
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

77
9 

69
6

A
1

TEPZZ 779696A_T
(11) EP 2 779 696 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
17.09.2014 Bulletin 2014/38

(21) Application number: 14152852.1

(22) Date of filing: 28.01.2014

(51) Int Cl.:
H04R 11/02 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME

(30) Priority: 15.03.2013 JP 2013054305

(71) Applicant: Rion Co., Ltd.
Tokyo 185-8533 (JP)

(72) Inventors:  
• Iwakura, Takashi

Tokyo, 185-8533 (JP)
• Date, Munehiro

Tokyo, 185-8533 (JP)

(74) Representative: Vossius & Partner
Siebertstrasse 4
81675 München (DE)

(54) Electromechanical transducer and electroacoustic transducer

(57) An electromechanical transducer of the inven-
tion comprises a structural unit, an armature (22) , and
first and second elastic members (23, 24). The structural
unit includes at least one pair of magnets (14, 17), a yoke
(11, 12) conducting a magnetic flux generated by the
magnets, and a coil (13) supplied with an electric signal.
The armature (22) has an inner portion (22a) disposed
to pass through an internal space of the structural unit

and first and second outer portions (22b, 22c) protruding
on both sides from the inner portions, and the armature
constitutes a magnetic circuit with the structural unit via
two regions through which components of the magnetic
flux flow in directions opposite to each other in the inner
portion. The first and second elastic members (23, 24)
connect between the first and second outer portions of
the armature and the structural unit, respectively.
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Description

[0001] The present invention relates to an electromechanical transducer that transduces an electric signal into me-
chanical vibration and an electroacoustic transducer that transduces an electric signal into sound, and particularly relates
to an electromechanical transducer and an electroacoustic transducer that comprise a driving unit including an armature,
a yoke, a coil and magnets.
[0002] An electroacoustic transducer used in a hearing aid or the like is provided with a driving unit including an
armature, a yoke, a coil and a pair of magnets, etc., and is configured to drive the armature in response to an electric
signal supplied to the coil so that relative vibration between the armature and other members is transduced into sound.
For example, as examples of a so-called balanced armature type (hereinafter, referred to as "balanced type") electro-
magnetic transducer, Patent Reference 1 discloses a structural example of a magnetic circuit using a U-shaped armature,
and Patent Reference 2 discloses a structural example of a magnetic circuit using an E-shaped armature. Patent Ref-
erence 3 discloses a structural example for improving shock resistance in an electroacoustic transducer provided with
a magnetic circuit of the above-mentioned balanced type. In any of these structural examples, the armature is connected
to the yoke so as to form the magnetic circuit. Further, in any of the above cases, the armature needs to be formed so
that restoring force due to elasticity of the armature itself when one end thereof is displaced is larger than magnetic
forces (attraction) of the magnets that are generated by the displacement of the armature. In case of employing the
structures disclosed in the Patent References 1 to 3, it is essential to form the armature using soft magnetic material.

[Citation List]

[Patent Literature]

[Patent Literature 1]

[0003]

[Patent Literature 1] US Patent No.7869610
[Patent Literature 2] US Patent No.4473722
[Patent Literature 3] Japanese Patent Application Laid-open No. 2006-041768

[0004] However, in the above conventional balanced type electromagnetic transducer, since the armature constitutes
a part of the magnetic circuit, it is required to satisfy design requirements for magnetic property of the magnetic circuit.
Although the armature is required to be designed so that the restoring force caused by displacement of the armature is
larger than the magnetic forces of the magnets, as described above, the armature of the conventional structure is required
to be designed so as to satisfy both magnetic and mechanical requirements because the armature gets the restoring
force due to the elasticity of its own. For example, in order to improve the shock resistance of the armature, an option
is to increase thickness of the armature. However, if the thickness of the armature is increased, it is not possible to obtain
sufficient amount of displacement within an elasticity range of the armature. Further, since the armature is required to
have necessary magnetic property, it is difficult to use general spring material having large yield stress and strong shock
resistance. In general, magnetic annealing treatment is performed for the armature after forming process for the purpose
of extracting the magnetic property of its material, and therefore it is also difficult to increase the yield stress of the
armature by heat treatment. As described above, according to the conventional structure, it is inevitable that degree of
freedom in designing the armature is largely restricted.
[0005] One of aspects of the invention is an electromechanical transducer transducing an electric signal into mechanical
vibration, the electromechanical transducer comprising: a structural unit in which at least one pair of magnets (14 to 17)
a yoke (11, 12) conducting a magnetic flux generated by the magnets, and a coil (13) supplied with the electric signal
are integrally arranged; an armature (22) having an inner portion (22a) disposed to pass through an internal space of
the structural unit and first and second outer portions (22b, 22c) protruding on both sides from the inner portion, the
armature constituting a magnetic circuit with the structural unit via two regions through which components of the magnetic
flux flow in directions opposite to each other in the inner portion; a first elastic member (23) connecting between the first
outer portion of the armature and the structural unit; and a second elastic member (24) connecting between the second
outer portion of the armature and the structural unit.
[0006] According to the electromechanical transducer of the invention, when no current flows in the coil, the armature
is initially in a state of being positioned at a predetermined position of an internal space of the structural unit including
a through hole of the coil, and the armature is relatively displaced by magnetic forces applied to the inner portion due
to a current flowing in the coil. Then, each of the two elastic members gives a restoring force being proportional to amount
of the displacement of the armature and having a direction reverse to that of the displacement. Thus, since the structure
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for utilizing the restoring force of the two elastic members attached to both ends of the armature, without utilizing elasticity
of the armature itself, it is possible to improve the degree of freedom in designing the armature. That is, since a sufficient
amount of displacement can be obtained without thinning thickness of the armature, it is possible to improve the shock
resistance of the magnetic circuit.
[0007] In the invention, for example, a pair of spring members can be used as the first and second elastic members.
In this case, the restoring force can be given by appropriately setting a spring force of each of the spring members.
[0008] The invention may further comprise a housing in which the structural unit, the armature, and the first and second
elastic members are entirely contained. In this case, the armature and the housing can be relatively displaced from each
other by fixing respective ends of the first and second outer portions of the armature to the housing.
[0009] In the invention, the yoke may be formed by joining a plurality of yoke members together, and there may be
provided one or a plurality of spacers for positioning each of the yoke members. Further, two pairs of magnets facing
each other with air gaps can be used as the at least one pair of magnets in order to generate two magnetic fluxes reverse
to each other that pass through the air gaps of the armature. Further, the two magnetic fluxes may be formed by combining
the pair of magnets and the yoke.
[0010] The invention may comprise protectors that limit range of movement of the armature relative to the structural
unit, which are located in vicinities of the first and second outer portions of the armature in the structural unit. Thereby,
it is possible to take effective measures against plastic deformation caused by a shock of the spring members.
[0011] Another aspect of the invention is an electroacoustic transducer transducing an electric signal into sound, the
electroacoustic transducer comprising: a structural unit in which at least one pair of magnets, a yoke conducting a
magnetic flux generated by the magnets, an armature having an inner portion disposed to pass through an internal
space of the structural unit and first and second outer portions protruding on both sides from the inner portion, the
armature constituting a magnetic circuit with the structural unit via two regions through which components of the magnetic
flux flow in directions opposite to each other in the inner portion; a first elastic member connecting between the first outer
portion of the armature and the structural unit; a second elastic member connecting between the second outer portion
of the armature and the structural unit; a pair of rods each having one end fixed to each of ends of the first and second
outer portions of the armature; and a diaphragm connected to respective other ends of the pair of rods, the diaphragm
generating sound pressure in response to vibration of the armature relative to the structural unit.
[0012] The electroacoustic transducer of the invention may further comprises a housing for containing the diaphragm,
a sound outlet being attached to the housing and externally outputting the sound generated by the diaphragm, a corru-
gation expanded around the diaphragm and is capable of being moved in a direction of the vibration of the diaphragm,
and a frame portion formed around the corrugation and integrally fixed to the housing. In this case, by fixing the structural
unit to the housing, relative vibration between the armature and the structural unit is reliably transduced into the sound
so as to output the sound to outside.
[0013] As described above, according to the present invention, the pair of elastic members connecting between both
ends of the armature and the structural unit is provided in order to give the restoring force for the displacement of the
armature, without utilizing the elasticity of the armature itself, thereby improving degree of freedom in designing the
armature. This structure enables both excellent magnetic characteristics and shock resistance, and it is possible to
achieve a small-scale and high-power electromechanical transducer and/or electroacoustic transducer.

Brief Description of Drawings

[0014]

[Fig. 1] is a front view showing a structure of an electromechanical transducer of a first embodiment;
[Fig. 2] is a top view showing the electromechanical transducer of Fig. 1 as viewed from the upper side of the figure;
[Fig. 3] is a right side view showing the electromechanical transducer of Fig. 1 as viewed from the right side of the figure;
[Fig. 4] is an exploded perspective view of a magnetic circuit portion in the electromechanical transducer of the first
embodiment;
[Fig. 5] is a cross-sectional structural view along an A-A cross section of Fig. 2;
[Fig. 6] is a view schematically showing a cross-sectional structure of a magnetic circuit portion in an electromagnetic
transducer of a conventional balanced armature type as a comparison example to be compared with the electro-
mechanical transducer of the first embodiment;
[Fig. 7] is a cross sectional view of the magnetic circuit portion of Fig. 6 as viewed from the right side of the figure;
[Fig. 8] is a top view showing an electromechanical transducer of a second embodiment as viewed from the upper
side of the figure;
[Fig. 9] is a cross-sectional structural view along an A-A cross section of Fig. 8;
[Fig. 10] is a front view showing a structure of the electromechanical transducer of a third embodiment;
[Fig. 11] is a top view showing the electromechanical transducer of Fig. 10 as viewed from the upper side of the figure;
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[Fig. 12] is a right side view showing the electromechanical transducer of Fig. 10 as viewed from the right side of
the figure;
[Fig. 13] is an exploded perspective view of the magnetic circuit portion in the electromechanical transducer of the
third embodiment;
[Fig. 14] is a top view showing a structure of an electroacoustic transducer of a fourth embodiment;
[Fig. 15] is a right side view showing the electroacoustic transducer of Fig. 14 as viewed from the right side of the figure;
[Fig. 16] is a cross-sectional structural view along an A-A cross section of Fig. 14;
[Fig. 17] is a front view showing a structure of a principal part of an electromechanical transducer of a fifth embodiment;
[Fig. 18] is a top view showing the principal part of the electromechanical transducer of Fig. 17 as viewed from the
upper side of the figure;
[Fig. 19] is a right side view showing the principal part of the electromechanical transducer of Fig. 17 as viewed from
the right side of the figure; and
[Fig. 20] is a view of an enlarged structure of a spring member and a spring base.

Description of Embodiments

[0015] Preferred embodiments of the present invention will be described with reference to accompanying drawings.
Each of the following embodiments will support an example to which the present invention is applied, and the present
invention is not limited to the embodiments. In the following, the present invention will be applied to a plurality of em-
bodiments of an electromechanical transducer that transduces an electric signal into mechanical vibration and an elec-
troacoustic transducer that transduces an electric signal into sound.

First Embodiment

[0016] An electromechanical transducer of a first embodiment of the present invention will be described with reference
to Figs. 1 to 5. Fig. 1 is a partially cutaway end view (front view) showing an internal structure of the electromechanical
transducer of the first embodiment. On the right side of Fig. 1, an X direction and a Z direction are indicated by arrows,
respectively. Fig. 2 is a partially cutaway end view (top view) showing the electromechanical transducer of Fig. 1 as
viewed from the upper side of the figure along the Z direction, in which the X direction and a Y direction are indicated
by arrows, respectively. Fig. 3 is a partially cutaway end view (right side view) showing the electromechanical transducer
of Fig. 1 as viewed from the right side of the figure along the X direction, in which the X direction and the Y direction are
indicated by arrows, respectively. Fig. 4 is an exploded perspective view of a later-described magnetic circuit portion in
the electromechanical transducer of the first embodiment. Fig. 5 is a cross-sectional structural view along an A-A cross
section of Fig. 2.
[0017] The electromechanical transducer of the first embodiment is provided with a housing 10 that houses the entire
electromechanical transducer, and elements constituting a driving unit inside the housing 10 which include a pair of
yokes 11 and 12, four magnets 14, 15, 16 and 17, a coil 13, four spacers 18, 19, 20 and 21, an armature 22, a spring
member 23 (the first elastic member of the invention) and a spring member 24 (the second elastic member of the
invention). The housing 10 has a structure formed by joining a lower housing member 10a and an upper housing member
10b that are vertically symmetrical to each other and various constituent elements of the above driving unit are arranged
inside the housing 10. In the driving unit, the yokes 11 and 12, the four magnets 14 to 17, the coil 13 and the spacers
18 to 21 function as an integrally arranged structural unit of the invention, and the armature 22 passing through an
internal space of this structural unit is disposed so as to be movable relative to the driving unit. In addition, although all
of Figs. 1 to 3 show internal structures that are viewed when the housing 10 is partially removed, the entire electrome-
chanical transducer is actually covered by the housing 10.
[0018] As to the yokes 11 and 12, yoke members that are the lower yoke 11 and the upper yoke 12 face each other
in the Z direction. As shown in Fig. 4, inwardly facing concave portions 11a and 12a are formed in central portions of
the respective yokes 11 and 12, and the coil 13 having a through hole is sandwiched between the concave portions 11a
and 12a of the upper and lower yokes 11 and 12 so that both ends of the through hole are open in the X direction. The
coil 13 is positioned at the center of the yokes 11 and 12 and is fixed to inner surfaces of the yokes 11 and 12 by adhesive.
[0019] The magnets 14 to 17 are arranged symmetrically on both sides of the yokes 11 and 12 in the X direction. That
is, a pair of magnets 14 and 15 is adhesively bonded to one opposed end faces of the yokes 11 and 12 in the X direction,
and similarly a pair of magnets 16 and 17 is adhesively bonded to the other opposed end faces of the yokes 11 and 12
in the X direction.
[0020] The yokes 11 and 12 are supported by a pair of spacers 18 and 20 facing each other in the Y direction near
the magnets 14 and 15 and a pair of spacers 19 and 21 facing each other in the Y direction near the magnets 16 and
17. Each of the four spacers 18 to 21 is formed in a convex shape toward inside, as shown in Fig. 3, and the yokes 11
and 12 are positioned above and below the convex shape and are fixed thereto by laser welding or adhesive.
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[0021] The armature 22 is a long plate-like member extending in the X direction and is disposed so as to pass through
a space between the pair of magnets 14 and 15, the through hole of the coil 13, and a space between the pair of magnets
16 and 17. As shown in Fig. 3, there are formed parallel interspaces between the armature 22 and the magnets 14 to
17 above and below the armature 22 (both sides in the Z direction), and the respective interspaces form air gaps G1,
G2, G3 and G4 (Fig. 5). The example of the first embodiment shows a structure having the four magnets 14 to 17 of the
same shape, the four spacers 18 to 21 of the same shape, and the four air gaps G1 to G4 of the same shape. Further,
the armature 22 is disposed with an appropriate space such that the armature 22 does not contact the coil 13 when the
armature 22 is displaced within a working range in the Z direction.
[0022] As shown in Fig. 4, the armature 22 is composed of an inner portion 22a positioned in a space facing the yokes
11 and 12 (the internal space of the structural unit) and outer portions 22b and 22c protruding from the space facing the
yokes 11 and 12 on both sides. The inner portion 22a of the armature 22 is formed with a width comparable to that of
the magnets 14 to 17 in the Y direction, and constitutes the magnetic circuit together with the yokes 11, 12, the magnets
14 to 17 and the coil 13. The outer portions 22b and 22c of the armature 22 are formed with a width thinner than that of
the magnets 14 to 17 in the Y direction. Although the outer portions 22b and 22c may be formed with the same width
as the magnets 14 to 17, their weight can be reduced by forming them with the width thinner than the magnets 14 to 17
so as to improve driving efficiency.
[0023] Although the outer portions 22b and 22c of the armature 22 are not required to have magnetic performance,
they are required to serve primarily as mechanical elements, and the spring members 23 and 24 formed by bending
plate-like members are attached to the outer portions 22b and 22c, respectively. As shown in Fig. 3, a central portion
23a (24a) of the spring member 23 (24) is fixed to the outer portion 22b (22c) of the armature 22 by laser welding or the
like, and end portions 23b (24b) at both ends of the spring member 23 (24) are fixed to the lower yoke 11 by laser welding
or the like. However, the spring members 23 and 24 may be fixed to the upper yoke 12, and, for example, one spring
member 23 may fixed to the spring member 23 while the other spring member 24 may be fixed to the lower yoke 11,
without being limited to the structure of Fig. 3.
[0024] The role of the spring members 23 and 24 is that, when the armature 22 is relatively displaced in the magnetic
circuit relative to the air gaps G1 to G4, the spring members 23 and 24 give a restoring force that is proportional to
amount of the displacement to the armature 22. In the first embodiment, the spring members 23 and 24 constitute the
driving unit integrally with the magnetic circuit portion. Further, both ends of each of the outer portions 22b and 22c on
both sides of the armature 22 are sandwiched between the upper and lower housing members 10a and 10b, which are
fixed by adhesive or the like. By this structure, the above-mentioned constituent elements of the driving unit are contained
in the housing 10 (the housing members 10a and 10b).
[0025] A pair of electric terminals 25 is provided at one outer end of the housing 10. A pair of leads 13a extending
from the coil 13 is electrically connected to the electric terminals 25 by soldering. Thereby, it is possible to provide
electricity to the coil 13 via the electric terminals 25 and the leads 13a from outside the housing 10.
[0026] The above connection portion of the armature 22 and the housing 10 needs to have sufficient stiffness such
that vibration generated in the driving unit is reliably transmitted to the housing 10. If the connection portion does not
have the sufficient stiffness, a stiffened member may be provided between the armature 22 and the housing 10 in order
to obtain the sufficient stiffness.
[0027] The housing 10 has a structure such that portions other than those contacting the armature 22 and the leads
13a do not contact the driving unit, in which appropriate interspaces are formed so as not to contact the driving unit
within a normal working range. In general, in the electromechanical transducer of the first embodiment, the housing 10
is entirely closed by sealing connection portions between the housing members 10a and 10b by adhesive or the like.
[0028] Next, respective materials of the constituent elements of the electromechanical transducer of the first embod-
iment will be described. For example, soft magnetic material such as permalloy (45% Ni) is used for the yokes 11 and
12 and the armature 22. For example, a samarium-cobalt magnet, a neodymium magnet or an alnico magnet is used
as the magnets 14 to 17. The soft magnetic material may be used to form the spacers 18 to 21, and also non-magnetic
metal material may be used to form them. The non-magnetic material may be, for example, stainless steel such as
SUS304, or titanium. Further, since attractive forces of the magnets 14 to 17 always act on the spacers 18 to 21, plastic
material may be used to form the spacers 18 to 21 unless positions of the yokes 11 and 12 are changed by influence
of the forces. For example, wiring material such as self-welding copper wire is used to form the coil 13. Spring material
such as SUS for spring is used to form the spring members 23 and 24.
[0029] It is preferable to use as light material as possible to form the housing 10 within a strength range capable of
supporting the electromechanical transducer. For example, plastic material or metal material such as stainless steel is
used. When leakage magnetic flux from the magnetic circuit becomes a problem, for example, soft magnetic material
such as permalloy (78% Ni) may be used as the material of the housing 10.
[0030] Next, an operation of the electromechanical transducer of the first embodiment will be described using Fig. 5.
As shown in Fig. 5, the pair of magnets 14 and 15 and the pair of magnets 16 and 17 that are oppositely arranged via
the coil 13 have been magnetized in directions reverse to each other. For example, the magnets 14 and 15 on the right
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of Fig. 5 are magnetized downward, and the magnets 16 and 17 on the left of Fig. 5 are magnetized upward. A magnetic
flux B1 indicated by solid arrows is generated in the yokes 11 and 12 and the armature 22 by the magnets 14 to 17
magnetized in this manner.
[0031] Then, magnetic forces due to partial magnetic fluxes of the magnetic flux B1 that pass through the air gaps G1
to G4 act on the armature 22. Specifically, downward forces act on the armature 22 through the lower air gaps G1 and
G3, and upward forces act on the armature 22 through the upper air gaps G2 and G4. When these four forces are not
balanced, the armature 22 is displaced to a side of a larger force. Thus, the armature 22 is positioned so that the four
forces are balanced in a state where no current flows in the coil 13. At this point, since the armature 22 is not displaced,
the magnetic flux passing through the air gap G1 and the magnetic flux passing through the air gap G2 are approximately
equal to each other, and the magnetic flux passing through the air gap G3 and the magnetic flux passing through the
air gap G4 are approximately equal to each other. Therefore, in the armature 22, there is no net magnetic flux flowing
through a portion surrounded by the coil 13.
[0032] When flowing the current in the coil 13 in the above state, a magnetic flux having a direction according to the
direction of the current is generated in the portion surrounded by the coil 13 in the armature 22. For example, Fig. 5
shows a state where a magnetic flux B2 indicated by a dashed arrow is generated in the armature 22 due to the coil
current. At this point, in consideration of directionality of the magnetic fluxes B1 and B2 in Fig. 5, the generation of the
magnetic flux B2 causes magnetic fluxes of the air gaps G1 and G3 to increase, respectively, and causes magnetic
fluxes of the air gaps G2 and G4 to decrease, respectively. As a result, the armature 22 is displaced downward by being
applied with the downward magnetic force.
[0033] When the armature 22 is displaced downward, restoring forces for returning the displaced armature 22 to its
original position are acted by the spring members 23 and 24. If a sum of the restoring forces by the spring members 23
and 24 is larger than the magnetic force applied to the armature 22, it is possible to avoid that the armature 22 sticks to
the magnets 14 and 16. The above-described operation is the same as an operating principle of a so-called balanced
armature type electromagnetic transducer. In addition, when the coil current flows in a direction reverse to the above
direction, it may be assumed that the armature 22 is displaced upward by being applied with the upward magnetic force.
[0034] Regarding a portion composed of the yokes 11 and 12, the coil 13, the magnets 14 to 17 and the spacers 18
to 21 (the structural unit of the invention) other than the armature 22, a relative vibration between this structural unit and
the armature 22 will be considered hereinafter. As described above, a driving force is generated in response to the
current flowing when an electric signal is applied to the coil 13, and this driving force causes the above relative vibration.
Since the both ends of the armature 22 are fixed to the housing 10 with sufficient stiffness, the driving force generated
between the armature 22 and the structural unit is transmitted to the housing 10 via the armature 22 so as to vibrate the
housing 10. In this manner, the electromechanical transducer of the first embodiment is configured to generate mechanical
vibration corresponding to the electric signal applied to the electric terminals 25.
[0035] Fig. 6 schematically shows a cross-sectional structure of a magnetic circuit portion in an electromagnetic
transducer of a conventional balanced armature type as a comparison example to be compared with the electrome-
chanical transducer of the first embodiment. Further, Fig. 7 shows a cross sectional view of the magnetic circuit portion
of Fig. 6 as viewed from the right side of the figure along the X direction. The magnetic circuit portion of the comparison
example includes a yoke 30, a coil 31, an armature 32, and a pair of magnets 33 and 34. Further, interspaces between
the pair of magnets 33 and 34 and the armature 32 form air gaps Ga and Gb. In the structure of the comparison example
as shown in Fig. 6, when the armature 32 bended in a U-shape is displaced, it receives a restoring force due to elasticity
of the armature 32 itself, and no members corresponding to the spring members 23 and 24 of the first embodiment are
provided.
[0036] Further, the magnets 33 and 34 and the air gaps Ga and Gb are provided at one side of the armature 32 in the
X direction, and this portion is formed so that the armature 32 is magnetically connected to the yoke 30. The pair of
magnets 33 and 34 has been magnetized in an arrow direction. Thereby, a magnetic flux B3 is generated in the magnetic
circuit that is symmetrical on both sides of a YZ plane in the yoke 30 and the armature 32, as shown in Fig. 7. Two
magnetic forces due to partial magnetic fluxes of the magnetic flux B3 that pass through the air gaps Ga and Gb act on
the armature 32. When no current flows in the coil 31, the armature 32 is positioned so that the above two magnetic
forces are balanced. At this point, the magnetic fluxes passing through the upper and lower air gaps Ga and Gb become
equal to each other, and in the armature 32, there is no magnetic flux flowing through a portion surrounded by the coil 31.
[0037] When flowing the current in the coil 31 in the above state, a magnetic flux is generated in the portion surrounded
by the coil 31 in the armature 32. For example, Fig. 6 shows a state where a magnetic flux B4 indicated by a dashed
arrow is generated in the armature 32 due to the coil current. The generation of the magnetic flux B4 causes a magnetic
flux of the air gap Gb to increase and causes a magnetic flux of the air gap Ga to decrease. As a result, the armature
32 is displaced upward by being applied with the upward magnetic force. When the coil current is set to zero in this
state, the armature 32 returns to its original position by being applied with the restoring force due to the elasticity of the
U-shaped armature 32 itself. In this case, a driving force is generated according to the current flowing in the coil 31 to
which the electric signal is applied, and this driving force vibrates the armature 32.



EP 2 779 696 A1

7

5

10

15

20

25

30

35

40

45

50

55

[0038] In the electromagnetic transducer having the structure shown in Figs. 6 and 7, a state where the armature 32
is displaced from a balanced position will be considered hereinafter. For example, when the armature 32 is displaced
toward the upper air gap Gb, the restoring force due to the elasticity of the armature 32 itself is proportional to the
displacement, but it acts in a direction to return the displacement. A ratio of the elasticity relative to the displacement is
referred to as "positive stiffness". On the other hand, since the air gap Gb becomes small, the magnetic flux in the air
gap Gb increases, and the magnetic flux in the air gap Ga decreases. As a result, an upward magnetic force acts on
the armature 32. The magnitude of the magnetic force at this point is approximately proportional to the displacement of
the armature 32 from the balanced position, and the direction of the magnetic force is equal to the direction of the
displacement.
[0039] Meanwhile, since the direction of the above magnetic force is reverse to that of the restoring force, a ratio of
this magnetic force relative to the displacement is referred to generally as "negative stiffness".
[0040] A condition for the armature 32 to return to the original position when being displaced in the air gaps Ga and
Gb is that the armature 32 has the positive stiffness larger than an absolute value of the negative stiffness. However,
in the electromagnetic transducer having the above structure, it is preferable that the absolute value of the negative
stiffness is relatively large in order to enhance the driving force within a predetermined magnitude range. Accordingly,
the positive stiffness of the armature 32 itself needs necessarily to be large, and the thickness of the armature 32 needs
to be thick to obtain a large restoring force by the armature 32. The thicker the thickness of the armature 32 is, the
smaller the displacement within an elasticity range is.
[0041] In order to reduce size of the electromagnetic transducer having the above structure and drive it with a large
amplitude, the thickness of the armature 32 needs to be thin. However, it is known that the positive stiffness of the
armature 32 is proportional to the cube of the thickness, and correspondingly the negative stiffness needs to be small.
As a result, even if the maximum amount of displacement can be large, the driving force of the vibration becomes small.
Further, yield stress decreases due to the thinner thickness, which inevitably weakens shock resistance. That is, the
electromagnetic transducer having the above structure has a trade-off relation between the maximum driving force of
the vibration and the maximum amount of displacement. In this manner, according to the structure of the comparison
example, since the restoring force due to the elasticity of the armature 32 itself is utilized, the thickness of the armature
32 is largely restricted in designing the armature 32.
[0042] On the other hand, in the structure of the electromechanical transducer of the first embodiment, the above
restriction of the thickness is not necessary in designing the armature 22, as different from the comparison example
shown in Figs. 6 and 7. Specifically, the stiffness of the armature 22 of the first embodiment does not depend on its
thickness and is determined depending on the spring members 23 and 24 that are different components. Therefore, it
is possible to determine the thickness of the armature 22 independently of a desired stiffness. When the electromechanical
transducer of the first embodiment receives a large shock in the Z direction in Fig. 5, the spring members 23 and 24 are
deformed by an amount roughly corresponding to the size of the air gaps G1 to G4. However, by designing the spring
members 23 and 24 so that deformation thereof within the elasticity range is sufficiently larger than the deformation of
the above-mentioned amount, it is possible to improve the shock resistance in the Z direction. In contrast, when the
conventional structure receives a large shock in the Z direction, the armature 32 itself is subjected to a large stress, and
thus it is difficult to obtain sufficient shock resistance in the Z direction. Therefore, according to the electromechanical
transducer to which the invention is applied, the restoring force is given to the armature 22 by using the spring members
23 and 24 as the different components without utilizing the elasticity of the armature 22 formed of the magnetic material,
and the above-mentioned structural problem in Figs. 6 and 7 can be solved so as to increase both the driving force and
the amount of displacement, thereby achieving a small-scale and high-power electromechanical transducer. The above
described effects are common in the following second to fifth embodiments in addition to the first embodiment.

Second Embodiment

[0043] Next, an electromechanical transducer of a second embodiment of the present invention will be described with
reference to Figs. 8 and 9. Most of the structure of the electromechanical transducer of the second embodiment is
common to that of the first embodiment, and thus different points will be mainly described hereinafter. Fig. 8 is a top
view (partially cutaway end view) showing the structure of the electromechanical transducer of the second embodiment,
and Fig. 9 is a cross-sectional structural view along an A-A cross section of Fig. 8. Figs. 8 and 9 correspond to Figs. 2
and 5 of the first embodiment, respectively, in which the directions represented by X, Y and Z are also common.
[0044] In the electromechanical transducer of the second embodiment, constituent elements that are substantially the
same as those in the first embodiment are denoted by the same symbols. Meanwhile, in the electromechanical transducer
of the second embodiment, there are provided four yokes 40, 41, 42 and 43 and two magnets 44 and 45, of which
structure and arrangement are different from the yokes 11 and 12 and the magnets 14 to 17 in the first embodiment.
[0045] Specifically, the lower yoke 40 and the upper yoke 41 face each other on one side along the X direction, and
the lower yoke 42 and the upper yoke 43 face each other on the other side along the X direction. Then, one magnet 44
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is adhesively bonded between the lower yokes 40 and 42, and the other magnet 45 is adhesively bonded between the
upper yokes 41 and 43.
[0046] In the second embodiment, a magnetic circuit constituted by the armature 22, the yokes 40 to 43, the magnets
44 and 45, and the coil 13 is different from that in the first embodiment, but the magnetic circuit has the same function
as the first embodiment. That is, as shown in Fig. 9, the lower magnet 44 and the upper magnet 45 are magnetized in
directions reverse to each other, and a magnetic flux B5 indicated by solid arrows is generated in the yokes 40 to 43
and the armature 22 by these magnets 44 and 45. Further, when flowing the current in the coil 13, a magnetic flux B6
indicated by a dashed arrow is generated in the armature 22. Here, effects of the magnetic fluxes B5 and B6 of Fig. 9
are nearly common to the effects of the magnetic fluxes B1 and B2 of Fig. 5.
[0047] According to the structure of the second embodiment, in comparison with the structure of the first embodiment
provided with the magnets 14 to 17, there may be provided only two magnets 44 and 45. However, since the magnets
44 and 45 are disposed away from the armature 22, it is important to appropriately position the armature 22 when no
current flows in the coil 13. In the electromechanical transducer of the second embodiment, effects regarding the driving
force and the amount of displacement are nearly the same as those in the first embodiment, so description thereof will
be omitted.

Third Embodiment

[0048] Next, an electromechanical transducer of a third embodiment of the present invention will be described with
reference to Figs. 10 to 13. Most of the structure of the electromechanical transducer of the third embodiment is common
to that of the first embodiment, and thus different points will be mainly described hereinafter. Fig. 10 is a front view
(partially cutaway end view) showing the structure of the electromechanical transducer of the third embodiment, Fig. 11
is a top view (partially cutaway end view) as viewed from the upper side of Fig. 10, Fig. 12 is a right side view (partially
cutaway end view) as viewed from the right side of Fig. 10, and Fig. 13 is an exploded perspective view of a magnetic
circuit portion in the electromechanical transducer of the third embodiment. Figs. 10 to 13 correspond to Figs. 1 to 4 of
the first embodiment, respectively, in which the directions represented by X, Y and Z are also common. In addition, a
cross-sectional structural view along an A-A cross section of Fig. 11 is common to Fig. 5 of the first embodiment. Also,
in Fig. 11, a yoke 50 and a magnet 15 are partially removed.
[0049] In the electromechanical transducer of the third embodiment, constituent elements that are substantially the
same as those in the first embodiment are denoted by the same symbols. Meanwhile, in the electromechanical transducer
of the third embodiment, a difference from the first embodiment is that the four spacers 18 to 21 are not provided and
yokes 50 and 51 that are vertically symmetrical to each other are joined together.
[0050] As shown in Fig. 13, inwardly facing concave portions 50a and 51a are formed in the lower yoke 50 and the
upper yoke, respectively, and respective four corner portions of the concave portions 50a and 50b on both sides are
joined each other so as to form an integrated yoke. Thereby, the yokes 50 and 51 have a supporting structure that is
similar to the spacers 18 to 21 of the first embodiment, and thus the spacers 18 to 21 are not required. In the magnetic
circuit of the third embodiment, there are the magnetic flux B1 (solid arrow) generated by the magnets 14 to 17 and the
magnetic flux B2 generated by the coil current, respectively, in the same manner as in Fig. 5 of the first embodiment.
However, as shown in Fig. 12, since side portions of the yoke 50 exist in the structure of the third embodiment, the
magnetic flux B1 includes not only a loop component in an XZ plane, but also a loop component in a YZ plane, in the
same manner as the magnetic flux B3 (Fig. 7) of the comparison example. In the electromechanical transducer of the
third embodiment, effects regarding the driving force and the amount of displacement are nearly the same as those in
the first embodiment, so description thereof will be omitted.

Fourth Embodiment

[0051] Next, an electroacoustic transducer of a fourth embodiment of the present invention will be described with
reference to Figs. 14 to 16. Although the first to third embodiments show the examples of the electromechanical trans-
ducers that transduce the electric signal into the mechanical vibration, the fourth embodiment will show an example of
the electroacoustic transducer that transduces an electric signal into sound and outputs the sound. Fig. 14 is a top view
(partially cutaway end view) showing a structure of the electroacoustic transducer of the fourth embodiment, Fig. 15 is
a right side view (partially cutaway end view) as viewed from the right side of Fig. 14, and Fig. 16 is a cross-sectional
structural view along an A-A cross section of Fig. 14. Figs. 14 to 16 correspond to Figs. 2, 3 and 5 of the first embodiment,
respectively, in which the directions represented by X, Y and Z are also common.
[0052] The electroacoustic transducer of the fourth embodiment includes a driving unit having substantially the same
structure as the driving unit of the third embodiment, and thus description of the driving unit of the fourth embodiment
will be omitted, in which constituent elements are denoted by the same symbols as the third embodiments. In the fourth
embodiment, as shown in Figs. 15 and 16, the yoke 50 is fixed to a lower housing member 60a by laser welding or the
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like, while the armature 22 is not fixed to a housing 60, and a pair of plate-like rods 61 and 62 is fixed to both ends of
the armature 22 by laser welding or the like. Then, a diaphragm assembly unit 64 is disposed at an end portion of the
housing 60, and top end portions 61a and 62a of the rods 61 and 62 that extend upward penetrate through two rectangle
holes on both sides of the diaphragm assembly unit 64 and are fixed thereto by adhesive 65, respectively. A frame
portion 64c formed along an outer side of the diaphragm assembly unit 64 is integrally fixed to the housing 60 via several
joints by laser welding at a position sandwiched between the lower housing member 60a and the upper housing member
60b that form the housing 60. In addition, the housing 60 and the frame portion 64c are formed in the same shape in a
planar view in Fig. 14.
[0053] In the diaphragm assembly unit 64, a film-like corrugation 64b is expanded along an inner side of the frame
portion 64c, and a diaphragm 64a is bonded all around the corrugation 64b. The role of the corrugation 64b is that, when
the diaphragm 64a is vibrated in the Z direction, the corrugation 64b separates a space inside the housing 60 and
effectively generates sound pressure without hindering the vibration. Further, as shown in Fig. 16, a notch 60c is formed
at one end of the upper housing member 60b, a sound outlet 63 is attached outward to the portion where the notch 60c
is formed, and the sound outlet 63 is fixed to the upper and lower housing members 60a and 60b by laser welding. By
the above structure, when the armature 22 is vertically vibrated by flowing the current in the coil 13, the sound pressure
is generated by vertical translational vibration of the diaphragm 64a through the two rods 61 and 62, which is externally
outputted from the sound outlet 63. In addition, in order to prevent leakage of the sound from joints between the housing
60 and the frame portion 64c and joints between the housing 60 and the sound outlet 63, these joints are sealed by
adhesive.

Fifth Embodiment

[0054] Next, an electromechanical transducer of a fifth embodiment of the present invention will be described with
reference to Figs. 17 to 20. Most of the structure of the electromechanical transducer of the fifth embodiment is common
to that of the third embodiment, and thus different points will be mainly described hereinafter. Fig. 17 is a front view
(partially cutaway end view) showing a structure of a principal part of the electromechanical transducer of the fifth
embodiment, Fig. 18 is a top view (partially cutaway end view) as viewed from the upper side of Fig. 17, and Fig. 19 is
a right side view (partially cutaway end view) as viewed from the right side of Fig. 17. Figs. 17 to 19 correspond to Figs.
10 to 12 of the third embodiment, respectively, in which the directions represented by X, Y and Z are also common.
However, the housing 10 and components associated therewith are omitted in the figures for simplicity. Also, in Figs.
17 and 18, the yokes 50 and 51 and the magnet 15 are partially removed.
[0055] In the electromechanical transducer of the fifth embodiment constituent elements that are substantially the
same as those in the third embodiment are denoted by the same symbols. A feature of the fifth embodiment is to take
measures against the shock in the electromechanical transducer of the third embodiment. As shown in Fig. 17, the
electromechanical transducer of the fifth embodiment is provided with four protectors 70, 71, 72 and 73 for the purpose
of taking measures against the shock. A pair of protectors 70 and 71 is fixed to one end portions of the yokes 50 and
51 in the X direction by laser welding or the like, and a pair of protectors 72 and 73 is fixed to the other end portions of
the yokes 50 and 51 in the X direction by laser welding or the like. Each of the protectors 70 to 73 is a plate-like member
having a cross sectional shape in which portions of both ends protrude slightly from a central portion, as shown in Fig.
17. The protectors 70 to 73 are arranged opposite to the inner portion 22a of the armature 22 with appropriate interspaces
in the X direction, as shown in Fig. 17, and also opposite to the outer portions 22b and 22c of the armature 22 with
appropriate interspaces in the Y direction, as shown in Fig. 18.
[0056] In the fifth embodiment, by providing the protectors 70 to 73 arranged opposite to the armature 22 with the
interspaces as described above, it is possible to restrict a range of relative movement between the armature 22 and the
yokes 50 and 51 in the X and Y directions, thereby improving the shock resistance. In addition, it is preferable to set
sizes of the interspaces between the armature 22 and the protectors 70 to 73 to be small so that the deformation of the
spring members 74 and 75 and the like does not exceed their elasticity range when the armature 22 and the protectors
70 to 73 collide with each other due to a shock. In the fifth embodiment, measures against the shock have been considered
for the armature 22 in the X and Y directions, and additionally it is possible to take measures against the shock in the Z
direction. However, in general, the spring members 74 and 75 are designed so as not to exceed their elasticity range
even if the armature 22 is relatively displaced by the size of the air gaps G1 to G4 (Fig. 5) due to a shock in the Z direction.
Accordingly, there is no need to provide protectors for measures against the shock in the Z direction. In addition, the
protectors 70 to 73 need to be designed so that deformation strength and weld strength between the protectors 70 to
73 and the yokes 50 and 51 satisfy design values required to obtain the shock resistance.
[0057] Further, in the fifth embodiment, regarding the above-described measures against the shock, the structure of
the spring members 74 and 75 is different from that of the spring members 23 and 24 in the first to fourth embodiments.
That is, base end portions of the spring members 74 and 75 of the fifth embodiment are fixed to spring bases 76 and
77, respectively. These spring bases 76 and 77 are provided at portions corresponding to the end portions 23b and 24b
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of the spring members 23 and 24 of the first to fourth embodiments, and are disposed at positions contacting with the
lower yoke 50 and the protectors 70 to 73. Here, Fig. 20 shows an enlarged structure of the spring member 74 and the
spring base 76 attached thereto. As shown in Fig. 20, the spring base 76 has a lateral U-shape in a cross-section in a
planar view, and is sandwiched between and fixed to the base end portions of the spring member 74.
[0058] As described above, the electromechanical transducer and the electroacoustic transducer of the present in-
vention have been described based on the first to fifth embodiments. However the present invention is not limited to the
above embodiments and can be variously modified without departing the essentials of the invention. For example, the
electromechanical transducer of the present invention can be applied to a hearing aid that is placed in a cavum conchae
of a user’s ear. By this, both the vibration itself of the electromechanical transducer and the sound generated by the
vibration of the housing can function as transmission means, and the sound can be transmitted to the user’s ear. In case
of applying such an electromechanical transducer to the hearing aid that is placed in the cavum conchae, it is preferable
to form the housing 10 so as to have an outer shape suitable for being placed in the cavum conchae.

[Reference Signal List]

[0059]

10, 60 housing
11, 12, 30, 40, 41, 42, 43, 50, 51 yoke
13, 31 coil
13a lead
14, 15, 16, 17, 33, 34, 44, 45 magnet
18, 19, 20, 21 spacer
22, 32 armature
23, 24, 74, 75 spring member
25 electric terminal
61, 62 rod
63 sound outlet
64 diaphragm assembly unit
64a diaphragm
64b corrugation
64c frame portion
65 adhesive
70, 71, 72, 73 protector
76, 77 spring base
G1, G2, G3, G4 air gap

Claims

1. An electromechanical transducer transducing an electric signal into mechanical vibration, the electromechanical
transducer comprising:

a structural unit in which at least one pair of magnets, a yoke conducting a magnetic flux generated by the
magnets, and a coil supplied with the electric signal are integrally arranged;
an armature having an inner portion disposed to pass through an internal space of the structural unit and first
and second outer portions protruding on both sides from the inner portion, the armature constituting a magnetic
circuit with the structural unit via two regions through which components of the magnetic flux flow in directions
opposite to each other in the inner portion;
a first elastic member connecting between the first outer portion of the armature and the structural unit; and
a second elastic member connecting between the second outer portion of the armature and the structural unit.

2. The electromechanical transducer according to claim 1, wherein the first and second elastic members are a pair of
spring members.

3. The electromechanical transducer according to claim 1 or 2, further comprising a housing in which the structural
unit, the armature and the first and second elastic members are entirely contained,
wherein respective ends of the first and second outer portions of the armature are fixed to the housing.
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4. The electromechanical transducer according to any of claims 1 to 3, wherein the at least one pair of magnets is two
pairs of magnets facing each other with air gaps in the two regions respectively.

5. The electromechanical transducer according to any of claims 1 to 4, further comprising protectors located in vicinities
of the first and second outer portions of the armature in the structural unit, the protectors limiting range of movement
of the armature relative to the structural unit.

6. An electroacoustic transducer transducing an electric signal into sound, the electroacoustic transducer comprising:

a structural unit in which at least one pair of magnets, a yoke conducting a magnetic flux generated by the
magnets, and a coil supplied with the electric signal are integrally arranged;
an armature having an inner portion disposed to pass through an internal space of the structural unit and first
and second outer portions protruding on both sides from the inner portion, the armature constituting a magnetic
circuit with the structural unit via two regions through which components of the magnetic flux flow in directions
opposite to each other in the inner portion;
a first elastic member connecting between the first outer portion of the armature and the structural unit;
a second elastic member connecting between the second outer portion of the armature and the structural unit;
a pair of rods each having one end fixed to each of ends of the first and second outer portions of the armature; and
a diaphragm connected to respective other ends of the pair of rods, the diaphragm generating sound pressure
in response to vibration of the armature relative to the structural unit.
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