is 25 degrees.
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