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(57) Abstract: An apparatus includes a load and a first armature. A first lever mechanically couples the first armature and the load.
Motion of the first armature causes the first lever to pivot about a first pivot axis. The apparatus also includes a second armature and
a second lever that mechanically couples the second armature and the load. Motion of the second armature causes the second lever to
pivot about a second pivot axis. At least one stator is provided for creating magnetic flux for the first and second armatures to inter-
act with, thereby to drive motion of the load. The apparatus also includes a coupling mechanism that couples the first lever and the
second lever. The coupling mechanism is arranged to encourage common mode oscillation of the first and second levers and inhibit
difterential mode oscillation of the first and second levers, thereby to inhibit rocking of the load.
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INHIBITING ROCKING OF LOADS DRIVEN BY PLURAL LEVERS

BACKGROUND

[0001] This disclosure relates to apparatus (e.g., a loudspeaker) that employ a coupling
mechanism for coupling movements of a plurality of levers which drive a common load

(e.g., an acoustic diaphragm) such that rocking behavior of the load is inhibited.

SUMMARY

[0002] This disclosure is based, in part, on the realization that a coupling mechanism
can be utilized to couple movements of a plurality of levers so as to inhibit differential mode
oscillation of the levers that might otherwise lead to rocking behavior of a commonly driven

load.

[0003] In one aspect, an apparatus includes a load and a first armature. A first lever
mechanically couples the first armature and the load. The first lever is configured such that
motion of the first armature causes the first lever to pivot about a first pivot axis. The
apparatus also includes a second armature and a second lever that mechanically couples
the second armature and the load. The second lever is configured such that motion of the
second armature causes the second lever to pivot about a second pivot axis. At least one
stator is provided for creating magnetic flux for the first and second armatures to interact
with, thereby to drive motion of the load. The apparatus also includes a coupling
mechanism that couples the first lever and the second lever. The coupling mechanism is
arranged to encourage common mode oscillation of the first and second levers and inhibit
differential mode oscillation of the first and second levers, thereby to inhibit rocking of the

load.

[0004] Implementations may include one of the following features, or any combination

thereof.
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[0005] In some implementations, the coupling mechanism couples the first and second

levers via the first and second armatures.

[0006] In certain implementations, the coupling mechanism is secured to the first and
second armatures or to the first and second levers via adhesive, ultrasonic bonding,

mechanical interlock, or combinations thereof.

[0007] In some implementations, the coupling mechanism is secured to the first and

second armatures or to the first and second levers via a mold-in-place process.
[0008] In certain implementations, the coupling mechanism comprises an elastomer.

[0009] In some implementations, the elastomer is secured to at least two surfaces of the

first armature and to at least two surfaces of the second armature.

[0010] In certain implementations, the elastomer is secured to at least two surfaces of

the first lever and to at least two surfaces of the second lever.

[0011] In some implementations, the coupling mechanism includes first and second
gears with interlocking teeth which slave motion of the first and second levers.

[0012] In certain implementations, the coupling mechanism includes a first gear that
includes a first plurality of teeth connected to the first lever and a second gear that includes
a second plurality of teeth which are connected to the second lever and which mesh with
the first plurality of teeth thereby slaving motion of the first and second levers.

[0013] In some implementations, the coupling mechanism includes a flexure.

[0014] In certain implementations, the flexure has a first end secured to the first lever

and a second end secured to the second lever.

[0015] In some implementations, the flexure has a first end secured to the first armature

and a second end secured to the second armature.
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[0016] In certain implementations, the flexure is secured to diagonally opposed surfaces

of the first and second levers.

[0017] In some implementations, the flexure is secured to diagonally opposed surfaces

of the first and second armatures.

[0018] In certain implementations, the coupling mechanism includes a coil spring having
a first end secured to the first lever and a second end secured to the second lever.

[0019] In some implementations, the coupling mechanism includes a coil spring having
a first end secured to the first armature and a second end secured to the second armature.

[0020] In certain implementations, the levers are configured and arranged for rotation in

opposite directions of rotation relative to each other.

[0021] In some implementations, the levers are arranged to move the load in a pistonic

motion.
[0022] In certain implementations, the apparatus includes a loudspeaker.
[0023] In some implementations, the load includes an acoustic diaphragm.

[0024] In certain implementations, the at least one stator includes a first stator for
creating magnetic flux for the first armature to interact with, and a second stator for creating

magnetic flux for the second armature to interact with.

[0025] In some implementations, the at least one stator includes a single, common
stator defining an air gap within which both of the first and second armatures are disposed.
The common stator is configured for creating magnetic flux across the air gap for the first

and second armatures to interact with, thereby to drive motion of the load.

[0026] Another aspect features a method that includes passing electrical current
through coils of at least one stator to generate magnetic flux which a plurality of armatures
interact with causing a plurality of levers to rotate about respective pivot axes, and thereby
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driving motion of an acoustic diaphragm coupled to the plurality of armatures via the
plurality of levers. The levers are coupled to each other via a coupling mechanism which
slaves movements of the levers to each other such that rocking of the acoustic diaphragm
is inhibited.

[0027] Implementations may include one of the above features, or any combination
thereof.

[0028] In yet another aspect, a loudspeaker includes an acoustic diaphragm, a plurality
of armatures, and a plurality of levers each coupling an associated one of the armatures to
the acoustic diaphragm and each configured to pivot about a respective pivot point. The
loudspeaker also includes at least one stator for creating magnetic flux for the plurality of
armatures to interact with, thereby to drive piston motion of the acoustic diaphragm in a
first axial direction, and a coupling mechanism coupling the plurality of levers. The
coupling mechanism slaves the levers to each other so that forces applied on the acoustic
diaphragm by the levers in the first axial direction are in phase, thereby inhibiting rocking of
the acoustic diaphragm.

[0029] Implementations may include one of the above features, or any combination
thereof.

[0030] Other aspects, features, and advantages are in the description, drawings, and

claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0031] FIG. 1Ais a top plan view of a loudspeaker that employs a coupling mechanism

for coupling movements of a pair of levers which drive an acoustic diaphragm.

[0032] FIG. 1B is a cross-sectional side view of the loudspeaker of FIG. 1A, taken along
line 1B-1B.
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[0033] FIG. 2 illustrates oscillatory, arcuate movement of the levers and pistonic

movement of the acoustic diaphragm of the loudspeaker of FIG. 1A.
[0034] FIG. 3 is a perspective view of the levers of the loudspeaker of FIG. 1A.

[0035] FIG. 4Ais a top plan view of another implementation of a loudspeaker that
includes a coupling mechanism for coupling movements of a pair of levers which drive an

acoustic diaphragm.

[0036] FIG. 4B is a cross-sectional side view of the loudspeaker of FIG. 4A, taken along
line 4B-4B.

[0037] FIG. 5 illustrates oscillatory, arcuate movement of the levers and pistonic

movement of the acoustic diaphragm of the loudspeaker of FIG. 1A.

[0038] FIG. 6 is a top plan view of a third implementation of a loudspeaker that includes
a coupling mechanism for coupling movements of a pair of levers which drive an acoustic

diaphragm.

[0039] FIG. 7A is a schematic side view of pair of levers which couple a pair of
armatures to an acoustic diaphragm and which are coupled together with a coupling

mechanism in the form of a helical (coil) spring.

[0040] FIG. 7B is a schematic side view of an alternative arrangement of a pair of levers
which couple a pair of armatures to an acoustic diaphragm and which are coupled together

with a coupling mechanism in the form of a helical (coil) spring.

[0041] FIG. 8A is a schematic side view of pair of levers which couple a pair of
armatures to an acoustic diaphragm and which are coupled together with a coupling

mechanism in the form of a flexure.

[0042] FIG. 8B is a schematic side view of an alternative arrangement of a pair of levers
which couple a pair of armatures to an acoustic diaphragm and which are coupled together

with a coupling mechanism in the form of a flexure.
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[0043] FIG. 9A is a schematic side view of pair of levers which couple a pair of
armatures to an acoustic diaphragm and which are coupled together with a gearing

mechanism.

[0044] FIG. 9B is a schematic side view of an alternative arrangement of a pair of levers
which couple a pair of armatures to an acoustic diaphragm and which are coupled together

with a gearing mechanism.

DETAILED DESCRIPTION

[0045] Referringto FIGS. 1A and 1B, an apparatus, in this example a loudspeaker 100,
includes a mechanical load, in this example an acoustic diaphragm 102 (e.g., a cone type
speaker diaphragm, also known simply as a “cone”), that is mounted to an enclosure 104,
which may be metal, plastic, or other suitable material, by a surround 106, which functions
as a pneumatic seal and as a suspension element. For example, in some instances the
surround 106 is mounted to a frame 108 and the frame 108 is connected to the enclosure
104. The loudspeaker 100 also includes a pair of levers (i.e., first and second levers 110a,
110b) each of which couples an associated armature 112 (FIG. 1B) to the acoustic
diaphragm 102 for transmitting motion of the armatures 112 to the acoustic diaphragm 102

to cause the acoustic diaphragm 102 to move, relative to the enclosure 104.

[0046] Each of the armatures 112 includes a permanent magnet 113 (FIG. 1B). In the
illustrated example, both of the armatures 112 are driven by a single, common stator 114,
which provides a magnetic flux for the permanent magnets 113 to interact with, thereby to
drive motion of the acoustic diaphragm 102. The stator 114 can be secured to a bottom
wall 116 of the enclosure 104 (e.g., with an adhesive). Alternatively or additionally, the

stator 114 could be affixed to the frame 108.

[0047] The stator 114 can include a pair of U-shapes cores 118 of high magnetic
permeability material, such as soft iron. Each core 118 includes a coil 120 of electrically
conductive material wound about it. The cores 118 are arranged adjacent to each other

and define an air gap 122 (FIG. 1A) therebetween, which is substantially filled by the

6
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armatures 112. The air gap 122 is a single, common air gap that is shared by both

armatures 112.

[0048] Currentin coils 120 produces a magnetic flux across the air gap 122. The
magnetic flux interacts with the permanent magnets 113 of the armatures 112 to drive the
motion of the acoustic diaphragm 102. The combination of the armatures 112, the cores
118, and the coils 120 form a moving magnet motor. The interaction of the magnetic field
in the air gap 122 due to current flowing in the coils 120 and magnetic fields of the magnets
113 apply force to the magnets 113 in a non-contact manner. Force from the magnets 113
is coupled structurally to the levers 110a, 110b and ultimately to the acoustic diaphragm
102.

[0049] Each of the levers 110a, 110b is pivotally connected to a mechanical ground
reference, such as the enclosure 104 or the frame 108 of the loudspeaker 100 such that
the levers 110a, 110b each move in an arcuate path about respective pivot axes 124a,
124b. The armatures 112 and the stator 114 are positioned beneath the acoustic
diaphragm 102 with the pivot axes 124a, 124b being arranged outboard of the armatures
112. That is, the armatures 112 are disposed between the pivot axis 124a of the first lever

110a and the pivot axis 124b of the second lever 110b.

[0050] Referring now to FIG. 2, the levers 110a, 110b, in combination with the
interaction between the armatures 112 and the stator 114 (not shown in FIG. 2), move the
acoustic diaphragm 102 in a pistonic motion (as indicated by arrow 125, FIG. 2). Relative
lateral motion (arrow 127, FIG. 2) between the acoustic diaphragm 102 and the connection
points of the levers 110a, 110b is proportional to 1+cosine of the angle 6 times the length
of the lever 110a, 110b (measured from the pivot axis 124a, 124b to the point where the

lever 110a, 110b is attached to the connector 128).

[0051] As the angle of rotation O of the levers 110a, 110b increases so does the relative
lateral movement between the acoustic diaphragm 102 and the connection points of the
levers 110a, 110b to the acoustic diaphragm 102. To accommodate such motion,

connectors 128 which allow for at least two-degrees of movement (i.e., relative rotational

7
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movement and relative lateral movement) can be used to connect the levers 110a, 110b to
the acoustic diaphragm 102. In this regard, each connector 128 can be implemented as a
linkage, a flexure formed of a flexure material, such as high fatigue strength stainless steel,
an elastomeric connection (such as a block of elastomer), or some combination thereof.
The levers 110a, 110b drive the acoustic diaphragm 102 between a fully extended position
(shown in solid lines in FIG. 2), in which the acoustic diaphragm 102 extends outwardly
away from the enclosure 104 (not shown in FIG. 2), and a fully retracted position (shown in
dashed lines in FIG. 2), in which the acoustic diaphragm 102 is drawn inward toward a
chamber 129 (FIG. 1B) of the enclosure 104.

[0052] Notably, the levers 110a, 110b are coupled together via a coupling mechanism
140 that is arranged to inhibit “rocking” behavior of the acoustic diaphragm 102. Rocking
behavior is rotation about the Y-axis of the acoustic diaphragm 102. The coupling
mechanism 140 is arranged to encourage common mode oscillation of the levers 110a,
110b and inhibits differential mode oscillation of the levers 110a, 110b. That is, the
coupling mechanism 140 slaves the levers 110a, 110b to each other so that the
components of the forces applied on the acoustic diaphragm 102 by the levers 110a, 110b
in the Z-direction are in phase. In phase force application in the Z-direction at different
points on the acoustic diaphragm 102 stimulates desired planar, non-rocking motion of the

acoustic diaphragm 102.

[0053] Asshownin FIG. 3, each of the armatures 112 includes a magnet carrier 134
which supports the permanent magnet 113. The magnets 113 can be secured in their
respective magnet carriers 134 with an adhesive, a mechanical interface, snap features, or
combinations thereof, etc. The levers 110a, 110b can be formed of a metal, such as
aluminum; a glass-filled plastic; or other suitable low mass high stiffness materials. In
some cases, the magnet carrier 134 is formed integrally with the associated lever 110a,
110b. The magnets 113 are arranged such that like poles (north poles shown in FIG. 3)
face the same core 140 of the stator 114 (FIG. 1A), such that the magnets 113 are

polarized in the same direction in the air gap 122 (FIG. 1A).
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[0054] The coupling mechanism 140 extends between and connects the armatures 112.
The coupling mechanism 140 may consist of an elastomer (e.g., a silicone elastomer) that
is bonded to the armatures 112. In some cases, the elastomer can be formed between the
armatures 112 in a mold-in-place process. In the illustrated example, the coupling
mechanism 140 includes a first portion 141 that is bonded to respective distal end surfaces
142 of the armatures 112. The coupling mechanism 140 also includes over mold portions
143 which are bonded to top and bottom surfaces 144, 145 of the armatures 112. Over
molding onto the top and bottom surfaces 144, 145 places the ends (the over molded
portions 143) of the coupling mechanism 140 in shear, which can help to inhibit peeling
and thereby make the coupling more reliable. While elastomer is specifically mentioned
above, other suitable coupling materials can be used to slave the levers 110a, 110b to

each other. For example, foam can be a suitable alternative to the elastomer.
[0055] Other implementations

[0056] While an implementation has been described in which the coupling mechanism
is formed and bonded in a mold-in-place process, the coupling mechanism may
alternatively be formed in a separate molding process and then bonded to the levers using
an adhesive (e.g., pressure sensitive adhesive), ultrasonic bonding, or mechanical

interlocking.

[0057] Although an implementation has been described in which a pair of armatures are
driven by a single, common stator, the armatures may instead be driven by separate

stators.

[0058] FIGS. 4A and 4B illustrate another implementation of an apparatus (e.g., a
loudspeaker 200) that includes a coupling mechanism 240 for slaving movements of a pair
of levers 210a, 210b, thereby to inhibit rocking behavior of a common load (e.g., an
acoustic diaphragm 202). In the implementation illustrated in FIGS. 4A and 4B, the levers
210a, 210b are configured to pivot about respective pivot axes 224a, 224b. The pivot axes
224a, 224b are arranged inboard of a pair of armatures 212, each of the armatures being

associated with a corresponding one of the levers 210a, 210b.

9
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[0059] Inthe illustrated example, an acoustic diaphragm 202 is mounted to an
enclosure 204 by a surround 206. The surround 206 is mounted to a frame 208 and the
frame 208 is connected to the enclosure 204. The levers 210a, 210b couple the armatures
212 to the acoustic diaphragm 202 for transmitting motions of the armatures 212 to the

acoustic diaphragm 202.

[0060] Each of the armatures 212 includes a permanent magnet 213 (FIG. 4B), and
each armature 212 is driven by an associated stator 214. The stators 214 provide
magnetic flux for the permanent magnets 213 to interact with, thereby to drive motion of the
acoustic diaphragm 202. Each of the stators 214 includes a pair of cores 250, which
together define an air gap 252 (FIG. 4B) within which an associated one of the armatures

212 is disposed. The cores can be secured to the frame 208 (e.g., with an adhesive).

[0061] Each core 250 includes a coil 254 of electrically conductive material wound
about it. Current in coils 254 produce magnetic flux across the air gaps 252. The magnetic
flux interacts with the permanent magnets 213 of the armatures 212 to drive the motion of
the acoustic diaphragm 202. The coupling mechanism 240 similarly functions to inhibit

rocking of the acoustic diaphragm 202.

[0062] Each lever 210a, 210b includes a pair of support arms 260 that support the
armature 212. A cross-member 262 connects the support arms 260 to a lever arm 264.
Each lever arm 264 is connected to the acoustic diaphragm 202 via connector 219 (FIG.
4B), such as a hinge or flexure, which allows the levers 210a, 210b to move relative to the
acoustic diaphragm 202, thereby to allow the acoustic diaphragm 202 to move in a pistonic
motion, rather than following the arcuate path of the levers 210a, 210b.

[0063] Referring now to FIG. 5, the levers 210a, 210b, in combination with the
interaction between the armatures 212 and the stator 214 (not shown in FIG. 5), moves the
acoustic diaphragm 202 in a pistonic motion (as indicated by arrow 218). Notably, in the
configuration illustrated in FIGS. 4A, 4B, and 5, distal ends of the levers 210a, 210b are
coupled via a coupling mechanism 240 that slaves movements of the levers 210a, 210b to

each other so as to inhibit rocking behavior of the acoustic diaphragm 202. The coupling

10
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mechanism can, for example, have a structure as described above with respect to FIG. 3.
More specifically, the coupling mechanism 240 can include a first portion 241 that is
bonded to respective distal end surfaces of the lever arms 264, and over mold portions 243
that are bonded to top and bottom surfaces of the lever arms 264. This arrangement can
provide for a more direct coupling of the levers as compared to the arrangement described

above in which coupling mechanism coupled the levers via the armatures.

[0064] The coupling mechanism 240 can include an elastomer that can be formed and
bonded to the levers 210a, 210b via a mold-in-place process. Alternatively or additionally,
the coupling mechanism 240 can be secured to the levers 210a, 210b using some other

means such as adhesive, ultrasonic bonding, mechanical interlock, etc.

[0065] FIG. 6 illustrates another implementation of an apparatus (e.g., a loudspeaker
300) in which the lever arms 264 are arranged off-center and in an overlapping
configuration in which side surfaces of the lever arms 264 are adjacent each other.
Various reference numbers in FIG. 6 refer to correspondingly numbered elements in FIG.
4A.

[0066] In the implementation illustrated in FIG. 6, each of the lever arms 264 includes a
protrusion 330 which extends outwardly from a side surface of the lever arm 264. The
protrusions 330 may be formed integrally with their respective lever arm 264. The
respective protrusions 330 align with each other along an axis 332. A coupling mechanism
340 extends between and is bonded to the protrusions 330. The coupling mechanism 340
is arranged to encourage common mode oscillation of the levers 110a, 110b and inhibits
differential mode oscillation of the levers, thereby inhibiting rocking of the acoustic

diaphragm 202.

[0067] The coupling mechanism 340 may consist of an elastomer that is bonded to the
protrusions 330 with an adhesive. Alternatively or additionally, the coupling mechanism
340 can be secured to the levers 210a, 210b in a mold-in-place process, or using other

means such as ultrasonic bonding, mechanical interlocking, etc.

11
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[0068] FIG. 7A illustrates another implementation of a coupling mechanism 440 that can
be used to slave movements of a pair of levers 410a, 410b. In the implementation
illustrated in FIG. 7A, the levers 410a, 410b are configured to pivot about respective pivot
axes 424a, 424b. As in the examples described above, the levers 410a, 410b each couple
an associated armature 412 with a load (e.g., an acoustic diaphragm 402). Each lever
410a, 410b is connected to the acoustic diaphragm 402 via connector 419, such as a hinge
or flexure, which allows the levers 410a, 410b to move relative to the acoustic diaphragm
402, thereby to allow the acoustic diaphragm 402 to move in a pistonic motion, rather than
following the arcuate path of the levers 410a, 410b. Permanent magnets 413 of the
armatures 412 interact with magnetic flux provided by stators (not shown in FIG. 7A) to
drive the motion of the levers 410a, 410b, which, in turn, drive pistonic motion of the

acoustic diaphragm 402.

[0069] Each of levers 410a, 410b includes a tab 420 which extends from a distal end of
the lever 410a, 410b. The levers 410a, 410b are arranged such that the tabs 420 overlap
each other along an axis 422 that extends in the direction of the motion (the Z-direction) of
the acoustic diaphragm 402. The coupling mechanism 440 includes a coil (helical) spring
442. One end of the spring 442 is attached to a first one of the tabs 420 and an opposite
end of the spring 442 is attached to the other one of the tabs 420 such that, in the neutral

(rest) position, the spring 442 is arranged with its central axis in the Z-direction.

[0070] The coupling mechanism 440 is arranged to inhibit rocking of the acoustic
diaphragm 402. In this regard, the coupling mechanism 440 is arranged to encourage
common mode oscillation of the levers 410a, 410b and inhibits differential mode oscillation
of the levers 410a, 410b. That is, the coupling mechanism 440 slaves the levers 410a,
410b to each other so that the components of the forces applied on the acoustic diaphragm
402 by the levers 410a, 410b in the Z-direction are in phase. In phase force application in
the Z-direction at different points on the acoustic diaphragm 402 stimulates desired planar,

non-rocking motion of the acoustic diaphragm 402.

12
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[0071] Notably, the spring 442 is arranged so as to provide relatively high stiffness in
the Z-direction and relatively low stiffness in the X-direction. The key here is that the spring
442 is arranged such that differential mode oscillation of the levers 410a, 410b tensions the
spring 442 quickly, while common mode oscillation does not implement much stretching of
the spring 442.

[0072] While FIG. 7A illustrates an inboard arrangement, in which the pivot axes are
arranged between of the armatures, the helical spring configuration is also applicable to
outboard arrangements in which the armatures 412 are disposed between the pivot axis
424a of the first lever 410a and the pivot axis 424b of the second lever 410b. In outboard
arrangements the tabs 420 which support the spring could extend from the adjacently
arranged armatures 412 such that the coupling mechanism couples the levers via the
armatures 412 (e.g., as shown in FIG. 7B). Reference numbers in FIG. 7B refer to

correspondingly numbered elements in FIG. 7A.

[0073] FIG. 8Aillustrates yet another implementation of a coupling mechanism 540 that
can be used to slave movements of a pair of levers 510a, 510b. In the implementation
illustrated in FIG. 8A, the levers 510a, 510b are configured to pivot about respective pivot
axes 524a, 524b. As in the examples described above, the levers 510a, 510b each couple
an associated armature 512 with a load (e.g., an acoustic diaphragm 502). Each lever
510a, 510b is connected to the acoustic diaphragm 502 via connector 519, such as a hinge
or flexure, which allows the levers 510a, 510b to move relative to the acoustic diaphragm
502, thereby to allow the acoustic diaphragm 502 to move in a pistonic motion, rather than
following the arcuate path of the levers 510a, 510b. Permanent magnets 513 of the
armatures 512 interact with magnetic flux provided by stators (not shown in FIG. 8A) to
drive the motion of the levers 510a, 510b, which, in turn, drive pistonic motion of the

acoustic diaphragm 502.

[0074] The coupling mechanism 540 includes a flexure that is arranged to inhibit rocking
of the acoustic diaphragm 502. In this regard, the coupling mechanism 540 is arranged to
encourage common mode oscillation of the levers 510a, 510b and inhibits differential mode

13
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oscillation of the levers 510a, 510b. That is, the coupling mechanism 540 slaves the levers
510a, 510b to each other so that the components of the forces applied on the acoustic
diaphragm 502 by the levers 510a, 510b in the Z-direction are in phase. In phase force
application in the Z-direction at different points on the acoustic diaphragm 502 stimulates

desired planar, non-rocking motion of the acoustic diaphragm 502.

[0075] Notably, the flexure is arranged so as to provide relatively high stiffness in the Z-
direction (so as to inhibit different mode oscillation of the levers 510a, 510b) and relatively
low stiffness in the X-direction (so as not to substantially inhibit common mode oscillation of
the levers 510a, 510b). The flexure is formed of a flexure material, such as high fatigue
strength stainless steel. The flexure includes a first flange 543 that is secured to a top
surface of the first lever 510a, a second flange 544 that is secured a bottom surface of the
second lever 510b and a flexure section 545 that extends from the first flange 543 to the
second flange 544 diagonally across a space between the levers 510a, 510b, such that the
flexure couples diagonally opposed surfaces of the levers 510a, 510b.

[0076] While FIG. 8A illustrates an inboard arrangement, in which the pivot axes 524a,
524b are arranged between of the armatures 512, the flexure configuration is also
applicable to outboard arrangements in which the armatures 512 are disposed between the
pivot axis 524a of the first lever 510a and the pivot axis 524b of the second lever 510b. In
outboard arrangements, the first flange 543 can be secured to a top surface of the
armature 512 associated with the first lever 510a and the second flange 544 can be
secured a bottom surface of the armature 512 associated with the second lever 510b such
that the flexure section 545 extends diagonally across a space between the armatures 512
and such that the coupling mechanism 540 couples the levers 510a, 510b via the
armatures 512 (e.g., as shown in FIG. 8B). Reference numbers in FIG. 8B refers to

correspondingly numbered elements in FIG. 8A.

[0077] FIG. 9Aillustrates a further implementation of a coupling mechanism 640 that
can be used to slave movements of a pair of levers 610a, 610b. In the implementation
illustrated in FIG. 9A, the levers 610a, 610b are configured to pivot about respective pivot
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axes 624a, 624b. As in the examples described above, the levers 610a, 610b each couple
an associated armature 612 with a load (e.g., an acoustic diaphragm 602). Each lever
510a, 510b is connected to the acoustic diaphragm 502 via connector 519, such as a hinge
or flexure, which allows the levers 510a, 510b to move relative to the acoustic diaphragm
502, thereby to allow the acoustic diaphragm 502 to move in a pistonic motion, rather than
following the arcuate path of the levers 510a, 510b. Permanent magnets 613 of the
armatures 612 interact with magnetic flux provided by stators (not shown in FIG. 9A) to
drive the motion of the levers 610a, 610b, which, in turn, drive pistonic motion of the
acoustic diaphragm 602.

[0078] The coupling mechanism 640 is implemented as a gearing mechanism that is
arranged to inhibit rocking of the acoustic diaphragm 602. In this regard, the coupling
mechanism 640 is arranged to encourage common mode oscillation of the levers 610a,
610b and inhibits differential mode oscillation of the levers 610a, 610b. That is, the
coupling mechanism 640 slaves the levers 610a, 610b to each other so that the
components of the forces applied on the acoustic diaphragm 602 by the levers 610a, 610b
in the Z-direction are in phase. In phase force application in the Z-direction at different
points on the acoustic diaphragm 602 stimulates desired planar, non-rocking motion of the
acoustic diaphragm 602.

[0079] Notably, the coupling mechanism 640 includes a first gear comprising a first
plurality of teeth 642 that are connected to a radiused end of the first lever 610a. The
coupling mechanism 640 also includes a second gear comprising a second plurality of
teeth 644 which are connected to a radiused end of the second lever 610b and which mesh
with the first plurality of teeth 642, thereby slaving motion of the first and second levers
610a, 610b. The teeth 642, 644 can be formed (e.g., machined or molded) as integral
parts of the levers 610a, 610b.

[0080] In some cases, the teeth 642, 644 may be formed out of a relatively soft material,
such as an elastomer, and bonded to the levers 610a, 610b. For example, the teeth 642,

644 can be formed directly on the associated levers 610a, 610b in a mold-in-place process.
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Forming the teeth 642, 644 out of a relatively soft material can help to inhibit audible
backlash as the teeth 642, 644 engage and disengage during movement of the levers
610a, 610b.

[0081] While FIG. 9A illustrates an inboard arrangement, in which the pivot axes 624a,
624b are arranged between of the armatures, the gearing mechanism configuration is also
applicable to outboard arrangements in which the armatures 612 are disposed between the
pivot axis 624a of the first lever 610a and the pivot axis 624b of the second lever 610a. In
outboard arrangements, the teeth 642, 644 can be provide on respective radiused ends of
adjacently positioned armatures 612 such that the coupling mechanism couples the levers
via the armatures (e.g., as shown in FIG. 9B). Reference numbers in FIG. 9B refers to

correspondingly numbered elements in FIG. 9A.

[0082] Although implementations have been described in which a coupling mechanism
is utilized to couple movements of a pair of levers which drive a common load, some
implementations may utilize a coupling mechanism to couple the movements of three or

more levers which drive a common load.

[0083] A number of implementations have been described. Nevertheless, it will be
understood that additional modifications may be made without departing from the spirit and
scope of the inventive concepts described herein, and, accordingly, other embodiments are

within the scope of the following claims.
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What is claimed is:

1. An apparatus comprising:

a load;

a first armature;

a first lever mechanically coupling the first armature and the load and configured
such that motion of the first armature causes the first lever to pivot about a first pivot axis;

a second armature;

a second lever mechanically coupling the second armature and the load and
configured such that motion of the second armature causes the second lever to pivot about
a second pivot axis;

at least one stator for creating magnetic flux for the first and second armatures to
interact with, thereby to drive motion of the load; and

a coupling mechanism coupling the first lever and the second lever,

wherein the coupling mechanism is arranged to encourage common mode
oscillation of the first and second levers and inhibit differential mode oscillation of the first
and second levers, thereby to inhibit rocking of the load.

2. The apparatus of claim 1, wherein the coupling mechanism couples the first

and second levers via the first and second armatures.

3. The apparatus of claim 1, wherein the coupling mechanism is secured to the
first and second armatures or to the first and second levers via adhesive, ultrasonic

bonding, mechanical interlock, or combinations thereof.

4. The apparatus of claim 1, wherein the coupling mechanism is secured to the

first and second armatures or to the first and second levers via a mold-in-place process.

5. The apparatus of claim 1, wherein the coupling mechanism comprises an

elastomer.
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6. The apparatus of claim 5, wherein the elastomer is secured to at least two

surfaces of the first armature and to at least two surfaces of the second armature.

7. The apparatus of claim 5, wherein the elastomer is secured to at least two

surfaces of the first lever and to at least two surfaces of the second lever.

8. The apparatus of claim 1, wherein the coupling mechanism comprises first

and second gears with interlocking teeth which slave motion of the first and second levers.

9. The apparatus of claim 1, wherein the coupling mechanism comprises a first
gear comprising a first plurality of teeth connected to the first lever and a second gear
comprising a second plurality of teeth which are connected to the second lever and which

mesh with the first plurality of teeth thereby slaving motion of the first and second levers.

10. The apparatus of claim 1, wherein the coupling mechanism comprises a

flexure.

11. The apparatus of claim 10, wherein the flexure has a first end secured to the

first lever and a second end secured to the second lever.

12. The apparatus of claim 10, wherein the flexure has a first end secured to the

first armature and a second end secured to the second armature.

13. The apparatus of claim 10, wherein the flexure is secured to diagonally

opposed surfaces of the first and second levers.

14. The apparatus of claim 10, wherein the flexure is secured to diagonally

opposed surfaces of the first and second armatures.
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15. The apparatus of claim 1, wherein the coupling mechanism comprises a coil
spring having a first end secured to the first lever and a second end secured to the second

lever.

16. The apparatus of claim 1, wherein the coupling mechanism comprises a coil
spring having a first end secured to the first armature and a second end secured to the

second armature.

17. The apparatus of claim 1, wherein the levers are configured and arranged
for rotation in opposite directions of rotation relative to each other.

18. The apparatus of claim 17, wherein the levers are arranged to move the load

in a pistonic motion.

19. The apparatus of claim 1, wherein the apparatus comprises a loudspeaker.

20. The apparatus of claim 20, wherein the load comprises an acoustic
diaphragm.

21. The apparatus of claim 1, wherein the at least one stator comprises a first
stator for creating magnetic flux for the first armature to interact with, and a second stator

for creating magnetic flux for the second armature to interact with.

22. The apparatus of claim 1, wherein the at least one stator comprises a single,
common stator defining an air gap within which both of the first and second armatures are
disposed, the common stator being configured for creating magnetic flux across the air gap

for the first and second armatures to interact with, thereby to drive motion of the load.

23. A method comprising:
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passing electrical current through coils of at least one stator to generate
magnetic flux which a plurality of armatures interact with causing a plurality of levers to
rotate about respective pivot axes, and thereby driving motion of an acoustic diaphragm
coupled to the plurality of armatures via the plurality of levers,

wherein the levers are coupled to each other via a coupling mechanism which
slaves movements of the levers to each other such that rocking of the acoustic diaphragm
is inhibited.

24. A loudspeaker comprising:

an acoustic diaphragm;

a plurality of armatures;

a plurality of levers each coupling an associated one of the armatures to the
acoustic diaphragm and each configured to pivot about a respective pivot point;

at least one stator for creating magnetic flux for the plurality of armatures to
interact with, thereby to drive piston motion of the acoustic diaphragm in a first axial
direction; and

a coupling mechanism coupling the plurality of levers,

wherein the coupling mechanism slaves the levers to each other so that forces
applied on the acoustic diaphragm by the levers in the first axial direction are in phase,

thereby inhibiting rocking of the acoustic diaphragm.
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