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(57) Abstract: A loudspeaker including a moving magnet motor. The moving magnet motor includes an armature comprising a mag
net carrier, and a lever arm, coupling the armature and a pivot. The lever arm further couples the armature and an acoustic diaphragm
to transmit motion of the armature to the acoustic diaphragm to cause the acoustic diaphragm to move. The loudspeaker described

Q may be torque balance and moment balanced.



LOUDSPEAKER MOMENT AND TORQUE BALANCING

BACKGROUND

[0001] This specification describes a loudspeaker employing a lever to transmit force

from a motor to an acoustic diaphragm. The specification further describes a

loudspeaker employing levers that are torque balanced and moment balanced.

SUMMARY

[0002] In one aspect loudspeaker includes a moving magnet motor. The moving

magnet motor includes an armature. The armature includes a magnet carrier; and a

lever arm, coupling the armature and a pivot. The lever arm further couples the

armature and an acoustic diaphragm to transmit motion of the armature to the acoustic

diaphragm to cause the acoustic diaphragm to move. The lever arm may couple the

armature to the acoustic diaphragm to cause the acoustic diaphragm to move in an

arcuate path. The loudspeaker may further include a surround mechanically coupling

the acoustic diaphragm to an acoustic enclosure and pneumatically sealing one side of

the acoustic diaphragm from the other. One side of the surround may be wider than

another side. The loudspeaker may further include a pivot coupling the lever arm to

the acoustic diaphragm that permits the acoustic diaphragm to move in a pistonic

manner. The pivot coupling the lever arm to the acoustic diaphragm may include a

flexure. The pivot may coupling the lever arm to the acoustic diaphragm may be

compliant in a direction perpendicular to the axis of rotation of the pivot. The pivot

may include a flexure. The flexure may be an x-flexure. The x-flexure may include

deflectable planar pieces having opposing edges encased in plastic. The flexure may

be formed by insert molding. The flexure may have a dimension in the direction of the

axis of rotation of the flexure that is greater than 50% of the length of the lever. The

pivot may be compliant in a direction perpendicular to the axis of rotation of the

pivot. The lever arm and the magnet carrier may be a unitary structure. The pivot

point may be intermediate the armature and the acoustic diaphragm. The armature

may be intermediate the pivot and the acoustic diaphragm. The moving magnet

motor applying force to the lever arm in a non-contact manner.

[0003] In another aspect, a loudspeaker includes an acoustic diaphragm; a force

source; and a lever arm coupling the force source and the acoustic diaphragm. The

lever arm may include a part of the force source. The force source may be a moving



magnet motor. The moving magnet motor may include a magnet structure. The lever

arm may include the magnet structure. The loudspeaker may further include a pivot

including an x-flexure.

[0004] In another aspect, a loudspeaker includes a first motor including a first

armature; an acoustic diaphragm; a first lever arm, mechanically coupling the first

armature and the acoustic diaphragm, the first lever arm coupled to a first pivot so that

motion of the first armature causes rotation of the first lever arm about the first pivot,

resulting in free body torque about the first pivot in a first direction. The loudspeaker

further includes a second motor including a second armature; and a second lever arm,

mechanically coupling the second armature and the acoustic diaphragm, the second

lever arm coupled to a second pivot so that motion of the second armature causes the

second lever arm to rotate about a second pivot resulting in free body torque about the

second pivot in a second direction, different than the first direction. The first motor

and the second motor may be arranged in a manner such that the total free body

torque resulting from the rotation of the first lever arm and the rotation of the second

lever arm is less than the free body torque resulting from the rotation of one of the

first lever arm and the second lever arm alone. The first lever arm may include a first

lever arm first section, coupling the first pivot and the first armature; a first lever arm

second section coupling the first pivot and the acoustic diaphragm. The mass

distribution of the first lever arm first section and of the first armature has a first

moment about the first pivot. The mass distribution of the first lever arm second

section and of the acoustic diaphragm has a second moment about the first pivot. The

lesser of the magnitude of the first moment and the magnitude of the second moment

may be at least 2/3 of the greater of the magnitude of the first moment and the

magnitude of the second moment. The magnitude of the second moment may further

include the mass of the air moved by the diaphragm. The lesser of the magnitude of

the first moment and the magnitude of the second moment may be at least 90% of the

greater of the magnitude of the first moment and the magnitude of the second

moment. The second lever arm may include a second lever arm first section, coupling

the second pivot and the second armature and a second lever arm second section

coupling the second pivot and the acoustic diaphragm. The mass distribution of the

second lever arm first section and of the second armature has a third moment about

the second pivot. The mass distribution of the second lever arm second section and of



the acoustic diaphragm has a fourth moment about the second pivot. The lesser of the

magnitude of the third moment and the magnitude of the fourth moment may be at

least 2/3 of the greater of the magnitude of the first moment and the magnitude of the

second moment. The first armature may include a magnet structure of a moving

magnet motor. The first pivot may include an x-flexure. The first lever arm first

section may be coupled to the first diaphragm in a manner that permits pistonic

motion of the first diaphragm. The first lever arm first section may be coupled to the

first diaphragm by an x-flexure. The oscillation of the diaphragm may be in a space

between two parallel planes. A portion of the first armature may be positioned

between the two planes. The loudspeaker may include one or more additional motors

each including a corresponding armature and a corresponding lever arm, mechanically

coupling each armature and the acoustic diaphragm. Each of the corresponding lever

arms is coupled to a corresponding pivot so that motion of each of the corresponding

armatures causes each of the corresponding lever arms to rotate about the

corresponding pivot, causing torque in a direction different than the first direction.

The one or more additional motors are positioned and dimensioned in a manner such

that the total free body torque resulting from the rotation of all of the lever arms is

less than the free body torque resulting from the rotation of the first lever arm, the

second lever arm or any one of the corresponding lever arms singly. Each of the

corresponding lever arms may include a lever arm first section, coupling the

corresponding pivot and the corresponding armature and a lever arm second section

coupling the corresponding pivot and the acoustic diaphragm. The mass distribution

of the corresponding lever arm first section and of the corresponding armature has a

corresponding first moment. The mass distribution of the corresponding lever arm

second section and of the acoustic diaphragm may have a corresponding second

moment. The lesser of the corresponding first moment and the corresponding second

moment may be at least 2/3 of the greater of the corresponding first moment and the

corresponding second moment. The lesser of the corresponding first moment and the

corresponding second moment may be at least 90% of the greater of the

corresponding first moment and the corresponding second moment.

[0005] In another aspect, a loudspeaker includes a motor includes an armature; an

acoustic diaphragm; a lever arm, mechanically coupling the armature and the acoustic

diaphragm. The lever arm is coupled to a pivot so that motion of the armature causes



oscillation of the lever arm about the pivot. The lever arm may include a first section,

coupling the pivot and the armature. The lever arm further includes a second section

coupling the first pivot and the acoustic diaphragm. The mass distributions of the first

section and the armature are characterized by a first moment about the pivot. The

mass distributions of the second section and the acoustic diaphragm are characterized

by a second moment about the pivot. The lesser of the magnitude of the first moment

and the magnitude of the second moment is at least 2/3 of the larger of the magnitude

of the first moment and the magnitude of the second moment. The lesser of the

magnitude of the first moment and the magnitude of the second moment may be at

least 90% of the larger of the magnitude of the first moment and the magnitude of the

second moment

[0006] Other features, objects, and advantages will become apparent from the

following detailed description, when read in connection with the following drawing,

in which:

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

[0007] Fig. 1 is a diagrammatic cross-sectional view of a loudspeaker;

[0008] Figs. 2A - 2C are diagrammatic cross-sectional views of loudspeakers;

[0009] Fig. 3 is a diagrammatic top plan view of a loudspeaker;

[0010] Fig. 4 is a diagrammatic view of a force source and a linear motor actuator;

[0011] ]Figs. 5A and 5B are views of arrangements for applying force to a lever arm;

[0012] Fig. 6 shows three plan views of a flexure pivot;

[0013] Fig. 7 is a view of an embodiment of the flexure pivot of Fig. 6;

[0014] Figs. 8A and 8B are an isometric view and a cross-sectional view,

respectively, of a loudspeaker configured as a third class lever;

[0015] Figs. 9A is an assembly including a lever, a magnet structure, and a

diaphragm;

[0016] Fig. 9B is a diagram of the mass distribution of the assembly of Fig. 9A;

[0017] Figs. 10A and 10B are views of an implementation of the assembly of Fig. 9A;



[0018] Fig. 11 is a diagrammatic view of a moment balance and torque balanced

structure;

[0019] Figs. 12A and 12B are views of an implementation of the structure of Fig. 11;

[0020] Fig. 13 is a view of the assembly of Fig. 9A with an additional feature;

[0021] Figs. 14A - 14C show variations of the structure of Fig. 11;

[0022] Fig. 15 illustrates an advantage of the structure of Figs. 13, 14A, and 14B; and

[0023] Fig. 16 is an isometric view of a moment balance and torque balanced

loudspeaker.

DETAILED DESCRIPTION

[0024] Fig. 1 shows a diagrammatic cross-sectional view of a loudspeaker. For

purposes of illustration, some elements of the loudspeaker are omitted from this view,

and some dimensions are exaggerated. A diaphragm, 10 in this instance a cone type

speaker diaphragm is mounted to an acoustic enclosure 12 by a surround 14. The

loudspeaker includes a lever arm 16 that is mechanically connected at one point 18

along the lever arm to the diaphragm and at another point 20 along the lever arm to an

oscillatory force source, represented in this figure by the letter F and a two headed

arrow 22. At a pivot point 24, the lever arm is pivotally connected to a stationary

object, such as the enclosure 12 or the frame of the loudspeaker, which is rigidly

coupled to the enclosure, in a manner so that the lever arm extends radially from the

pivot point. Coordinate system 100 indicates the orientation of the components in the

figure. So, for example in Fig. 1, the lever 16 extends in the X-direction, the force is

applied in the Z-direction when the lever arm is at a neutral position, and the pivot 24

rotates about the Y-axis.

[0025] The lever arm 16 may be straight as shown, or may be bent. The joint at the

pivot point 24 may be a hinge arrangement as shown, but in other implementations

may be a bearing, or a torsion bar, or a flexure arrangement, as will be described

below, or some other type of pivot. In conventional loudspeakers, the surround 14

functions as both a pneumatic seal and as a suspension element. In the loudspeaker of

Fig. 1, the surround functions principally as a pneumatic seal, and the requirement to

function as a suspension element is minimal, because centering are provided by other

elements of the loudspeaker, as will be described below.



[0026] Referring now to Fig. 2A, the pivot point 24, the lever arm 16, and the

diaphragm 10 are configured as a third class lever. Using lever terminology, point 20

at which the force is applied is the lever effort, and the effort is intermediate the pivot

point 24, which represents the lever fulcrum, and the point of attachment to the

diaphragm 10, which represents the lever resistance. In the arrangement of Fig. 2A,

when the oscillatory force is applied to the lever arm, the diaphragm 10 and the force

application point 20 both move in an arcuate path, and the distance moved by the

diaphragm is greater than the distance moved by the force application point. The

edge 28 of the diaphragm farthest from the pivot point 24 moves a distance dl that is

greater than the distance d2 moved by the edge 30 nearest the pivot point. Both dl

and d2 are greater than the distance d3 moved by the force application point 20. With

a third class lever configuration, the distance moved by the diaphragm 10 is greater

than the distance moved by the point 20 at which the force is applied. The amount by

which the distance is greater is determined by the relative lengths of s1 (the distance

from the diaphragm attachment point to the pivot) and s2 (the distance from the force

application point to the pivot).

[0027] Fig. 2B shows the pivot point 24, the lever arm 16, and the diaphragm 10

configured as a first class lever. In the configuration of Fig. 2B, the pivot point 24

(the lever fulcrum) is intermediate the force application point 20 (the lever effort) and

the diaphragm attachment point 18 (the lever resistance). In the arrangement of Fig.

2B, when the oscillatory force is applied to the lever arm, the force application point

20 and the diaphragm 10 both move in an arcuate path. With a first class lever

configuration, if distance si, from the diaphragm attachment point 18 to the pivot

point 24 is greater than the distance s2 from the pivot point 24 to the force application

point 20, the distance moved by the diaphragm is greater than the distance d3 moved

by the force application point 20. If the distance si is less than the distance s2, as in

Fig. 2B, the distance moved by the diaphragm is less than the distance moved by the

force application point. In either case, the edge 28 of the diaphragm farthest from the

pivot point 24 moves a distance dl that is greater than the distance d2 moved by the

edge 30 nearest the pivot point.

[0028] Fig. 2C shows the pivot point 24, the lever arm 16, and the diaphragm 10

configured as a second class lever. In the arrangement of Fig. 2C, when the

oscillatory force is applied to the lever arm at point 20, the diaphragm 10 and the



force application point 20 both move in an arcuate path, and the distance moved by

the diaphragm is less than the distance moved by the force application point. The

edge 28 of the diaphragm farthest from the pivot point 24 moves a distance dl that is

greater than the distance d2 moved by the edge 30 nearest the pivot point. Both dl

and d2 are less than the distance d3 moved by the force application point 20. With a

second class lever configuration, the distance moved by the diaphragm 10 is less than

the distance moved by the point 20 at which the force is applied. The amount by

which the distance is less is determined by the relative lengths of si (the distance

from the diaphragm attachment point to the pivot) and s2 (the distance from the force

application point to the pivot).

[0029] In loudspeakers, it is frequently desirable to increase the excursion of the

diaphragm, so the most common configurations will be the third class lever of Fig.

2A or a first class lever of Fig. 2B with the distance si greater than distance s2. For

convenience, the remainder of the examples with be shown with the configuration of

Fig. 2A or the configuration of Fig. 2B with sl>s2, it being understood that the

principles described herein can be applied to the configuration of Fig. 2C other

configurations.

[0030] Fig. 3 is a top plan view of the loudspeaker of Fig. 1. As noted in the

discussion of Figs. 2A and 2B, the distance moved by point 28 on the diaphragm

farthest from the pivot point 24 is greater than the point 30 on the diaphragm closest

to the pivot point 24. The surround 14 is arranged to permit the greater distance

moved by point 28 than by point 30. For example, in the loudspeaker of Fig. 3, the

surround 14 is a half roll surround dimensioned so that the radius of curvature r l of

the surround and the width wl of the surround are greater at point 28 than the radius

of curvature r2 and the width w2 of the surround at point 30. This arrangement

permits point 28 to move a greater distance than point 30 during operation of the

loudspeaker, as shown in Figs. 2A and 2B. For other surround topologies, for

example surrounds with oval cross-sections or with multiple rolls, other asymmetries

may permit greater movement of one side of the diaphragm than the other side. Fig. 3

also shows that the lever arm 16 is attached to the diaphragm along a circular surface

32, so that the point of attachment 18 is taken as the center of circular surface 32.

Figs. 1 and 3 also show that the diaphragm may be asymmetric, so for example,

elliptical with the distance x l from diaphragm attachment point 18 to point 28 on the



diaphragm is greater than the distance x2 from the diaphragm attachment point 18 to

point 30 on the diaphragm. In other implementations, the diaphragm may be

asymmetric with xl = x2 or the diaphragm may be symmetric or asymmetric or may

be some regular or irregular non-elliptical shape.

[0031] The force, represented by "F" in Fig. 1 can be applied mechanically, for

example by connecting the lever arm 16 to the armature of a linear actuator, possibly

through some linkage arrangement as shown in Fig. 4 .

[0032] Another arrangement for applying the force to the lever arm is shown in Figs.

5A and 5B. Fig. 5A shows two opposite sides of a lever arm 16 that includes a

substantially planar magnet structure 34 with north and south poles denoted by "N"

and "S" respectively. The magnet structure may include a magnet carrier and one or

more permanent magnets. The magnet carrier and the lever may both be part of one

unitary structure. An upper portion 62A of a first face of the magnet structure is

magnetized as a north pole and the lower portion 64A of the first face of the magnet

structure is magnetized as a south pole. An upper portion 62B of the second face of

the magnet structure is magnetized as a south pole and the lower portion 64B of the

second face of the magnet structure is magnetized as a north pole. The magnet

structure may include a magnet carrier 66 enclosing a single magnet, magnetized in

the manner shown, or two separate magnets placed in the carrier so that the poles are

arranged as shown. The lever arm is positioned so that magnet structure 34 is in a gap

36 in a core 37 of low reluctance magnetic material around which a coil 38 is wound.

Alternating electrical current is passed through the coils so that the combination of the

magnetic structure 34, the core 37, and the coil 38 form a moving magnet motor, for

example, similar to the moving magnet motor described in U.S. Pat. 5,216,723,

incorporated herein by reference. In this arrangement, the force results from the

interaction of the magnetic field in the gap due to current flowing in the coils and the

magnetic fields of magnet structure 34, so the force is applied to the lever in a

non-contact manner.

[0033] Moving magnet motors are subject to "crashing force" resulting from

magnetic attraction between the core 37 and the magnet structure 34. The magnetic

forces are substantially in the Y direction. The magnetic attraction force varies as a

function of distance between the magnet structure and core; the closer the magnet



structure is to the core, the stronger the crashing force. It may be convenient to think

of the structure as requiring a "crashing stiffness" that takes into account the variation

in attraction force with distance. The crashing stiffness may appear as a "negative

stiffness". The pivot 24 and lever arm 16 must provide a great deal of stiffness

(sufficient to resist the maximum crashing force) relative to displacement in the Y-

direction. The crashing stiffness, in this configuration, stiffness of the suspension in

the Y-direction is particularly important because it is desirable for the gap 36 to be as

small as possible. A smaller gap 36 implies a smaller distance between the surface of

the magnet structure 34 and the motor core 37. Less relative motion between the

magnetic structure 34 and the core 37 can be tolerated when the gap dimensions are

reduced. High Y-axis stiffness of the pivot 24 is required to ensure there is little

relative motion between the magnetic structure 34 and the core 37 in the Y-axis

dimension

[0034] Magnetic forces tend to urge the magnet structure to be centered in the gap in

the Z-direction in the position shown in Fig. 5B. Therefore, the pivot 24 does not

need stiffness relative to rotation about the Y-axis to provide centering force and the

centering force requirements of the surround 14 are reduced. The surround 14 and the

pivot 24 can be configured so that the surround 14 and the pivot 24 only need to

maintain the magnet structure in the gap, while the centering force within the gap is

provided by magnetic forces. However, in practical implementations, it is desirable

for the pivot 24 (and/or the surround 14) to provide at least some additional centering

force, as the centering force provided by pivot 24 (and/or surround 14) will typically

be more linear than the magnetic centering stiffness.

[0035] Some compliance in the X-direction can be tolerated, because the magnet

structure 34 may move in the X-direction and still largely remain in the gap 36.

Relative motion in the X-axis direction does not give rise to mechanical interference

between components in the motor structure, as would be the case for typical axi-

symetric motor designs (such as moving coil motors). Displacement in the X-direction

does not cause damage to other components, such as the diaphragm 10, the coil 38 or

the core 37. Compliance in the X-direction may actually be advantageous in some

circumstances, as will be described below.



[0036] Fig. 6 shows three plan views of a flexure pivot 124 that provides great

stiffness in the Y-direction and about the Z-axis and X-axis. The flexure pivot 124

includes a plurality, in this case four, of sections 53 of a flexure material, such as high

fatigue strength stainless steel, approximately 18 mm x 20 mm by 0.13 mm thick.

For purpose of illustration, the thickness dimension is greatly exaggerated in Fig. 6 .

The sections may be substantially planar. The flexure material is resistant to tension

or compression deformation in the plane of the section, but deforms or flexes in

response to force normal to the plane of the section. The sections are positioned in at

least two planes, which are inclined relative to each other so that the planes intersect

along a line and so that, when viewed along the Y-axis, the sections form an "X"

configuration. The ends of the sections are encased in plastic blocks 44, 46, which

hold the sections in place. The flexure pivot 124 is mechanically attached to the lever

arm 16. The flexure pivot 124 has a relatively wide "footprint" along the Z-axis. For

example, the dimension s of the flexure pivot 124 along the Z-axis may be greater

than the thickness (that is, the dimension of the lever arm in the Y-direction) of the

lever 16 at its thickest point. In one implementation, the thickness of the lever is 5

mm and s is 6.5 mm or about 130% of the thickness of the lever at its thickest point.

The flexure pivot 124 has very wide footprint along the Y-axis. For example, the

dimension sy along the Y-axis may be greater than 50% of the length of the lever 16

and more than 10 times the thickness of the lever arm. In one implementation, the

length of the lever is 84 mm and s is 75 mm or 89 % of the length of the lever, the

thickness of the lever is 5 mm so s is 15 times the thickness of the lever arm.

[0037] The very wide footprint along the Y-axis (dimension sy of Fig. 6) and the

wide footprint along the Z-axis (dimension s of Fig. 6) of the flexure pivot 124 with

an attachment surface for the lever 16 that includes a flange or extension 48 that has a

corresponding footprint along the Y-axis and the Z-axis permit the use of several

mechanical fasteners, for example screws, rivets, or the like, and also provide ample

surface for adhesives and to provide resistance to displacement in the Y-direction.

Therefore, there is very great stiffness (greater than the crashing stiffness, and

preferably multiples, for example 10, and more preferably many multiples, for

example 50 o r even more that 70, times the crashing stiffness). In one

implementation the moving magnet motor has a crashing stiffness of about 120



Nt/mm and the pivot stiffness in the Y-direction is about 8600 Nt/mm) along the

Y-axis and about the X-axis and about the Z-axis.

[0038] Since the footprint of the flexure along the X-axis is relatively wide, and since

the sections of flexure material are deflected by force normal to the plane of the

sections of flexure material, the flexure pivot 124 provides low stiffness, for example

0.133 Nt/degree or 7.6 Nt/radian, to rotation about the Y-axis. Additionally there is

some compliance in the X-direction, and the pivot point may move in the X-direction,

which will be discussed below.

[0039] The flexure pivot 124 of Fig. 6 may be formed by insert molding to eliminate

the need for fasteners or adhesives. The flexure sections 53 can be placed in an

injection molding tool and the plastic blocks 44 and 46 molded to encapsulate the

flexure sections 53. Additionally, some or all of the magnet structure 34, the flexure

124, and the lever arm 16 may be insert molded in a single insert molding operation.

[0040] The sections may be substantially planar or may be bent at the ends or have a

flange 57 attached at the ends to increase resistance to lateral pull-out from the plastic

blocks 44, 46 as shown in Fig. 7 .

[0041] Fig. 8 shows an implementation of the a loudspeaker configured as a third

class lever, as shown in Fig. 2A, and using a flexure pivot 124 as shown in Fig. 6 .

Reference numbers in Fig. 8 refer to correspondingly numbered elements in previous

figures. The implementation of Fig. 8 includes a flexure pivot that is mechanically

fastened, as opposed to assembled by insert molding.

[0042] Fig. 9A shows an assembly including the lever 16, a magnet structure 34, and

a diaphragm 10 of another implementation. The assembly of Fig. 9A is configured as

a first class lever, as in Fig. 2B. The masses of the elements of the assembly of Fig.

9A and the distribution of mass within the elements of Fig. 9A are configured so that

it is moment balanced about the pivot point. As illustrated in Fig. 9B, if the mass of

the magnet structure 34 and the portion of the lever arm that is on the same side of the

pivot 24 as the magnet structure have a combined mass Ml and a center of gravity

that is distance d l from the pivot, and the mass of the diaphragm 10 (and if desired,

the mass of air moving with the diaphragm) and the portion of the lever arm that is on

the same side of the pivot as the diaphragm 10 have a combined mass M2 and a center

of gravity this is distance d2 from the pivot, then the magnitude of Ml dl = the



magnitude of M d2 . For convenience, hereafter the magnitude of M1x d1will be

referred to as Ml dl and the magnitude of M2 d2will be referred to as M2xd2 .

Additionally, the center of gravity of the combined masses Ml and M2 is at the pivot

point. Configuring elements and configuring the mass distribution within elements so

the moment about a point is balanced it typically done by computer analysis, for

example, by computer aided design (CAD) software or can be done empirically, or for

simple geometries, calculated by hand.

[0043] If the moments are not precisely equal, perceptible, beneficial effect can still

be obtained if the lesser of MlxDl and M2xD2 is greater than 2/3 of the larger;

however, it is preferable that the lesser of MlxDl is at least 0.9 times the larger.

[0044] In operation, a moment balanced arrangement results in less mechanical

vibration being transmitted to structure to which the loudspeaker motor is rigidly

coupled. Since there is less mechanical vibration transmitted to rigidly coupled

structure, a loudspeaker employing the assembly of Fig. 9A requires less vibration

damping and less stiffening of the structure that is mechanically coupled to the

loudspeaker than loudspeakers that are not moment balanced. The magnet structure

34 is typically heavier than the cone 10, so in order to balance the moment, the

portion 52 of the lever 16 on the same side as the cone 10 is longer that the portion 50

of the lever 16 on the same side as the magnet structure. Therefore, the cone moves

farther than the magnet structure, which is typically advantageous.

[0045] The moving magnet architecture makes it simpler to achieve torque

cancellation (which will be described below) and moment balance. Because the

magnets are relatively small and dense, repositioning the magnet structure to achieve

torque balance and moment balance is easily done. With, for example, moving coil

motors, the bobbin and coil assembly are not small or dense or easily repositioned.

However, the moment balancing advantageously be applied to moving coil motors,

particularly if there is a large amount of conductor (typically copper) in the coil.

[0046] It may be desired for lever 16 to be coupled to cone 10 by a pivot 56 that

permits cone 10 to move pistonically, as indicated by arrow 58, and not in an arcuate

path as shown in Figs. 2A - 2C. Permitting pistonic motion of cone 10 requires

allowing the distance between the pivot 24 and the cone 10 to vary with excursion of

the cone 10 in the Z-axis. The lengthening may be accomplished by a complicated



linkage arrangement, or by providing some system compliance between the pivot 24

and the cone 10, for example in one or both of pivots 24 or 56. As stated above, the

flexure pivot 124 of Fig. 6 is compliant in the X-direction, and therefore may be

advantageously implemented for the pivot 24 or 56 or both. In one implementation

the pivot 56 has a structure similar to pivot 124 of Fig. 6, but with two flexure

sections 53 instead of four.

[0047] The lever arm 16, the pivot 24, and the pivot 56 (including the joint between

the pivot 56 and the diaphragm 10) form a mechanical subsystem with a resonance.

By altering characteristics of one or more of the lever arm 16, the pivot 24, and the

pivot 56, the mechanical subsystem may be tuned to have a resonance that increases

the bandwidth of the loudspeaker. For example, if the loudspeaker has a roll-off at a

known frequency, the mechanical subsystem may be tuned to have a resonance in the

direction of the motion of the diaphragm 10 (in this example, the Z-direction) at a

frequency near the known frequency, effectively increasing the bandwidth of the

loudspeaker. Though the characteristics of any of the lever arm 16, the pivot 24, or

the pivot 56 can be set to have a resonance at a given frequency, it is typically most

convenient to set the characteristics of the pivot 56 between the lever 16 and the

diaphragm 10 to obtain the desired resonance. Preferably, the compliance in the Z

axis direction of the pivot 56 would be chosen to resonate with the moving mass of

the diaphragm 10 at a desired resonance frequency. Additional characteristics may be

varied to affect the Q of the resonance by introducing damping. For example, the

material chosen to provide compliance for pivot 56 may also be chosen to have

desired internal loss characteristics. Alternatively, the attachment of pivot 56 to either

or both of the level arm 16 or diaphragm 10 may incorporate a damping element such

as a soft adhesive. Altering characteristics of one or more components of the

mechanical subsystem to achieve a resonance at a desired frequency may be done by

computer analysis, for example structural finite element analysis (FEA).

[0048] Figs. 10A and 10B are a plan view and an isometric view, respectively, of an

implementation of the loudspeaker including the assembly of Fig. 9A and including a

flexure pivot 156 as the pivot 56 of Fig. 9A. The flexure pivot 156 includes two

sections of flexure material. Reference numbers in Figs. 10A and 10B refer to

correspondingly numbered elements in previous figures.



[0049] Fig. 11 shows an assembly that is both moment balanced and torque balanced.

A first subassembly includes magnet structure 34A, lever 16A with portions 50A and

52A on either side of pivot 24A. Lever 16A is connected to cone 10 by a pivot 56A

that permits cone 10 to move pistonically, as indicated by arrow 58. The first

subassembly is moment balanced, as in the implementation of Fig. 9 . Fig. 11 also

includes a second subassembly that includes magnet structure 34B, lever 16B with

portions 50B and 52B on either side of pivot 24B. Lever 16B is connected to cone 10

by a pivot 56B (obscured in this view) that permits cone 10 to move pistonically, as

indicated by arrow 58. The second subassembly is also moment balanced, as in the

implementation of Fig. 9 . The two subassemblies are configured so that the Y-axis

free body torques of the two subassemblies are in opposite directions about the Y-axis

and the free body torques offset. If the torques are equal and opposite the total free

body torque (that is, assuming that the components are rigid) may be zero. Even if the

free body torques are not equal, or the free body torques are substantially but not

precisely opposite, there is some torque cancellation and the total free body torque of

the system is less than either free body torque singly. The assembly of Fig. 11 is both

moment balanced and torque balanced, so there is even less mechanical vibration than

with the assembly of Fig. 9 .

[0050] Figs. 12A and 12B are a plan view and an isometric view, respectively, of an

actual implementation of a loudspeaker including the assembly of Fig. 11. Reference

numbers in Figs. 12A and 12B refer to correspondingly numbered elements in

previous figures.

[0051] Fig. 13 shows the assembly of Fig. 9A with an additional feature. The cone

type diaphragm 10 of Fig. 9A is replaced by a planar diaphragm 10A, mechanically

coupled by suspension element 14 to surrounding structure (not shown). Similarly,

Fig. 14A shows the loudspeaker of Fig. 11 with the diaphragm 10 of Fig. 14 replaced

by a planar diaphragm 10A mechanically coupled by a suspension element 14 to

surrounding structure (not shown). Fig. 14B shows the loudspeaker of Fig. 14A with

force application points 20A and 20B at different points on the diaphragm. Fig. 14C

shows the structure of 14B, except that the lever arms 16A and 16B cross in the X-

direction, or in other words the force application point 20A of lever arm 16A is

beyond the diaphragm midpoint 76 in the direction toward pivot 24B, and force

application point 20B of lever arm 16B is beyond the diaphragm midpoint 76 in the



direction of pivot 24A. Fig. 12B shows an isometric view of an implementation of

the configuration of Fig. 14C, except that the implementation of Fig. 12B uses a cone-

type diaphragm instead of the planar diaphragm of Fig. 14C.

[0052] The configuration of Figs. 12B, 14B, and 14C can be usefully employed to

prevent "rocking" behavior of the diaphragm. Rocking behavior is rotation about the

X-axis and/or the Y-axis of the diaphragm 10A. With the configuration of Figs. 12B,

14B, and 14C, the two motors of which each of magnet structures 34A and 34B are a

part can be wired in parallel, so that the components of the forces applied the Z-

direction at points 20A and 20B are in phase. In-phase force application in the Z-

direction at different points on the diaphragm stimulates desired planar, non-rocking

motion of the diaphragm. If there is rocking behavior, due, for example, to non-linear

behavior of the surround 14, the rocking motion would be in opposition to the motion

of the force application points 20A and 20B, resulting in back electromotive force

(EMF) in the motor associated with the force application points. The back EMF

dampens the rocking behavior.

[0053] Fig. 15 illustrates an advantage of the implementations of Figs. 13, 14A, 14B

and 14C. In operation, the lever arm 16 oscillates about pivot 24 to cause the

diaphragm 10A to oscillate between an extreme upward position (dotted line) and an

extreme downward position (solid line), defining a full range of operation in the Z-

direction bounded by planes 68 and 70 normal to the Z-axis and within an envelope in

the X-direction and the Y-direction defined by lines, for example lines 72 and 74

extending from the edges of the diaphragm in the direction of motion of the

diaphragm. In operation, portions of the armature, for example the magnet structure

34, can be outside the envelope in the X-direction and the Y-direction in the space

between planes 68 and 70 over the full range of operation of the loudspeaker. A

loudspeaker according to Figs. 13, 14A, 14B, and 14C could be implemented in

situations in which it is desirable to keep the Z-dimension small, for example a pocket

sized electronic device such as a cell phone, personal data assistant, communication

device, pocket sized computer, or the like. The loudspeaker of Fig. 13 is moment

balanced and the loudspeakers of Figs. 14A, 14B, and 14C are moment balanced and

torque balance, which means that if used in a pocket sized electronics device, the

device vibrates less when in operation than similar devices that are not moment

balanced, torque balanced, or both. Additionally, the loudspeakers of Figs. 13, 14A,



14B, and 14C have only one diaphragm. Therefore, in the loudspeakers of Figs. 13,

14A, 14B, and 14C all the acoustic energy from the device could be radiated from one

side of the device, so the device could provide full acoustic performance when used,

for example, laying flat on a table, as oppose d to a loudspeaker having diaphragms

radiating from both sides of the device. If implemented on a larger scale, other

situations in which it is desirable to keep the Z-dimension small and in which it is

desirable for all acoustic energy to be radiated from one side of the device would be a

car package shelf or a car door or for a loudspeaker mounted in a wall of a room to

radiate sound into the room. The surround 14 of previous figures is omitted in this

view.

[0054] Fig. 16 is an isometric view of a moment balanced and torque balanced

loudspeaker, illustrating the fact that torque balancing can be implemented with more

than two subassemblies each of which includes a magnet structure, a lever arm, and a

pivot. Fig. 16 also illustrates the fact that a moment balanced and torque balanced

loudspeaker can be implemented with an odd number of subassemblies and with more

than two subassemblies. In the implementation of Fig. 16, no one magnet structure,

lever arm, and pivot subassembly cancels out the free body torque of any one other

magnet structure, lever arm, and pivot subassembly. However, in operation, the net

result of the operation of all the motor and lever arm subassemblies is that the total

resultant free body torque due to all of the motor and lever arm assemblies is less than

the free body torque due to any single of motor and lever arms singly. The

implementation of Fig. 16 uses a torsion flexure instead of the X-flexure of other

implementations .

[0055] Numerous uses of and departures from the specific apparatus and techniques

disclosed herein may be made without departing from the inventive concepts.

Consequently, the invention is to be construed as embracing each and every novel

feature and novel combination of features disclosed herein and limited only by the

spirit and scope of the appended claims.



What is claimed is:

1. A loudspeaker comprising:

a first motor comprising a first armature;

an acoustic diaphragm;

a first lever arm, mechanically coupling the first armature and the acoustic diaphragm,

the first lever arm coupled to a first pivot so that motion of the first armature

causes rotation of the first lever arm about the first pivot, resulting in free body

torque about the first pivot in a first direction; and

a second motor comprising a second armature; and

a second lever arm, mechanically coupling the second armature and the acoustic

diaphragm, the second lever arm coupled to a second pivot so that motion of the

second armature causes the second lever arm to rotate about a second pivot

resulting in free body torque about the second pivot in a second direction,

different than the first direction

the first motor and the second motor arranged in a manner such that the total free body

torque resulting from the rotation of the first lever arm and the rotation of the

second lever arm is less than the free body torque resulting from the rotation of

one of the first lever arm and the second lever arm alone.

2. The loudspeaker of claim 1, wherein the first lever arm comprises:

a first lever arm first section, coupling the first pivot and the first armature;

a first lever arm second section coupling the first pivot and the acoustic diaphragm;

wherein the mass distribution of the first lever arm first section and of the first armature

has a first moment about the first pivot, characterized by a magnitude;

wherein the mass distribution of the first lever arm second section and of the acoustic

diaphragm has a second moment about the first pivot; and

wherein the lesser of the magnitude of the first moment and the magnitude second

moment is at least 2/3 of the greater of the magnitude of the first moment and

magnitude of the second moment.

3. The loudspeaker of claim 2 wherein the magnitude of the second moment further

includes the mass of the air moved by the diaphragm.



4. The loudspeaker of claim 2, wherein the lesser of the magnitude of the first

moment and the magnitude of the second moment is at least 90% of the greater of

the magnitude of the first moment and the magnitude of the second moment.

5. The loudspeaker of claim 2, wherein the second lever arm comprises:

a second lever arm first section, coupling the second pivot and the second armature; and

a second lever arm second section coupling the second pivot and the acoustic diaphragm;

wherein the mass distribution of the second lever arm first section and of the second

armature has a third moment about the second pivot;

wherein the mass distribution of the second lever arm second section and of the acoustic

diaphragm has a fourth moment about the second pivot; and

wherein the lesser of the magnitude of the third moment and the magnitude of the fourth

moment is at least 2/3 of the greater of the magnitude of the third moment and the

magnitude of the fourth moment.

6. The loudspeaker of claim 1, wherein the first armature comprises a magnet

structure of a moving magnet motor.

7. The loudspeaker of claim 1, wherein the first pivot comprises an x-flexure.

8. The loudspeaker of claim 1, wherein the first lever arm first section is coupled to

the first diaphragm in a manner that permits pistonic motion of the first

diaphragm.

9. The loudspeaker of claim 8, wherein the first lever arm first section is coupled to

the first diaphragm by an x-flexure.

10. The loudspeaker of claim 1, wherein the oscillation of the diaphragm is in a space

bounded by two parallel planes defining the minimum and maximum excursion of

the diaphragm, wherein a portion of the first armature is positioned between the

two planes.

11. The loudspeaker of claim 1, further including one or more additional motors each

comprising a corresponding armature and a corresponding lever arm,

mechanically coupling each armature and the acoustic diaphragm, each of the

corresponding lever arms coupled to a corresponding pivot so that motion of each

of the corresponding armatures causes each of the corresponding lever arms to



rotate about the corresponding pivot, causing torque in a direction different than

the first direction;

wherein the one or more additional motors are positioned and dimensioned in a manner

such that the total free body torque resulting from the rotation of all of the lever

arms is less than the free body torque resulting from the rotation of one of the first

lever arm, the second lever arm or any one of the corresponding lever arms singly.

12. The loudspeaker of claim 11, each of the corresponding lever arms comprising

a lever arm first section, coupling the corresponding pivot and the corresponding

armature ;

and a lever arm second section coupling the corresponding pivot and the acoustic

diaphragm;

wherein the mass distribution of the corresponding lever arm first section and of the

corresponding armature has a corresponding first moment;

wherein the mass distribution of the corresponding lever arm second section and of the

acoustic diaphragm has a corresponding second moment; and

wherein the lesser of the corresponding first moment and the corresponding second

moment is at least 2/3 of the greater of the corresponding first moment and the

corresponding second moment.

13. The loudspeaker of claim 12 wherein the lesser of the corresponding first

moment and the corresponding second moment is at least 90% of the greater of

the corresponding first moment and the corresponding second moment.

14. A loudspeaker comprising:

a motor comprising an armature;

an acoustic diaphragm; and

a lever arm, mechanically coupling the armature and the acoustic diaphragm, the lever

arm coupled to a pivot so that motion of the armature causes oscillation of the

lever arm about the pivot;

wherein the lever arm comprises a first section, coupling the pivot and the armature;

wherein the lever arm further comprises a second section coupling the first pivot and the

acoustic diaphragm; and



wherein the mass distributions of the first section and the armature are characterized by a

first moment about the pivot;

wherein the mass distributions of the second section and the acoustic diaphragm are

characterized by a second moment about the pivot; and

wherein the lesser of the magnitude of the first moment and the magnitude of the second

moment is at least 2/3 of the larger of the magnitude of the first moment and the

magnitude of the second moment.

15. The loudspeaker of claim 14, wherein the lesser of the magnitude of the first

moment and the magnitude of the second moment is at least 90% of the larger of

the magnitude of the first moment and the magnitude of the second moment.
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