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54) ORGANE D’ ACTIONNEMENT DE VIBRATIONS DOTE D’UN
CIRCUIT MAGNETIQUE DISPOSE DE MANIERE
ELASTIQUE SUR UN AMORTISSEUR A SPIRALE A

SOUPLESSE ACCRUE

54) VIBRATION ACTUATOR HAVING MAGNETIC CIRCUIT
ELASTICALLY SUPPORTED BY A SPIRAL DAMPER WITH

INCREASED COMPLIANCE

275

(57) L invention concerne un organe d’actionnement de
vibrations comprenant un transducteur €lectromecanique
dot¢ d’un circuit (1-4) magnetique et d une bobine (5)
d’excitation, d’'un cadre (9) de support et d’un
amortisseur (270) maintenant de facon ¢lastique le
circuit magnetique sur le cadre de support pour amortir
avec souplesse les vibrations du circuit magnétique
lorsqu’un courant alternatif d’excitation est envoye dans
la bobme (5). L’amortisseur (270) comprend des
segments annulaires (271, 272) a l'inténieur et a
I"extenieur de la boucle, ainsi que plusieurs parties de
ressort (273) en spirale détermine€es par plusieurs fentes

I*I Industrie Canada  Industry Canada

(57) A vibration actuator includes an electro-mechanical
transducer having a magnetic circuit (1-4) and a driving
coll (5), a support frame (9), and a damper (270)
clastically supporting the magnetic circuit onto the
support frame to flexibly damp the vibration of the
magnetic circuit when a driving AC current 1s supplied to
the coil (5). The damper (270) comprises an inner and an
outer ring portions (271, 272) and a plurality of spiral
spring portions (273) determined by a plurality of spiral
shits (274, 2775) formed 1n the damper. In order to reduce
the spiral spring portion determined by the adjacent two
spiral slits 1n 1ts compliance, each of the spiral spring
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(274, 275) en spirale pratiquees dans I’amortisseur. Afin
de reduire la souplesse de la partie de ressort en spirale
déterminée par deux fentes en spirale contigués, chaque
partie de ressort en spirale possede une longueur de
ressort utile déterminée par un angle utile (0), qui lui-
méme est détermin€ comme un angle (par un degre
angulaire), d’une extrémit¢ interieure de la fente en
spirale mterieure a une extrémaite exterieure de la fente en
spirale extérieure autour du centre de 1’amortisseur.
L angle utile possede un degré angulaire superieur ou
¢gal a 55. Dans un exemple préfere, la longueur de

ressort utile est deéterminee par le produit (r.0) d’une
valeur de rayon (r) moyenne par 1'unit¢ de <=mm’ et la
valeur de 1’angle utile (0) par 1"'unit¢ du degre angulaire.
La longueur de ressort utile est superieure ou €gale a 320
et de preférence, elle est supérieure ou egale a 400.
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portions has an effective spring length determined by an
effective angle (0) which 1s determined as an angle
(by angular degree) from an 1nner end of the inner spiral
slit to an outer end of the outer spiral slit of thereof
around a center of the damper. The effective angle 1s 55
angular degree or more. In a preferable example, the

effective spring length 1s determined by a product (r.0) of
an average radius (r) value by the unit of "mm” and the
effective angle (0) value by unit of the angular degree.
The effective spring length 1s selected of 320 or more,
preferably, 400 or more.
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(87) Abstract

A vibration actuator includes an
electro-mechanical transducer having
a magnetic circuit (1-4) and a driv-
ing coil (5), a support frame (9), and
a damper (270) elastically supporting
the magnetic circuit onto the support
frame to flexibly damp the vibration
of the magnetic circuit when a driving
AC current is supplied to the coil (5).
The damper (270) comprises an inner
and an outer ring portions (271, 272)
and a plurality of spiral spring por-
tions (273) determined by a plurality
of spiral slits (274, 275) formed in the
damper. In order to reduce the spi-
ral spring portion determined by the
adjacent two spiral slits in its compli-
ance, each of the spiral spring portions
has an effective spring length deter-
mined by an effective angle (@) which
is determined as an angle (by angular
degree) from an inner end of the in-
ner spiral slit to an outer end of the
outer spiral slit of thereof around a
center of the damper. The effective
angle is 55 angular degree or more.
In a preferable example, the effective
spring length is determined by a prod-
uct (r-8) of an average radius (r) value

by the unit of "mm’ and the effective angle (8) value by unit of the angular degree. The effective spring length is selected of 320 or more,
preferably, 400 or more.
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DESCRIPTION

VIBRATION ACTUATOR HAVING MAGNETIC CIRCUIT
ELASTICALLY SUPPORTED BY A SPIRAL DAMPER

WITH INCREASED COMPLIANCE

Technical Field
This invention relates to a vibration actuator using an electro-
mechanical transducer including a magnetic circuit and a driving coil and having

a damper elastically supporting the magnetic circuit, and in particular to a

structure of the damper.

Background Art

An electro-dynamic type of the electro-mechanical transducer
comprises a magnetic circuit comprising a magnet and magnetic yoke and
having a magnetic gap therein, and a moving coil or ribbon disposed in the
magnetic gap. When a driving AC current is applied to the moving coil or
ribbon, the moving coil or ribbon vibrates relatively to the magnetic circuit. A
frequency of the vibration is dependent on a frequency of the driving AC current.
Since the moving coil or ribbon is applied with the driving AC current and moves
or vibrates, it is referred to as a driving coil and also a moving element.

When the driving AC current is of an audio frequency, the moving coil or
ribbon vibrates at the audio frequency. When a thin plate or diaphragm is
connected to the moving coil or ribbon directly or through the damper, it is

vibrated at the audio frequency to produce sound. This is well known as an

electro-dynamic speaker.
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On the other hand, an electro-magnetic type of the electro-mechanical
transducer comprises a magnetic circuit comprising a magnet, magnetic yoke
and a driving coil wound on the magnetic yoke and having a magnetic gap
formed therein, and a magnetic armature or a small magnetic piece as a moving
element disposed in the magnetic gap. When the driving AC current is applied
to the driving coll, the magnetic armature vibrates at a frequency of the driving
AC current. The electromagnetic type transducer is also used for a speaker
where the magnetic armature is connected to a diaphragm or a thin plate.

In the electro-mechanical transducer of either one of the two types
described above, the magnetic circuit can be vibrated at a low frequency which
s lower than the audio frequency by supporting the magnetic circuit through a
damper onto a rigid support member or frame, by fixing the moving element to
the support member directly or through a low compliant elastic member, and by
applying to the driving coil a driving AC current of the low frequency. The
vibration is transmitted to the support member through the damper. Therefore,
when a person attaches the support member or a material fixed to the support,
he can feel the vibration through his skin. Thus, the transducer can be used in
a vibration actuator for producing a low frequency vibration which a human body
can feel through a skin.

In such a vibration actuator, a driving AC current of the audio frequency
Is applied to the driving coil, the moving element vibrates at the audio frequency.
The vibration is transmitted to the support member. When a thin plate or a
diaphragm is joined to the support member, it vibrates to produce an audible
sound. Using this principle, a small-size vibration actuator is proposed for
producing a voice and a ringing tone, as well as signaling vibration for
announcement of call reception in mobile communicétion (for example, see

Japanese Unexamined Patent Applications (JP-A) No. H10-165892 and No.
H11-027921.
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These Japanese publications disclose a dumber having spiral spring
portions for supporting the magnetic circuit as shown in Fig. 5 of JP-A ‘892 and
also in Fig. 5. of JP-A‘921. The damper is made of an elastic disk of such as a
metal plate and comprises an inner ring portion, outer ring portion and a
plurality of spiral spring portions connecting betWeen the inner and outer ring
portions. The inner ring and the outer ring are fixed to the magnetic circuit and
the support frame, respectively.

Each of the spiral spring portions extends from the inner ring portion to
the outer ring portion in spiral shape and is defined by an inner spiral slit and an
outer spiral slit. In the structure, even if the damper is limited in its radius.
each of the spiral spring portions has a long size comparing radial spring arms
formed within the limited radius. Therefore, the magnetic circuit can be
elastically supported by the spring portions with a high compliance comparing
with the limited radius of the damper.

In an existing one of the damper having the spiral spring portions, an
effective spring length of the spiral spring portion is mainly determined by an
angle around a center of the damper from an inner end of the inner spiral slit to
an outer end of the outer spiral slit. The angle is hereinafter referred to as
‘effective angle”. It has been considered to be sufficient to elastically support
the magnetic circuit with a relatively high compliance that the effective angle is
55 angular degree at the maximum. The effective angle has been usually
selected to be an angle smaller than 55 angular degrees, considering that use
of a large effective angle makes it difficult to produce the damper.

However, the above-mentioned existing vibration actuator is
disadvantageous in that the damper may often suffer a permanent strain if an
abnormal stress is applied by external shock or the like.

After studying the reason of the problem caused, the inventor knew that

the existing damper having spiral spring portions with the effective angle smaller
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than 55 angular degrees cannot provide a sufficient high compliance against
any relatively large external force caused due to mechanical shock such as
dropping but still exhibits a relatively large stiffness in the radial direction. If
subjected to such a large external stress, for example, when the vibration
actuator is dropped, the magnetic circuit may abnormally be displaced in the
radial direction. Such abnormal displacement may leave the permanent strain
in the damper and may further cause the inclination of the center shaft of the
magnetic circuit. In case where the strain or the inclination is great, the

abnormal stress is applied to the damper so that the stability in characteristics

would be deteriorated.

Discl | ;

It is therefore an object of the present invention to provide a vibration
actuator which is capable of improving a shock resistance to keep stable
characteristics and high reliability over a long period of time.

This invention is applicable to a vibration actuator having an electro-
mechanical transducer including a driving coil and a magnetic circuit comprising
a magnet and yoke. The vibration actuator comprises a support frame and a
damper supporting the magnetic circuit onto the support frame. The damper
comprises an inner ring portion, an outer ring portion, and a plurality of spiral
spring portions conneCting the inner and outer rings. Each of the spiral spring
portions extends in a spiral shape from the inner ring portion to the outer ring
portion and is defined by an inner spiral slit and an outer spirai slit. The
damper is characterized in that the effective angle is selected to be an angle
larger than 55 angular degrees.

This invention is applicable to a vibration actuator having an electro-
mechanical transducer including a driving coil and a magnetic circuit comprising

a magnet and yoke. The vibration actuator comprises a support frame and a

STt e S e NI SN BTN Mt (P M 1 R 1 a
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damper supporting the magnetic circuit onto the support frame. The damper
comprises an inner ring portion, an outer ring portion, and a plurality of spiral
spring portions connecting the inner and outer rings. Each of the spiral spring
portions extends in a spiral shape from the inner ring portion to the outer ring
portion and is defined by an inner spiral slit and an outer spiral slit. Each of the
spiral spring portions has an effective spring length of 320 or more, preferably,
400 or more. The effective spring iength is determined by a product (r- 8 ) of
an average radius (r) and an effective angle ( &) of the spiral spring portion.

The effective angle is determined as an angle (by anguiar degree) from
an inner end of the inner spiral slit to an outer end of the outer spiral slit of
thereof around a center of the damper.

The average radius (r) is determined by an average of various
distances from the damper center to various points on a spiral curve extending
along a central line between the inner and outer spiral slits from an inner end to
an outer end of the spiral spring portions, that is, from a home angular position
of the effective angle to a terminal angular position moved by an angie of the
effective angle 4.

The average radius is approximately given by an average
((DO + D 8 )/2) of one (DO) of the various distances at the home angular position
of the effective angle and another (D 8 ) at the terminal angular position. -

Alternatively, the average radius is approximately given by one (Dm) of
the various distances at an angular position moved by an angle of 8 /2 from the
home angular position to the terminal angular position, that is, a distance from
the damper center to a midpoint on the spiral curve between the home angular
position and the terminal angular position.

With the above-mentioned structure, the effective spring length of the
spiral spring portion can be increased so that the stiffness of the damper for the

radial shock is reduced. As a result, even if the external stress is applied in the
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radial direction, for example, when the vibration actuator is dropped, the
magnetic circuit is only temporarily displaced in the radial direction and .is free
from any permanent strain.

Preferably, the damper is formed by at least one non-magnetic metal
plate selected from SUS304, SUS301, nickel silver, phosphor bronze, and a Be-
Cu alloy or an elastic plastic resin. Preferably, the slits determining the spiral

spring portions are formed in a disk of the metal plate and are arranged at a

predetermined interval from one another.

)€ ioN Of Urawing:

Fig. 1A is a cross-sectional view of an existing vibration actuator:

Fig. 1B is a plan view of a damper illustrated in Fig. 1A:

Fig. 2A is a cross-sectional view of a vibration actuator according to an
embodiment of this invention;

Fig. 2B is a plan view of a damper illustrated in Fig. 2A; and

Fig. 3 is a cross-sectional view of a vibration actuator according to

another embodiment of this invention.

vioges for Carrving Qut the invention

Prior to description of preferred embodiments of this invention, an
existing vibration actuator will be described with reference to Figs. 1A and 1B,

so as to facilitate understanding of this invention.

Referring to Fig.1A, the vibration actuator shown therein has an electro-
mechanical transducer of the electro-dynamic type and has a cylindrical shape
with a center shaft 4. Around the center shaft 4, a magnetic circuit is formed
by a yoke 1 having a peripheral side wall, a plate 3 arrénged inside the yoke 1,

and a disk-shaped permanent magnet 2 interposed between the yoke 1 and the

plate 3. The permanent magnet 2 and the plate 3 are surrounded by the
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peripheral side wall of the yoke 1 and a magnetic gap is 6 left therebetween. A
driving coil or moving coil 5 is disposed in the magnetic gap 6.

A disk-shape damper 170 supports the magnetic circuit 1-4 on a
support frame 9. The damper 170 comprises an inner ring portion 171, an
outer ring portion 172 and a plurality of spiral spring portions 173 connecting the
inner and outer ring portions 171 and 172 to each other. Each of the spiral
spring portions 173 is determined by its inner spiral slit 174 and its outer spiral
slit 175.  An angle around a center axis of the damper 170 from an inner end of
the inner spiral slit 174 and an outer end of the outer spiral slit 175 is selected
smaller than 55 angular degrees.

The center shaft 4 is in a form of a bolt and fit into a center hole in the
magnetic circuit 1-4 through a center hole of the inner ring portion 171 of the
damper 170. Therefore, the magnetic circuit 1-4 and the damper 170 are
disposed coaxial with each other, and the magnetic circuit 1-4 is fixedly
attached to a lower surface of the inner ring portion 171 at a center of the
magnetic circuit and at the side of the plate 3. The outer ring portion 172 is
fixed to the support frame 9. Accordingly, the magnetic circuit 1-4 is elastically
supported on the support frame 9 by the damper 170.

The driving coil 6 is fixed onto a iower surface of the outer ring portion
172 by means of bonding or adhesive agent. A buffer member or shock
absorber 8 is disposed between the support frame 9 and the outer ring portion
172 and is fixed to both of them by means of bonding or adhesive agent. The
buffer member 8 prevents generation of noise resulting from collision between
an upper end of the side wall of the yoke 1 and the support frame 9 during
vibration of the magnetic circuit 1-4.

The support frame 9 is in a form of a ring and ié made of a plastic resin
or other rigid material. A thin plate cover 10 as a vibration plate is mounted on

the support frame 9 and disposed over the damper 170. The thin piate cover
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10 can be made of the same material of the support frame into a single part.

In operation, when a driving AC current of the lower frequency is
supplied to the driving coil 5, the magnetic circuit 1-4 reciprocatingly moves or
vibrates in an axial direction of the center shaft 4 because it is flexibly supported
by the elasticity of the spiral spring portion 173 with a relatively high compliance.
The vibration is transmitted through the damper 170 to the support 9 and the
thin plate cover 10. Therefore, the human body attaching the support frame 9
and/or thin plate cover 10 can detect the vibration.

When the driving AC current haé an audio frequency, not the magnetic
circuit but the driving coil 5 vibrates at the audio frequency, because the
magnetic circuit is supported by the damper 170 having the high compliance.
The vibration of the driving coil 5 is transmitted to the thin plate cover 10
through the outer ring 172 and/or the support frame 9. Thus, the thin plate
cover 10 vibrates at the audio frequency and produces audibie sound.

The existing vibration actuator shown in Figs. 1A and 1B has the

problems as described in the preamble.

Now, embodiments of this invention will be described in detail with
reference to the drawing.

Referring to Figs. 2A and 2B, a vibration actuator according to one
embodiment of this invention is substantially similar to the existing one as
shown in Figs. 1A and 1B and comprises a yoke 1, a permanent magnet 2, a
plate 3, a center shaft 4, a coil 5, a damper 270, a shock absorber 8, a support
9, and a thin plate cover 10. The similar parts are represented by the same
reference symbols and are not again described in detail.

The damper 270 is essentially similar to the prior damper 170 in that it
comprises an outer ring portion, an inner ring portion, and a plurality of spiral

spring portions each of which is determined by an inner and an outer spiral slits

extending therealong from the inner ring portion to the outer ring portion. In

. . . e e . . ERRETRLL N T PR ' s . ada v oo
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Fig. 2, the inner ring portion, the outer ring portion, the spiral spring portions,
and the inner and outer spiral slits are represented by reference numerals 271,
272, 273, 274 and 265, respectively. The inner ring portion 271 and the outer
ring portion 272 are fixed to the magnetic circuit 1-4 and the support frame 9,
respectively.

The damper 270 may be made of at least one elastic non-magnetic
material selected from SUS304. SUS301, nickel silver, phosphor bronze, a Be-
Cu alioy, and plastic resin having elasticity.

Now, description will be made as to an aspect of the spiral spring
portion 273 which is a characteristic of the present invention.

As lllustrated in Fig. 2B, the damper 270 is provided with a plurality of
slits (three is shown). Each of these three spiral slits spirally extends from the
inner ring portion 271 to the outer ring portion 272 and over an angular region of
180 degrees or more around the center of the damper 270. Those three spiral
shits are equi-angularly arranged around the center of the damper. Adjacent
two of the three spiral slits in the radial direction determine one of the three
spiral spring portions therebetween. In the figure, reference numerals 274 and

275 represent the two spiral slits determining a particular one of the spiral slits
273.

Each of the spiral spring portions 273 has an effective angle § of 55
angular degree or more. The effective angle & is an angle between an inner
end of the inner spiral slit 274 and an outer end of the outer spiral slit
determining each one of the spiral spring portions 273.

Further, each of the spiral spring portions 273 has an effective spring
length of 320 or more, preferably, 400 or more.

Herein, the effective spring length is determined by a product (r- ) of

an average radius (r) and an effective angle ( 8 ) of the spiral spring portion.

The average radius (r) is determined by an average of various distances (by a

fotee iew . R T LR T
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unit of “mm”) from the damper center to various points on a spiral curve (which
Is shown by an dotted line shown in the spiral spring portion 273 in Fig. 2B)
extending along a central line between the inner and outer spiral slits 274 and
275 from an inner end to an outer end of the spiral spring portion 273, that is,
from a home angular position of the effective angle to a terminal angular
position moved by an angle of the effective angie 6.

The average radius is approximately given by an average
((DO + D G )/2) of one (DO) of the vafious distances at the home angular position
of the effective angle and another (D 8) at the terminal angular position.

Alternatively, the average radius is approximately given by one (Dm) of
the various distances at an angular position moved by an angie of 4 /2 from the
home angular position to the terminal angular position, that is, a distance from
the damper center to a midpoint on the spiral curve between the home angular
position and the terminal angular position.

As illustrated in Fig. 2B, each of spiral slits (a pariicular one 275 is
representatively illustrated) has a shape determined by an radial inner contour
line 3 and a radial outer contour line b so that the slit width of the spiral slit is
Increased at the inner and outer end portions. The radial inner contour line a
comprises a spiral line a1 extending from an outer end E1 toward the inner end
E2 of the slit and a circular arc a2 in the vicinity of the inner end, the circular arc
a2 being concentric with the inner ring portion 171. The radial outer contour
line b comprises a spiral line b1 extending from the inner end E2 toward the
outer end E1 of the slit and a circular arc b2 in the vicinity of the outer end, the
circular arc b2 being concentric with the outer ring portion 172. The above-
mentioned configuration of the spiral slit contributes to further reduction the
amount of the materiai of the damper 270 left between fhe inner ring 271 and

the outer ring 272. Therefore, rigidity of the spiral spring portion 273 and the

radial rigidity of the damper are reduced.
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In the abdve-mentioned structure, the vibration actuator operates in the
manner similar to the prior art one when the diving AC current is applied to the
driving coil 9. Since each of the spiral spring portions has an effective spring
length increased and relatively high compliance, the magnetic circuit can vibrate
with a relatively large amplitude and can therefore be reduced in size and
weight.

In case where the magnetic circuit is subjected to any radial external
force, for example, when the vibratidn actuator is dropped, the magnetic circuit
is displaced in the radial direction. Even in this event, the damper itself and
spiral spring portions are free from any permanent strain because they has the
radial rigidity reduced.

In the embodiment of Figs. 2A and 2B, the thin cover plate 10 is fixed to '
or integrally formed with the support frame 9. However, the cover plate 10 can
be omitted in a modification. In the case, an apparatus to which the vibration
actuator is mounted have a diaphragm or other thin plate which receives
vibration of the coil through the support frame and produces a sound due to the
vibration.

The damper 270 in Figs. 2A and 2B has the inner and outer ring
portions 271 and 272 which are shown to have axial length larger than the
thickness of the spring portions 273. Thus, the inner ring portion 271 is a
center rib, hub or boss of the damper 270 and the outer ring portion 272 is an
outer rib or rim. However, the inner and outer ring portions 271 and 272 can
be formed to have the thickness equal to that of the spiral spring portion 273, in
a modification of the damper.

Further, the shock absorber 8 can be omitted in an arrangement of the

support frame 9 and the yoke 1 where the yoke 1 does 'not collide to the support

frame 9 when the magnetic circuit 1-4 vibrates.
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Referring to Fig. 3, the vibration actuator according to another
embodiment shown therein includes all of the modification described above.
The support frame shown at 9’ is in a ring shape and is not provided with a thin
cover plate. The damper shown at 270’ is formed from a thin elastic plate so
that inner and outer ring portion's shown at 271’ and 272’ have the same
thickness of the spiral spring portion shown at 273’. The inner ring portion 271’
Is fixed to the magnetic circuit 1-4 by use of the center shaft 4 like a bolt through
an elastic spacer 11 which is disposéd and clamped between the inner ring
portion 271" and the magnetic circuit 1-4, specifically, the magnetic plate 3.

The outer ring portion 272’ is fixed to the lower surface of the support frame 9’
so that the support frame is disposed over the damper 270’. In the
arrangement of the support frame, the yoke 1 does not collide to the support
frame 270'. Therefore, the shock absorber is omitted.

This damper 270’ is made of a plate of the material described above,
by punching method. The thickness of the plate is dependent of the size of
actuator. In use for a ringing actuator assembled in a cellular a mobile
telephone set such as a cellular telephone set, it is preferably about 0.1-0.3mm.

Samples of the vibration actuator having the structure of Fig. 3 and a
size of outer diameter of 15mm were produced with different dampers which are
made of various materials described above and have different effective sSpring
lengths. Those samples were subjected to the drop test where each sample
was attached with a stopper necessary for vibrating and fixedly mounted in a
plastic case having a weight of 100 grams, then dropped on a concrete floor
from a height of 1.8 meters. Deformation of dampers of the dropped samples

were observed.  Test results are exemplarily demonstrated for dampers made

of SUS304 in Table 1.
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Table 1

Average radius

(r) B e

Effecti le |
eetveang’® 1" s5 | 80 | 100 | 130 | 16 80

_(0) IR 1
Effective length | T

s g 220 | 320 | 400 | 520 | 640 | 520
Resistance for PN '
dropping 8 = O O O O

In Table 1, the average radius (r) is based on the distance (Dm) at the

middie angle position. Marks X, A and O represent large deformation of
damper caused by the drop test, small deformation of the damper caused by

the drop test but the damper being still usable, and no deformation of the

damper caused by the drop test.

It is understood from Table 1 that the effective iength is advantageously

320 or more, and preferably, 400 or more.
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CLAIMS

1. Avibration actuator having an electro-mechanical transducer
including a driving coil and a magnetic circuit comprising a magnet and yoke, a
support frame, and a damper supporting the magnetic circuit onto the support
frame, said damper comprising an inner ring portion, an outer ring portion, and
a plurality of spiral spring portions connecting the inner and outer rings, each of
the spiral spring portions extending ih a spiral shape from the inner ring portion
to the outer ring portion and is defined by an inner spiral slit and an outer spiral
slit, wherein each of the spiral spring portions has an effective spring iength
determined by an effective angle around a center of the damper from an inner
end of the inner spiral slit to an outer end of the outer spiral siit of thereof, the
effective angle being selected to be an angle larger than 55 angular degrees.

2. Avibration actuator having an electro-mechanical transducer
including a driving coil and a magnetic circuit comprising a magnet and yoke, a
support frame, and a damper supporting the magnetic circuit onto the support
frame, said damper comprising an inner ring portion, an outer ring portion, and
a plurality of spiral spring portions connecting the inner and outer rings, each of
the spiral spring portions extending in a spiral shape from the inner ring portion
to the outer ring portion and is defined by an inner spiral slit and an outer spiral
slit, wherein each of the spiral spring portions has an effective spring length of
320 or more, preferably, 400 or more, said effective spring length is determined
by a product (r- § ) of an average radius (r) and an effective angle ( § ) of the
spiral spring portion, and said effective angle is determined as an angle (by
angular degree) from an inner end of the inner spiral slit to an outer end of the
outer spiral slit of thereof around a center of the damper.

3. Avibration actuator as claimed in claim 2, wherein said average

radius (r) is determined by an average of various distances (by a unit of “mm”)
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from the damper Center to various points on a spiral curve extending along a
central Iine between the inner and outer spiral slits from an inner end to an outer
end of the spiral spring portions, that is, from a home angular position of the
effective angle to a terminal angular position moved by an angle of the effective
angle 6.

4. A vibration actuator as claimed in claim 2, wherein said average
radius is approximately given by an average ((DO + D 6 )/2) of one (DO) of the
various distances at the home anguiar position of the effective angle and
another (D &) at the terminal angular position.

5. Avibration actuator as claimed in claim 2, wherein said average
radius is approximately given by one (Dm) of the various distances at an
angular position moved by an angle of /2 from the home angular position to
the terminal angular position, that is, a distance from the damper center to a
midpoint on the spiral curve between the home angular position and the
terminal angular position.

6. A vibration actuator as claimed in claim 2, wherein said damper is
formed by at least one metal material selected from SUS304, SUS301. nickel
silver, phosphor bronze, and a Be-Cu alloy.

7. Avibration actuator as claimed in claim 2, wherein said spiral slits
determining said spiral spring portions are equi-angularly formed around a
center of said damper.

8. An vibration actuator as claimed in claim 2, wherein each of said
spiral slits has a shape determined by an radial inner contour line (a) and a
radial outer contour line (b) so that the slit width of the spiral slit is increased at
the inner and outer end portions, said radial inner contour line (@) comprises a
spiral line (a1) extending from an outer end (E1) toward the inner end (E2) of
the siit and a circular arc (a2) in the vicinity of the inner end, the circular arc (a2)

being concentric with the inner ring portion (171), and said radial outer contour
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line (b) comprises a spiral line (b1) extending from the inner end (E2) toward the
outer end (E1) of the slit and a circular arc (b2) in the vicinity of the outer end,

the circular arc (b2) being concentric with the outer ring portion (172).
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