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GRILLE FOR ELECTROACOUSTIC TRANSDUCER

BACKGROUND

[0001] This disclosure relates to a grille for an electroacoustic transducer. In conventional

automobiles, manufacturers mount electroacoustic transducers in a variety of locations. For
example, manufacturers typically mount electroacoustic transducers on a rear deck portion of the
automobile and on the front and/or rear doors of the vehicle. Alternately, manufacturers, mount
the electroacoustic transducers to the seat or headrest of the vehicle. In this configuration, the
electroacoustic transducers are disposed in proximity to a passenger’s ears which allows the
passenger to hear music provided by the automobile’s associated audio device at a comfortable

sound intensity.

[0002] For example, U.S. Patent Application Publication 2010/0148550 relates to an audio
headrest that attaches to a seat back of a seat assembly in a vehicle. The audio headrest is
removably attached to the seat back of the seat assembly and supports a user's head when the
user is seated on the seat while supplying audio to the user. The audio headrest includes at least
one speaker, a receiver, and an attachment mechanism to attach to the seat back of the seat
assembly. The speaker projects audio to the user. The receiver receives a signal from a source,
such as a DVD player, a radio, etc. The attachment mechanism attaches the audio headrest to the

seat back.

SUMMARY
[0003] With certain conventional automobiles, manufacturers typically mount speakers (i.e.,
electroacoustic transducers and rigid, protective grille covers) to each headrest in the vehicle
with each transducer being disposed in proximity to each of the passenger’s ears, such as
provided in U.S. Patent Application Publication 2010/0148550. To optimize audio performance
of the transducers, a manufacturer ideally designs the headrest hold the distance between the two
speakers within a relatively narrow range. However, to minimize injury to passengers,
automotive safety regulations require that rigid surfaces cannot be disposed within a 140 mm
central area of the headrest. Accordingly, in conventional headrests, manufacturers mount the
speakers to the headrest at a greater than 140 mm offset from each other, which can affect audio

performance.
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[0004] In one aspect, a grille for an electroacoustic transducer includes a frame defining a
length, a width, and a depth, the frame configured to cover at least a portion of the
electroacoustic transducer, and the frame configured as substantially acoustically transparent
relative to the electroacoustic transducer, with the frame having an energy absorption capacity
such that for a mass of 6.8 kg impacting the frame at a speed of 24.1 km/h, the 3 ms deceleration

is no more than 80 gs.

[0005] Embodiments may include one of the following features, or any combination thereof.
The frame may include a material having a durometer of between about Shore A 50 and Shore A
90. The frame can be made at least in part of a thermoplastic elastomer material. The frame
may have a wall thickness of between about 1.0 millimeters and 3.5 millimeters. The frame may
define an open area of between about 30% and 50%. The frame may have a first wall and a
second wall disposed substantially perpendicular to the first wall, the first wall and the second

wall defining the open area of between about 30% and 50%.

[0006] Further embodiments may include one of the following features, or any combination
thereof. The frame may be made from a first material configured as a core of the grille, the first
material having a first durometer value, and a second material disposed about the outer surface of
the first material, the second material having a second durometer value, the second durometer
value being less than the first durometer value. The frame may have a first wall, a second wall
disposed substantially perpendicular to the first wall, and a set of ribs extending between the first
wall and the second wall. The frame may have a first frame portion defining a length, a width,
and a depth, the first frame portion configured to cover at least a portion of a first electroacoustic
transducer, and the first frame portion configured as substantially acoustically transparent
relative to the first electroacoustic transducer, a second frame portion defining a length, a width,
and a depth, the second frame portion configured to cover at least a portion of a second
electroacoustic transducer, and the second frame portion configured as substantially acoustically
transparent relative to the second electroacoustic transducer, and a third frame portion between
the first frame portion and the second frame portion, the third frame portion configured to extend
along at least a portion of a length of a headrest. The third frame portion may be configured to

extend a distance between 140 mm and 170mm along the length of the headrest.



WO 2014/158711 PCT/US2014/019450
A-12-036-WO

[0007] In another aspect, an automobile headrest system includes a headrest having a frame, a
reaction plate coupled to the frame, a cushion material disposed about the frame and reaction
plate, a first electroacoustic transducer disposed at a first end of the headrest, and a second
electroacoustic transducer disposed at a second end of the headrest, where the first end opposes
the second end. There is a first grille disposed in proximity to the first electroacoustic
transducer, and a second grille disposed in proximity to the second electroacoustic transducer.
Each of the first grille and the second grille comprises a frame defining a length, a width, and a
depth, the frame configured as substantially acoustically transparent relative to the
electroacoustic transducer, the frame having an energy absorption capacity such that for a mass

of 6.8 kg impacting the frame at a speed of 24.1 km/h, the 3 ms deceleration is no more than 80

gs.

[0008] Embodiments may include one of the following features, or any combination thereof.
The frame comprises a material having a durometer of between about Shore A 50 and Shore A
90. The frame can be made at least in part of a thermoplastic elastomer material. The frame
may have a wall thickness of between about 1.0 millimeters and 3.5 millimeters. The frame may
define an open area of between about 30% and 50%. The frame may have a first wall and a
second wall disposed substantially perpendicular to the first wall, the first wall and the second

wall defining the open area of between about 30% and 50%.

[0009] Further embodiments may include one of the following features, or any combination
thereof. The frame may be made from a first material configured as a core of the grille, the first
material having a first durometer value, and a second material disposed about the outer surface of
the first material, the second material having a second durometer value, the second durometer
value being less than the first durometer value. The frame may have a first wall, a second wall
disposed substantially perpendicular to the first wall, and a set of ribs extending between the first
wall and the second wall. The frame may have a first frame portion defining a length, a width,
and a depth, the first frame portion configured to cover at least a portion of a first electroacoustic
transducer, and the first frame portion configured as substantially acoustically transparent
relative to the first electroacoustic transducer, a second frame portion defining a length, a width,
and a depth, the second frame portion configured to cover at least a portion of a second

electroacoustic transducer, and the second frame portion configured as substantially acoustically
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transparent relative to the second electroacoustic transducer, and a third frame portion between
the first frame portion and the second frame portion, the third frame portion configured to extend
along at least a portion of a length of a headrest. The third frame portion may be configured to
extend a distance between 140 mm and 170mm along the length of the headrest. The cushion

material may make up the third frame portion.

[00010] In yet another aspect the automobile headrest system includes a headrest having a
frame, a reaction plate coupled to the frame, a cushion material disposed about the frame and
reaction plate, a first electroacoustic transducer disposed at a first end of the headrest, and a
second electroacoustic transducer disposed at a second end of the headrest, the first end opposing
the second end. There is a grille disposed in proximity to the first electroacoustic transducer and
the second electroacoustic transducer, the grille comprising a frame defining a length, a width,
and a depth, the frame configured as substantially acoustically transparent relative to the
electroacoustic transducer, the frame having an energy absorption capacity such that for a mass

of 6.8 kg impacting the frame at a speed of 24.1 km/h, the 3 ms deceleration is no more than 80

gs.

[00011] All examples and features mentioned can be combined in any technically possible way.

BRIEF DESCRIPTION OF THE DRAWINGS
[00012] The foregoing and other objects, features and advantages will be apparent from the

following description of particular embodiments of the innovation, as illustrated in the
accompanying drawings in which like reference characters refer to the same parts throughout the
different views. The drawings are not necessarily to scale, emphasis instead being placed upon

illustrating the principles of various embodiments of the innovation.

[00013] Fig. 1 illustrates an automobile headrest system, according to one arrangement.

[00014] Fig. 2 illustrates a headrest and grille for an electroacoustic transducer of the

automobile headrest system of Fig. 1, according to one arrangement.

[00015] Fig. 3 illustrates a headrest and grille for a set of electroacoustic transducers of the

automobile headrest system of Fig. 1, according to one arrangement.
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[00016] Fig. 4 illustrates a rear perspective view of the grille of Fig. 3, according to one

arrangement.

DETAILED DESCRIPTION

[00017] To allow a manufacturer to minimize the distance between the electroacoustic

transducers, arrangements of the innovation relate to a substantially flexible grille for an
electroacoustic transducer. In one arrangement, the grille is manufactured from a material that
substantially simulates the foam headrest material and provides a degree of rigidity to the fabric
covering over the headrest. Accordingly, with the grille being manufactured from a relatively
flexible material, the manufacturer can mount the electroacoustic transducers at a relatively close
distance (e.g., within a 140 mm central area) while both adequately supporting the perforated or
acoustically transparent headrest covering material and complying with automotive safety

regulations.

[00018] Fig. 1 illustrates an automobile headrest system 10, according to one arrangement, that
includes a headrest 11 having a frame 12, a reaction plate 14 coupled to the frame 12, and a
cushion material 16 disposed about at least a portion of the frame 12 and reaction plate 14. In
one arrangement, the headrest system 10 defines a cushion length 18 of between about 140 mm
and 170 mm to support a user’s head during use and to comply with automotive safety
regulations. It should be noted that the overall length 24 of the headrest system 10 can be greater
than the cushion length 18.

[00019] The frame 12 is configured to couple the headrest system 10 to an automobile seat (not
shown). For example, the frame 12 includes first and second frame elements 20, 22 configured

to insert within, and secure to, openings in the back of the automobile seat.

[00020] The reaction plate 14 is configured to support a user’s head and minimize hyper rotation
of the user’s head and neck (e.g., whiplash) in the event of relatively sudden automobile
acceleration, for example as might occur in the in case of a rear-end collision. In one
arrangement, the reaction plate 14 is manufactured from a stamped steel plate and is secured to

the frame 12 using a variety of fastening techniques.
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[00021] The cushion material 16 covers at least a portion of the frame 12 and the reaction plate
14 and is configured to support and absorb the energy generated by a user’s head as might occur
in a rear-end collision. For example, the cushion material 16 can have an energy absorption that
meets automotive head restraint safety requirements; in one case safety requirements dictate that
for a spherical mass of 6.8 kg travelling at 24.1 km/h, the 3 ms deceleration must not exceed 80
gs. While the cushion material 16 can be selected from a variety of materials, in one

arrangement, the cushion material 16 is a foam rubber material.

[00022] The headrest system 10 also includes electroacoustic transducers disposed within the
headrest 11 at a distance from a head support surface 25 of the headrest 11 (i.e., such that the
leading faces of the electroacoustic transducers are disposed at a location distal to the reaction
plate 14) and which are configured to provide an acoustic audio signal 26 to a user. For
example, the headrest system 10 can include a first set of electroacoustic transducers 28 disposed
at a first end 30 of the headrest 11 and a second set of electroacoustic transducers 32 disposed at
a second end 34 of the headrest 11. While the first and second sets of electroacoustic transducers
28, 32 can be disposed at a variety of distances from each other, in one arrangement, the
centerlines 36, 38 of the respective first and second sets of transducers 28, 32 are disposed at a
distance 40 of between about 100 and 160 mm from each other. In one non-limiting example
distance 40 is about 130 mm. With such spacing, the first and second sets of transducers 28, 32

are disposed at a distance 40 that can be less than 140 mm, to maximize audio performance.

[00023] With additional reference to Fig. 2, the headrest system 10 further includes one or more
grilles. For example, the headrest system 10 includes a first grille 50 disposed in proximity to
the first set of electroacoustic transducers 28 and a second grille 52 disposed in proximity to the
second set of electroacoustic transducers 32. The first and second grilles 50, 52 can be installed
relative to the headrest 11 in a variety of ways. For example, a manufacturer can attach the first
grille 50 to the first end 30 of the headrest 11 and the second grille 52 to the second end 34 of the
headrest 11, such as by using an adhesive, and can then cover the head rest 11 and grilles 50, 52
with a leather, cloth or fabric covering (not shown). In another example, a manufacturer can
bond the first and second grilles 50, 52 to a leather, cloth or fabric covering prior to disposing the

grille and covering assembly about the headrest 11.
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[00024] Each grille 50, 52 is configured to protect its corresponding set of electroacoustic
transducers 28, 32. Taking the first grille 50 as an example, the grille 50, in one arrangement,
includes a frame 54 defining a length 56, a width 58, and a depth 60 and having a first wall 62
and a second wall 64 disposed substantially perpendicular to the first wall 62. With such a
configuration, the grille 50 is configured to surround and protect the set of electroacoustic
transducers 28 and to limit the ability of a user to directly contact and potentially damage the

transducers 28.

[00025] The frame 54 is also configured as being substantially acoustically transparent relative
to the set of electroacoustic transducers 28. With such a configuration, the frame 54 allows

acoustic audio signals 26 to travel from the set of electroacoustic transducers 28 to the user with
minimal, if any, attenuation. For example, each of the first and second walls 62, 64 define a set

of openings 66 which provides the grille 50 with a particular open area.

[00026] Additionally, because the first wall 62 of the frame 54 extends into the cushion length
18 of the headrest system 10, in order to comply with conventional automotive safety
regulations, the grille 50 is manufactured to have an energy absorption characteristic that is
substantially equal to the energy absorption characteristic of the cushion material 16. For
example, the grille 50 is configured with an energy-absorption characteristic at least as good as
the foam materials used in automotive headrests, e.g., meeting the 80 gs standard described
above. With the energy absorption of the cushion material 16 and grilles 50, 52 being
substantially equal, in the event of an automobile accident (e.g., a rear-end collision), as a user’s
head rotates into the headrest system 10, the head compresses both the headrest 11 and the grilles
50, 52. Such compression allows the reaction plate 14 to absorb a majority of the force

generated by the head in the case of a collision.

[00027] Accordingly, with the energy absorption of the grilles 50, 52 being substantially equal
to that of the cushion material 16, the grilles 50, 52 protect the sets of electroacoustic transducers
28, 32 while maintaining a degree of flexibility. With such flexibility, the grilles 50, 52 can
extend into the 140 mm cushion area 18 of the headrest 11 while complying with conventionally

required automotive regulations. In turn, such grille positioning allows the sets of
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electroacoustic transducers 28, 32 to be disposed within the 140 mm central area of the headrest

11, thereby improving audio performance relative to conventional headrest systems.

[00028] As indicated above, the grilles 50, 52 can be configured with at least the energy
absorption required to meet automotive head restraint safety requirements, such as the safety
requirement that dictates that for a spherical mass of 6.8 kg travelling at 24.1 km/h, the 3 ms
deceleration must not exceed 80 gs. A variety of factors can influence the energy absorption of
the grilles. For example, factors such as the material properties and structure of the grilles 50, 52

can contribute to the energy absorption of the grilles 50, 52.

[00029] In one arrangement, taking grille 50 as an example, the frame 54 is manufactured from
a compliant material, such as a thermoplastic elastomer (TPE) material. TPE materials are
rubber-like materials that can be molded to a variety of durometers, such as durometers of
between about Shore A 50 and Shore A 90, and that exhibit both rubber-like, as well as plastic-
like, qualities. Additionally, the frame 54 can be manufactured from a variety of other materials
having a durometer of between about Shore A 50 and Shore A 90, or having greater or lesser
hardness, provided that the energy absorption of the structure is within the required range. The

grille preferably has a thickness of from about 1.0 to about 3.5 mm.

[00030] In one arrangement, the grille 50 is manufactured from multiple materials, such as in a
two-shot molding process. For example, the grille 50 can include a first material configured as a
core of the grille, the first material defining a first durometer value and a first stiffness sufficient
to provide the support required of the grille. The grille 50 can also include a second material
disposed about the outer surface of the first material, the second material defining a second
durometer value, the second durometer value being less than the first durometer value. With
such a configuration, the grille 50 includes a relatively rigid core to protect the set of
electroacoustic transducers 28 and a relatively compliant coating configured to compress in
response to loading. The increased compliance of the outer coating when combined with the

compliance of the more-rigid core results in an energy absorption within the desired range.

[00031] Additionally, the structural properties of the grilles 50, 52 can influence the energy

absorption characteristic. For example, as indicated above, the grilles 50, 52 each define a given



WO 2014/158711 PCT/US2014/019450
A-12-036-WO

open area. In one arrangement, taking grille 50 as an example, the frame 54 defines an open area
of between about 30% and 50%. With such an open area, the frame 54 minimally attenuates the
acoustic audio signals 26 provided by the corresponding electroacoustic transducers 28 while

maintaining flexibility of the grille 50 under loading conditions.

[00032] In one arrangement, the wall thickness 68 of the frame 54 can influence the energy
absorption characteristic. For example, with a wall thickness 68 of between about 1.0
millimeters and 3.5 millimeters, the frame 54 maintains the structural integrity of the grille 50 to

protect the electroacoustic transducers 28 and retains flexibility under loading conditions.

[00033] In one arrangement, additional structural components of the frame 54 can influence the
energy absorption characteristic. For example, with continued reference to Fig, 2, the grille 50
includes a set of ribs 70 extending between the first wall 62 and the second wall 64. In one
arrangement, the set of ribs 70 are formed from the same material as the frame 54, such as via a
molding process. The set of ribs 70 are configured to maintain the structural integrity of the
grille 50 to protect theelectroacoustic transducers 28 and retains flexibility under loading

conditions.

[00034] As indicated in Fig 2, the headrest system 10 includes individual grilles 50, 52 for each
set of electroacoustic transducers 28, 34. Such indication is by way of example, only. In one
arrangement, as illustrated in Figs. 3 and 4, a headrest system 100 includes a single grille 104
configured to couple to the headrest 102, cover both sets of electroacoustic transducers, and
extend along a length 106 of the headrest 102. For example, the grille 104 includes a first frame
portion 108 configured to cover at least a portion of a first electroacoustic transducer. The first
frame portion 108 defines an open area and is configured as substantially acoustically transparent
relative to the first electroacoustic transducer. The grille 104 includes a second frame portion
110 configured to cover at least a portion of a second electroacoustic transducer. The second
frame portion 110 also defines an open area and is configured as substantially acoustically
transparent relative to the second electroacoustic transducer. The grille 104 includes a third
frame portion 112 between the first frame portion 108 and the second frame portion 110. The
third frame portion 112 is configured to extend along a length 114 of the headrest 102, such as

along a distance 114 of between 140 mm and 170mm.
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[00035] The grille 104 is configured with the stated energy absorption. With such energy
absorption, the frame portions 108, 110, 112 can extend into the 140 mm cushion area 114 of the
headrest 102 while complying with conventionally required automotive regulations. In turn, the
grille 104 allows the sets of electroacoustic transducers 28, 32to be disposed within the 140 mm
central area 114 of the headrest 102, thereby improving audio performance relative to

conventional headrest systems.

[00036] A number of implementations have been described. Nevertheless, it will be understood
that additional modifications may be made without departing from the scope of the inventive
concepts described herein, and, accordingly, other embodiments are within the scope of the

following claims. What is claimed is:

10
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1. A grille for an electroacoustic transducer, comprising:

a frame defining a length, a width, and a depth, the frame configured to cover at least a
portion of the electroacoustic transducer, and the frame configured as substantially acoustically
transparent relative to the electroacoustic transducer, and

the frame having an energy absorption capacity such that for a mass of 6.8 kg impacting

the frame at a speed of 24.1 km/h, the 3 ms deceleration is no more than 80 gs.

2. The grille of claim 1, wherein the frame comprises a material having a durometer of

between about Shore A 50 and Shore A 90.

3. The grille of claim 1, wherein the frame comprises a thermoplastic elastomer material.

4. The grille of claim 1, wherein the frame comprises a wall thickness of between about 1.0

millimeters and about 3.5 millimeters.

S. The grille of claim 1, wherein the frame defines an open area of between about 30% and
50%.
6. The grille of claim 5, wherein the frame comprises a first wall and a second wall disposed

substantially perpendicular to the first wall, the first wall and the second wall defining the open

area of between about 30% and 50%.

7. The grille of claim 1, wherein the frame comprises:

a first material configured as a core of the grille, the first material having a first
durometer value; and

a second material disposed about the outer surface of the first material, the second
material having a second durometer value, the second durometer value being less than the first

durometer value.

8. The grille of claim 1, wherein the frame comprises:

a first wall;

11
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a second wall disposed substantially perpendicular to the first wall; and

a set of ribs extending between the first wall and the second wall.

9. The grille of claim 1, wherein the frame comprises:

a first frame portion defining a length, a width, and a depth, the first frame portion
configured to cover at least a portion of a first electroacoustic transducer, and the first frame
portion configured as substantially acoustically transparent relative to the first electroacoustic
transducer;

a second frame portion defining a length, a width, and a depth, the second frame portion
configured to cover at least a portion of a second electroacoustic transducer, and the second
frame portion configured as substantially acoustically transparent relative to the second
electroacoustic transducer; and

a third frame portion between the first frame portion and the second frame portion, the

third frame portion configured to extend along at least a portion of a length of a headrest.

10. The grille of claim 9, wherein the third frame portion is configured to extend a distance

between 140 mm and 170mm along the length of the headrest.

11. An automobile headrest system, comprising:
a) a headrest having:
a frame,
a reaction plate coupled to the frame,
a cushion material disposed about the frame and reaction plate,
a first electroacoustic transducer disposed at a first end of the headrest,
a second electroacoustic transducer disposed at a second end of the headrest, the
first end opposing the second end;
b) a first grille disposed in proximity to the first electroacoustic transducer; and
c¢) a second grille disposed in proximity to the second electroacoustic transducer;
wherein each of the first grille and the second grille comprises a frame defining a length,
a width, and a depth, the frame configured as substantially acoustically transparent relative to the

electroacoustic transducer, the frame having an energy absorption capacity such that for a mass

12
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of 6.8 kg impacting the frame at a speed of 24.1 km/h, the 3 ms deceleration is no more than 80
gs.

12. The automobile headrest system of claim 11, wherein the frame comprises a material

having a durometer of between about Shore A 50 and Shore A 90.

13. The automobile headrest system of claim 11, wherein the frame comprises a

thermoplastic elastomer material.

14. The automobile headrest system of claim 11, wherein the frame comprises a wall

thickness of between about 1.0 millimeters and about 3.5 millimeters

15. The automobile headrest system of claim 11, wherein the frame defines an open area of

between about 30% and 50%.

16. The automobile headrest system of claim 15, wherein the frame comprises a first wall
and a second wall disposed substantially perpendicular to the first wall, the first wall and the

second wall defining the open area of between about 30% and 50%.

17. The automobile headrest system of claim 11, wherein the frame comprises:

a first material configured as a core of the grille, the first material having a first
durometer value; and

a second material disposed about the outer surface of the first material, the second
material having a second durometer value, the second durometer value being less than the first

durometer value.

18. The automobile headrest system of claim 11, wherein the frame comprises:
a first wall;
a second wall disposed substantially perpendicular to the first wall; and

a set of ribs extending between the first wall and the second wall.

13
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19. The automobile headrest system of claim 11, wherein the frame comprises:

a first frame portion defining a length, a width, and a depth, the first frame portion
configured to cover at least a portion of a first electroacoustic transducer, and the first frame
portion configured as substantially acoustically transparent relative to the first electroacoustic
transducer;

a second frame portion defining a length, a width, and a depth, the second frame portion
configured to cover at least a portion of a second electroacoustic transducer, and the second
frame portion configured as substantially acoustically transparent relative to the second
electroacoustic transducer; and

a third frame portion between the first frame portion and the second frame portion, the

third frame portion configured to extend along at least a portion of a length of a headrest.

20. The automobile headrest system of claim 19, wherein the third frame portion is
configured to extend a distance of between about 140 mm and 170mm along the length of the

headrest.

21. The automobile headrest system of claim 19, wherein the cushion material comprises the

third frame portion.

22. An automobile headrest system, comprising:
a) a headrest having:
a frame,
a reaction plate coupled to the frame,
a cushion material disposed about the frame and reaction plate,
a first electroacoustic transducer disposed at a first end of the headrest,
a second electroacoustic transducer disposed at a second end of the headrest, the
first end opposing the second end; and
b) a grille disposed in proximity to the first electroacoustic transducer and the second
electroacoustic transducer, the grille comprising a frame defining a length, a width, and a depth,

the frame configured as substantially acoustically transparent relative to the electroacoustic

14
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transducer, the frame having an energy absorption capacity such that for a mass of 6.8 kg

impacting the frame at a speed of 24.1 km/h, the 3 ms deceleration is no more than 80 gs.
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