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& (57) Abstract: Disclosed is a stator of reciprocating motor comprising: a stator including two lamination assemblies formed ac-
cordingly as a plurality of lamination sheets are stacked as a cylindrical shape or a circular are shape; and a mover inserted into an
air gap between said two lamination assemblies and linearly reciprocating. In the stator, the lamination sheets constituting the lam-
ination assembly are thicker at an outer circumference side of the lamination assembly than at an inner circumference said thereof.
According to this, a path of a flux applied to the lamination assembly is maximized thus to minimize a resistance of the flux.
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Description
STATOR OF RECIPROCATING MOTOR AND

FABRICATION METHOD THEREOF
Technical Field

[1] The present invention relates to a reciprocating motor, and more partiaularly, to a
stator of a reciprocating motor capable of minimizing a resistance against a flux by
maximizing a volume oxupied by lamination sheets in a unit volume of a ¢ylindrical
lamination assembly when a plurality of lamination sheets are stacked as a ¢ylindrical
shape, and a fabrication method thereof.

Background Art

[2] A motor converts an electric energy into a kinetic energy. The motor is divided into
a rotary motor for converting an electric energy into a rotary movement force, a re-
ciprocating motor for converting an electric energy into a linear reciprocation force,
and etc.

[3] Figure 1 shows one example of the reciprocating motor. As shown, the re-
ciprocating motor comprises: a stator composed of an outer core 100 and an inner core
200 inserted into the outer core 100; and a mover 300 movably inserted between the
outer core 100 and the inner core 200 of the stator.

[4] The mover 300 includes: a magnet holder 310 formed as a cylindrical shape and
inserted between the outer core 100 and the inner core 200; and a permanent magnet
320 coupled to the magnet holder 310.

[5] A winding coil 400 and a bobbin 410 where the winding coil 400 is positioned are
ooupled to inside of the outer core 100. The bobbin 410 is formed as a ring shape, and
the winding coil 400 is formed acordingly as a wire is wound on the bobbin 410
several times. The bobbin 410 and the winding coil 400 can be coupled to the inner
core 200.

[6] The outer core 100 is formed as a cylindrical shape having an inner diameter of a
certain size, and has a certain width. A sectional surface of the outer core 100 in a cir-
caumferential direction thereof is composed of an opening groove 110 inwardly open so
that the winding coil 400 and the bobbin 410 can be located; a pass portion 120 cor-
responding to an outer side of the opening groove 110 for passing a flux; and a pole
portion 130 corresponding to both ends of inside of the pass portion 120 for forming a
pole.

[7] The inner core 200 is formed as a cylindrical shape having a certain width. A
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[9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

sectional surface of the inner core 200 in a ciraumferential direction has a
quadrangular shape having a certain width and length.

The unexplained reference numeral R denotes a fixing ring.

Operation of the reciprocating motor will be explained as follows.

As a power is supplied to the reciprocating motor, a aurrent is applied to the
winding coil 400. By the aurrent, a flux is formed around the winding coil 400. The
flux forms a closed loop along the pass portion 120 of the outer core and the inner core
200.

The flux formed at the pass portion 120 of the outer core and the inner core 200
interacts with a flux formed by the permanent magnet 310 of the mover, so that a force
is applied to the permanent magnet 310 in an axial direction. By the force applied to
the permanent 310, the mover moves in the axial direction. If a direction of the current
applied to the winding coil 400 is alternated, the mover 300 linearly reciprocates.

The outer core 100 and the inner core 200 constituting the stator S have various
shapes and fabrication methods. The outer core 100 and the inner core 200 of the stator
are fabricated by stacking a plurality of thin plates having a predetermined shape in
order to minimize a flux loss. If the outer core 100 or the inner core 200 is one body
not a lamination assembly, a flux loss is generated by a copper loss.

Figure 2 is a disassembled perspective view showing one example of the inner core
of reciprocating motor.

As shown, the inner core 200 of the reciprocating motor is a cylindrical lamination
assembly formed acordingly as quadrangular lamination sheets IS having a certain
thickness are stacked as a ¢ylindrical shape. The lamination sheets IS are stacked so
that relatively long side edges 1 can be positioned at an inner ciraumferential side and
at an outer ciraumferential side of the cylindrical lamination assembly. An opened
groove 3 is formed at both short side edges 2 of each lamination sheet. By the grooves
3, aring groove 210 is respectively formed at both side surfaces of the cylindrical
lamination assembly. The fixing ring R of a ring shape is respectively coupled to the
ring grooves 210, thereby fixing the lamination sheets IS.

The outer core 100 of the reciprocating motor is constructed as the same shape as
the inner core. That is, the outer core 100 is formed acordingly as lamination sheets of
a predetermined shape are stacked as a cylindrical shape. The lamination sheets are
radially positioned toward the center of the ¢ylindrical lamination assembly.

However, in the stator of the reciprocating motor, that is, in the outer core 100 and

the inner core 200 constructed as a ¢ylindrical lamination assembly, a volume
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[17]

[18]

[19]

[20]

oxupied by the lamination sheets is less in a unit volume of the cylindrical lamination
assembly. Aaording to this, a flux density is relatively high at the time of forming a
flux thus to increase a flux resistance. More specifically, as shown in Figure 3, since
the inner core 200 is constructed as a ¢ylindrical lamination assembly that the
lamination sheets IS having a certain thickness are stacked as a ¢ylindrical shape, a
dense state between adjacent lamination sheets IS is maintained at an inner ciraum-
ferential surface side of the cylindrical lamination assembly. However, at an outer cir-
aumferential surface side of the cylindrical lamination assembly, an interval h between
the lamination sheets IS is formed. The interval h between the lamination sheets IS is
increased with a certain ratio towards the outer ciracumferential surface side from the
inner circumferential surface side of the ¢ylindrical lamination assembly. In case that
the outer core 100 is constructed as a ¢ylindrical lamination assembly, the above ex-
planation is also applied.

Awording to this, much space is formed in the ¢ylindrical lamination assembly, so
that a volume oaupied by the lamination sheets IS is less in the unit space of the
¢ylindrical lamination assembly. Therefore, a flux path becomes narrow thus to
increase a flux resistance and thereby to lower a motor efficiency.

Disclosure

Therefore, an object of the present invention is to provide a stator of a reciprocating
motor capable of minimizing a resistance against a flux by maximizing a volume
ocupied by lamination sheets in a unit volume of a cylindrical lamination assembly
when a plurality of lamination sheets are stacked as a cylindrical shape, and a
fabrication method thereof.

To achieve these and other advantages and in acordance with the purpose of the
present invention, as embodied and broadly described herein, there is provided a stator
of a reciprocating motor comprising a stator including two lamination assemblies
formed accordingly as a plurality of lamination sheets are stacked as a cylindrical
shape or a circular arc shape; and a mover inserted into an air gap between said two
lamination assemblies and linearly reciprocating, wherein the lamination sheets con-
stituting the lamination assembly are thicker at an outer circumference side of the
lamination assembly than at an inner ciraumference side thereof.

To achieve these and other advantages and in acordance with the purpose of the
present invention, as embodied and broadly described herein, there is also provided a
fabrication method of a stator of a reciprocating motor comprising: cutting a substrate

having a certain thickness as a certain size; pressing the ait plane sheets so that a
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[22]
[23]

[24]

[25]

[26]

[27]
[28]

[29]

[33]

thickness of one side can be different from a thickness of another side, and thereby
fabricating lamination sheets; and stacking the lamination sheets as a ¢ylindrical shape
so that a relatively thin part of the lamination sheet can be inwardly positioned and a
relatively thick part thereof can be outwardly positioned.

The foregoing and other objects, features, aspects and advantages of the present
invention will become more apparent from the following detailed description of the
present invention when taken in conjunction with the acompanying drawings.

Description of Drawings

Figure 1 is a sectional view showing a general reciprocating motor;

Figure 2 is a disassembled perspective view showing one example of an inner core
of the reciprocating motor;

Figure 3 is a frontal view showing the inner core of the reciprocating motor;

Figures 4 and 5 are sectional and frontal views of a reciprocating motor provided
with a reciprocating motor stator acording to one embodiment of the present
invention;

Figure 6 is a disassembled perspective view showing an inner core constituting the
stator of the reciprocating motor;

Figure 7 is a frontal view of the inner core by a partial enlargement;

Figures 8 and 9 are perspective views showing other embodiments of the inner core
by a partial enlargement;

Figure 10 is a flow chart showing a fabrication method of the stator of the re-
ciprocating motor; and

Figures 11 and 12 are frontal views showing the fabrication method of the stator of
the reciprocating motor.

Mode for Invention

Reference will now be made in detail to the preferred embodiments of the present
invention, examples of which are illustrated in the acompanying drawings.

Hereinafter, a stator of a reciprocating motor acording to the present invention and
a fabrication method thereof will be explained in more detail with reference to the
attached drawings.

Figures 4 and 5 are sectional and frontal views of a reciprocating motor provided
with a reciprocating motor stator acording to one embodiment of the present
invention. The same reference numerals were given to the same parts as those of the
conventional one.

As shown, the reciprocating motor acording to the present invention comprises: a
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[35]

[36]

[40]

[41]

[42]

stator composed of an outer core 500 and an inner core 600 inserted into the outer core
500; and a mover 300 movably inserted between the outer core 500 and the inner core
600 of the stator.

A bobbin 410 and a winding coil 400 wound by a wire on the bobbin 410 are
ooupled to inside of the outer core 500. The bobbin 410, the winding coil 400, and the
mover 300 have the same structure as those of the conventional one, thereby omitting
the explanations.

As shown in Figures 6 and 7, the inner core 600 is a cylindrical lamination
assembly that a plurality of lamination sheets IS1 are stacked as a cylindrical shape.
The thickness of the lamination sheet IS1 constituting the lamination assembly is
thicker at an outer ciraumference side of the lamination assembly than at an inner cir-
aumference side thereof.

The lamination sheet IS1 is composed of a plane portion 11 formed as a rectangular
plane, and a step portion 12 formed at the opposite side of the plane portion 11 and
having a plurality of conseautive step surfaces A of a stair shape. The step surfaces A
are surfaces shown in Figure 3. The more the number of the step surfaces A is, the
more effective. Two long side edges 13 have a different thickness, respectively. A
groove 15 is respectively formed at two short side edges 14 which are relatively short.
The groove 15 is formed as a rectangular shape of which one side is open.

The lamination sheets IS1 constituting the ¢ylindrical lamination assembly are
stacked so that the plane portion of one lamination sheet and the step portion of
another adjacent lamination sheet can be in contact with each other.

By the grooves 15 of the lamination sheets IS1 constituting the ¢ylindrical
lamination assembly, a ring groove 610 of a ring shape is respectively formed at both
side surfaces of the cylindrical lamination assembly. A fixing ring R of a ring shape is
respectively forcibly-inserted into the ring grooves 610.

The cylindrical lamination assembly constituted with the plurality of lamination
sheets IS1 is fixed by welding both sides surfaces thereof.

As a modification example of the lamination sheet, as shown in Figure 8, a
lamination sheet IS2 includes: a first step portion 21 having a plurality of step surfaces
A of a stair shape; and a second step portion 22 formed at the opposite side of the first
step portion 21 and having a plurality of step surfaces A of a stair shape. That is, the
lamination sheet IS2 is formed as a rectangular shape, and is provided with the first
step portion 21 and the second step portion 22 at both side surfaces thereof.

The step surfaces A are surfaces shown in Figure 3. The more the number of the
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step surfaces A is, the more effective. Two long side edges 23 have a different
thickness, respectively. A groove 25 is respectively formed at two short side edges
which are relatively short. The groove 25 is formed as a rectangular shape of which
one side is open.

[43] By the grooves 25 of the lamination sheets IS2 constituting the ¢ylindrical
lamination assembly, a ring groove 610 of a ring shape is respectively formed at both
side surfaces of the cylindrical lamination assembly. A fixing ring R of a ring shape is
respectively forcibly-inserted into the ring grooves 610.

[44] As another modification example of the lamination sheet, as shown in Figure 9, a
lamination sheet IS3 includes an inclined plane portion 31 of a rectangular shape that
both side surfaces thereof are inclined towards the center axis. Two long side edges 32
of the lamination sheet IS3 have a different thickness, respectively. A sectional shape
of the lamination sheet IS3 in a horizontal direction is trapeziform. A groove 35 is
formed at two short side edges of the lamination sheet IS3, respectively. The groove 35
is formed as a quadrangular shape of which one side is open.

[45] By the grooves 35 of the lamination sheets IS3 constituting the cylindrical
lamination assembly, a ring groove 610 of a ring shape is respectively formed at both
side surfaces of the cylindrical lamination assembly. A fixing ring R of a ring shape is
respectively forcibly-inserted into the ring grooves 610.

[46] In the inner core 600 constituted with the ¢ylindrical lamination assembly, the
lamination sheet IS constituting the ¢ylindrical lamination assembly has a thicker part
at the outer circumferential side of the c¢ylindrical lamination assembly than at the
inner ciraumferential side thereof. Aaording to this, not only the interval between
lamination sheets of the outer circumferential side of the ¢ylindrical lamination
assembly but also the interval between lamination sheets become minimal. Therefore,
a volume ocupied by the lamination sheets in a unit volume of the cylindrical
lamination assembly constituting the inner core 600 becomes maximum.

[47] The outer core 500 is a lamination assembly that a plurality of lamination sheets
having a predetermined shape are stacked. The lamination sheet IS4 constituting the
lamination assembly has a thicker thickness at the outer ciraumferential side of the
lamination assembly than at the inner circumferential side thereof.

[48] The lamination sheet 1S4 of the outer core is composed of a plane portion 41
formed as a rectangular plane, and a step portion 42 formed at the opposite side of the
plane portion 41 and having a plurality of conseautive step surfaces A of a stair shape.

The step surfaces A are surfaces shown in Figure 3. The more the number of the step



WO 2004/082102 7 PCT/KR2004/000506

[50]

surfaces A is, the more effective. Two long side edges have a different thickness, re-
spectively.

An opening groove 520 of a quadrangular shape is formed at one thin edge of the
lamination sheet IS4. The opening groove 520 can be formed as various shapes. A
groove 45 is formed at two short side edges of the lamination sheet IS4, respectively.
The groove 45 is formed as a quadrangular shape of which one side is open.

The lamination sheets IS4 constituting the cylindrical lamination assembly are
stacked so that the plane portion 41 of one lamination sheet and the step portions 42 of
another adjacent lamination sheet can be in contact with each other.

By the grooves 45 of the lamination sheets IS4 constituting the cylindrical
lamination assembly, a ring groove 510 of a ring shape is respectively formed at both
side surfaces of the ¢ylindrical lamination assembly. By the opening groove 520, a
bobbin inserting groove of a ring shape for inserting a bobbin 410 is formed. A fixing
ring R of a ring shape is respectively forcibly-inserted into the ring grooves 510.

The lamination sheets IS4 constituting the outer core 500 can be modified as
various shapes like the lamination sheets constituting the inner core 600.

In the outer core 500 constituted with the cylindrical lamination assembly, like in
the inner core 600, not only the interval between lamination sheets of the outer circum-
ferential side of the cylindrical lamination assembly but also the interval between
lamination sheets become minimal. Therefore, a volume oxupied by the lamination
sheets in a unit volume of the cylindrical lamination assembly constituting the outer
core 500 becomes maximum.

Adwording to the stator of the reciprocating motor of the present invention, both the
outer core 500 and the inner core 600 inserted into the outer core can be constituted as
a lamination assembly. It is also possible to constitute the outer core 500 as a
lamination assembly and to constitute the inner core 600 inserted into the outer core
500 as a non-lamination assembly. It is also possible to constitute the outer core 500 as
a non-lamination assembly and to constitute the inner core 600 as a lamination
assembly.

A fabrication method of the stator of the reciprocating motor of the present
invention will be explained. As shown in Figure 10, a substrate having a certain
thickness is aut as a certain size. Then, the aut plane sheets are pressed so that a
thickness of one side can be different from a thickness of another side, and thereby
lamination sheets are fabricated. The aut plane sheets are plural as a rectangular shape.

The aut plane sheet is pressed so that a thickness of one long side can be different from
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[56]

[57]

[58]

[60]

[65]

a thickness of another long side.

Then, the lamination sheets are stacked as a cylindrical shape so that a relatively
thin part of the lamination sheet can be positioned at the inner ciracumferential side of
the ¢ylindrical assembly and a relatively thick part thereof can be positioned at the
outer ciraumferential side of the cylindrical assembly.

The lamination sheets constituting the cylindrical lamination assembly are fixed by
a fixing ring R or by a welding.

In the pressing step, as shown in Figure 11, only one side surface of the plane sheet
is pressed step by step as a stair shape. That is, one side surface of the plane sheet is
pressed step by step thus to form a plurality of step surfaces A such as stairs. The
lamination sheets IS are stacked so that the plane of one lamination sheet and the step
surfaces A of another adjacent lamination sheet can be in contact with each other.

In the pressing step, as shown in Figure 12, both side surfaces of the plane sheet can
be pressed as a stair shape step by step. That is, a plurality of step surfaces A of a stair
shape are respectively formed at both side surfaces of the plane sheet.

In order to form the step surfaces at both side surfaces of the plane sheet, one side
surface of the plane sheet is pressed as a stair shape step by step, and then the plane
sheet is overturned thus to press another side surface thereof as a stair shape step by
step.

It is also possible to simultaneously press both side surfaces of the plane sheet as a
stair shape step by step.

In the ¢ylindrical lamination assembly, not only the interval between lamination
sheets of the outer ciracumferential side thereof but also the interval between lamination
sheets become minimal.

Hereinafter, the stator of the reciprocating motor and the fabrication method thereof
acording to the present invention will be explained.

In the reciprocating motor provided with the reciprocating motor stator of the
present invention, like in the conventional reciprocating motor, as a power is supplied
to the reciprocating motor, a current is applied to the winding coil 400. By the aurrent,
a flux is formed at the outer core 500 and the inner core 600 of the stator. The flux
formed at the outer core 500 and the inner core 600 of the stator interacts with a flux
formed by the permanent magnet 320 of the mover, so that a force is applied to the
permanent magnet 320 and thus the mover 300 moves.

In said process, since the stator of the present invention is provided with a

cylindrical lamination assembly that a plurality of lamination sheets having different
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[67]

[68]

thickness, a volume oxupied by the lamination sheets in a unit volume of the
¢ylindrical lamination assembly becomes maximum. Aaording to this, a flux path
formed at the cylindrical lamination assembly of the stator is maximized thus to
minimize a flux resistance.

Also, since contact parts between adjacent lamination sheets of the cylindrical lam
ination assembly are increased, a vibration of the lamination sheets or contact noise
can be prevented at the time of a vibration generation while the reciprocating motor is
operated.

As aforementioned, in the stator of the reciprocating motor and the fabrication
method thereof acording to the present invention, the path of the flux generated by the
aurrent applied to the winding coil and the permanent magnet is maximized thus to
minimize the flux resistance. Aaording to this, not only an output of the motor but
also the motor efficiency can be enhanced.

Additionally, since a supported state between the lamination sheets is firm, the
vibration and noise between the lamination sheets generated at the time of a vibration
generation during the motor operation can be prevented thereby to enhance the motor
reliability.

As the present invention may be embodied in several forms without departing from
the spirit or essential characteristics thereof, it should also be understood that the
above-described embodiments are not limited by any of the details of the foregoing de-
scription, unless otherwise specified, but rather should be construed broadly within its
spirit and scope as defined in the appended claims, and therefore all changes and modi-
fications that fall within the metes and bounds of the claims, or equivalence of siwch

metes and bounds are therefore intended to be embraced by the appended claims.
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Claims

[1] A stator of a reciprocating motor comprising: a stator including two lamination
assemblies formed acordingly as a plurality of lamination sheets are stacked as
a oylindrical shape or a ciraular arc shape; and a mover inserted into an air gap
between said two lamination assemblies and linearly reciprocating, wherein the
lamination sheets constituting the lamination assembly are thicker at an outer cir-
aimference side of the lamination assembly than at an inner circumference side
thereof.

[2] The stator of the reciprocating motor of claim 1, wherein the lamination sheet is
composed of a plane portion formed as a quadrangular plane, and a step portion
formed at the opposite side of the plane portion and having a plurality of step
surfaces of a stair shape.

[3] The stator of the reciprocating motor of claim 1, wherein the lamination sheet is
provided with a first step portion having a plurality of step surfaces of a stair
shape, and a second step portion formed at the opposite side of the first step
portion and having a plurality of step surfaces of a stair shape.

[4] The stator of the reciprocating motor of claim 1, wherein the lamination sheet is
an inclined plane portion that both side surfaces thereof are inclined towards a
center axis thereof.

[5] The stator of the reciprocating motor of claim 1, wherein a groove is respectively
formed at both edges of the lamination sheet, and fixing rings of a ring shape are
ooupled to ring grooves formed at the lamination assembly by the grooves of the
lamination sheet.

[6] The stator of the reciprocating motor of claim 1, wherein the lamination sheets
constituting the lamination assembly are fixed by a welding.

[7] A stator of a reciprocating motor comprising: a stator constituted with an outer
oore having a winding coil and an inner core inserted into the outer core with a
certain air gap; and a mover inserted into the air gap and linearly reciprocating,
wherein the outer core or the inner core is a lamination assembly that a plurality
of lamination sheets are stacked, and the lamination sheets constituting the
lamination assembly are thicker at an outer ciracumference side of the lamination
assembly than at an inner ciraumference side thereof.

[8] A fabrication method of a stator of a reciprocating motor comprising:

autting a substrate having a certain thickness as a certain size;
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[9]

pressing the cut plane sheets so that a thickness of one side can be different from
a thickness of another side, and thereby fabricating lamination sheets; and
stacking the lamination sheets as a cylindrical shape so that a relatively thin part
of the lamination sheet can be inwardly positioned and a relatively thick part
thereof can be outwardly positioned.

The method of claim 8, wherein in the pressing step, only one side surface of the
plane sheet is pressed as a stair shape step by step.

The method of claim 8, wherein in the pressing step, both side surfaces of the
plane sheet are pressed as a stair shape step by step.

The method of claim 10, wherein one side surface of the plane sheet is pressed as
a stair shape step by step, and then the plane sheet is overturned thus to press
another side surface thereof as a stair shape step by step.

The method of claim 10, wherein both side surfaces of the plane sheet are simul-

taneously pressed as a stair shape step by step.



1/6
WO 2004/082102 PCT/KR2004/000506

[Fig. 1]

120 400 410 320 310

(]




2/6

PCT/KR2004/000506

WO 2004/082102

[Fig. 3]

l

= =—600

—IS1

520 400 410

[

182




3/6
WO 2004/082102 PCT/KR2004/000506




4/6
WO 2004/082102 PCT/KR2004/000506

S1 15 11




5/6
WO 2004/082102 PCT/KR2004/000506

[Fig. 10]
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