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(57) ABSTRACT

A suspension element coupled to a diaphragm and to a frame
of an acoustic device. The suspension element includes a
first surround element and a second surround element that
are located adjacent to each other. At least one of the
surround elements includes at least one or more openings.
The at least one or more openings have features of being
located at an edge of the at least one of the surround
elements adjacent to the other surround element, or being
located in both of the surround elements.
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Forming a first surround element

'

Forming a second surround element, wherein at least one of the f 804
surround elements includes at least one or more openings that are
located at an edge of the at least one ¢f the surround elements
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ACOUSTIC DEVICE CONFIGURATION AND
METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of co-pending U.S.
patent application Ser. No. 15/087,820, filed Mar. 31, 2016.
The aforementioned related patent application is herein
incorporated by reference in its entirety.

1. FIELD OF THE DISCLOSURE

[0002] The present disclosure relates in general to an
acoustic device, and more particularly, to a suspension
element of an acoustic device.

II. BACKGROUND

[0003] A user of an acoustic device enjoys hearing sounds
that are pleasant, crisp, and free of noise. Inherent design
flaws in the acoustic device can contribute to undesirable
sound heard by the user. An improperly designed suspension
element of the acoustic device may contribute directly or
indirectly to the undesirability of sound heard by the user.

III. SUMMARY

[0004] All examples and features mentioned below can be
combined in any technically possible way.

[0005] In one aspect, an acoustic device includes a dia-
phragm, a frame, and a suspension element coupled to the
diaphragm and to the frame. The diaphragm is movable in a
reciprocating manner relative to the frame. According to a
particular implementation, the suspension element includes
a first surround element and a second surround element that
are located adjacent to each other. At least one of the
surround elements includes at least one or more openings.
The at least one or more openings are configured to enable
venting of an interior of the surround elements to an exterior
of the surround elements.

[0006] According to a particular implementation, the at
least one or more openings are located at an edge of the at
least one of the surround elements adjacent to the other
surround element. According to another particular imple-
mentation, the at least one or more openings are located in
both of the surround elements.

[0007] In aparticular implementation, a spacer is disposed
between the first surround element and the second surround
element, and the spacer is disposed between contacting parts
of the surround elements. A number or placement of the
openings is based on at least one of a particular acoustic
impedance of the suspension element or a particular reso-
nance effect of the acoustic device.

[0008] In another aspect, the acoustic device includes a
spacer disposed between the first surround element and the
second surround element. In a particular implementation, the
spacer is disposed between the surround elements. For
example, the spacer may be positioned between two open-
ings defined by the first surround element and the second
surround element.

[0009] In another example, a method includes forming a
first surround element and forming a second surround ele-
ment. At least one of the surround elements includes at least
one or more openings that are located at an edge of the at
least one of the surround elements. According to a particular
implementation, forming the at least one of the surround
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elements is based on a particular acoustic impedance of the
at least one of the surround elements adjacent to the other
surround element. According to another particular imple-
mentation, forming the at least one of the surround elements
is based on a particular resonance effect of an acoustic
device.

[0010] In an implementation, the method includes cou-
pling the first surround element with the second surround
element. According to a particular implementation, coupling
the first surround element with the second surround element
includes coupling a spacer between the first surround ele-
ment and the second surround element.

[0011] In another aspect, each of the first surround element
and the second surround element include one or more
openings that are located at edges of the respective surround
element. According to a particular implementation, coupling
the first surround element with the second surround element
includes aligning the one or more openings of the first
surround element with the one or more openings of the
second surround element. According to another particular
implementation, coupling the first surround element with the
second surround element includes offsetting the one or more
openings of the first surround element relative to the one or
more openings of the second surround element.

IV. BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a top view of an exemplary acoustic
device with a suspension element;

[0013] FIG. 2 is a sectional view of an exemplary imple-
mentation of a suspension element including a surround
element having openings for venting; and

[0014] FIG. 3 is a cross-sectional view of the suspension
element shown in FIG. 2;

[0015] FIG. 4 is a cross-sectional view of the suspension
element shown in FIG. 2 and a spacer;

[0016] FIG. 5 is a sectional view of another exemplary
implementation of a suspension element including a first
surround element and a second surround element with
aligned openings for venting;

[0017] FIG. 6 is a cross-sectional view of the suspension
element shown in FIG. 5 with both surround elements
including openings for venting;

[0018] FIG. 7 is a cross-sectional view of the suspension
element shown in FIG. 5 with both surround elements
including openings for venting and a spacer in between the
surround elements; and

[0019] FIG. 8 is a flowchart that illustrates a particular
implementation of a method for forming a suspension ele-
ment.

V. DETAILED DESCRIPTION

[0020] A suspension element used in an acoustic device is
disclosed. The suspension element includes one or more
surround elements. At least one surround element (of the
suspension element) is designed or formed to include ven-
tilation (e.g., an opening or a hole) for the suspension
element. Forming the ventilation into a surround element
improves manufacturability of the acoustic device by elimi-
nating an additional component for venting. Further, form-
ing the ventilation into the surround element simplifies time
and complexity during the attachment process of the sus-
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pension element to the acoustic device as compared to an
acoustic device that does not have a surround element that
supports ventilation.

[0021] Tunable venting for dynamic operation of the sur-
round elements is achieved based on a particular geometry
of the openings. The particular geometry of the openings is
associated with one or more characteristics of at least one of
the surround elements, the suspension element, or the acous-
tic device. The one or more characteristics may be associ-
ated with acoustic impedance or resonance effect. Acoustic
impedance considerations may include a size of vents based
on flow noise, resonances, and open area vs. enclosed
volume, among other factors. Improperly formed openings
may create a ticking, buzzing, whistling, or other objection-
able noise. The suspension element may be formed using a
direct form geometry approach for venting, where openings
for venting are based on a particular acoustic impedance or
resonance effect to be achieved for the acoustic device.
[0022] Turning to FIG. 1, a top view of an exemplary
acoustic device 100 is shown. The acoustic device 100
includes a suspension element 104 coupled to a diaphragm
114 and to a frame 102. The diaphragm 114 is movable in a
reciprocating manner relative to the frame 102. The suspen-
sion element 104 is formed by a pair of opposing surround
elements each having an inner edge 106 and an outer edge
108. The inner edge 106 and the outer edge 108 are
separated by a radial width 109, or span. The suspension
element 104 includes an inner landing 110 (extending radi-
ally inward from the inner edge 106), and an outer landing
112 (extending radially outward from the outer edge 108) for
connection to the diaphragm 114 and the frame 102, respec-
tively. Handling and flatness of the suspension element 104
are improved by increasing beam thickness of the outer
landing 112. The beam thickness may be increased for one
or both outer landings of the suspension element 104.
[0023] The suspension element 104 is be coupled to the
diaphragm 114 and to the frame 102 using any suitable
method, including, but not limited to, use of an adhesive or
by melting material of the suspension element 104 to the
diaphragm 114 and the frame 102. The suspension element
104 is be made from any suitable material, including, but not
limited to, fabric, rubber, foam, metal, polymer, polyure-
thane plastic, such as thermoplastic polyurethane, or a
composite thereof. In some implementations, the suspension
element 104 includes rib and groove features (not shown)
which may enhance axial stiffness, free length, force-deflec-
tion relationships, and buckling resistance.

[0024] FIG. 2 depicts a sectional view of an exemplary
implementation of a suspension element 200 having a first
surround element that includes openings for venting. The
suspension element 200 may be the suspension element 104
of FIG. 1. The suspension element 200 includes a first
surround element 202 and a second surround element 204.
At least one of the surround elements 202, 204 is made from
at least one of fabric, rubber, foam, metal, polymer, poly-
urethane plastic, such as thermoplastic polyurethane, or a
composite thereof.

[0025] The first surround element 202 includes one or
more openings 206 (e.g., one or more features, such as one
or more grooves) located at an edge of the first surround
element 202. The openings 206 are configured to enable
ventilation of an interior (e.g., an interior environment) of
the surround elements 202, 204. As shown in FIG. 2, the
openings 206 are formed into the first surround element 202.
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Alternatively, the openings 206 are formed into the second
surround element 204, instead of the first surround element
202. In another example, the openings may be included in
both surround elements 202, 204. The openings 206 corre-
spond to any shape or geometry that conserves a specific
cross-sectional area or provides for a desired fluid flow
behavior. For instance, the openings 206 may correspond to
a semicircle or a revolved hyperbola. In an example, the
revolved hyperbola is a turned 3D hyperbola or a hyperbolic
paraboloid.

[0026] According to an implementation, the one or more
openings 206 are based on a particular acoustic impedance
of the suspension element 200. In another example, the
openings 206 are based on a particular resonance effect of an
acoustic device. The acoustic device may correspond to the
acoustic device 100 of FIG. 1. The particular acoustic
impedance or the particular resonance effect is based on a
size of the openings 206. In one aspect, the size of the
openings is based on an area of the openings 206 in relation
to (e.g., as a percentage of) an area of the suspension element
200. The size of the openings 206, or vents, of an imple-
mentation may additionally or alternatively be based on the
volume of air between the surround elements 202, 204, or
may correspond to the resonant effect of the openings (or
may be based on the glue area needed between the surround
elements 202, 204). The area of the suspension element 200
may be a surface area of the suspension element 200.
[0027] Each of the surround elements 202, 204 may be
formed via compression molding, injection molding, or
thermal forming. One or both of the surround elements 202,
204 may be made from porous material. The material of the
surround elements 202, 204 may be initially dense and very
porous. Subsequently, the surround elements 202, 204 may
be compressed to lower the porosity of the material.
[0028] In some implementations, the first surround ele-
ment 202 is coupled to the second surround element 204. For
example, the first surround element 202 is coupled (con-
nected or otherwise bonded) to the second surround element
204 by an adhesive material, such as glue, or by fusing (e.g.,
melting) the first surround element 202 to the second sur-
round element 204. While coupled, an interior chamber
(associated with a volume of air) is defined by at least the
first surround element 202 and the second surround element
204 define. Additionally, while coupled, the first surround
element 202 and the second surround element 204 form the
suspension element 200 (e.g., a single structure) having one
or more openings, such as a representative opening 206
depicted in FIG. 2. A particular opening of the one or more
openings defined by a first surface of the first surround
element 202 and a second surface of the second surround
element 204. At least one opening of the one or more
openings enables airflow from the interior chamber to an
outside environment. Additionally or alternatively, the at
least one opening enables airflow from the outside environ-
ment, via the at least one opening, to the interior chamber.
[0029] FIG. 3 depicts a cross-sectional view 300 of the
suspension element 200 of FIG. 2 without a spacer. The
cross-sectional view 300 illustrates an opening defined by
the first surround element 202 and the second surround
element 204. FIG. 4 depicts a cross-sectional view 400 of the
suspension element 200 of FIG. 2 with a spacer 402 dis-
posed between the first surround element 202 of FIG. 2 and
the second surround element 204 of FIG. 2. The spacer 402
includes thin, stiffening, or joining piece that serves as an
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intermediary between the first surround element 202 of FIG.
2 and the second surround element 204 of FIG. 2. The spacer
402 may include one or more pieces disposed across and
between the first surround element 202 of FIG. 2 and the
second surround element 204 of FIG. 2. Alternatively, the
spacer 402 may be disposed between contacting parts of the
surround elements 202, 204 of FIG. 2.

[0030] The spacer 402 is made of a material from at least
one of plastic, rubber, foam, fabric, or metal. In some
implementations, the spacer 402 may be made from a porous
material. In other implementations, the spacer 402 may be
made from a non-porous material. The spacer 402 is coupled
or bonded using any suitable method (e.g., via an adhesive
or by melting the material of the suspension element to the
spacer, among others).

[0031] FIG. 5 depicts a sectional view of another exem-
plary implementation of a suspension element 500 having a
first surround element and a second surround element that
define an interior chamber and openings for ventilating the
interior chamber. The suspension element 500 may be the
suspension element 104 of FIG. 1 or the suspension element
200 of FIG. 2. The suspension element 500 includes a first
surround element 502 and a second surround element 504.
At least one of the surround elements 502, 504 is made of
a material from at least one of fabric, rubber, foam, metal,
polymer, polyurethane plastic, such as thermoplastic poly-
urethane, or a composite thereof. The surround elements
502, 504 may include or correspond to the surround ele-
ments 202, 204 of FIG. 2.

[0032] The first surround element 502 includes one or
more openings 506 (e.g., one or more features, such as one
or more grooves) that are located at an edge of the first
surround element 502. The second surround element 504
includes one or more openings 508 (e.g., one or more
features, such as one or more grooves) that are located at an
edge of the second surround element 504. The openings 506,
508 are configured to vent an interior of the surround
elements 502, 504 with an exterior of the surround elements
502, 504. The one or more openings 506 are formed into the
surround element 502. The one or more openings 508 are
formed into the surround element 504.

[0033] As shown in FIG. 5, the openings 506 of the first
surround element 502 are aligned with the openings 508 of
the second surround element 504. For example, while the
first surround element 502 is coupled to the second surround
element 504, the first surround element 502 and the second
surround element 504 define at least one opening (corre-
sponding to an opening 506 and an opening 508). According
to another implementation, the openings 506 of the first
surround element 502 are offset relative to the openings 508
of the second surround element 504. As another example,
while the first surround element 502 is coupled to the second
surround element 504, the first surround element 502 and the
second surround element 504 define a first opening (corre-
sponding to an opening 506) and define a second opening
(corresponding to an opening 508).

[0034] According to a particular example, the openings
506, 508 are based on a particular acoustic impedance of the
suspension element 500. In an implementation, the openings
506, 508 are based on a particular resonance effect of an
acoustic device. The acoustic device may correspond to the
acoustic device 100 of FIG. 1. The acoustic impedance or
the resonance effect is based on a size of the openings 506,
508. In one aspect, the size of the openings is based on an
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area of the openings 506, 508 in relation to an area of the
suspension element 500. The area of the suspension element
500 may be a surface area of the suspension element 500.
[0035] FIG. 6 depicts a cross-sectional view 600 of the
suspension element 500 of FIG. 5 without a spacer. The
cross-sectional view 600 illustrates an opening defined by
the first surround element 502 and the second surround
element 504. FIG. 7 is a cross-sectional view 700 of the
suspension element 500 of FIG. 5 with a spacer 702 dis-
posed between the first surround element 502 of FIG. 5 and
the second surround element 504 of FIG. 5. The spacer 702
includes a stiffening, or joining piece that serves as an
intermediary between the first surround element 502 of FIG.
5 and the second surround element 504 of FIG. 5. The spacer
702 may be disposed between contacting parts of the sur-
round elements 502, 504 of FIG. 5.

[0036] The spacer 702 is made of a material from at least
one of plastic, rubber, foam, fabric, or metal. The spacer 702
may be made from a porous material. Alternatively, the
spacer 702 may be made from a non-porous material. The
spacer 702 is coupled or bonded using any suitable method
(e.g., via an adhesive or by melting the material of the
suspension element to the spacer, among others).

[0037] FIG. 8 depicts a flowchart diagram representing a
particular example of a method 800 for forming a suspen-
sion element. The suspension element may be the suspen-
sion element 104 of FIG. 1. According to a particular
implementation, the suspension element may be the suspen-
sion element 200 of FIG. 2. According to another particular
implementation, the suspension element may be the suspen-
sion element 500 of FIG. 5.

[0038] The method 800 includes, at 802, forming a first
surround element. According to an implementation, the first
surround element may be the first surround element 202 of
FIG. 2. According to another implementation, the first
surround element may be the first surround element 502 of
FIG. 5. The first surround element may be formed via
compression molding, injection molding, or thermal form-
ing.

[0039] The method 800 also includes, at 804, forming a
second surround element. At least one of the surround
elements includes at least one or more openings (e.g.,
features or grooves) that are located at an edge of the at least
one of the surround elements. According to an implemen-
tation, the second surround element may be the second
surround element 204 of FIG. 2. According to another
implementation, the second surround element may be the
second surround element 504 of FIG. 5. The second sur-
round element may be formed via compression molding,
injection molding, or thermal forming.

[0040] In one aspect, forming the at least one of the
surround elements is based on at least one of a particular
acoustic impedance of the at least one of the surround
elements adjacent to the other surround element or a par-
ticular resonance effect of an acoustic device. In an imple-
mentation, the at least one of the particular acoustic imped-
ance or the particular resonance effect is based on a size of
the at least one or more openings. According to a particular
implementation, the one or more openings may correspond
to the one or more openings 206 of FIG. 2. According to
another particular implementation, the one or more openings
may correspond to the one or more openings 506, 508 of
FIG. 5. The size of the at least one or more openings is based
on an area of the at least one or more openings in relation to
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(e.g., as a percentage of) an area of the surround elements.
According to an implementation, the surround elements may
be the surround elements 202, 204 of FIG. 2. According to
another implementation, the surround elements may be the
surround elements 502, 504 of FIG. 5.

[0041] According to an implementation, the first surround
element includes at least one or more openings that are
located at an edge of the at least one of the surround
elements. The first surround element may be the first sur-
round element 202 of FIG. 2. According to another imple-
mentation, both of the surround elements include at least one
or more openings (e.g., one or more features, such as
grooves, channels, etc.). According to a particular imple-
mentation, the at least one or more openings are located at
edges of the surround elements. The surround elements may
be the surround elements 502, 504 of FIG. 5.

[0042] In another aspect, the method 800 may include
coupling the first surround element with the second surround
element. In an example, the coupling may be illustrated by
the cross-sectional view 300 of FIG. 3. In another example,
the coupling may be illustrated by the cross-sectional view
600 of FIG. 6. According to a particular implementation, the
coupling of the first surround element with the second
surround element includes coupling a spacer between the
first surround element and the second surround element. In
an example, the coupling may be illustrated by the cross-
sectional view 400 of FIG. 4. In another example, the
coupling may be illustrated by the cross-sectional view 700
of FIG. 7.

[0043] According to an implementation, the coupling of
the first surround element with the second surround element
includes aligning the at least one or more openings of the
first surround element with the at least one or more openings
of the second surround element. In an example, the aligning
of the at least one or more openings is illustrated by the
suspension element 500 of FIG. 5. According to another
implementation, the coupling of the first surround element
with the second surround element includes offsetting the at
least one or more openings of the first surround element
relative to the at least one or more openings of the second
surround element. In another aspect, the method 800 may
include compressing the first surround element to achieve a
less porous material.

[0044] As with the above described flowchart and all
examples disclosed herein, those skilled in the art may make
numerous uses and modifications of and departures from the
specific apparatus and disclosed techniques without depart-
ing from the overall concepts. For example, selected imple-
mentations of a suspension element in accordance with the
present disclosure may include all, fewer, or different com-
ponents than those described with reference to one or more
of the preceding figures. Spacers and vent through-hole
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tangency may be present or selectively absent from imple-
mentations. The disclosed examples should be construed as
embracing each and every novel feature and novel combi-
nation of features present in or possessed by the apparatus
and techniques disclosed herein and limited only by the
scope of the appended claims, and equivalents thereof.

1. An acoustic device comprising:

a frame;

a diaphragm; and

a suspension element that couples the diaphragm to the

frame such that the diaphragm is movable in a recip-
rocating manner relative to the frame, the suspension
element comprising a first surround element and a
second surround element that are located adjacent to
each other, wherein both surround elements include at
least one opening.

2. The acoustic device of claim 1, further comprising a
spacer disposed between the first surround element and the
second surround element.

3. The acoustic device of claim 2, wherein the spacer is
disposed between the first surround element and the second
surround element, and wherein the at least one opening is
configured to vent an interior of the surround elements with
an exterior of the surround elements.

4. The acoustic device of claim 1, wherein a number or
placement of the at least one opening corresponds to at least
one of a particular acoustic impedance of the suspension
element or a particular resonance effect of the acoustic
device.

5. A method of manufacturing a suspension element of a
speaker system, the method comprising:

forming a first surround element; and

forming a second surround element; and

forming at least one opening positioned proximate an

edge of either the first or second surround elements.

6. The method of claim 5, further comprising coupling the
first surround element with the second surround element.

7. The method of claim 6, wherein coupling the first
surround element with the second surround element com-
prises coupling a spacer between the first surround element
and the second surround element.

8. The method of claim 5, further comprising aligning a
first opening of the first surround element with a second
opening of the second surround element.

9. The method of claim 5, further comprising offsetting a
first opening of the first surround element relative to a
second opening of the second surround element.

10. The method of claim 5, further comprising compress-
ing at least one of the first surround element, the second
surround element, or a spacer to achieve a less porous
material.



