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COIL UNIT, DRIVE MECHANISM, WINDING
DEVICE AND WINDING METHOD

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The present invention claims priority under 35 U.S.
C. §119 to Japanese Application No. 2014-109735 filed May
28,2014, the entire content of which is incorporated herein by
reference.

FIELD OF THE INVENTION

[0002] At least an embodiment of the present invention
may relate to a coil unit including a plurality of coils and a coil
holding member holding a plurality of the coils, and to a drive
mechanism including the coil unit. Further, at least an
embodiment of the present invention may relate to a winding
device for winding a coil on a coil holding member, and to a
winding method in which a coil is wound on a coil holding
member by using the winding device.

BACKGROUND

[0003] A photographing optical device has been conven-
tionally known which is provided with a shake correction
function for correcting a shake such as a hand shake (see, for
example, Japanese Patent Laid-Open No. 2011-81288). The
photographing optical device described in the Patent Litera-
ture includes a movable module having a lens and an imaging
element, a support body which swingably supports the mov-
able module, a plate spring which connects the movable mod-
ule with the support body, and a swing drive mechanism
structured to swing the movable module with respect to the
support body for correcting a shake. The swing drive mecha-
nism includes four drive magnets and four drive coils respec-
tively disposed oppositely to the four drive magnets. The
drive magnets are fixed to an outer peripheral face of the
movable module which is formed in a substantially quadran-
gular prism shape. The drive coil is an air-core coil. The
support body includes a case body formed in a substantially
rectangular tube shape and the drive coils are fixed to an inner
peripheral face of the case body.

[0004] Further, a winding device for winding an air-core
coil has been conventionally known (see, for example, Japa-
nese Patent Laid-Open No. Hei 3-79005). In the winding
device described in this Patent Literature, a winding wire
material is wound around a winding core which is disposed
between a side frame and an opposed side frame face and then
the winding core is rotated. In this manner, an air-core coil
whose side faces are formed by the side frame and the
opposed side frame face is manufactured.

[0005] Inthe photographing optical device described in the
former Patent Literature, each of four drive coils which are
air-core coils are required to be fixed to an inner peripheral
face of the case body which is formed in a substantially
rectangular tube shape and thus attaching work of the drive
coils to the case body is complicated. Further, in this photo-
graphing optical device, respective both end parts of each of
four drive coils (in other words, both end parts of a conducting
wire structuring the drive coil) are required to be connected
and processed. In other words, in the photographing optical
device, eight end parts of conducting wires are required to be
connected and processed. Therefore, in the photographing
optical device, attaching work of drive coils to the case body
is further complicated.
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SUMMARY

[0006] In view of the problem described above, at least an
embodiment of the present invention may advantageously
provide a coil unit including a coil and a coil holding member
which holds the coil, wherein attaching work of the coil to the
coil holding member can be easily performed. Further, at least
an embodiment of the present invention may advantageously
provide a drive mechanism including the coil unit.

[0007] Further, the present inventor has considered and
examined to directly wind a coil on a coil holding member
structured to hold the coil. In the above-mentioned latter
Patent Literature, a winding device for manufacturing an
air-core coil is disclosed but a winding device by which a coil
is directly wound on a coil holding member is not disclosed.
[0008] In view of the problem described above, at least
another embodiment of the present invention may advanta-
geously provide a winding device which is capable of pre-
venting winding collapse of a coil even when the coil is
directly wound on a coil holding member structured to hold
the coil. Further, at least another embodiment of the present
invention may advantageously provide a winding method for
winding a coil on a coil holding member by using the winding
device.

[0009] According to at least an embodiment of the present
invention, there may be provided a coil unit including an even
number of coils and a coil holding member which holds the
even number of the coils. An outer peripheral face of the coil
holding member is formed with a side-face pair comprised of
a pair of side faces which are substantially parallel to each
other, and the outer peripheral face of the coil holding mem-
ber is structured of two or more side-face pairs. The side face
is formed with a protruded part around which the coil is
directly wound and the protruded part is protruded to an outer
peripheral side of the coil holding member, and the two coils
which are wound around the protruded parts on the side-face
pair are structured of one conducting wire.

[0010] In the coil unit in accordance with at least an
embodiment of the present invention, a coil is directly wound
around a protruded part formed on a side face of a coil holding
member. Therefore, according to at least an embodiment of
the present invention, a coil is attached to a coil holding
member by winding a coil (conducting wire) around the pro-
truded part. Further, in at least an embodiment of the present
invention, two coils which are wound around the protruded
parts on the side-face pair comprised of a pair of side faces are
structured of one conducting wire. Therefore, the number of
end parts of a conducting wire required to be processed can be
reduced. Accordingly, in at least an embodiment of the
present invention, attaching work of the coil to the coil hold-
ing member can be performed easily.

[0011] In at least an embodiment of the present invention,
an inner face of the coil is directly contacted with the pro-
truded part. According to this structure, a fixed strength of the
coil to the coil holding member can be increased.

[0012] Inatleast an embodiment of the present invention, a
tip end side of the protruded part is protruded to an outer
peripheral side with respect to the coil holding member rela-
tive to the coil. According to this structure, winding collapse
of'the coil which is wound around the protruded part is hard
to be occurred. Further, according to this structure, the coil is
hard to contact with an external member when the coil unit is
handled. Therefore, damage of the coil when the coil unit is
handled can be prevented from being occurred.
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[0013] In at least an embodiment of the present invention,
the coil holding member is formed in a tube shape, the coil is
formed in a substantially rectangular frame shape which is
structured of two long side parts and two short side parts
shorter than the long side part, the coil is wound around the
protruded part so that an axial direction of the coil holding
member formed in the tube shape and a short widthwise
direction of the coil are coincided with each other and that a
direction perpendicular to the axial direction and a longitu-
dinal direction of the coil are coincided with each other and,
when a portion of the long side part of an inner face of the coil
which is formed in the substantially rectangular frame shape
is referred to as a first inner face and a portion of the short side
part of the inner face of the coil is referred to as a second inner
face, the side face is formed with the protruded part so as to
contact with at least parts of the two first inner faces and at
least parts of the two second inner faces. According to this
structure, the coil which is directly wound around the pro-
truded part to be formed in a substantially rectangular frame
shape can be formed with a high degree of accuracy, and
accuracy of an attaching position of the coil with respect to
the coil holding member can be enhanced. In this case, it is
preferable that the protruded part is formed to be divided into
two portions so that a head side protruded part is capable of
being entered therebetween, the head side protruded part
being provided in a subordinate head which functions as a
guide for winding when the conducting wire is to be wound
around the protruded part. According to this structure, the
positional relationship between the subordinate head and the
coil holding member can be determined through the head side
protruded part with a high degree of accuracy.

[0014] In at least an embodiment of the present invention,
the coil holding member is formed in a tube shape, the coil is
formed in a substantially rectangular frame shape which is
structured of two long side parts and two short side parts
shorter than the long side part, the coil is wound around the
protruded part so that an axial direction of the coil holding
member formed in the tube shape and a short widthwise
direction of the coil are coincided with each other and that a
direction perpendicular to the axial direction and a longitu-
dinal direction of the coil are coincided with each other and,
when a portion of the long side part of an inner face of the coil
which is formed in the substantially rectangular frame shape
is referred to as a first inner face, the side face is formed with
one protruded part with which center portions of the two first
inner faces are contacted. In this case, accuracy of an attach-
ing position of the coil to the coil holding member can be
enhanced in an axial direction of the coil holding member.
Further, in this case, it may be structured that spaces are
formed on both sides of the one protruded part between the
one protruded part and the two short side parts of the coil and
the spaces are formed by head side protruded parts provided
in a subordinate head for determining positions of the short
side parts when the coil is to be wound around the one pro-
truded part.

[0015] The coil unit in accordance with at least an embodi-
ment of the present invention may be, for example, used in a
drive mechanism which includes drive magnets oppositely
disposed to the coils. In the drive mechanism, for example,
the coil holding member is formed in a tube shape and an
outer peripheral face of the coil holding member is structured
of'two side-face pairs, and the outer peripheral face of the coil
holding member when viewed in an axial direction of the coil
holding member formed in the tube shape is formed in a
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substantially square shape or a substantially rectangular
shape. According to the drive mechanism, attaching work of
the coil to the coil holding member can be performed easily.
[0016] According to at least an embodiment of the present
invention, there may be provided a winding device including
a main body part which is rotatable and to which a coil
holding member structured to hold a coil is fixed, a supply
nozzle from which a conducting wire for structuring the coil
is supplied, and a subordinate head which is rotatable together
with the main body part. A side face of the coil holding
member is formed with a protruded part which is protruded to
an outer peripheral side with respect to the coil holding mem-
ber and around which the coil is to be directly wound, and the
subordinate head is disposed so as to face the side face of the
coil holding member. When the subordinate head and the
main body part are rotated together in a state that the pro-
truded part is interposed between the subordinate head and
the side face of the coil holding member, the conducting wire
is wound around the protruded part to structure the coil.
[0017] The winding device in at least an embodiment of the
present invention includes a main body part which is rotatable
and to which a coil holding member structured to hold a coil
is fixed, and a subordinate head which is disposed so as to face
a side face of the coil holding member and is rotatable
together with the main body part. Therefore, according to at
least an embodiment of the present invention, even when the
coil is directly wound around the protruded part of the coil
holding member having no winding collapse prevention part
such as a flange part for preventing winding collapse of the
coil to an outer peripheral side of the coil holding member,
winding collapse of the coil is prevented by the subordinate
head.

[0018] In at least an embodiment of the present invention,
the subordinate head is formed with a recessed part into which
atip end side portion of the protruded part is entered. Accord-
ing to this structure, even when variations in manufacture of
structural components of the winding device and the coil
holding member are occurred, or even when there are assem-
bling errors of the winding device and attaching errors of the
coil holding member to the main body part, a gap space is not
formed between the tip end of the protruded part and the
subordinate head. Therefore, winding collapse of the coil
which is directly wound around the protruded part having no
winding collapse prevention part can be prevented surely.

[0019] In at least an embodiment of the present invention,
the coil holding member is formed in a tube shape, the coil is
formed in a substantially rectangular frame shape which is
structured of two long side parts and two short side parts
shorter than the long side part, the coil is wound around the
protruded part so that an axial direction of the coil holding
member formed in the tube shape and a short widthwise
direction of the coil are coincided with each other and that a
direction perpendicular to the axial direction and a longitu-
dinal direction of the coil are coincided with each other and,
when a portion of the long side part of an inner face of the coil
which is formed in the substantially rectangular frame shape
is referred to as a first inner face and a portion of the short side
part of the inner face of the coil is referred to as a second inner
face, the side face is formed with two protruded parts so as to
contact with at least parts of the two first inner faces and at
least a part of the two second inner faces, and the subordinate
head is formed with a head side protruded part which is
protruded to a coil holding member side and disposed
between the two protruded parts. According to this structure,
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when the coil is to be wound around the protruded part, the
coil holding member is easily positioned to the subordinate
head.

[0020] In at least an embodiment of the present invention,
the coil holding member is formed in a tube shape, the coil is
formed in a substantially rectangular frame shape which is
structured of two long side parts and two short side parts
shorter than the long side part, the coil is wound around the
protruded part so that an axial direction of the coil holding
member formed in the tube shape and a short widthwise
direction of the coil are coincided with each other and that a
direction perpendicular to the axial direction and a longitu-
dinal direction of the coil are coincided with each other and,
when a portion of the long side part of an inner face of the coil
which is formed in the substantially rectangular frame shape
is referred to as a first inner face, the side face is formed with
one protruded part with which center portions of the two first
inner faces are contacted, the subordinate head is formed with
two head side protruded parts which are disposed on both
sides of the one protruded part in the longitudinal direction of
the coil and are protruded to a coil holding member side, a
width of the one protruded part in the axial direction is set to
be wider than a width of the head side protruded part in the
axial direction, and a thickness of the one protruded part in a
thickness direction of the coil which is perpendicular to the
axial direction is set to be not more than a thickness of the
head side protruded part in the thickness direction of the coil.

[0021] According to this structure, a width of the one pro-
truded part in the axial direction is set to be wider than a width
of the head side protruded part in the axial direction. There-
fore, even in a case that the one protruded part with which
only center portions of two first inner faces are contacted is
formed on the side face of the coil holding member, the coil
can be directly wound around the protruded part. Further,
according to this structure, a thickness of the one protruded
part in a thickness direction of the coil is set to be not more
than a thickness of the head side protruded part in a thickness
direction of the coil and thus, even when variations in manu-
facture of structural components of the winding device and
the coil holding member are occurred or, even when there are
assembling errors of the winding device and attaching errors
of'the coil holding member to the main body part, a gap space
is not formed between the tip end of the head side protruded
part and the side face of the coil holding member. Therefore,
even in a case that the one protruded part with which only
center portions of two first inner faces are contacted is formed
on the side face of the coil holding member, winding collapse
of the coil which is directly wound around the one protruded
part having no winding collapse prevention part can be pre-
vented surely. In addition, according to this structure, the tip
end side of the one protruded part is not protruded to an outer
peripheral side with respect to the coil holding member rela-
tive to the coil and thus, while securing a thickness of the coil,
the size of the coil unit structured of the coil holding member
and the coil can be reduced.

[0022] In at least an embodiment of the present invention,
an outer peripheral face of the coil holding member is formed
with a plurality of side-face pairs comprised of a pair of side
faces which are substantially parallel to each other, the pro-
truded part is formed on each of the side faces of the plurality
of'the side-face pairs, the subordinate head is formed with an
opposed face which faces the side face of the coil holding
member on which the conducting wire is to be wound, and the
subordinate head is movable so as to be close to and separated
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from the side face on which the conducting wire is to be
wound, the coil holding member is turnably attached to the
main body part so that the side face of the coil holding mem-
ber facing the opposed face of the subordinate head can be
changed, and the subordinate head and the main body part are
rotated together in a state that the opposed face of the subor-
dinate head is close to the side face on which the conducting
wire is to be wound and thereby the conducting wire is wound
around the protruded part of the coil holding member to
structure the coil. Specifically, it may be structured that the
main body part includes a mounting part on which the coil
holding member is mounted and a base part which turnably
holds the mounting part, the mounting part is turnable with a
direction perpendicular to an axial direction of rotation of the
main body part as an axial direction, the subordinate head is
movable in the axial direction of rotation of the main body
part, the conducting wire is wound around the protruded part
of'the coil holding member to structure the coil and, after that,
the subordinate head is separated from the coil holding mem-
ber and the mounted part is turned so that the side face of the
coil holding member facing the opposed face of the subordi-
nate head is changed and then, the subordinate head is set to
be close to the coil holding member again and the conducting
wire is wound around the protruded part of the side face
having been changed to structure the coil.

[0023] Inatleast an embodiment of the present invention, a
coil may be directly wound around the protruded part of the
coil holding member by using the winding device. When a
conducting wire is wound around by using this winding
method, even when a coil is directly wound around a pro-
truded part having no winding collapse prevention part, wind-
ing collapse of the coil is prevented by operation of the
subordinate head.

[0024] Other features and advantages of the invention will
be apparent from the following detailed description, taken in
conjunction with the accompanying drawings that illustrate,
by way of example, various features of embodiments of the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Embodiments will now be described, by way of
example only, with reference to the accompanying drawings
which are meant to be exemplary, not limiting, and wherein
like elements are numbered alike in several Figures, in which:
[0026] FIG. 1 is a perspective view showing a photograph-
ing optical device on which a coil unit in accordance with an
embodiment of the present invention is mounted.

[0027] FIG. 2 is a cross-sectional view showing the “E-E”
cross section in FIG. 1.

[0028] FIG. 3 is an exploded perspective view showing the
photographing optical device in FIG. 1.

[0029] FIG. 4 is a perspective view showing a coil unit in
accordance with an embodiment of the present invention.
[0030] FIG. 5 is a plan view showing a holder in FIG. 4.
[0031] FIG. 6 is a side view showing a part of a winding
device in accordance with an embodiment of the present
invention.

[0032] FIG. 7 is a perspective view showing a part of a
subordinate head and a holder shown in FIG. 6.

[0033] FIG. 8 is a perspective view showing a part of a
holder mounting part and a lock part shown in FIG. 6.
[0034] FIG. 9 is an enlarged cross-sectional view showing
the “F” part in FIG. 6.
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[0035] FIGS. 10(A) and 10(B) are enlarged views for
explaining a structure of a holder and a subordinate head in
accordance with another embodiment of the present inven-
tion. FIG. 10(A) is its side view and FIG. 10(B) is its plan
view.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0036] Embodiments of the present invention will be
described below with reference to the accompanying draw-
ings.

[0037] (Entire Structure of Photographing Optical Device)
[0038] FIG. 1 is a perspective view showing a photograph-

ing optical device 1 on which a coil unit 35 in accordance with
an embodiment of the present invention is mounted. FIG. 2 is
a cross-sectional view showing the “E-E” cross section in
FIG. 1. FIG. 3 is an exploded perspective view showing the
photographing optical device 1 in FIG. 1. In the following
descriptions, as shown in FIG. 1 and the like, respective three
directions perpendicular to each other are set to be an “X”
direction, a “Y” direction and a “Z” direction, and the “X”
direction is set to be a right and left direction, the “Y” direc-
tionis set to be a front and rear direction, and the “Z” direction
is set to be an upper and lower direction. Further, a “Z1”
direction side in FIG. 1 is an “upper” side and a “Z2” direction
side is a “lower” side.

[0039] A photographing optical device 1 in this embodi-
ment is a small and thin camera which is mounted on a
portable apparatus such as a cell phone, a drive recorder, a
monitor camera system or the like and is provided with a
shake correction function for correcting a shake such as a
hand shake. The photographing optical device 1 is formed in
a substantially quadrangular prism shape as a whole. In this
embodiment, the photographing optical device 1 is formed in
a substantially square shape when viewed in a direction of an
optical axis “L” (optical axis direction) of a lens for photo-
graphing and four side faces of the photographing optical
device 1 are substantially parallel to planes formed of the
right and left direction and the upper and lower direction, or
planes formed of the front and rear direction and the upper
and lower direction.

[0040] The photographing optical device 1 includes a mov-
able module 3 on which a lens for photographing and an
imaging element are mounted and a support body 4 which
swingably holds the movable module 3. The movable module
3 is connected with the support body 4 through spring mem-
bers 5 and 6. Further, the photographing optical device 1 is
provided with a shake correction mechanism 7 by which the
movable module 3 is swung with respect to the support body
4 to correct a shake such as a hand shake. In this embodiment,
the upper and lower direction is substantially coincided with
an optical axis direction of the movable module 3 when the
movable module 3 is not swung. Further, in this embodiment,
an imaging element is mounted on a lower end of the movable
module 3 so that an object to be photographed which is
disposed on an upper side is photographed.

[0041] The movable module 3 is formed in a substantially
quadrangular prism shape whose shape when viewed in the
optical axis direction is a substantially square shape as a
whole. The movable module 3 includes a camera module 8
having a lens and an imaging element, and a holder 9 to which
the camera module 8 is fixed. The camera module 8 includes,
for example, a movable body which holds the lens and is
movable in its optical axis direction, a holding body which
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holds the movable body movably in the optical axis direction,
a plate spring which connects the movable body with the
holding body, and a drive mechanism structured to drive the
movable body in the optical axis direction. In other words, the
camera module 8 is provided with an autofocus mechanism.
A flexible printed circuit board 10 is extended out from a
lower end side of the camera module 8. In accordance with an
embodiment of the present invention, the camera module 8
may be provided with no autofocus mechanism.

[0042] The holder 9 is formed in a tube shape whose out-
ward shape when viewed in the optical axis direction is a
substantially square shape. The camera module 8 is fixed to an
inner peripheral side of the holder 9 so that an outer peripheral
side of the camera module 8 is covered by the holder 9. An
axial direction of the holder 9 formed in a tube shape is
coincided with the optical axis direction. The holder 9 in this
embodiment is a coil holding member which holds an even
number of shake correction coils 26 described below which
structure the shake correction mechanism 7.

[0043] The support body 4 includes a case body 11, which
structures four side faces of the support body 4 in the front and
rear direction and in the right and left direction, and a lower
case body 12 which structures a lower end side portion of the
support body 4. In this embodiment, the case body 11 struc-
tures four side faces of the photographing optical device 1 in
the front and rear direction and in the right and left direction,
and the lower case body 12 structures a lower end side portion
of the photographing optical device 1. The case body 11 is
formed in a substantially rectangular tube shape. A cover 14
formed in a substantially quadrangular frame shape is fixed to
an upper end of the case body 11. An upper face of the cover
14 is covered by a cover sheet 15. Further, a frame 16 formed
in a substantially quadrangular frame shape is fixed to a lower
end side of the cover 14. The case body 11 is disposed so as to
cover the movable module 3 and the shake correction mecha-
nism 7 from an outer peripheral side. The lower case body 12
is formed in a substantially rectangular tube shape with a
bottom. A through-hole 124 is formed in a bottom part of the
lower case body 12. The through-hole 12a is closed by a
bottom plate 17 which is fixed to an under face of the lower
case body 12. A stopper 18 for restricting a swing range of the
movable module 3 is fixed between a lower end of the case
body 11 and an upper end of the lower case body 12.

[0044] A spring member 5 is a plate spring which is formed
in a flat plate shape. The spring member 5 is provided with a
movable side fixed part which is fixed to an upper end side of
the movable module 3, a support side fixed part which is fixed
to an upper end side of the support body 4, and a plurality of
arm parts which connect the movable side fixed part with the
support side fixed part. The spring member 5 functions to
maintain posture of the movable module 3 when an electric
current is not supplied to shake correction coils 26 described
below structuring the shake correction mechanism 7.

[0045] The spring member 6 is a plate spring which is
formed in a plate shape as a whole and is formed in a sub-
stantially square frame shape. The spring member 6 is dis-
posed so that its four sides are substantially parallel to the
front and rear direction or the right and left direction. A center
part of each of sides of the spring member 6 which is formed
in a substantially square frame shape is formed with a mean-
dering part which meanders with respect to the front and rear
direction or the right and left direction. Further, the spring
member 6 is structured of two spring members 31 and 32
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which are laminated so as to be abutted with each other. The
spring member 31 and the spring member 32 are joined to
each other by laser welding.

[0046] A spherical body 20 formed in a spherical shape is
fixed to each of inner sides of four corners of the spring
member 6. The spherical body 20 is formed of metal material.
The spherical body 20 is joined to the spring member 6 by
laser welding. Among four spherical bodies 20, two spherical
bodies 20 which are disposed on one diagonal line of the
spring member 6 are supported by support members 22 which
turnably support the spherical bodies 20, and two remaining
spherical bodies 20 are supported by support members 23
which turnably support the spherical bodies 20. The support
members 22 are fixed to an upper end side of the holder 9. The
support members 23 are fixed to a lower end side of the frame
16. The support members 22 and 23 are formed with a
recessed part in a hemispherical shape in which a part of the
spherical body 20 is disposed. The support members 22 and
23 turnably hold the spherical bodies 20 from an inner periph-
eral side with respect to the spring member 6.

[0047] The shake correction mechanism 7 includes shake
correction coils 26 as coils, which are respectively fixed to
four side faces of the holder 9, and shake correction magnets
27 as drive magnets which are respectively fixed to four inner
side faces of the case body 11. In other words, the shake
correction mechanism 7 includes four shake correction coils
26 and four shake correction magnets 27. The shake correc-
tion coil 26 is formed by winding a conducting wire in a
substantially rectangular frame shape. The shake correction
magnet 27 is formed in a rectangular flat plate shape and is
fixed to an inner side face of the case body 11 so as to face the
shake correction coil 26. In this embodiment, a coil unit 35
(see FIG. 4) is structured of the holder 9 and four shake
correction coils 26. A detailed structure of the coil unit 35 will
be described below. The shake correction mechanism 7 in this
embodiment is a drive mechanism.

[0048] In the photographing optical device 1 structured as
described above, when a variation of inclination of the mov-
able module 3 is detected by a gyroscope 28 (see FIG. 2)
which is attached to a lower end face of the movable module
3, an electric current is supplied to the shake correction coils
26 based on a detected result by the gyroscope 28. Further,
when an electric current is supplied to the shake correction
coils 26, the spherical body 20 is turned with the support
member 23 as a center and the support member 22 is turned
with the spherical body 20 as a turning center and the spring
parts of the spring member 6 are resiliently bent. As a result,
the movable module 3 is swung so as to incline the optical axis
“L” to correct the shake.

[0049] (Structure of Coil Unit)

[0050] FIG.4 is aperspective view showinga coil unit 35 in
accordance with an embodiment of the present invention.
FIG. 5 is a plan view showing the holder 9 in FIG. 4.

[0051] As described above, the coil unit 35 is structured of
the holder 9 and four shake correction coils 26. Further, as
described above, the holder 9 is formed in a tube shape whose
outward shape when viewed in the optical axis direction is a
substantially square shape. In other words, an outer periph-
eral face of the holder 9 when viewed in the axial direction of
the holder 9 is formed in a substantially square shape and the
outer peripheral face of the holder 9 is formed with four side
faces 94 through 94 in a flat face shape as shown in FIG. 5.
The side face 9a and the side face 95 are substantially parallel
to each other and the side face 9¢ and the side face 94 are
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substantially parallel to each other. In other words, the outer
peripheral face of the holder 9 is formed with a side face pair
comprised of a pair of the side faces 9a and 95 substantially
parallel to each other and a side face pair comprised of a pair
of'the side faces 9¢ and 94 substantially parallel to each other.
The outer peripheral face of the holder 9 is formed of the two
side face pairs. In the photographing optical device 1, the side
faces 9a and 954 are perpendicular to the right and left direc-
tion and the side faces 9¢ and 94 are perpendicular to the front
and rear direction.

[0052] Each of'the side faces 9a through 94 is formed with
two protruded parts 9¢ which protrude to an outer peripheral
side of the holder 9. Two protruded parts 9¢ formed on each of
the side faces 9a and 956 are formed with a predetermined
space therebetween in the front and rear direction and two
protruded parts 9¢ formed on each of the side faces 9¢ and 94
are formed with a predetermined space therebetween in the
right and left direction. One shake correction coil 26 is
directly wound around two protruded parts 9. Therefore, two
protruded parts 9¢ may be considered that one protruded part
9e is divided into two portions in a longitudinal direction of
the shake correction coil 26.

[0053] The shake correction coil 26 is, as described above,
formed in a substantially rectangular frame shape and, as
shown in FIG. 4, the shake correction coil 26 is structured of
two long side parts 26a and two short side parts 265 which are
shorter than the long side parts 26a. The shake correction coil
26 is wound around the protruded parts 9e so that its short
widthwise direction is coincided with the optical axis direc-
tion. Further, the shake correction coils 26 wound around the
protruded parts 9e of the side faces 9a and 95 are wound
around the protruded parts 9e so that their longitudinal direc-
tions are coincided with the front and rear direction, and the
shake correction coils 26 wound around the protruded parts
9¢ of'the side faces 9¢ and 94 are wound around the protruded
parts 9e so that their longitudinal directions are coincided
with the right and left direction. In other words, the shake
correction coils 26 are wound around the protruded parts 9e
so that their longitudinal directions are coincided with the
front and rear direction or the right and left direction which
are perpendicular to the optical axis direction.

[0054] As shown in FIGS. 3 and 4, when a portion of the
long side part 26a of an inner face of the shake correction coil
26 formed in a substantially rectangular frame shape is
referred to as a first inner face 26¢ and a portion of the short
side part 265 of the inner face of the shake correction coil 26
is referred to as a second inner face 264, the protruded part 9e
is formed so as to contact with parts of two first inner faces
26¢ of the shake correction coil 26 and at least a part of two
second inner faces 26d. Specifically, the protruded part 9e is
formed so that parts of two first inner faces 26¢ are contacted
with each of the two protruded parts 9¢ formed on the side
faces 94 through 94 (in other words, parts of two first inner
faces 26¢ are contacted with one protruded part 9¢), and that
at least a part of two second inner faces 264 is contacted with
each of two protruded parts 9e. Further, the inner face of the
shake correction coil 26 is directly contacted with the pro-
truded part 9e.

[0055] The long side part 26a disposed on a lower side of
two long side parts 26a is contacted with one of the side faces
9a through 94. In other words, in the shake correction coils 26
wound around the protruded parts 9e of the side faces 9a and
95, inner side faces in the right and left direction of the long
side parts 26a disposed on a lower side of two long side parts
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26a are contacted with the side faces 9a and 95. Further, in the
shake correction coils 26 wound around the protruded parts
9¢ of the side faces 9¢ and 94, inner side faces in the front and
rear direction of the long side parts 26a disposed on a lower
side of two long side parts 26a are contacted with the side
faces 9¢ and 94.

[0056] Further, the holder 9 is formed with a contact face 9f°
with which the long side part 26a disposed on anupper side of
two long side parts 264 is contacted. The contact face 9f'is
formed so as to be connected with an upper end of the pro-
truded part 9e (see FIGS. 2 and 7). Further, as shown in FIG.
5, the contact face 9f'is formed on the same plane as each of
the side faces 94 through 9d. In the shake correction coils 26
wound around the protruded parts 9¢ of the side faces 9a and
95, an inner side face in the right and left direction of the long
side part 26a disposed on an upper side of two long side parts
26a is contacted with the contact faces 9f'which are connected
with the upper ends of the protruded parts 9e of the side faces
9a and 95b. Further, in the shake correction coils 26 wound
around the protruded parts 9¢ of the side faces 9¢ and 94, an
inner side face in the front and rear direction of the long side
part 26a disposed on an upper side of two long side parts 26a
is contacted with the contact faces 9f which are connected
with the upper ends of the protruded parts 9e of the side faces
9c¢ and 94.

[0057] Further, a thickness of the protruded part 9e (pro-
truding amount of the protruded part 9e from the side faces 9a
through 94) is thicker than a thickness of the shake correction
coil 26 and a tip end side of the protruded part 9e is protruded
to an outer peripheral side relative to the shake correction coil
26. In other words, a thickness in the right and left direction of
the protruded part 9¢ formed on the side faces 9a and 95 is set
to be thicker than a thickness of the shake correction coil 26
and thus an outside end portion in the right and left direction
of'the protruded part 9¢ formed on the side faces 9a and 95 is
protruded to an outer side in the right and left direction rela-
tive to the shake correction coil 26. Further, a thickness in the
front and rear direction of the protruded part 9e formed on the
side faces 9c and 94 is set to be thicker than a thickness of the
shake correction coil 26 and thus an outside end portion in the
front and rear direction of the protruded part 9e formed on the
side faces 9¢ and 9d is protruded to an outer side in the front
and rear direction relative to the shake correction coil 26.
[0058] Two shake correction coils 26 wound around a side-
face pair of the protruded parts 9e comprised of a pair of the
side faces 9a and 96 are structured of one conducting wire,
and two shake correction coils 26 wound around a side-face
pair of the protruded parts 9e comprised of a pair of the side
faces 9¢ and 9d are structured of one conducting wire. In other
words, the two shake correction coils 26 wound around the
protruded parts 9e of the side faces 9a and 954 are structured of
one continuous conducting wire and the two shake correction
coils 26 wound around the protruded parts 9¢ of the side faces
9¢ and 94 are structured of one continuous conducting wire.
[0059] (Structure of Winding Device)

[0060] FIG. 6 is a side view showing a part of a winding
device 41 in accordance with an embodiment of the present
invention. FIG. 7 is a perspective view showing a part of a
subordinate head 44 and the holder 9 shown in FIG. 6. FIG. 8
is a perspective view showing a part of a holder mounting part
45 and a lock part 48 shown in FIG. 6. FIG. 9 is an enlarged
cross-sectional view showing the “F” part in FIG. 6.

[0061] Winding of the shake correction coil 26 around the
protruded part 9¢ of the holder 9 which is a coil holding
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member is performed by using a winding device 41. In other
words, in this embodiment, the shake correction coil 26 is
directly wound around the protruded part 9¢ by using the
winding device 41. Specifically, the shake correction coil 26
is successively wound around the protruded parts 9e of four
side faces 9a through 94 by using the winding device 41. As
shown in FIG. 6, the winding device 41 includes a main body
part 42 to which the holder 9 is fixed, a rotation mechanism
(not shown) structured to rotate the main body part 42, a
supply nozzle 43 for supplying a conducting wire structuring
the shake correction coil 26, and a subordinate head 44 which
is rotated together with the main body part 42 and functions as
a guide when a conducting wire is to be wound around the
protruded part 9e.

[0062] The main body part 42 includes a holder mounting
part 45 on which the holder 9 is mounted, a clamp part 46
which sandwiches the holder 9 together with the holder
mounting part 45 to fix the holder 9, and a base part 47 which
turnably holds the holder mounting part 45 and movably
holds the clamp part 46. Further, the main body part 42
includes a lock part 48 structured to fix the holder mounting
part 45 and the clamp part 46 to the base part 47. In the
following descriptions, an axial direction of the holder 9
mounted on the holder mounting part 45 is referred to as a “U”
direction and an axial direction of rotation of the main body
part 42 rotated by the rotation mechanism is referred to as a
“V” direction. The “U” direction and the “V” direction are
perpendicular to each other. Further, a direction perpendicu-
lar to the “U” direction and the “V” direction is referred to as
a “W” direction.

[0063] The holder mounting part 45 is formed in a shaft
shape as a whole whose longitudinal direction is the “U”
direction and is turnably held by the base part 47 with the “U”
direction as an axial direction of turning. In other words, the
axial direction of rotation of the main body part 42 and an
axial direction of turning of the holder mounting part 45 are
perpendicular to each other. The holder 9 is mounted on one
end of the holder mounting part 45 and a turning restriction
part 45a formed in a cross shape is formed at the other end of
the holder mounting part 45 (see FIG. 8). The turning restric-
tion part 45a restricts a turning position of the four side faces
9a through 94 and the side face among four side faces 9a
through 94 where a conducting wire is to be wound around the
protruded part 9e is positioned by the lock part 48 so that the
side face is parallel to an opposed face 44a of a subordinate
head 44 described below. The clamp part 46 is linearly mov-
able in the “U” direction with respect to the base member 47.
In other words, a moving direction of the clamp part 46 is
coincided with an axial direction of turning of the holder
mounting part 45 and is perpendicular to the axial direction of
rotation of the main body part 42. The lock part 48 is formed
in a shaft shape whose longitudinal direction is the “V” direc-
tion and is linearly movable in the “V” direction with respect
to the base part 47.

[0064] In this embodiment, in a state that the holder 9 is
sandwiched between one end of the holder mounting part 45
and the clamp part 46, a tip end of the lock part 48 is engaged
with the turning restriction part 45a and the lock part 48 is
engaged with the clamp part 46. As a result, the holder mount-
ing part 45 and the clamp part 46 are fixed and the holder 9 is
fixed to the main body part 42. In a state that the holder 9 is
fixed to the main body part 42, one of the side faces 9a and 95
and the side faces 9¢ and 9d of the holder 9 is parallel to a
“W-U” plane structured of the “W” direction and the “U”
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direction and the other of the side faces 9a and 95 and the side
faces 9¢ and 94 is parallel to a “U-V” plane structured of the
“U” direction and the “V” direction. Further, when the lock
part 48 is moved in the “V” direction from a state that the
holder 9 is fixed to the main body part 42, the holder mounting
part 45 is capable of being turned and the clamp part 46 is
capable of being moved.

[0065] The subordinate head 44 is linearly movable in the
“V” direction which is the axial direction of rotation of the
main body part 42. The subordinate head 44 can be moved to
a close position, which is close to the side face through the
protruded part 9¢ among the side faces 9a through 94 of the
holder 9 where a conducting wire is to be wound around, and
to a separated position separated from the protruded part 9e.
Further, the subordinate head 44 is rotatable with the “V”
direction which is the axial direction of rotation of the main
body part 42 as an axis of rotation. A rotation mechanism
structured to rotate the subordinate head 44 is connected with
the subordinate head 44. The subordinate head 44 is rotated
by the rotation mechanism so that the main body part 42 and
the subordinate head 44 are synchronously rotated. When
viewed in the “V” direction, a rotation center of the main body
part 42 and a rotation center of the subordinate head 44 are
coincided with each other. Further, the position in the “U”
direction and the “W” direction of the holder mounting part
45 is set so that the rotation center of the main body part 42
and the rotation center of the subordinate head 44 are coin-
cided with a center position of the shake correction coil 26
when a conducting wire which is supplied from the supply
nozzle 43 is wound around the protruded part 9e to form the
shake correction coil 26. Further, the subordinate head 44 is
disposed so as to face one of the side faces 9a through 94 of
the holder 9 in the “V” direction. Specifically, the subordinate
head 44 is disposed so as to face one of the side faces 9a
through 94 where the protruded parts 9¢ around which a
conducting wire supplied from a supply nozzle 43 is to be
wound are formed.

[0066] An opposed face 44a of the subordinate head 44 to
one of the side faces 9a through 94 is parallel to the one of the
side faces 9a through 94 where a conducting wire is to be
wound around and, as shown in FIGS. 7 and 9, the opposed
face 44aq is formed with two recessed parts 445 into which the
tip end side portions of the protruded parts 9¢ (outer side end
portions in the “V” direction) are entered. Further, the
opposed face 44a functions as a guide for winding when a
conducting wire supplied from the supply nozzle 43 is to be
wound around the protruded part 9¢ and functions also as a
restriction face for forming an outer side face of the shake
correction coil 26 at a time of winding of the conducting wire.
The opposed face 44a is formed with a head side protruded
part 44¢ which is protruded to the holder 9 side so as to be
disposed between two protruded parts 9e¢ formed on the side
faces 9a through 94. When the subordinate head 44 is moved
to the holder 9 side and the opposed face 44a and the side face
where a conducting wire is to be wound around are set in a
close state, two protruded parts 9¢ are sandwiched between
the opposed face 44a and the side face and, in addition, the
head side protruded part 44c¢ is entered between two pro-
truded parts 9¢ and thereby the holder 9 can be positioned.
Further, the protruded parts 9¢ and the head side protruded
part 44¢ prevent that a conducting wire supplied from the
supply nozzle 43 is entered between the tip ends of the pro-
truded parts 9¢ and the opposed face 44a to occur winding
collapse. The two recessed parts 445 are formed with a space
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therebetween having a distance which is the same as that of
the space between the two protruded parts 9¢ in the “W”
direction. The head side protruded part 44¢ is formed between
the two recessed parts 445 in the “W” direction.

[0067] When the shake correction coil 26 is to be wound
around the protruded parts 9e by using the winding device 41,
first, the holder 9 is fixed to the holder mounting part 45 of the
main body part 42 and one end of a conducting wire is bound
and fixed at a predetermined position of the holder 9. After
that, the subordinate head 44 is moved in the “V” direction so
that the tip end side portions of the protruded parts 9e are
disposed in the recessed parts 445 of the subordinate head 44
(specifically, so that the tip end face of the protruded part 9e
is contacted with a bottom face of the recessed part 445 as
shown in FIG. 9) and is set at a close position to the side face
where the conducting wire is to be wound. In this state, while
supplying a conducting wire from the supply nozzle 43, the
main body part 42 and the subordinate head 44 are rotated
together and the holder 9 fixed to the holder mounting part 45
is also rotated around the axial direction of rotation of the
main body part 42 and thereby a conducting wire supplied
from the supply nozzle 43 is wound around the two protruded
parts 9e to structure one shake correction coil 26. After that,
the subordinate head 44 is temporarily separated from the
holder 9 and the holder mounting part 45 is turned so that the
side face of the holder 9 facing the opposed face 444 of the
subordinate head 44 is changed and, in this manner, the shake
correction coil 26 is successively wound around the protruded
parts 9e of four side faces 9a through 94.

[0068] Inthis embodiment, for example, the holder mount-
ing part 45 is turned so that the shake correction coil 26 is
wound around the protruded parts 9¢ of the side face 94, the
protruded parts 9e of the side face 95, the protruded parts 9e
of'the side face 9¢, and the protruded parts 9e of the side face
9d in this order. Alternatively, for example, the holder mount-
ing part 45 is turned so that the shake correction coil 26 is
wound around the protruded parts 9¢ of the side face 94, the
protruded parts 9e of the side face 9¢, the protruded parts 9e
of'the side face 95, and the protruded parts 9¢ of the side face
9a in this order. When winding of the shake correction coil 26
around the protruded parts 9 of four side faces 9a through 94
is finished, the conducting wire supplied from the supply
nozzle 43 is cut off and a predetermined processing is per-
formed on the cut end of the conducting wire. Further, when
winding of the shake correction coil 26 around the protruded
parts 9¢ of four side faces 9a through 94 is finished, the
conducting wire is cut off between the protruded part 9e of the
side face 95 and the protruded part 9e of the side face 9c.
[0069] Further, each time winding of the shake correction
coil 26 around the protruded parts 9e of each of the side faces
9a through 94 is finished, the subordinate head 44 is moved in
the “V” direction and separated from the holder 9 so that the
holder mounting part 45 to which the holder 9 is fixed is
capable of being turned. Further, the conducting wire in this
embodiment is a fusion wire having a fusion film and, each
time winding of the shake correction coil 26 around the pro-
truded parts 9e of each of the side faces 9a through 94 is
finished, the shake correction coil 26 is heated and the con-
ducting wires are fused to each other.

[0070] In accordance with an embodiment of the present
invention, it may be structured that, when winding of the
shake correction coil 26 around one of the protruded parts 9e
of the side faces 9a and 95 and the protruded parts 9e of the
side faces 9¢ and 94 is finished, the conducting wire is cut off
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and then, after one end of the conducting wire is bound to the
holder 9 again, the shake correction coil 26 is wound around
the other of the protruded parts 9¢ of the side faces 9a and 96
and the protruded parts 9e of the side faces 9c and 94. Further,
after winding of the shake correction coil 26 around the
protruded parts 9e of four side faces 9a through 94 is finished,
if necessary, the shake correction coil 26 may be additionally
heated so that the conducting wire is surely fusion-bonded, or
an adhesive may be applied to increase a fixed strength of the
shake correction coil 26 to the holder 9.

[0071] (Principal Effects in this Embodiment)

[0072] As described above, in this embodiment, the shake
correction coil 26 is directly wound around the two protruded
parts 9¢ formed on each of the side faces 9a through 94 of the
holder 9. Therefore, according to this embodiment, the shake
correction coil 26 can be attached to the holder 9 as it is by
winding the shake correction coil 26 around the protruded
parts 9e. Further, in this embodiment, two shake correction
coils 26 wound on the side faces 9a and 95 are structured of
one continuous conducting wire and two shake correction
coils 26 wound on the side faces 9¢ and 94 are structured of
one continuous conducting wire. Therefore, according to this
embodiment, although four shake correction coils 26 are
attached to the holder 9, processing of eight end parts of the
conducting wire is not required and only processing of four
end parts of the conducting wire is required. Therefore, in this
embodiment, attaching work of the shake correction coil 26 to
the holder 9 can be performed easily.

[0073] Inthis embodiment, the tip end side of the protruded
part 9e is protruded to an outer peripheral side relative to the
shake correction coil 26. Therefore, according to this embodi-
ment, winding collapse of the shake correction coil 26 wound
around the protruded parts 9e is hard to be occurred. Further,
in this embodiment, the tip end side of the protruded part 9¢ is
protruded to an outer peripheral side relative to the shake
correction coil 26 and thus, at a time of assembling or the like
of the photographing optical device 1, the shake correction
coil 26 is hard to be contacted with an external member when
the coil unit 35 is handled. Therefore, according to this
embodiment, damage of the shake correction coil 26 can be
prevented when the coil unit 35 is handled. Further, in this
embodiment, an inner face of the shake correction coil 26 is
directly contacted with the protruded parts 9¢ and thus a fixed
strength of the shake correction coil 26 to the holder 9 can be
increased.

[0074] In this embodiment, the protruded parts 9e are
formed so that parts of two first inner faces 26¢ are contacted
with each of two protruded parts 9¢ formed on the side faces
9a through 94, and at least a part of two second inner faces
264 is contacted with each of two protruded parts 9e. There-
fore, according to this embodiment, the shake correction coil
26 which is directly wound around the two protruded parts 9e
and is formed in a substantially rectangular frame shape can
be formed with a high degree of accuracy. Further, according
to this embodiment, accuracy of an attaching position of the
shake correction coil 26 to the holder 9 can be enhanced.
[0075] Inthis embodiment, the winding device 41 includes
the main body part 42 to which the holder 9 is fixed, and the
subordinate head 44 which is disposed so as to face one of the
side faces 9a through 94 of the holder 9 and is rotated together
with the main body part 42. Therefore, according to this
embodiment, even when the shake correction coil 26 is
directly wound around the protruded parts 9e of the holder 9
having no winding collapse prevention part such as a flange
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part for preventing winding collapse of the shake correction
coil 26 to an outer peripheral side of the holder 9, winding
collapse of the shake correction coil 26 can be prevented by
the subordinate head 44.

[0076] Especially, in this embodiment, the subordinate
head 44 is formed with the recessed parts 445 into which the
tip end side portions of the protruded parts 9e are entered.
Therefore, even when variations in manufacture of structural
components of the winding device 41 and the holder 9 are
occurred, or even when there are assembling errors of the
winding device 41 and attaching errors of the holder 9 to the
main body part 42, gap spaces are not formed between the tip
end faces of the protruded parts 9¢ and the opposed face 44a
of the subordinate head 44. Therefore, according to this
embodiment, winding collapse of the shake correction coil 26
which is directly wound around the protruded parts 9¢ having
no winding collapse prevention part can be prevented surely.

[0077] In this embodiment, the subordinate head 44 is
formed with the head side protruded part 44¢ which is to be
disposed between two protruded parts 9e¢ formed on the side
faces 9a through 9d. Therefore, according to this embodi-
ment, when the shake correction coil 26 is to be wound around
the protruded parts 9e, positioning of the holder 9 with respect
to the subordinate head 44 is easily performed.

[0078] (Modified Embodiment of Holder and Subordinate
Head)
[0079] FIGS. 10(A) and 10(B) are enlarged views for

explaining a structure of a holder 9 and a subordinate head 44
in accordance with another embodiment of the present inven-
tion. FIG. 10(A) is its side view and FIG. 10(B) is its plan
view.

[0080] Inthe embodiment described above, two protruded
parts 9e are formed on each of the side faces 9a through 94.
However, the present invention is not limited to this embodi-
ment. For example, three or more protruded parts around
which the shake correction coil 26 is wound may be formed
on each of the side faces 9a through 9d. Further, one pro-
truded part around which the shake correction coil 26 is
wound may be formed on each of the side faces 9a through 94.
In a case that one protruded part is formed on each of the side
faces 9a through 94, for example, the one protruded part may
be formed so that at least a part of two first inner faces 26¢ and
atleast a part of two second inner faces 264 are contacted with
the protruded part.

[0081] Further, in a case that one protruded part around
which the shake correction coil 26 is wound is formed on each
of the side faces 9a through 94, one protruded part 9% (see
FIGS. 10(A) and 10(B)) which is contacted with only center
portions of two first inner faces 26¢ may be formed. In this
case, as shown in FIG. 10(B), the subordinate head 44 is
formed with two head side protruded parts 44f which are
protruded to the holder 9 side and disposed on both sides in
the “W” direction with respect to the one protruded part 9.
Further, in this case, as shown in FIG. 10(A), a width of the
protruded part 9% in the “U” direction is set to be wider than
a width of the head side protruded part 44fin the “U” direc-
tion. Further, in this case, as shown in FIG. 10(B), a thickness
of the protruded part 9% in the “V” direction which is a
thickness direction of the shake correction coil 26 is set to be
not more than a thickness of the head side protruded part 44/
in the “V” direction. Specifically, a thickness of the protruded
part 9% inthe “V” direction is set to be thinner than a thickness
of the head side protruded part 44fin the “V” direction.
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[0082] Inthe modified embodiment shown in FIGS. 10(A)
and 10(B), the width of the protruded part 9% in the “U”
direction is wider than the width of the head side protruded
part 44f'in the “U” direction. Therefore, after a conducting
wire is wound around the protruded part 9/ and the head side
protruded parts 44f; the subordinate head 44 is retreated from
the holder 9 in a separated direction and, as a result, the shake
correction coil 26 is directly wound around the protruded part
94. In other words, in the modified embodiment shown in
FIGS.10(A) and 10(B), even in a case that one protruded part
9/ with which only center portions of two first inner faces 26¢
are contacted is formed on the side faces 9a through 94 of the
holder 9, the shake correction coil 26 can be directly wound
around the protruded part 9%. In the coil unit 35 structured as
described above, two head side protruded parts 44f provided
in the subordinate head 44 are used between the one protruded
part 9/ and the two short side parts 265 of the shake correction
coil 26 to determine positions of the second inner faces 264 of
two short side parts 265 when a conducting wire is to be
wound around the protruded part 9%. Therefore, spaces into
which two head side protruded parts 44fhave been entered are
left between the second inner faces 26d of two short side parts
266 and the protruded part 9/ and formed on both sides with
respect to the one protruded part 94.

[0083] Further, in the modified embodiment shown in
FIGS. 10(A) and 10(B), the thickness of the protruded part 9/
in the “V” direction is not more than the thickness of the head
side protruded part 44f'in the “V” direction. Therefore, even
when variations in manufacture of structural components of
the winding device 41 and the holder 9 are occurred, or even
when there are assembling errors of the winding device 41
and attaching errors of the holder 9 to the main body part 42,
a gap space is prevented from being formed between the tip
end face of the head side protruded part 44f'and the side faces
9a through 9d. Accordingly, even in a case that one protruded
part 9% with which only center portions of two first inner faces
26¢ are contacted is formed on the side faces 9a through 94 of
the holder 9, winding collapse of the shake correction coil 26
which is directly wound around the protruded part 9/ can be
prevented surely.

[0084] In addition, in the modified embodiment shown in
FIGS. 10(A) and 10(B), in a case that a distance between the
side faces 9a through 94 of the holder 9 and the opposed face
44a of the subordinate head 44 is set to be similar to the
embodiment described above and that the shake correction
coil 26 having the thickness same as the thickness of the shake
correction coil 26 in the embodiment described above is
wound around the protruded part 94, the tip end side of the
protruded part 9% is not protruded to an outer peripheral side
relative to the shake correction coil 26. Therefore, in the
modified embodiment shown in FIGS. 10(A) and 10(B),
while a drive force of the shake correction mechanism 7 is
secured by securing the thickness of the shake correction coil
26, the size of the coil unit 35 can be reduced in the front and
rear direction and the right and left direction. Accordingly,
while a drive force of the shake correction mechanism 7 is
secured, the size of the movable module 3 can be reduced in
the front and rear direction and the right and left direction and,
as a result, the size of the photographing optical device 1 can
be reduced in the front and rear direction and the right and left
direction.

Dec. 3, 2015

OTHER EMBODIMENTS

[0085] Although the present invention has been shown and
described with reference to a specific embodiment, various
changes and modifications will be apparent to those skilled in
the art from the teachings herein.

[0086] In the embodiment described above, the head side
protruded part 44¢ is formed in the subordinate head 44.
However, no head side protruded part 44¢ may be formed in
the subordinate head 44. Further, in the embodiment
described above, the recessed part 445 is formed in the sub-
ordinate head 44. However, no recessed part 445 may be
formed in the subordinate head 44. In this case, in the coil unit
35, an outer side end face in the right and left direction (in
other words, tip end face) of the protruded part 9¢ which is
formed on the side faces 9a and 95 is substantially coincided
with an outer side face in the right and left direction of the
shake correction coil 26, and an outer side end face in the front
and rear direction of the protruded part 9¢ formed on the side
faces 9¢ and 94 is substantially coincided with an outer side
face in the front and rear direction of the shake correction coil
26.

[0087] Further, in the modified embodiment shown in
FIGS. 10(A) and 10(B), the opposed face 44a of the subor-
dinate head 44 may be formed with a recessed part into which
the protruded part 9% is entered. In this case, the thickness of
the protruded part 9% in the “V” direction is set to be larger
than the thickness of the head side protruded part 44f'in the
“V” direction and is set so that the tip end face of the head side
protruded part 44f and the side faces 9a through 94 of the
holder 9 are contacted with each other.

[0088] Inthe embodiment described above, two shake cor-
rection coils 26 wound around the protruded parts 9e of the
side faces 9a and 95 are structured of one continuous con-
ducting wire, and two shake correction coils 26 wound
around the protruded parts 9e of the side faces 9¢ and 9d are
structured of one continuous conducting wire. However, the
present invention is not limited to this embodiment. For
example, each of four shake correction coils 26 may be struc-
tured of one conducting wire. In this case, when the shake
correction coil 26 is to be wound around the protruded part 9e
by using the winding device 41, the holder mounting part 45
may be turned at 90° each time winding of the shake correc-
tion coil 26 around the protruded part 9¢ of each of the side
faces 9a through 94 is finished.

[0089] In the embodiment described above, an outer
peripheral face of the holder 9 when viewed in the axial
direction of the holder 9 is formed in a substantially square
shape. However, the present invention is not limited to this
embodiment. For example, an outer peripheral face of the
holder 9 when viewed in the axial direction of the holder 9
may be formed in a substantially rectangular shape or may be
formed in a substantially regular hexagonal shape or a sub-
stantially regular octagonal shape. In other words, it is
required that an outer peripheral face of the holder 9 is formed
of two or more side-face pairs each of which is comprised of
apair of side faces substantially parallel to each other. In this
case, an even number of the shake correction coils 26 that is
the same number as the side faces of the holder 9 is attached
to the holder 9. Further, in the embodiment described above,
the coil unit 35 is mounted on the photographing optical
device 1. However, the coil unit 35 may be mounted on a
device other than the photographing optical device 1. In other
words, the coil in the present invention may be a coil other
than the shake correction coil 26.
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[0090] While the description above refers to particular
embodiments of the present invention, it will be understood
that many modifications may be made without departing from
the spirit thereof. The accompanying claims are intended to
cover such modifications as would fall within the true scope
and spirit of the present invention.

[0091] The presently disclosed embodiments are therefore
to be considered in all respects as illustrative and not restric-
tive, the scope of the invention being indicated by the
appended claims, rather than the foregoing description, and
all changes which come within the meaning and range of
equivalency of the claims are therefore intended to be
embraced therein.

1. A coil unit comprising:

an even number of coils comprising a first coil and a second

coil; and

a coil holding member which holds the even number of the

coils;

wherein an outer peripheral face of the coil holding mem-

ber comprises a side-face pair comprising a first side
face and a second side face which are substantially par-
allel to each other;

wherein the first side face is formed with a first protruded

part around which the first coil is wound, the first pro-
truded part being protruded to an outer peripheral side
with respect to the coil holding member;

the second side face is formed with a second protruded part

around which the second coil is wound, the second pro-
truded part being protruded to an outer peripheral side
with respect to the coil holding member; and

wherein the first coil and the second coil are structured

from one conducting wire.

2. The coil unit according to claim 1, wherein an inner face
of the first coil is directly contacted with the first protruded
part; and

an inner face of the second coil is directly contacted with

the second protruded part.

3. The coil unit according to claim 2, wherein a tip end side
of the first protruded part is protruded to an outer peripheral
side relative to the coil with respect to the coil holding mem-
ber; and a tip end side of the second protruded part is pro-
truded to the outer peripheral side.

4. The coil unit according to claim 1, wherein

the coil holding member is formed in a tube shape,

the first coil is formed in a substantially rectangular frame

shape which is structured of two first coil long side parts
and two first coil short side parts shorter than the first coil
long side parts,

the second coil is formed in a substantially rectangular

frame shape which is structured of two second coil long
side parts and two second coil short side parts shorter
than the second long side parts;

the first coil is wound around the first protruded part so that

an axial direction of the coil holding member formed in
the tube shape and a short widthwise direction of the first
coil are coincided with each other and that a direction
perpendicular to the axial direction and a longitudinal
direction of the first coil are coincided with each other,
and

the second coil is wound around the second protruded part

so that the axial direction of the coil holding member a
short widthwise direction of the second coil are coin-
cided with each other and that the direction perpendicu-
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lar to the axial direction and a longitudinal direction of
the coil are coincided with each other;

wherein the inner face of the first coil comprises two long

inner faces and two short inner faces;

the inner face of the second coil comprises two long inner

faces and two short inner faces;
the first side face comprises two first protruded parts and
contacts at least parts of the two long inner faces of the
first coil and the two short inner faces of the first coil; and

the second side face comprises two second protruded parts
and contacts at least parts of the two long inner faces of
the second coil and the two short inner faces of the
second coil.

5. The coil unit according to claim 4, wherein the first
protruded part and the second protruded part are divided into
two portions.

6. The coil unit according to claim 5, a tip end side of the
first protruded part is protruded to an outer peripheral side
relative to the coil with respect to the coil holding member,
and a tip end side of the second protruded part is protruded to
the outer peripheral side.

7. The coil unit according to claim 1, wherein

the coil holding member is formed in a tube shape,

the first coil and the second coil are each formed in a

substantially rectangular frame shape comprising two
long side parts and two short side parts shorter than the
long side part,
the first coil is wound around the first protruded part so that
an axial direction of the coil holding member formed in
the tube shape and a short widthwise direction of the first
coil are coincided with each other and that a direction
perpendicular to the axial direction and a longitudinal
direction of the first coil are coincided with each other,

the second coil is wound around the second protruded part
so that the axial direction of the coil holding member a
short widthwise direction of the second coil are coin-
cided with each other and that the direction perpendicu-
lar to the axial direction and a longitudinal direction of
the coil are coincided with each other; and

wherein the inner face of the first coil comprises two long

inner faces;

the inner face of the second coil comprises two long inner

faces;

the first protruded part contacts center portions of the two

long inner faces of the first coil; and

the second protruded part contacts center portion of the two

long inner faces of the second coil.

8. The coil unit according to claim 7, wherein spaces are
formed between the first protruded part and the two short side
parts of the first coil on both sides of the first protruded part,
and

wherein spaces are formed between the second protruded

part and the two short side parts of the second coil on
both sides of the second protruded part.

9. (canceled)

10. A drive mechanism comprising:

a coil unit comprising:

an even number of coils comprising a first coil and a
second coil; and

a coil holding member which holds the even number of
the coils;

wherein an outer peripheral face of the coil holding
member comprises a side-face pair comprising a first
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side face and a second side face which are substan-
tially parallel to each other;

wherein the first side face is formed with a first protruded
part around which the first coil is wound, the first
protruded part being protruded to an outer peripheral
side with respect to the coil holding member;

the second side face is formed with a second protruded
part around which the second coil is wound, the sec-
ond protruded part being protruded to an outer periph-
eral side with respect to the coil holding member; and

wherein the first coil and the second coil are structured
from one conducting wire; and

drive magnets which are oppositely disposed to the coils;

wherein the outer peripheral face of the coil holding mem-

ber when viewed in an axial direction of the coil holding
member formed in the tube shape is formed in a substan-
tially square shape or a substantially rectangular shape.

11. A winding device comprising:

a main body part which is rotatable and to which a coil

holding member structured to hold a coil is fixed;

a supply nozzle from which a conducting wire for struc-

turing the coil is supplied; and

a subordinate head which is rotatable together with the

main body part;
wherein a side face of the coil holding member is formed
with a protruded part which is protruded to an outer
peripheral side with respect to the coil holding member
and around which the coil is to be directly wound;

wherein the subordinate head is disposed so as to face the
side face of the coil holding member; and

wherein the subordinate head and the main body part are

rotated together in a state that the protruded part is inter-
posed between the subordinate head and the side face of
the coil holding member and thereby the conducting
wire is wound around the protruded part to structure the
coil.

12. The winding device according to claim 11, wherein the
subordinate head is formed with a recessed part into which a
tip end side portion of the protruded part is entered.

13. The winding device according to claim 11, wherein

the coil holding member is formed in a tube shape,

the coil is formed in a substantially rectangular frame

shape which is structured of two long side parts and two
short side parts shorter than the long side part,

the coil is wound around the protruded part so that an axial

direction of the coil holding member formed in the tube
shape and a short widthwise direction of the coil are
coincided with each other and that a direction perpen-
dicular to the axial direction and a longitudinal direction
of the coil are coincided with each other,

wherein the coil comprises an inner face;

the inner face of the coil comprises two long inner faces and

two short inner faces;

the side face comprises two protruded parts and contacts at

least parts of the two long inner faces of'the first coil and
the two short inner faces of the first coil; the subordinate
head is formed with a head side protruded part which is
protruded to a coil holding member side and disposed
between the two protruded parts.

14. The winding device according to claim 11, wherein

the coil holding member is formed in a tube shape,

the coil is formed in a substantially rectangular frame

shape which is structured of two long side parts and two
short side parts shorter than the long side part,
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the coil is wound around the protruded part so that an axial
direction of the coil holding member formed in the tube
shape and a short widthwise direction of the coil are
coincided with each other and that a direction perpen-
dicular to the axial direction and a longitudinal direction
of the coil are coincided with each other,

wherein the coil comprises an inner face;

the inner face of the coil comprises two long inner faces and
two short inner faces;

the protruded part contacts center portions of the two long
inner faces of the first coil;

the subordinate head is formed with two head side pro-
truded parts which are protruded to a coil holding mem-
ber side and disposed on both sides of the protruded part
in the longitudinal direction of the coil,

a width of the protruded part in the axial direction is set to
be wider than a width of the head side protruded part in
the axial direction, and

athickness of the protruded part in a thickness direction of
the coil which is perpendicular to the axial direction is
set to be not more than a thickness of the head side
protruded part in the thickness direction of the coil.

15. The winding device according to claim 11, wherein

an outer peripheral face of the coil holding member com-
prises a plurality of side-face pairs comprised of a pair of
side faces which are substantially parallel to each other,

each the side faces of the plurality of the side-face pairs
comprises a protruded part,

the subordinate head is formed with an opposed face which
faces the side face of the coil holding member on which
the conducting wire is to be wound, and the subordinate
head is movable so as to be close to and separated from
the side face on which the conducting wire is to be
wound,

the coil holding member is turnably attached to the main
body part so that the side face of the coil holding member
facing the opposed face of the subordinate head can be
changed, and

the subordinate head and the main body part are rotated
together in a state that the opposed face of the subordi-
nate head is close to the side face on which the conduct-
ing wire is to be wound and thereby the conducting wire
is wound around the protruded part of the coil holding
member to structure the coil.

16. The winding device according to claim 15, wherein

the main body part includes a mounting part on which the
coil holding member is mounted and a base part which
turnably holds the mounting part,

the mounting part is turnable with a direction perpendicu-
lar to an axial direction of rotation of the main body part
as an axial direction,

the subordinate head is movable in the axial direction of
rotation of the main body part, and

the conducting wire is wound around the protruded part of
the coil holding member to structure the coil and, after
that, the subordinate head is separated from the coil
holding member and the mounted part is turned so that
the side face of the coil holding member facing the
opposed face of the subordinate head is changed and
then, the subordinate head is set to be close to the coil
holding member again and the conducting wire is wound
around the protruded part of the side face having been
changed to structure the coil.



US 2015/0348688 Al

17. The winding device according to claim 15, wherein the
subordinate head is formed with a recessed part into which a
tip end side portion of the protruded part is entered.

18. A winding method comprising:

providing a winding device comprising:

a main body part which is rotatable and to which a coil
holding member structured to hold a coil is fixed;

a supply nozzle from which a conducting wire for struc-
turing the coil is supplied; and

a subordinate head which is rotatable together with the
main body part;

wherein a side face of the coil holding member is formed
with a protruded part which is protruded to an outer
peripheral side with respect to the coil holding mem-
ber and around which the coil is to be directly wound;

wherein the subordinate head is disposed so as to face
the side face of the coil holding member;

setting the subordinate head to be close to the side face of
the coil holding member so as to interpose the protruded
part between the subordinate head and the side face of
the coil holding member; and

rotating the subordinate head and the main body part
together and thereby the conducting wire is directly
wound around the protruded part to structure the coil.

19. The winding method according to claim 18, wherein

the coil holding member is formed in a tube shape,
two protruded parts are formed for the one coil,
the subordinate head is formed with a head side protruded
part which is protruded to a coil holding member side
and disposed between the two protruded parts,
the subordinate head and the main body part are rotated
together and thereby the conducting wire is wound
around the two protruded parts so that;
the coil is formed in a substantially rectangular frame
shape which is structured of two long side parts and
two short side parts shorter than the long side part,

the coil is wound around the protruded parts so that an
axial direction of the coil holding member formed in
the tube shape and a short widthwise direction of the
coil are coincided with each other and that a direction
perpendicular to the axial direction and a longitudinal
direction of the coil are coincided with each other, and

wherein the coil comprises an inner face;

the inner face of the coil comprises two long inner faces
and two short inner faces;

the two protruded parts contact at least parts of the two
long inner faces of the first coil and the two short inner
faces of the first coil.

20. The winding method according to claim 18, wherein

the coil holding member is formed in a tube shape,

the one protruded part is formed for the one coil,

the subordinate head is formed with two head side pro-
truded parts which are protruded to a coil holding mem-
ber side and disposed on both sides of the one protruded
part in a longitudinal direction of the coil,

awidth of the one protruded part in an axial direction of the
coil holding member formed in the tube shape is set to be
wider than a width of the head side protruded part in the
axial direction,

a thickness of the one protruded part in a thickness direc-
tion of the coil which is perpendicular to the axial direc-
tion is set to be not more than a thickness of the head side
protruded part in the thickness direction of the coil,
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the subordinate head and the main body part are rotated
together and thereby the conducting wire is wound
around the one protruded part and the two head side
protruded parts disposed on both sides of the one pro-
truded part so that:
the coil is formed in a substantially rectangular frame
shape which is structured of two long side parts and
two short side parts shorter than the long side part, and
the coil is wound around the one protruded part so that an
axial direction of the coil holding member formed in
the tube shape and a short widthwise direction of the
coil are coincided with each other and that a direction
perpendicular to the axial direction and a longitudinal
direction of the coil are coincided with each other, and

wherein the coil comprises an inner face;

the inner face of the coil comprises two long inner faces
and two short inner faces;

the protruded part contacts center portions of the two
long inner faces of the first coil.

21. The winding method according to claim 18, wherein

an outer peripheral face of the coil holding member is
formed with a plurality of side-face pairs comprised of a
pair of side faces which are substantially parallel to each
other,

the protruded part is formed on each of the side faces of the
plurality of the side-face pairs,

the subordinate head is formed with an opposed face which
faces the side face of the coil holding member on which
the conducting wire is to be wound, and the subordinate
head is movable so as to be close to and separated from
the side face on which the conducting wire is to be
wound,

the coil holding member is turnably attached to the main
body part so that the side face of the coil holding member
facing the opposed face of the subordinate head can be
changed, and

the subordinate head and the main body part are rotated
together in a state that the opposed face of the subordi-
nate head is close to the side face on which the conduct-
ing wire is to be wound and thereby the conducting wire
is wound around the protruded part of the coil holding
member to structure the coil.

22. The winding method according to claim 21, wherein

the main body part includes a mounting part on which the
coil holding member is mounted and a base part which
turnably holds the mounting part,

the mounting part is turnable with a direction perpendicu-
lar to an axial direction of rotation of the main body part
as an axial direction,

the subordinate head is movable in the axial direction of
rotation of the main body part, and

the conducting wire is wound around the protruded part of
the coil holding member to structure the coil and, after
that, the subordinate head is separated from the coil
holding member and the mounting part is turned so that
the side face of the coil holding member facing the
opposed face of the subordinate head is changed and
then, the subordinate head is set to be close to the coil
holding member again and the conducting wire is wound
around the protruded part of the side face having been
changed to structure the coil.
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23. The winding method according to claim 22, wherein

the subordinate head is formed with a recessed part into
which a tip end side portion of the protruded part is
entered, and

the subordinate head and the main body part are rotated
together in a state that a tip end side portion of the
protruded part is entered into the recessed part of the
opposed face and thereby the conducting wire is wound
around the protruded part to structure the coil.

#* #* #* #* #*



