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(57) ABSTRACT

A window assembly for a vehicle includes a window panel, a
frame portion and an actuating assembly. The frame portion is
disposed partially around a perimeter of the window panel
and not disposed at a free perimeter portion of the window
panel. The actuating assembly is positioned at or near the free
perimeter portion of the window panel and is operable to
vibrate the window panel. The frame portion may fixedly
secure a fixed perimeter portion of the window panel at the
vehicle, and the fixed perimeter portion may be substantially
opposite from the free perimeter portion. The window assem-
bly is configured to allow flexing along other perimeter por-
tions of the window panel between the fixed perimeter portion
and the free perimeter portion.
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ACOUSTICAL WINDOW ASSEMBLY FOR
VEHICLE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation of U.S.
patent application, Ser. No. 12/741,676, filed May 6, 2010
(Attorney Docket MAGO6 P-14477), which is a 371 U.S.
national phase filing of PCT Application No. PCT/US08/
82583, filed Nov. 6, 2008, which claims the benefit of U.S.
provisional application Ser. No. 60/985,801, filed Nov. 6,
2007, which are hereby incorporated herein by reference in
their entireties. The present application is also a continuation-
in-part of U.S. patent application Ser. No. 12/088,560, filed
Mar. 28, 2008, now U.S. Pat. No. 8,180,065, which is a 371
U.S. national phase application of PCT Application No. PCT/
US06/40100, filed Oct. 12, 2006, which claims the benefit of
U.S. provisional application, Ser. No. 60/726,343, filed Oct.
13, 2005.

FIELD OF THE INVENTION

[0002] The present invention relates to a window assembly
for a vehicle and, more particularly, a window assembly that
includes a perimeter frame and a window panel and that may
be installed in a. vehicle as a unit or as separate components.

BACKGROUND OF THE INVENTION

[0003] It is known to provide a window assembly in a
vehicle that includes a perimeter frame that is mounted or
attached to a vehicle in a variety of ways, such as by adhesive
or fasteners or the like. The window assembly is substantially
sealed to the vehicle and around its perimeter edge regions to
limit leakage at the window.

[0004] Sound systems for vehicles have become increas-
ingly complicated and sophisticated as vehicle owners desire
enhanced sound quality in their vehicles. However, vehicle
manufacturers often encounter packaging difficulties when
attempting to fit large speakers, such as sub-woofers or the
like, within the vehicle to provide the desired enhanced sound
quality. It has been proposed to provide an audio speaker for
a vehicle sound system by vibrating a panel of the vehicle,
such as a window or trim panel or the like of the vehicle. Such
audio devices have had the vibrating device or actuator dis-
posed directly at the panel, and thus are highly dependant on
the precise location of the actuator at the glass, typically at a
central region of-the panel or panel portion that is to be
vibrated, and are highly dependent on the resonant frequen-
cies of the panel.

SUMMARY OF THE INVENTION

[0005] The present invention provides a window assembly
that includes a transparent glass window panel (or at least
partially transparent or translucent, such as a tinted glass
window panel or the like, or other type of window panel, such
as a polycarbonate or plastic or laminate window panel or the
like) and an actuating device or actuating assembly operable
to vibrate the window panel to produce audible sound for a
vehicle sound system, such as for a vehicle radio or CD player
or a telematics system of the vehicle. The window assembly
includes a frame that partially encompasses the perimeter of
the window panel, whereby the actuating assembly is posi-
tioned at or near a perimeter edge or region of the window
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panel and functions to vibrate the window panel to produce
the desired acoustics or audible sound.

[0006] According to an aspect of the present invention, an
acoustical window assembly or glass panel speaker or win-
dow speaker includes a window panel or transparent panel, a
first mounting portion for mounting a first perimeter region of
the window panel to a vehicle structure, a second mounting
portion for mounting a second perimeter region of the win-
dow panel to the vehicle structure, and an actuating assembly.
The first mounting portion substantially fixedly mounts the
first perimeter region of the window panel relative to the
vehicle structure and the second mounting portion includes a
flexible element to allow for movement of the second perim-
eter region of the window panel toward and away from the
vehicle structure. The actuating assembly is positioned at an
actuating region of the window panel and has a substantially
rigid interface element engaging the actuating region of the
window panel. The actuating assembly is operable to vibrate
the window panel via vibration of the interface element rela-
tive to the vehicle structure.

[0007] Vibration of the window panel generates audible
sounds when the actuating assembly is operated, so as to
function as a speaker for the vehicle audio system or telemat-
ics system or the like. The window panel may be vibrated ata
frequency between about 20 Hz and about 200 Hz or there-
abouts when the actuating assembly is operated to generate
the desired range of sounds. Optionally, the window panel
may comprise any window of the vehicle, such as, for
example, a rear window or backlite of a vehicle, a windshield
of a vehicle, a side window of a vehicle, a side door window
of a vehicle, a moonroof of a vehicle or a sunroof of a vehicle.
The present invention is particularly suitable for application
at a fixed window of a vehicle, such as a windshield, rear
backlite, side window, moonroof or the like. However, it is
envisioned that aspects of the present invention may be suited
for application at movable windows as well, such as, for
example, in liftgate window applications (such as, for
example, conventional liftgates and/or glass liftgates with the
hinges and latches and other hardware bonded to the glass or
polycarbonate or laminate window panel) and sunroof appli-
cations and/or the like,

[0008] The actuating assembly or actuator may comprise a
piezoelectric actuator that functions to vibrate at or near the
perimeter portion of the window panel. The piezoelectric
actuator may function to excite an exciter device that converts
the vibration of the actuator to the desired vibration or move-
ment at the window panel (such as a movement toward and
away from the window panel to impart the inward/outward
movement or vibration of the window panel at the perimeter
portion of the window panel). A perimeter seal along the
frame portion or mounting portion of the window panel sub-
stantially seals the window panel at the vehicle during the
movement or vibration of the window panel.

[0009] The exciter device provides a substantially rigid
interface at the window panel and at the vehicle frame or sheet
metal to limit or substantially preclude flexing of the interface
portions of the exciter. Thus, the actuator and exciter device
function to provide substantially uniform or non. bending
movement or vibration of the window panel with minimal
flexing of the exciter and/or the perimeter portion of the
window panel during operation of the actuator. Thus, the
present invention avoids bending motion of the window panel
during operation of the actuator.
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[0010] According to another aspect of the present inven-
tion, a window assembly for a vehicle comprises:

[0011] awindow panel having a first perimeter region and a
second perimeter region;

[0012] a first mounting portion for mounting said first
perimeter region of said window panel to a vehicle structure,
said first mounting portion substantially fixedly mounting
said first perimeter region of said window panel relative to the
vehicle structure;

[0013] a second mounting portion for mounting said sec-
ond perimeter region of said window panel to the vehicle
structure, said second mounting portion including a flexible
element to allow for movement of said second perimeter
region of said window panel toward and away from the
vehicle structure;

[0014] an actuating assembly, said actuating assembly
positioned at an actuating region of said window panel, said
actuating assembly operable to vibrate said window panel via
vibration of an interface element relative to the vehicle struc-
ture; and

[0015] wherein said vibration of said window panel gener-
ates audible sounds when said actuating assembly is operated,
and wherein said window panel is vibrated at a frequency
between about 20 Hz and 200 Hz when said actuating assem-
bly is operated.

[0016] According to another aspect of the present inven-
tion, a window assembly for a vehicle comprises:

[0017] awindow panel having a first perimeter region and a
second perimeter region;

[0018] a first mounting portion for mounting said first
perimeter region of said window panel to a vehicle structure,
said first mounting portion substantially fixedly mounting
said first perimeter region of said window panel relative to the
vehicle structure;

[0019] a second mounting portion for mounting said sec-
ond perimeter region of said window panel to the vehicle
structure, said second mounting portion including a flexible
element to allow for movement of said second perimeter
region of said window panel toward and away from the
vehicle structure;

[0020] an actuating assembly, said actuating assembly
being positioned at an actuating region of said window panel,
said actuating assembly comprising an actuating device and
an exciter device, said exciter device comprising an interface
element engaging said actuating region of said window panel
and a mounting element substantially fixedly securing a base
portion of said exciter device to the vehicle structure;

[0021] wherein said actuating device is oriented to impart
movement in a direction generally along a surface of said
actuating region of said window panel and said exciter device
imparts movement in a direction generally normal to said
surface of said actuating region of said window panel in
response to actuation of said actuating device;

[0022] wherein said exciter device includes at least one
biasing element that exerts a preload force at opposite ends of
said actuating device; and

[0023] wherein said actuating assembly is operable to
vibrate said window panel via vibration of said interface
element relative to the vehicle structure.

[0024] Optionally, the actuating assembly may comprise a
piezoelectric actuator that is operable to vibrate said actuating
region of said window panel. The exciter device may include
at least one biasing element that exerts a preload force at
opposite ends of said piezoelectric actuator.
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[0025] According to another aspect of the present inven-
tion, a window assembly for a vehicle comprises:

[0026] awindow panel having a first perimeter region and a
second perimeter region;

[0027] a first mounting portion for mounting said first
perimeter region of said window panel to a vehicle structure,
said first mounting portion substantially fixedly mounting
said first perimeter region of said window panel relative to the
vehicle structure;

[0028] a second mounting portion for mounting said sec-
ond perimeter region of said window panel to the vehicle
structure, said second mounting portion including a flexible
element to allow for movement of said second perimeter
region of said window panel toward and away from the
vehicle structure;

[0029] an actuating assembly, said actuating assembly
being positioned at an actuating region of said window panel,
said actuating assembly comprising an actuating device and
an exciter device, said exciter device comprising an interface
element engaging said actuating region of said window panel
and a mounting element substantially fixedly securing a base
portion of said exciter device to the vehicle structure;

[0030] wherein said exciter device comprises a movable
rod interconnected with said mounting element and said
interface element via a plurality of ribs arranged diagonally
between said movable rod and said interface element and said
mounting element;

[0031] wherein said ribs have end sections generally paral-
lel to said movable rod and said interface element and said
mounting element, and wherein said ribs have bend portions
at a junction between said end sections and a center section of
said ribs that is diagonal to said movable rod and said inter-
face element and said mounting element, and wherein said
center section of said ribs comprise at least one narrowed
section established at said center section and remote from
said bend portions,

[0032] wherein said narrowed section facilitates flexing of
said rib during operation of said actuating device;

[0033] wherein said actuating device is oriented to impart
movement in a direction generally along said surface of said
actuating region of said window panel and said exciter device
imparts movement in a direction generally normal to said
surface of said actuating region of said window panel in
response to actuation of said actuating device; and

[0034] wherein said actuating assembly is operable to
vibrate said window panel via vibration of said interface
element relative to the vehicle structure.

[0035] Optionally, said actuating assembly may comprise a
piezoelectric actuator that is operable to vibrate said actuating
region of said window panel.

[0036] According to another aspect of the present inven-
tion, a method of manufacturing a vibrating device for vibrat-
ing a window panel of a vehicle comprises:

[0037] providing a first mounting portion for substantially
fixedly mounting a first perimeter region of said window
panel to a vehicle structure, and providing a second mounting
portion for mounting a second perimeter region of the win-
dow panel to the vehicle structure, said second mounting
portion including a flexible element to allow for movement of
the second perimeter region of the window panel toward and
away from the vehicle structure; and

[0038] providing an actuating assembly, said actuating
assembly comprising an actuating device and an exciter
device, said exciter device comprising a window interface
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element for engaging an actuating region of a window panel
when said actuating assembly is installed at a window panel
of a vehicle and a mounting element substantially fixedly
securing a base portion of said exciter device to the vehicle
structure when said actuating assembly is installed at a win-
dow panel of a vehicle;

[0039] forming a plurality of ribs for said exciter device by
forming generally parallel end sections and a center section
between two bend portions of said ribs, said center section
being angled or diagonal to said generally parallel end sec-
tions;

[0040] wherein forming said plurality of ribs for said
exciter device comprises establishing narrowed sections at
said center sections of said ribs to facilitate flexing of said ribs
during operation of said actuating device, wherein said nar-
rowed sections are established via at least one of (a) chemical
milling and (b) photo etching; and

[0041] forming said exciter device by interconnecting a
movable rod with said mounting element and said interface
element via said plurality of ribs, and wherein said center
sections of said plurality of ribs are arranged diagonally
between said movable rod and said interface element and said
mounting element, and wherein said narrowed sections facili-
tate flexing of said ribs during operation of said actuating
device.

[0042] Optionally, said narrowed sections of said center
sections may be established remote from said bend portions at
the junction between said end portions and said center sec-
tion. Optionally, said narrowed sections of said center sec-
tions are established by chemical etching or photo etching of
those sections for a predetermined period of time to establish
the desired or appropriate or predetermined material thick-
ness of said narrowed sections (where the material at the
narrowed sections is dissolved or chemically removed until
the narrowed sections are at a desired or appropriate or pre-
determined thickness while the center section and end por-
tions otherwise remain at the initial material thickness).
Optionally, said actuating device may be oriented to impart
movement in a direction generally along the surface of the
actuating region of the window panel when said actuating
assembly is installed at a window panel of a vehicle and said
exciter device imparts movement in a direction generally
normal to the surface of the actuating region of the window
panel in response to actuation of said actuating device when
said actuating assembly is installed at a window panel of a
vehicle.

[0043] Therefore, the present invention provides an acous-
tic window assembly for a vehicle that vibrates the window
panel while substantially sealing the window panel at the
vehicle. The present invention thus provides an enhanced
acoustical device for a vehicle sound system that utilizes a
panel or window of a vehicle and thus does not interfere with
the interior space of the vehicle cabin and/or other space at the
cabin that may be utilized for other vehicle components or the
like. Because the acoustic window assembly of the present
invention may replace or supplement one or more speakers
and/or subwoofers of the vehicle sound system, the acoustic
window assembly may achieve substantial weight reduction
over typical or conventional audio or sound systems for
vehicles. The actuating assembly of the acoustic window
assembly of the present invention includes an actuating
device, such as a piezoelectric actuating device or the like,
and an exciter or amplifying device, which engages the win-
dow panel and transfers the pulse of the actuating device
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along a region of the window panel to spread out the forces
and movements/pulses at the window panel. The performance
of the acoustic window assembly thus may not be so highly
dependent on the precise location of the actuating assembly at
the window panel as the acoustic devices of the prior art. The
present invention thus allows for placement of the actuator
and exciter device at a perimeter region of a window panel and
avoids placement of an actuator at a central region of the
vibrating panel. The present invention provides a speaker that
provides space savings or space reduction and/or weight
reduction to the sound system of the vehicle and may include
a power system that provides power savings to the sound
system of the vehicle. Also, the present invention provides a
vibratable window panel that is sufficiently sealed around its
perimeter to limit or preclude leaking around the window
panel. Thus, the present invention is highly suitable for use at
a window panel of a vehicle and overcomes the shortcomings
of'the prior art devices.

[0044] These and other objects, advantages, purposes and
features of the present invention will become apparent upon
review of the following specification in conjunction with the
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] FIG. 1 is a perspective view of a vehicle with an
acoustic window assembly in accordance with the present
invention;

[0046] FIG. 2 is a perspective view of an acoustic window
assembly of the present invention;

[0047] FIG. 3 is an interior perspective view of a window
panel suitable for use with the acoustic window assembly of
the present invention, shown with a perimeter mounting ele-
ment in accordance with the present invention;

[0048] FIG. 4is a perspective view of the perimeter mount-
ing element of FIG. 3, shown at a corner region of the window
panel;

[0049] FIG. 5is a perspective view of the perimeter mount-
ing element of the acoustic window assembly of the present
invention;

[0050] FIG. 6 is a perspective view of an end region of the
perimeter mounting element of the present invention;

[0051] FIG. 7 is a perspective view of another perimeter
mounting element for the acoustic window assembly of the
present invention;

[0052] FIG. 8 is a perspective view of another perimeter
mounting element for the acoustic window assembly of the
present invention;

[0053] FIG. 9 is a plan view of a stamped flexible element
of the perimeter mounting element of FIG. 8;

[0054] FIG. 10is a perspective view of the stamped flexible
element of FIG. 9, as joined with the window and vehicle
engaging elements of the perimeter mounting element of FIG.
8, shown before the flexible element is bent to the desired
shape;

[0055] FIGS. 11A and B are sectional views of another
sealing element in accordance with the present invention,
shown in a non-compressed state and a compressed state;
[0056] FIGS. 11C-N are sectional views of other flexible
sealing elements in accordance with the present invention;
[0057] FIG. 12 is a perspective view of the actuating device
and exciter of the present invention, shown mounted at a
structural platform of a vehicle;
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[0058] FIG. 13 is a perspective view of an actuating device
and exciter suitable for use with the acoustic window assem-
bly of the present invention;

[0059] FIG. 14 is a side elevation of the actuating device
and exciter of FIG. 13;

[0060] FIG. 15 is an enlarged perspective view of the actu-
ating device at the central portion of the exciter of FIGS. 13
and 14;

[0061] FIG. 16 is an enlarged perspective view of a rib
element suitable for the exciter of FIGS. 13 and 14;

[0062] FIG.17A is an enlarged perspective view of another
rib element suitable for the exciter of the window assembly of
the present invention;

[0063] FIG. 17B is a side elevation of the rib element of
FIG. 17A;
[0064] FIG. 18A is a perspective view of another actuating

device and exciter suitable for use with the acoustic window
assembly of the present invention;

[0065] FIG. 18B is a side elevation of the actuating device
and exciter of FIG. 18A;

[0066] FIG. 19 is an enlarged perspective view of the actu-
ating device at the central portion of the exciter of FIGS. 18A
and 18B;

[0067] FIG. 20 is an enlarged perspective view of a rib
element suitable for the exciter of FIGS.

[0068] 18A and 18B;

[0069] FIG. 21 is an enlarged perspective view of another
rib element suitable for the exciter of

[0070] FIGS. 18A and 18B;

[0071] FIG. 22 is a perspective view of another actuating
device and exciter suitable for use with the acoustic window
assembly of the present invention;

[0072] FIG. 23 is a side elevation of the actuating device
and exciter of FIG. 22;

[0073] FIG. 24 is a side elevation of a stamped rib structure
suitable for the exciter of FIGS. 22 and 23;

[0074] FIG. 25 is an enlarged perspective view of the actu-
ating device and mounting ends for mounting the actuating
device at a central portion of the exciter of FIGS. 22 and 23;
[0075] FIG. 26 is an enlarged perspective view of a mount-
ing end suitable for mounting the actuator to the exciter of
FIGS. 22 and 23;

[0076] FIG.27 is aperspective view of the actuating device
and exciter of FIGS. 22 and 23, shown mounted at a structural
platform of a vehicle;

[0077] FIG. 28 is a perspective view of another actuating
device and exciter suitable for use with the acoustic window
assembly of the present invention;

[0078] FIG. 29 is a side elevation of the actuating device
and exciter of FIG. 28;

[0079] FIG. 30 is a side elevation of a stamped rib structure
suitable for the exciter of FIGS. 28 and 29;

[0080] FIG. 31 is a perspective view of another actuating
device and exciter suitable for use with the acoustic window
assembly of the present invention;

[0081] FIG. 32 is a side elevation of the actuating device
and exciter of FIG. 31;

[0082] FIG. 33 is a perspective view of another actuating
device and exciter suitable for use with the acoustic window
assembly of the present invention, shown with a biasing ele-
ment along the actuator;
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[0083] FIG. 34 is a perspective view of another actuating
device and exciter suitable for use with the acoustic window
assembly of the present invention, shown with a spring ele-
ment along the actuator;

[0084] FIGS. 35-38 are perspective views of other actuat-
ing devices and exciter assemblies suitable for use with the
acoustic window assembly in accordance with the present
invention;

[0085] FIGS, 39A and 39B are perspective views of a pull-
type actuating device and exciter assembly suitable for use
with the acoustic window assembly in accordance with the
present invention;

[0086] FIG. 40 is a perspective view of an actuating assem-
bly and seal module that is mountable to the sheet metal or
frame of a vehicle, such as for a windshield of the vehicle;
[0087] FIG. 41 is a side elevation of a portion of the actu-
ating assembly and seal module of FIG. 40; and

[0088] FIG. 42 is a perspective view of the installed actu-
ating assembly and seal module with a windshield being
installed to the actuating assembly and seal module as a
separate component.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0089] Referring now to the drawings and the illustrative
embodiments depicted therein, an acoustic window assembly
or module or panel loudspeaker 10 is mounted to or attached
to a vehicle 12 and is operable to vibrate or move a window
panel or glass panel or transparent panel 14 (such as a trans-
parent window panel or an at least partially transparent or
translucent window panel, such as a tinted glass window
panel or the like) of the window assembly 10 to generate
sound within the vehicle cabin (FIG. 1). As shown in FIG. 2,
window assembly 10 includes a frame portion 16 that
includes an upper frame portion or mounting portion 16a
along an upper or fixed perimeter portion 14a of window
panel 14 for mounting the upper perimeter portion of the
window panel to the vehicle sheet metal and a lower frame
portion or mounting portion 165 along the sides and lower
perimeter portions 145, 14¢ of window panel 14 for movably
or vibratably mounting the side and lower portions of the
window panel to the vehicle sheet metal. Window assembly
10 thus is attachable or mountable to a vehicle and sealed
relative to the vehicle about its perimeter, while still allowing
movement or vibration at at least one of the perimeter por-
tions of the window in response to an output of an actuating
assembly 24 so as to vibrate the window panel at a desired
frequency as may be dictated or driven by the vehicle sound or
audio system. Window assembly 10 may utilize aspects of the
window assemblies described in PCT Application No. PCT/
US06/40100, filed Oct. 12, 2006 and published Apr. 26, 2007
as International Publication No. WO 2007/047442, which is
hereby incorporated herein by reference in its entirety.

[0090] Prior audio devices typically make use of the bend-
ing resonances of the panel or membrane by exciting the
membrane in a controlled manner using vibrating devices or
actuators. The acoustic window assembly of the present
invention is designed to control the surface vibration to
achieve a motion of the substantially rigid window panel that
is principally the motion of a rigid surface or substrate. The
targeted motion may be substantially uniform over the sur-
face or substrate, and the panel may have one side or perim-
eter region of the panel substantially fixed and the opposite
side or opposite perimeter region actuated or vibrated or
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moved, in order to achieve an essentially linear variation of
the vibration amplitude between the fixed side or fixed perim-
eter region and the actuated side or actuated perimeter region.
The vibrating device or actuator of the acoustic window panel
is disposed directly at the panel but at or near a perimeter
region of the panel so as to avoid interference with the ability
of a person to view through the transparent or substantially
transparent window panel. The vibrating device or actuator of
the acoustic window panel is thus disposed at and substan-
tially hidden at a perimeter region of a window panel and
utilizes a structural surface of the vehicle to react against to
provide the desired vibrational frequency and amplitudes to
achieve the desired range of audible sound.

[0091] Intheillustrated embodiment, window assembly 10
is a rear window assembly or backlite assembly. Optionally,
the window panel 14 may include heater elements 15 or the
like disposed or established over at least a portion of the
window panel for defogging or defrosting the window panel,
as is known in the automotive window arts. One or more
actuating assemblies 24 may be positioned at the window
panel, such as generally at or near the bottom or lower perim-
eter portion 14¢ of window panel 14, to excite or vibrate the
window panel at or near the lower perimeter region of the
window panel and remote from the generally central portion
of'the window panel through which a driver or occupant looks
to view rearward of the vehicle. For example, and as shown in
FIG. 2, two actuating assemblies 24 may be spaced apart
along a lower region of the window panel and may be coop-
eratively operable (such as in the manner discussed below) to
vibrate or move the window panel to produce or generate the
desired vibration and/or acoustics and audible sounds.
Optionally, the window panel may include a frit layer or
darkened layer or area 144 at the location of the actuating
assemblies 24 so that the actuating assemblies are not readily
viewable through the window panel by a person outside of the
vehicle.

[0092] The actuating assemblies 24 include an actuating
device 36 and an exciter device or assembly 38. The actuating
device is operable to pulse or vibrate while the exciter device
translates the vibration of the actuating device into a high
force at the window panel and with a greater stroke than the
stroke of the actuating device, as discussed below. The exciter
device provides a substantially rigid, non-bending engage-
ment with the window panel so as to vibrate the window panel
in a uniform manner without flexing of the exciter interface
and/or the window panel. In applications with two actuating
assemblies, the actuating devices are preferably synchronized
and operable substantially in unison to provide a uniform
movement of the lower perimeter region of the window panel
to provide a uniform, non-bending or non-flexing movement
of the window panel. The window panel may comprise a
substantially stiff glass panel (or other suitable material) to
reduce or limit flexing of the window panel during operation
of the actuating assembly or assemblies. The non-bending
vibration or motion or single mode wave motion of the win-
dow panel of the acoustic window assembly of the present
invention provides enhanced sound quality and thus provides
an enhanced sound system over prior art panel vibrating
mechanisms; which typically vibrate plastic flexible panels at
a central region of the panel.

[0093] Intheillustrated embodiment, window assembly 10
includes a generally rectangular and curved window panel
that is mounted to a vehicle frame or sheet metal at a rear
portion of the vehicle. The window frame portion 16 encap-
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sulates the perimeter portions of window panel 14 around the
perimeter portions or edges of the generally rectangular win-
dow panel. The window frame portion may substantially
restrain or secure the upper perimeter edge portion of the
window panel and may partially restrain the side perimeter
edge portions and lower perimeter edge portion of the win-
dow panel.

[0094] Although shown and described as having the upper
perimeter portion of the window panel fixed and the sides and
lower perimeter portions movably sealed with the actuating
device at the lower perimeter portion of the window panel,
clearly, the frame portion may substantially fix other perim-
eter portions while leaving other portions partially restricted,
without affecting the scope of the present invention. Option-
ally, the actuating device may be at any perimeter portion of
the window. Also, although shown and described as being a
rear window or backlite of a vehicle, it is envisioned that the
acoustic window assembly of the present invention is suited
for applications at any window of the vehicle, such as a side
window or side door window or sunroof or moonroof or
windshield or the like of the vehicle. The window panel may
also be any shape, such as a generally rectangular shape or a
generally triangular shape (whereby a portion of one or more
perimeter edge portions may be substantially fixed, while a
portion of one or more other perimeter edge portions may be
partially restricted), without affecting the scope of the present
invention. Also, although described above as a glass window
panel, the window panel may comprise any suitable material,
such as glass, polycarbonate, glass/laminate combinations,
and/or the like, while remaining within the spirit and scope of
the present invention. The window panel may comprise a
transparent material that may comprise a substantially clear
material and/or may be tinted or otherwise made partially
transparent or translucent (such as for a sunroof application
where the window panel may be substantially tinted to reduce
transmission of light therethrough), while remaining within
the spirit and scope of the present invention. Thus, it is envi-
sioned that the acoustic window assembly of the present
invention may be applicable at any window of a vehicle,
irrespective of the materials of the window panel and/or
degree of transparency of the window panel and/or the like.

[0095] Frame portion 16 may comprise a polymeric or plas-
tic frame portion, such as a PVC frame portion or TPE frame
portion or rubber or elastomerie frame portion (or a frame
portion comprising any other suitable material, such as, for
example, an ionomer, such as CLARIX® ionomer material
commercially available from A. Schulman of Akron, Ohio, or
the like) that attaches and seals the perimeter portions of the
window panel relative to the vehicle sheet metal. Optionally,
the frame portion may provide an encapsulation of the perim-
eter portions of the window panel or may be bonded or
adhered to the inner surface of the window panel along the
perimeter portions of the window panel to provide a generally
flush mounting of the window panel relative to the vehicle
body, such that an outer surface of the window panel is sub-
stantially flush or coplanar with the adjacent body panels of
the vehicle. Frame portion 16 may be formed utilizing aspects
of'the frame portions or encapsulated window modules of the
types described in U.S. Pat. Nos. 6,669,267; 6,729,674;
6,572,176, 6,394,529; 6,299,235; 6,220,650, which are
hereby incorporated herein by reference in their entireties.
The window panel 14 is attached to or bonded or adhered to
the frame portions along the respective perimeter portions
(such as via any suitable adhesive or bonding material, such
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as, for example, a one component urethane adhesive), and the
frame portions may be bonded or adhered or fastened or
otherwise attached (such as via any suitable adhesive or bond-
ing material and/or fasteners) to a metallic frame or sheet
metal of the vehicle, so as to secure and seal the frame por-
tions relative to the vehicle.

[0096] Theupper frame portion 164 includes an upper seal-
ing and mounting member 18 that substantially seals against
the upper perimeter portion 14a of the window panel to limit
leakage between the window panel and the upper frame por-
tion. The upper portion of the window panel may be sealed or
adhered or affixed to the frame portion via any suitable adhe-
sive or bonding material, such as a urethane adhesive, such as,
for example, a one component urethane adhesive or other
suitable adhesive or bonding material, while remaining
within the spirit and scope of the present invention. Similarly,
the upper sealing and mounting member 18 of the frame
portion may be attached or affixed to the vehicle frame or
sheet metal via any suitable adhesive or bonding material,
while remaining within the spirit and scope of the present
invention.

[0097] The lower frame portion 165 includes a pair of side
frame portions 20 extending along the opposite side perim-
eter portions 145 of window panel 14 and a lower frame
portion 22 along a lower or free perimeter portion 14¢ of
window panel 14 to seal the side perimeter portions 145 and
lower perimeter portion 14¢ of window panel 14 against the
vehicle while allowing the window panel 14 to vibrate or
move during vibration of a vibrating or actuating device or
actuating assembly 24, as discussed below. Thus, the upper
perimeter portion 14a of window panel 14 may be substan-
tially fixedly secured and sealed relative to the vehicle frame,
while the side frame portions 20 and lower portion 22 of
window frame 16 partially retain or restrain the respective .
perimeter portions of the window panel along the vehicle
frame.

[0098] Side frame portions 20 receive and/or are bonded or
adhered to the respective side perimeter portions of the win-
dow panel and extend along or at least partially along the
respective side perimeter portions 145 of window panel 14,
while lower frame portion 22 is bonded or adhered to and
along or partially along the lower perimeter portion 14c of
window panel 14. Optionally, and as can be seen in FIGS. 3
and 4, side frame portions 20 and lower frame portion 22 of
lower frame 1656 may be unitarily formed and/or are joined
together at the lower perimeter corner regions of the window
panel 14. Side frame portions 20 and lower frame portion 22
may comprise a suitably flexible material or structure or
construction to provide a flexible characteristic along the side
and lower perimeter portions 145, 14¢ of window panel 14 so
as to allow flexing or vibration or movement of the window
panel when the lower perimeter portion 14¢ of window panel
14 is vibrated by the vibrating device. Optionally, and as can
be seen in FIG. 6, the upper ends of the side frame portions
may have tapered or ramped elements 32 to provide a ramped
change in thickness of the side frame portions 20 at their
upper ends, such as for applications where the upper frame
member or sealing member or element 18 has a lower profile
than the side frame portions 20.

[0099] In the illustrated embodiment, the side frame por-
tions 20 and lower frame portion 22 each include a sheet
metal attaching member or element 26 and a window panel
attaching member or element 28, which are attached or con-
nected together via a flexible member or element 30. The
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sheet metal attaching element 26 comprises an elongated
member, such as a plastic or polymeric molded or extruded
member or the like, that has a channel 26a and a pair of
extensions or legs 265 along opposite sides of and defining
the sidewalls of channel 264, whereby the legs 265 may
engage the sheet metal of the vehicle, while a suitable adhe-
sive may be disposed along and within the channel 26a to
bond or adhere or affix the sheet metal attaching element 26 to
the vehicle sheet metal.

[0100] Likewise, the window panel attaching element 28
comprises an elongated member, such as a plastic or poly-
meric molded or extruded member or the like, that has a
channel 284 and a pair of extensions or legs 285 along oppo-
site sides of and defining the sidewalls of channel 28a,
whereby the legs 285 may engage the inner surface of the
window panel, while a suitable adhesive may be disposed
along and within the channel 28a to bond or adhere or affix the
window panel attaching element 28 to the inner surface of the
respective perimeter regions of the window panel.

[0101] Attaching elements 26 and 28 are joined together or
interconnected via flexible element 30, which, in the illus-
trated embodiment of FIGS. 3-6, comprises a curved or gen-
erally U-shaped metallic element that flexes to allow for
relative movement between the attaching elements 26, 28
during vibration of the window panel 14. The flexible ele-
ments 30 extend along the respective attaching elements 26,
28 and may extend substantially continuously along the
respective perimeter portions of the window panel when the
frame is attached or bonded to the window panel. As can be
seenin FIGS. 3 and 4, the flexible elements 30 may be spaced
apart at the corner regions of the window panel, while the
attaching elements extend substantially continuously along
the perimeter regions of the window panel.

[0102] 4,

[0103] AsshowninFIG. 5, the ends 30a of flexible element
30 may be attached to (such as via insert molding or the like)
the respective ones of the attaching elements 26, 28. As best
shown in FIG. 5, the U-shaped flexible element 30 functions
to space the opposed surfaces of the attaching elements 26, 28
from one another and flexes during vibration of the window
panel (and thus during vibration of the window attaching
element 28) to allow for vibration of the window panel rela-
tive to the vehicle sheet metal and relative to the sheet metal
attaching element 26. In the illustrated embodiment, the win-
dow attaching element 28 overlaps the sheet metal attaching
element and includes a leg or extension 280 that extends
partially along the outer perimeter edge of the sheet metal
attaching element. The leg or extension 28¢ may maintain
alignment of the window attaching element relative to the
sheet metal attaching element and/or may limit movement of
the window panel toward the vehicle body or sheet metal
during operation of the actuating device and/or in response to
a force pushing the window panel toward the vehicle body.
[0104] Thus, the lower frame portion 165 functions to
mount the window panel the vehicle body or sheet metal
while allowing for vibration of the window panel relative to
the vehicle body or sheet metal. The flexible element is
formed to provide a desired degree of resistance to movement
of the window panel, while allowing the vibration of the
window panel during operation of the actuating device. The
flexible element also provides the desired shear and torsional
rigidity to the window frame to limit or substantially preclude
movement of the window panel relative to the vehicle body or
frame or sheet metal except in the direction toward and away
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from the vehicle body or frame or sheet metal, as discussed
below. A flexible sealing element or seal 27 may be disposed
around the perimeter edge region of the window panel and
outboard of the frame portions 20, 22 to substantially seal the
side and lower perimeter portions of the window panel rela-
tive to the vehicle to limit or substantially preclude water
and/or air leakage between the window panel and vehicle
body.

[0105] Optionally, and with reference to FIG. 7, a lower
frame portion 164" of a window mounting frame may have a
plurality of sections or portions 21' (one shown in FIG. 7),
which includes a flexible element 30' connecting a window
attaching element 28' to a sheet metal attaching element 26,
such as in a similar manner as described above, spaced apart
or separated by other frame portions 29'. Frame portions 29'
include a window attaching element 294' for attaching to the
window panel 14' and a sheet metal attaching element 295",
which may be integrally formed together or joined together
via a plastic or polymeric (or metallic) connecting element
29¢'. The lower frame portion 165' thus includes the flexible
elements 30" to provide the desired resistance to movement or
vibration of the window panel, while providing other degrees
of flexibility elsewhere around the perimeter regions of the
window panel. The portions 21', 29' may abut one another to
provide continuous support around the perimeter region of
the window panel.

[0106] Optionally, and with reference to FIGS. 8-10, a
lower frame portion 165" may be substantially similar to
lower frame portion 165, discussed above, but may include a
cut or serrated flexible element 30". As shown in FIG. 9, the
flexible element 30" may be stamped or formed of a metallic
material so as to have a plurality of apertures therethrough.
The stamped or formed element may then be insert molded or
otherwise secured to the window attaching elements 28" and
the sheet metal attaching elements 26" while in its flat or
planar form (such as shown in FIG. 10), and then may be bent
to the final curved shape as shown in FIG. 8. Optionally, the
flat ends or sides 304" of the flexible element 30" may be
insert molded in or attached to the attaching elements such as
shown in FIG, 10, or the ends or sides of the flexible element
may be bent or curved and insert molded in or attached to the
attaching elements in the manner shown in FIG. 8, or may be
otherwise attached to or insert molded in the attaching ele-
ments, depending on the particular application. The attaching
means and the perforations and the material selected for the
lower frame portion of the acoustic window assembly may be
selected depending on the particular application and desired
performance of the window assembly.

[0107] Optionally, other frame portions and flexible ele-
ments or flexible element designs or forms may be imple-
mented, depending on the particular application. For
example, and as shown in FIGS. 11A and 11B, a frame
portion 120 may include a sheet metal attaching member or
element 126 and a window panel attaching member or ele-
ment 128, which are attached or connected together via a
flexible member or element 130. The attaching elements 126,
128 may comprise elongated members, such as a plastic or
polymeric molded or extruded member or the like, such as
similar to the attaching elements 26, 28, discussed above. In
the illustrated embodiment, attaching elements 126, 128 are
joined by a flexible strip or element 127, which flexes with
flexible element 130 as the frame portion is flexed between a
non-compressed state (FIG. 11A) and a compressed state
(FIG. 11B). Attachment elements 126, 128 may be molded
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over flexible element 130 so that flexible element 130 is
substantially encased within an encapsulating portion or
overmolded portion 129 of the unitarily molded or integrally
molded attachment elements 126, 128 (such that the perim-
eter frame portion is generally unitarily formed).

[0108] The perimeter frame portion and attachment ele-
ments may otherwise be substantially similar to the frame
portions and attachment elements discussed above, such that
a detailed discussion of the perimeter frame portions and
attachment elements need not be repeated herein. Attachment
element 126 includes a channel 1264 and a pair of extensions
or legs or walls 1265 along opposite sides of and defining the
sidewalls of channel 126a, whereby the legs 1265 may
engage the sheet metal of the vehicle, while a suitable adhe-
sive may be disposed along and within the channel 1264 to
bond or adhere or affix the sheet metal attaching element 126
to the vehicle sheet metal (with the legs establishing the
desired gap or spacing for the adhesive disposed within the
channel), and attachment element 128 includes a channel
128a and a pair of extensions or legs or walls 1285 along
opposite sides of and defining the sidewalls of channel 1284,
whereby the legs 1285 may engage the inner surface of the
window panel, while a suitable adhesive may be disposed
along and within the channel 1284 to bond or adhere or affix
the window panel attaching element 128 to the inner surface
of the respective perimeter regions of the window panel.
Flexible element 130 may comprise a curved or generally
U-shaped metallic element that flexes to allow for relative
movement between the attaching elements 126, 128 during
vibration of the window panel.

[0109] Optionally, and with reference to FIGS. 11C-H,
other forms of flexible elements and/or attachment elements
may be implemented while remaining within the spirit and
scope of the present invention. For example, the flexible ele-
ment 130 (FIG. 11C) may be generally U-shaped and
received within respective portions 126¢', 128¢' of the attach-
ment elements 126', 128', with the flexible element receiving
portions 126¢', 128¢' being attached to or molded with respec-
tive channel portions or strips 1264, 1284". Optionally, for
example, the attachment element 126" (FIG. 11D) may
extend from the channel portion to space the flexible element
130" from the sheet metal and to allow additional flexing at the
attachment element 126". Optionally, the flexible element
130" (FIG. 11E) may be formed with an additional bend or
curvature in the attachment element 126". Optionally, the
attachment element 126' may include a narrowed neck por-
tion 126¢ to enhance flexing of the attachment element, while
the flexible element 130" may include an additional bend or
curvature within attachment element 126" and through neck
portion 126e, such as shown in FIG. 11F. Optionally, the
flexible element 130' may be received in an attachment ele-
ment 126"" (FIG. 11G) that may be generally similar to
attachment element 126", discussed above, with a reduced
amount of overmolded material at the junction 126f of the
attachment element and flexible element. Optionally, an
attachment element 126' (FIG. 11H) may be formed to
receive or overmold a flexible element 130", which may have
an additional bend or curvature to enhance the attachment of
the flexible element at the attachment element.

[0110] Optionally, other frame portions and/or flexible ele-
ments or flexible element designs or forms may be imple-
mented, depending on the particular application. For
example, the flexible element may comprise various
U-shaped forms or V-shaped forms or C-shaped forms or the
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like, or optionally, and with reference to FIG. HI, the flexible
element 230 may comprise a multi-curved element. Option-
ally, and with reference to FIG. 11J, the flexible element 230’
may comprise a flexible or compressible or elastomeric mate-
rial disposed between the window attaching element 228' and
the sheet metal attaching element 226'. The flexible material
230" may be disposed substantially entirely between the
attaching elements or may be partially disposed between the
attaching elements with a space or void 231' (FIG. 11K)
established between the attaching elements. Optionally, the
flexible element or elements 230" (FIGS. 11L-11N) may
comprise metallic or polymeric elements disposed or estab-
lished between the attaching elements and bent or curved to
allow for flexing of the flexible elements during vibration of
the window panel relative to the vehicle body or sheet metal.
Other support or frame configurations for vibratably attach-
ing the window panel to the vehicle body or sheet metal may
be implemented while remaining within the spirit and scope
of the present invention. Optionally, the frame portions may
utilize aspects of the frame portions described in PCT Appli-
cation No, PCT/US06/40100, filed Oct. 12, 2006 and pub-
lished Apr. 26, 2007 as International Publication No. WO
2007/047442, which is hereby incorporated herein by refer-
ence in its entirety.

[0111] The selected materials and configurations of the side
frame portions 20 and lower frame portion 22 are selected to
provide the desired degree of flexibility along the perimeter
portions of the window panel so as to allow vibration and
slight movement of the window panel relative to the vehicle
body or sheet metal and without leakage occurring between
the window panel and window. side frame portions and
between the window frame portion and the vehicle body or
sheet metal or frame portion. The perimeter frame portions
are configured to allow the appropriate amount of flexing or
movement along the frame portions such that the range of
allowed movement or stroke of the window panel is within the
range of the movement or stroke of the actuating assembly so
as to limit or substantially preclude the window panel from
moving too much and contacting or fouling against the
vehicle frame or the like.

[0112] The materials for the side frame portions and/or the
attaching elements and/or the flexible inserts or elements
along the side frame portions or along the window panel may
be selected to provide a desired degree of resiliency or flex-
ibility or softness (and the desired or appropriate range of
motion of the window panel toward and away from the
vehicle body or frame or sheet metal) along or partially or
substantially along the side perimeter portions of the window
panel to allow the window panel to vibrate in the desired
manner. Optionally, other fasteners or posts or structures or
the like may be provided at or attached to or adhered or taped
to the side frame portions to limit or substantially preclude
lateral movement of the window panel, while allowing flex-
ibility and slight movement of the window panel in the inward
and outward directions.

[0113] Optionally, the frame portions may comprise gen-
erally continuous elements that extend around or at least
partially around or along the perimeter regions of the window
such that the frame portions may comprise continuous rings
or perimeter elements. Optionally, the main body portions or
attachment elements of the frame may be extruded and then
the extrusions may be disposed in a mold cavity, whereby the
corner portions (such as between the opposed ends of adja-
cent frame portions) and end ramps of the frame portions may

Sep. 6, 2012

be molded at or to the extrusions. Thus, the frame portions
may comprise discontinuous perimeter elements with the
gaps between the discontinuous elements filled or spanned or
at least partially spanned by the molded corner sections and/
or end ramps. Optionally, for example, the perimeter frame
portion may comprise three extruded elements disposed at
respective perimeter portions or regions of the window, with
separate elements or pieces provided at the corners and
between adjacent extruded elements. Other frame and seal
configurations may be implemented while remaining within
the spirit and scope of the present invention.

[0114] Thus, various types of lower frames or frame por-
tions or mounting portions may be implemented that provide
the desired degree of flexibility along the side perimeter por-
tions and lower perimeter portion of the window panel, with-
out affecting the scope of the present invention. The frame
portions thus allow for movement or vibration of the window
panel in an inward and outward direction but substantially
retain the window panel in place and seal the window panel
relative to the vehicle frame. The frame portions are adhered
or bonded or otherwise attached to the vehicle body or frame
portion or sheet metal along an attaching surface (which may
be defined as a recess or channel along the frame portion for
receiving a bead of adhesive or the like therealong for adher-
ing or bonding the window frame portion to the vehicle sheet
metal) of the frame portions (while the upper or fixed frame
portion is similarly attached to the vehicle frame portion or
sheet metal at the upper or fixed perimeter portion of the
window panel).

[0115] The frame portion or mounting portion of the win-
dow assembly of the present invention thus allows for the
window panel to move in a hinging motion with the upper
portion or roofline portion of the window panel (or other
perimeter portion depending on the particular application of
the window panel assembly) being in a generally fixed state,
and with the lower portion of the window panel (and/or other
perimeter portion depending on the particular application of
the window panel assembly) moving in or out relative to the
vehicle body or frame or sheet metal, and preferably moving
with only two degrees of freedom since lateral movement of
the window panel is limited or substantially precluded by the
frame or mounting portions. The side frame portions (or other
perimeter portion or portions depending on the particular
application of the window panel assembly) may flex as the
actuating assembly articulates in a motion generally normal
to the window panel surface (at the lower region of the win-
dow panel where the actuating assembly is located), so as to
allow the window panel to move and vibrate in the desired or
appropriate manner in response to actuation of the actuating
assembly.

[0116] The actuating assembly 24 is located at an actuating
region of the window panel and between a first perimeter
region of the window panel (where a mounting portion or
frame portion substantially fixedly mounts the respective first
perimeter region of the window panel relative to the vehicle
structure) and a second perimeter region of the window panel
(where a mounting portion or frame portion mounts the
respective second perimeter region of the window panel to the
vehicle structure to allow for movement of the second perim-
eter region of the window panel toward and away from the
vehicle structure), For example, the actuating assembly 24
may be located at a lower region of the window panel 14, and
thus may be positioned at or near or on a parcel shelf or the
like of the vehicle (such as a sedan or coupe or the like, but
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could otherwise be positioned at or in a rear door or tailgate or
liftgate of a station wagon or van or minivan or SUV or the
like), where the actuating assembly is not readily viewable
and does not interfere or substantially interfere with a driver’s
rearward field of view through the rear window of'the vehicle.
As best shown in FIG. 12, actuating assembly 24 may be
mounted to the vehicle frame portion 12¢ via a mounting
block or rigid structure 34. In the illustrated embodiment, the
mounting block 34 is a substantially rigid elongated member
or block that mounts to a generally horizontal portion 125
(such as at aparcel shelf at the rear of the vehicle and at or near
where the lower portion of the window panel meets or
approaches the vehicle frame) of the vehicle frame portion,
and preferably to a substantially rigid and non-flexible
mounting or frame portion of the vehicle, such as a substan-
tially rigid mounting structure or platform at the parcel shelf
or other frame or body or vehicle structure at which the
actuating assembly may be substantially fixedly mounted.

[0117] The mounting block and/or the frame portion of the
vehicle may be configured or angled so as to angle the actu-
ating assembly to be generally parallel to or generally along
the inner surface of the window panel 14. The mounting block
34 thus functions to bridge the gap between the window panel
and the parcel shelf or frame portion of the vehicle and to
orient the actuating assembly at the desired or appropriate
angle along the window panel. The mounting block may be
attached to the sheet metal or frame portion or structure of the
vehicle and an interior trim panel may partially or substan-
tially encase or conceal the actuating assembly at the lower
region of the rear window panel at the parcel shelf of the
vehicle (or elsewhere depending on the particular vehicle
application and/or window application of the acoustic win-
dow assembly), so that the actuating assembly is not readily
viewable by a person viewing the window panel from either
inside or outside of the vehicle cabin.

[0118] Although shown and described as being attached to
a rigid structure or plate or block which is in turn attached to
the vehicle structure to space the actuating assembly from the
vehicle structure, it is envisioned that the actuating assembly
may be attached directly to the vehicle structure or sheet
metal without any spacing or mounting block. Preferably, the
vehicle structure or sheet metal may include or provide a
mounting area for the actuating assembly, such as a raised,
substantially rigid or non-flexible platform or the like,
whereby the actuating assembly may be adhered or bonded or
otherwise secured directly to the vehicle structure. For
example, a lower plate 406 of an exciter 38 (discussed below)
may be bonded or adhered or otherwise attached/secured
(such as via fasteners or the like through end extensions at
opposite ends of the lower plate 405) to the vehicle structure,
whereby the upper plate 40a is bonded or adhered or attached
to the interior surface of the window panel, such as discussed
below. Optionally, the vehicle structure or sheet metal may be
formed with a recess or sill or depression for receiving or
partially receiving the actuating assembly, without affecting
the scope of the present invention. The actuating assembly
may be formed to correspond to the sheet metal form and may
be adhered or bonded or otherwise attached directly to the
sheet metal or vehicle structure (such as via the lower plate of
the actuator being bonded or attached to the vehicle structure
or sheet metal), or the actuating bracket may be attached via
a bracket or mounting block as described above or via any
other suitable attachment means for substantially fixedly or
rigidly attaching the actuating bracket to the vehicle.
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[0119] Thus, the upper plate of the exciter or actuating
assembly thus may be attached to or affixed to or bonded to
the interior surface of the window panel while the lower plate
(or mounting block or bracket) is attached or affixed or
bonded to the vehicle frame or sheet metal. For example, the
upper plate of the exciter or actuating assembly (or a rigid or
substantially rigid interface member or plate or element
attached to the upper plate of the exciter or actuating assem-
bly) may be bonded or adhered to the interior surface of the
window panel via a suitable adhesive, such as, for example, a
two component mixed urethane adhesive or other suitable
adhesive or bonding or attaching material, while remaining
within the spirit and scope of the present invention. Also, for
example, the lower plate (such as a rigid or substantially rigid
plate or elongated member) of the exciter or actuating assem-
bly (or the mounting bracket of the exciter or actuating assem-
bly) may be adhered or bonded or affixed to the vehicle sheet
metal via any suitable adhesive or bonding material, such as a
two component mixed urethane adhesive or other suitable
adhesive or bonding or attaching material, while remaining
within the spirit and scope of the present invention.

[0120] The actuating assembly 24 is operable to vibrate in
amanner that imparts a non-bending vibratory movement that
is substantially limited to motions that are generally normal to
or transverse to the window panel at the location of the actu-
ating assembly, such that the window panel is moved only
inward and outward at the lower window panel portion by the
actuating assembly. Movement of the lower perimeter portion
of'the window panel in this manner causes the window panel
to move about or relative to the fixed upper perimeter portion
in a hinge like motion about the fixed upper perimeter portion
of'the window panel. The stiffness of the plates of the exciter
assembly and the stiffness of the glass or window panel allow
for non-bending motion of the window panel in the cross-car
or lateral direction, while the window panel may flex or the
bonding material or sealing element at the upper perimeter
portion of the window panel may flex to allow for the vibra-
tory, hinge-like action relative to the upper portion of the
vehicle body or frame or sheet metal.

[0121] In the illustrated embodiment, actuating assembly
24 comprises a piezoelectric actuating device or element 36
that is operable to move or actuate or excite a mechanical
exciter device or element 38 that engages the interior surface
of the window panel so as to impart the movement at the
window panel. As shown in FIGS. 12-15, exciter device 38
receives piezoelectric actuating device 36 therein, whereby a
pulse or vibration or motion imparted by piezoelectric actu-
ating device 36 is received by exciter device, which in turn
imparts a pulse or vibration or motion against the window
panel 14.

[0122] Piezoelectric actuating device 36 may be any type of
piezoelectric device, and may utilize aspects of the devices
described in U.S. Pat. Nos. 6,904,154, 6,865,277, 6,839,444,
and 6,522,755, and PCT Application No. PCT/US06/40100,
filed Oct. 12, 2006 and published Apr. 26, 2007 as Interna-
tional Publication No. WO 2007/047442, which are all
hereby incorporated herein by reference in their entireties.
The piezoelectric actuating device may include a plurality of
plates or discs that function to generate a pulse or stroke of an
end plate or end face 36a of the device. In the illustrated
embodiment, piezoelectric actuating device 36 comprises an
elongated piezoelectrical stack and may be operable to gen-
erate a pulse or stroke at each of its end faces 36a of, for
example, approximately 20 to 50 microns at each end or
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approximately 40 to 100 microns total displacement of the
piezoelectric actuating device when the device is actuated.
The piezoelectric actuating device may exert a force of, for
example, approximately 2000 Newtons or about 1500t0 2500
Newtons at the end faces when the device is actuated. The
piezoelectric actuating device pulses the end face, which
imparts a force and movement at the exciter, while the actu-
ating device provides a substantially equal and opposite force
and movement at the opposite end or end face of the actuating
device so that the forces and movements are pulsed at both
ends of the piezoelectric actuating device. The end faces thus
may move or pulse outwardly and inwardly together, such
that an outward pulse or movement of one of the end faces
occurs at substantially the same time as a similar outward
pulse or movement of the other end face.

[0123] The piezoelectric actuating device is connected to a
power source and is actuated and controlled to pulse or
vibrate at a desired or appropriate amplitude and frequency.
Such piezoelectric devices typically are high voltage (such as
about 160 volts and up to about 200 volts), low current
devices. Thus, the piezoelectric actuating device is preferably
connected to a voltage step up converter or amplifier, which
may step up or convert the input voltage (such as about 12
volts from the vehicle power source or battery) to a higher
output voltage (such as about 160 volts or more or less
depending on the desired or appropriate voltage for operation
of'the piezoelectric device), while stepping down or reducing
the current that is applied to the actuating device. The ampli-
fier thus may be connected to the vehicle power source and
may provide a high voltage, low current power source for the
piezoelectric actuating device, whereby the piezoelectric
actuating device vibrates or pulses at the desired amplitude
and frequency to actuate the exciter 38.

[0124] For example, the actuating device may function at a
low frequency range (such as for a sub-woofer application),
such as a frequency of less than about 200 Hz, such as arange
of about 20 Hz to about 120 Hz or to about 180 Hz or
thereabouts. Optionally, however, the acoustic window
assembly may vibrate the window panel at other desired
frequencies (such as frequencies above 200 Hz), and may be
able to use the vibrating window panel as an additional low,
medium or high range speaker that is capable of generating
sound throughout a wide range of frequencies. The window
assembly thus may provide the desired range of sound waves
depending on the particular application and desired sound
output of the acoustic window assembly. Optionally, the
acoustic window assembly may be used to provide external
sound generation (such as at a broader frequency range) for
listening to music or the like from outside the vehicle, if
desired, such as for picnics or “tailgating” functions and/or
the like.

[0125] The exciter 38 is an elongated element or member
that receives piezoelectric actuating device 36 at a generally
central region of the exciter (however, the piezoelectric actu-
ating device may be positioned elsewhere along the exciter,
and/or may include two piezoelectric actuating devices, with
one at each end or end region of the exciter, without affecting
the scope of the present invention). Exciter 38 comprises an
elongated, substantially rigid upper side member or upper
plate 40a and an elongated, substantially rigid lower side
member or lower plate 405 and a pair of generally central
members or rods or ribs or plates 42 that extend between the
plates 40a, 405 and that engage the respective end faces of the
piezoelectric actuating device 36 (which may be received in
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or engage inner end portions or receptacles 46 at the inner
ends of the central rods 42). Central rod 42 and plates 40q,
4054 are interconnected via a plurality of angled or diagonal
members or ribs 44, which, in the illustrated embodiment,
angle outward and away from the piezoelectric actuating
device and from the central rod 42 and to the respective one of
the plates 40a, 405. The exciter thus has a generally fish-bone
shape of ribs extending outward at either end of the piezo-
electric actuating device.

[0126] The central plates and upper/lower plates and ribs
may comprise various materials, such as metallic materials or
plastic or polymeric materials. Preferably, the materials and/
or thicknesses selected for the upper and lower plates provide
substantial rigid plates to provide the desired non-bending
vibratory motion of the plates and window panel during
operation of the actuating device. For example, the plates may
comprise a metallic material, such as, for example, 1080 or
4130 steel or other suitable metallic material, or engineered
plastics or other suitable high strength plastic or polymeric
materials. Optionally, the ribs may comprise a flexible mate-
rial to allow for flexing during operation of the actuating
device. For example, the ribs may comprise spring steel or
stainless steel, such as, for example, 17-7 PH stainless steel or
302 stainless steel or 1080 steel or the like, or other suitable
metallic material or suitable plastic or polymeric material).
Optionally, for example, the plates or the ribs may comprise a
NANOFLEX® material (commercially available from Sand-
vik Materials Technology), which may provide the desired
strength while allowing for reduced mass and weight of the
exciter assembly.

[0127] The inboard ends of the central plates 42 are
engaged with or attached to the end faces of piezoelectric
actuating device 36 (which may be received in receptacle
elements 46 at the ends of the plates 42) so that movement of
the end faces 36a imparts a corresponding longitudinal move-
ment of the central plates 42. The receptacle ends 46 at the
inboard ends of the plates 42 may be formed to correspond to
the shape or form of the end faces of the piezoelectric actu-
ating device, and may connect to or attach to the end faces
(such as via a threaded type engagement or a snap type
engagement or a ball and socket type engagement or the like)
so that the longitudinal movement of the end faces is substan-
tially translated to longitudinal movement of the central
plates 42. The exciter functions to amplify the stroke of the
piezoelectric actuating device and to divert the stroke toward
and away from the window panel so as to function as a
mechanical amplifying device or element that is responsive to
the piezoelectric actuating device.

[0128] When mounted in the vehicle, the rigid lower plate
405 of exciter 38 is fixedly secured to mounting block 34,
which is fixedly secured to the vehicle frame portion or sheet
metal (or the rigid lower plate may mount directly to the
vehicle body or frame or sheet metal), while the rigid upper
plate 40a of exciter 38 is adhered to or secured to the interior
surface of the window panel 14. Optionally, and desirably, the
upper plate 40a and/or lower plate 405 of the exciter 38 may
be formed to generally correspond with the shape of the
window panel and/or the shape of the mounting bracket or
vehicle sheet metal, respectively. For example, and as can be
seen in FIG. 12, the upper plate (or an attaching element or
interface element attached to the upper plate) may be formed
to have a thicker cross section at a central region so as to
provide a curved upper attaching surface for attaching or
adhering or bonding to a curved portion or surface of the
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window panel. Optionally, the upper and lower plates or plate
portions may also include raised ribs or protrusions or
dimples or projections or the like at their attaching surfaces,
such that the raised protrusions engage the inner surface of the
window panel or the mounting platform or surface of the
vehicle to establish or provide the desired bond layer thick-
ness or adhesive layer thickness between the attaching sur-
faces of the exciter and the corresponding window panel or
bracket or vehicle structure.

[0129] As discussed above, longitudinal movement of the
end faces 36a of piezoelectric actuating device 36 imparts a
corresponding longitudinal movement of the central plates 42
of'exciter 38. Because the upper and lower plates 40a, 405 are
substantially fixedly attached to the window panel and
vehicle frame, respectively, such longitudinal movement of
the central plates 42 causes the ribs 44 to flex and/or pivot at
their attachment areas 44a and to move the upper and lower
plates 40a, 405 toward and away from one another. For
example, when the end faces 36a of the piezoelectric actuat-
ing device 36 move outward and away from the piezoelectric
actuating device, the central plates are also moved outward
and away from the piezoelectric actuating device. Such out-
ward movement of the central plates 42 relative to the fixed
plates 404, 405 causes the attachment areas 44qa of the ribs to
flex and for the ribs 44 to exert a force against the respective
plates 40qa, 405 to move the upper plate 40a outward away
from the lower plate 405 so as to exert an outward force and
motion against the window panel 14. Movement of the end
faces 36a of the piezoelectric actuating device 36 in the
inward longitudinal direction imparts a similar but opposite
movement of the central plates 42 and upper/lower plates 40a,
4056 of the exciter 38. Ribs 44 thus pivot and/or flex to move
the upper/lower plates 40a, 405 toward and away from the
central plate 42 and toward and away from one another as the
piezoelectric actuating device pulses to move the central
plates inward and outward along the longitudinal axis of the
exciter.

[0130] Intheillustrated embodiment, and as shown in FIG.
16, each rib 44 comprises a stamped or formed metallic rib
having a generally central portion 445 and opposite end or
attaching portions 44a, The end portions 44a are bent relative
to the central portion 445, such that the end portions may be
generally parallel to one another and parallel to the central rod
or plate 42 and the respective upper or lower plate 40a, 405,
with the central portion 445 of the rib 44 being at an angle
therebetween. The central portion 445 of rib 44 may comprise
a substantially rigid or non-flexing portion, while the bend
area at the junction of the central portion 445 and the end
portions 44a may flex during operation of the actuating
assembly to allow for translation of a lateral or generally
horizontal movement of the rod or plate 42 to a generally
vertical movement of the upper or lower plate 40a, 405. In
order to stiffen the central portion 445 of the rib 44, the central
portion 445 may have additional material or structure formed
or established thereat. For example, and as shown in FI1G. 16,
the central portion 445 may include an additional layer or
layers 44c¢ of the metallic material folded or overlayed over
and/or around the central portion 445 (such as, for example,
by stamping a rib element and folding one or more wings of
the central portion over one or both of the surfaces of the
central portion) to strengthen/stiffen the central portion of the
rib 44.

[0131] In the illustrated embodiment, the end portions 44a
of the rib 44 include tabs 444 extending laterally outward
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therefrom. Tabs 44d are bent relative to the respective end
portion 44a to assist in locating and attaching the rib 44 to the
central rod or plate 42 and the upper or lower plate 40qa, 405.
For example, and as can be seen in FIG. 15, the tabs 444 may
be received in correspondingly shaped or formed notches
along the side edges of the central plate 42 and respective
upper/lower plate 40a, 405. Optionally, the ribs may also or
otherwise be attached to the respective plates via other suit-
able attaching means, such as welding or soldering or adher-
ing or bonding or the like, while remaining within the spirit
and scope of the present invention.

[0132] By receiving the tabs 444 in the notches, longitudi-
nal movement of the ribs 44 relative to the plates 40q, 405, 42
is substantially precluded during operation of the actuating
assembly. Thus, longitudinal movement of the central plate
42 moves the end portions of the ribs that are attached to the
central plate to move longitudinally, which (due to the fixed
attachment of the upper plate to the window panel and the
lower plate to the vehicle) imparts a generally transverse
movement of the other end portions of the ribs and of the
respective upper and lower plates, The bend joints or junc-
tions of the end portions and center portions of the ribs flex to
allow the ribs to impart such a transverse force and movement
without detaching from either of the upper/lower plates 40a,
405 and the central plate or rod 42.

[0133] Optionally, other rib shapes or forms or diagonals
may be implemented while remaining within the spirit and
scope of the present invention. For example, and with refer-
ence to FIGS. 17A and 17B, a rib or diagonal element 144
may comprise a formed metallic rib having a generally central
portion 1445 and opposite end or attaching portions 144a.
The end portions 144q are bent relative to the central portion
14454, such that the end portions may be generally parallel to
one another and parallel to the central rod or plate and the
respective upper or lower plate of the exciter, with the central
portion 1445 of the rib 144 being at an angle therebetween.
The central portion 1445 of rib 144 may comprise a substan-
tially rigid or non-flexing portion, while a bend or flex area
144c at or near the junction of the central portion 1445 and the
end portions 1444 may flex during operation of the actuating
assembly to allow for translation of a lateral or generally
horizontal movement of the rod or plate to a generally vertical
movement of the upper or lower plate.

[0134] Inthe illustrated embodiment, the rib 144 is formed
so that the bend or flex areas 144¢ have a reduced thickness as
compared to the central portion 1445 and end portions 144a
of the rib 144. The thin or narrowed sections that create the
bend or flex zones are disposed or established inward of or
remote from the bend or transition 1444 between the planar
portion 144e of the end portion 1444 that is mounted to the
upper or lower plate or beam and the angled portion 1441 of
the end portion that is generally at the angle of or aligned with
the angular or angled central portion or section 1445 of the
rib. The bend or flex zones are thus at the body of the diagonal
central section 144b. Such a configuration enhances the
manufacturing of the ribs, and allows the manufacturer to
optionally utilize chemical milling and/or photo etching pro-
cesses to create the rib with the narrowed bend or flex zones
or portions. Optionally, any suitable forming means may be
implemented to form the ribs, such as chemical milling or
photo etching with a forming operation, or stamping and fine
blanking with coining to form the bend zones, or the like,
while remaining within the spirit and scope of the present
invention.
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[0135] Forexample, the ribs may be formed from a sheet of
material and the narrowed flex zones may be established via
a photo etching process or processes. Such photo etching or
photo chemical machining (also referred to as photo fabrica-
tion, chemical blanking or photo chemical milling) is known
in the production of precision parts such as small parts for
electronic products, and may be provided by Microphoto, Inc.
of Roseville, Mich. The photo etching process typically is
used to cut out or form small parts in detailed patterns. The
process typically includes making an outline of the desired
patterned product on a photo tool and laminating one or both
sides of a product plate with a photo-resistant material. The
product is then exposed on the laminated product plate so that
the product outline or profile is established on the plate. An
etching process is performed which functions to dissolve
(such as via a suitable etching fluid or chemical or the like) the
residue material (the material around the product outline and
not part of the final product) so that, upon completion of the
etching process, the product is formed to its desired patterned
shape.

[0136] Inthe application of such a photo etching process to
the formation of the ribs for use in the actuating assembly of
the present invention, the narrowed flex zones of the ribs are
formed by the chemical etching from each side of a flat plate
that is to be formed or etched to the desired shape of the ribs.
The flex zones are demarcated or established on the plate so
that those zones (and not the other sections of the ribs) are
etched by the etching process. The etching step or process is
then limited to a predetermined time period that results in the
etching process dissolving the part material at the flex zones
so0 as to reduce the thickness of the part at the flex zones a
desired or predetermined amount. Such a process can be
highly accurate and repeatable to reduce or remove or dis-
solve a desired or appropriate or predetermined amount of
material at the flex zones and thus to leave a desired or
appropriate or predetermined thickness of the material to
achieve the desired or appropriate or predetermined flexibil-
ity of the ribs at the flex zones. Also, the etching process (such
as a separate etching process either before or after the forming
oretching of the flex zones) may be used to cut or etch or form
the individual ribs from a plate of the metallic material. After
the ribs are formed or shaped and have the narrowed flex
zones established thereon, the ribs may be mechanically bent
or formed to have the desired bends at the junction of the
center section and the end sections of the ribs.

[0137] Thus, the photo etching process may form the ribs
and the narrowed flex zones without any mechanical cutting
of the ribs or plate material. Such a process thus provides
enhanced accuracy in forming the ribs and flex zones without
any burrs or imperfections or external stresses that may oth-
erwise result from a stamping or cutting or grinding operation
or the like. The ribs thus may be readily formed with the
narrowed flex sections or zones in a highly accurate and
repeatable manner.

[0138] Thus, and as can be seen with reference to FIG. 1,
the piezoelectric actuating device 36 generates a stroke or
pulse generally along the window panel at which it is posi-
tioned. The ribs and plates of the exciter are configured so that
the pulse of the piezoelectric actuating device (of a distance of
about 40 to 75 microns) may, for example, be transformed
into a pulse of the upper plate 40a of about 0.1 to about 0.3
mm of displacement or up to about 0.5 mm of displacement,
while the force exerted by the piezoelectric actuating device
may be, for example, about 1500 to 2500 Newtons, which
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may be converted or transformed to a force of about 250
Newtons or about 100 to 300 Newtons or thereabouts exerted
by the substantially rigid upper plate 40a at the window
surface. The exciter 38 thus receives the pulse from the piezo-
electric actuating device 36 and imparts a corresponding and
amplified pulse or stroke or movement in a direction that is
generally normal to the pulse or stroke of the piezoelectric
actuating device 36. The generally lateral or cross car pulse of
the piezoelectric actuating device is thus converted into an
outward and inward pulse at the lower portion of the window
panel to cause the window panel to move outward and inward
about the generally fixed upper perimeter portion of the win-
dow panel. The exciter thus takes the generally horizontal
force and stroke of the piezoelectric actuating device and
redirects it and amplifies the stroke to a generally vertical or
partially vertical stroke at the window panel while reducing
the force output of the actuating device to a reduced generally
vertical or partially vertical force at the window panel, so as to
cause the window panel to move inward and outward or
vibrate at the desired frequency as dictated by the audio
system and the piezoelectric actuating device.

[0139] The upper and/or lower mounting or attaching or
interface members or plates of the exciter assembly are sub-
stantially rigid or stiff and substantially non-flexible, such as
having a flexibility of, for example, about 1x10~7 mm/N or
thereabouts. Optionally, the mechanical exciter assembly
may be coated or impregnated with an adhesive or other
suitable coating material to enhance the stiffness of the com-
ponents or elements and to environmentally protect the com-
ponents or elements and the assembly, and to fill in any
microcracks or the like in the individual components or ele-
ments or assembly.

[0140] Optionally, other forms or types of exciters or force/
pulse transfer devices may be implemented in conjunction
with the actuating device without affecting the scope of the
present invention. For example, and as shown in FIGS. 18 A-
19, an actuating assembly 24' may include an exciter 38'
having an upper plate 40a', a lower plate 404', a pair of
generally central plates or rods or members 42' and a plurality
of ribs 44' pivotally connected to the central plate 42' and
upper/lower plates 40qa', 405'. A piezoelectric actuating
device 36' is operable to impart a longitudinal vibratory
motion of the central plate 42', which in turn imparts a trans-
verse vibratory motion of the upper/lower plates 40a', 405' via
flexing of the ribs 44', such as in a similar manner as described
above.

[0141] In the illustrated embodiment, and as best shown in
FIG. 20, the ribs 44' are formed from a single or unitary
stamping or element 45' that defines or provides a plurality of
central rib portions 445' and mounting portions 44a' at oppo-
site ends of each central rib portion 445'. The mounting por-
tions 444" are bent relative to the central portion 445', such
that the mounting portions may be generally parallel to one
another and parallel to the central plate 42' and the respective
upper or lower plate 404", 405', with the central rib portions
445’ being at an angle therebetween. The central rib portions
445" may comprise a substantially rigid or non-flexing por-
tion, and may include additional material or structures or flaps
44c' folded over or established at the central rib portions such
as in a similar manner as described above, while the bend area
at the junction of the central rib portions 445' and the mount-
ing portions 444" may flex during operation of the actuating
assembly to allow for translation of a lateral or generally
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horizontal movement of the central plate 42' to a generally
vertical movement of the upper or lower plate 40q, 405', such
as discussed above.

[0142] In the illustrated embodiment, the mounting por-
tions 444" include tabs 444" extending therefrom that are bent
relative to the respective end portion 44a' to assist in locating
and attaching the rib 44' to the central plate 42' and the upper
or lower plate 404", 404'. For example, and as can be seen in
FIG. 19, the tabs 444" may be wrapped around the side edges
of'the central plate 42' and respective upper/lower plate 404,
404'. As can also be seen in FIG. 19, the rib elements 45' may
be staggered such that the tabs 444" of one element are lon-
gitudinally offset from the tabs 444" of the other element,
while the ribs 44' are generally aligned along the central plate
42'. The tabs 444 may be wrapped around the side edges of
the central plate 42' and upper/lower plate 404', 405', or may
be inserted through apertures or received in channels or
notches formed along the plates 404', 405', 42' and may be
bent along the opposite surface of the respective plate, such as
shown in FIG. 18A, and may be secured thereat to limit or
substantially preclude longitudinal movement of the rib ele-
ment relative to the respective plates of the exciter assembly
or device.

[0143] Optionally, the ribs may also or otherwise be
attached to the respective plates via other suitable attaching
means, such as welding or soldering or adhering or bonding
or the like, while remaining within the spirit and scope of the
present invention. Optionally, for example, and with refer-
ence to FIG. 21, arib element 45" may be formed to provide
a plurality of rib portions 44" along and between the central
plate and one of the upper and lower plates. As can be seen in
FIG. 21, rib element 45" defines or provides a plurality of
central rib portions 445" and mounting portions 44a" at oppo-
site ends of each central rib portion 445". The mounting
portions 44a" are bent relative to the central portion 445",
such that the mounting portions may be generally parallel to
one another and parallel to the central plate 42" and the
respective upper or lower plate 404", 405", with the central rib
portions 445" being at an angle therebetween. The central rib
portions 445" may comprise a substantially rigid or non-
flexing portion, and may include additional material or struc-
tures or flaps 44¢" folded over or established at the central rib
portions such as in a similar manner as described above, while
the bend area at the junction of the central rib portions 445"
and the mounting portions 444" may flex during operation of
the actuating assembly to allow for translation of a lateral or
generally horizontal movement of the central plate to a gen-
erally vertical movement of the upper or lower plate, such as
discussed above. In the illustrated embodiment, the mounting
portions 44a" of the rib element 45" provide substantially
planar mounting portions that may engage the opposed sur-
faces of the respective plates, and that may be secured or
retained along the respective plates to limit longitudinal
movement of the rib element relative to the plates, such as via
welding or soldering or otherwise fastening or attaching or
securing the rib element to the plates.

[0144] Optionally, other forms of actuating assemblies and/
or exciters may be implemented to provide a non-flexing
vibratory force or vibrational force at the inner surface of the
window panel while remaining with the spirit and scope of the
present invention. For example, an exciter may not include a
fishbone configuration of ribs and plates, but may include a
flexible element or elements that are affixed to an upper plate
and a lower plate and that flex to move the upper plate toward
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and away from the lower plate in response to the actuating
device. Such a configuration may provide enhanced assembly
and manufacturing processes by reducing welds and crimps
and the like during the assembly process of the exciter device
or assembly.

[0145] For example, and with reference to FIGS. 22-24, an
exciter assembly 138 comprises an elongated, substantially
rigid upper member or upper plate 140a and an elongated,
substantially rigid base or lower member or lower plate 1405
and a plurality of flexible elements or plates 142 that extend
between the plates 140a, 1405 and that engage the respective
end faces 136a of the piezoelectric actuating device 136. In
the illustrated embodiment, the flexible elements 142 com-
prise stamped or extruded forms that are arranged side-by-
side across the base or lower plate 1405 of the exciter assem-
bly 138, with one end of each form or element being attached
to the lower plate 1405 and the other end of each form or
element being attached to the upper plate 140q.

[0146] In the illustrated embodiment, and as best shown in
FIG. 24, each flexible element 142 is a generally parallelo-
gram-shaped form or element that has an upper portion 1424,
a lower portion 1426 and angled side portions 142e¢. The
flexible element 142 includes opposite receiving portions
142d, 142¢ at a central region thereof for receiving the oppo-
site ends ofthe actuating device 136 therein. As can be seen in
FIG. 24, one receiving portion 1424 is formed with the upper
portion 142a, while the other receiving portion 142e is
formed with the lower portion 1424. The flexible element also
includes an aperture 142f at each of the receiving portions
142d, 142¢. A flexible or compressible/expandable mounting
element or portion 142g, 142/ is formed at each end of the
flexible element 142 for mounting to one of the upper/lower
plates 140qa, 1405. For example, and with reference to FIG.
24, the left end mounting element 142g is secured to the lower
plate 1405 (such as via a suitable fastener or pin or post or the
like), while the right end mounting element 142/ is secured to
the upper plate 140a (such as via a suitable fastener or pin or
post or the like).

[0147] When the exciter assembly is assembled, the flex-
ible elements (such as four similarly formed flexible elements
or more or less depending on the particular application) are
arranged in an alternating fashion next to one another (such as
with the laterally outboard flexible elements being arranged
in one manner and the inboard flexible elements being
arranged in the other or opposite manner or otherwise alter-
natingly arranged as desired), as can be seen in FIG. 22, such
that one end of one element is attached to the base or lower
plate 1405, while the corresponding end of an adjacent ele-
ment is attached to the upper plate 1404a. The flexible ele-
ments 142 may be pinned or joined or connected together via
a pin 143 inserted through the apertures 142f at each of the
receiving portions 142d, 142e. When assembled together, the
receiving portions of the flexible elements define or form a
receiving pocket for receiving a respective end of the actuat-
ing device 136 therein. In the illustrated embodiment, the
actuating device 136 may have an engaging element or por-
tion 146 at each end that is formed to be received in the
receiving pocket of the respective receiving portions to sub-
stantially retain the ends of the actuating device relative to the
flexible elements.

[0148] Thus, the flexible elements may be arranged
between the upper and lower plates and may flex in response
to the pulsation of the actuating device to cause a relative
motion of the upper plate toward and away from the lower
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plate or base of the exciter. During operation of the actuating
device, the actuating device pulses or vibrates via extension
and retraction of the ends along the longitudinal axis of the
upper and lower plates 140a, 1405. Such extension of the
actuating device causes the upper element or portion 142a to
move away from the lower element or portion 1425 of the
flexible element to thus vibrate or pulse the upper plate 140a
relative to the lower plate 1405. As can be seen with reference
to FIG. 24, movement of receiving portion 1424 toward the
left side of FIG. 24 pulls at mounting element 142/, which
flexes to allow for such movement, while movement of
receiving portion 142e toward the right side of FIG. 24 simi-
larly pulls at mounting element 142g, which flexes to allow
form such movement. As the parallelogram form or shape is
moved in this manner, the upper and lower portions 142a,
1425 move toward and away from each other to vibrate or
pulse the upper plate 140qa relative to lower plate 1405.
Because of the alternating arrangement of the flexible ele-
ments across the exciter assembly, the pulsing motion or
action is substantially uniform across the upper plate to pro-
vide a substantially uniform vibration of the upper plate (and
thus of the window panel) relative to the lower plate or base
(and thus the vehicle body or frame or sheet metal), without
movement in the longitudinal direction along the upper and
lower plates. As can be seen in FIG. 27, the vehicle body or
frame or sheet metal 112a may be formed to provide a plat-
form or mounting structure or surface 1125 for attaching the
lower plate or base 1405 of exciter assembly 138, and
whereby the platform or mounting structure or surface may be
substantially rigid to limit vibration or movement or flexing
of'the lower plate 1405 of exciter assembly 138 relative to the
vehicle body or frame or sheet metal, such as in a similar
manner as discussed above.

[0149] Optionally, other flexible element configurations
and shapes may be implemented that may convert a longitu-
dinal pulsation and force to a movement and force that is
generally normal to the longitudinal direction. For example,
and with reference to FIGS. 28-30, an exciter assembly 138’
comprises an elongated, substantially rigid upper side mem-
ber or upper plate 140a' and an elongated, substantially rigid
lower side member or lower plate 1405' and a plurality of
flexible elements or plates 142' that extend between the plates
140q', 1404 and that engage the respective end faces of the
piezoelectric actuating device 136'. Similar to flexible ele-
ments 142, discussed above, the flexible elements 142' com-
prise stamped or extruded forms (such as a parallelogram
form or shape) that are arranged side-by-side across the base
orlower plate 1405' ofthe exciter assembly 138', with one end
of each form or element being attached to the lower plate
140" and the other end of each form or element being
attached to the upper plate 1404'. Also similar to exciter
assembly 136, discussed above, the flexible elements 142’
(such as four similarly formed flexible elements or more or
less depending on the particular application) may be arranged
in an alternating manner across the base or lower plate and the
upper plate of the exciter assembly 136' are arranged in an
alternating fashion next to one another (such as with the
laterally outboard flexible elements being arranged in one
manner and the inboard flexible elements being arranged in
the other or opposite manner).

[0150] Intheillustrated embodiment, each flexible element
142" includes an upper portion 1424', a lower portion 1424'
and angled side portions 142¢'. The flexible element 142’
includes opposite actuator attaching portions 1424", 142¢' at a
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central region thereof for attaching to the opposite ends of the
actuating device 136 of the actuating assembly 124'. As can
be seen in FIG, 30, one attaching portion 1424" is formed with
the upper portion 1424', while the other attaching portion
142¢' is formed with the lower portion 1425'. The flexible
element also includes an aperture 1421 at each of the receiving
portions 1424", 142¢' for receiving a pin 143' (FIGS. 28 and
29) therethrough to join the flexible elements together and to
join or retain the ends of the actuating device relative to the
flexible elements. A flexible or compressible/expandable
mounting element or portion 142g', 1424' is formed at each
end of the flexible element 142' for mounting to one of the
upper/lower plates 140a', 1405'. For example, and with ref-
erence to FIG. 30, the left end mounting element 142¢g' is
secured to the lower plate 1405’ (such as via a suitable fas-
tener or pin or post or the like), while the right end mounting
element 1427' is secured to the upper plate 1404’ (such as via
a suitable fastener or pin or post or the like). The actuating
assembly 124' and exciter assembly 138' may be otherwise
substantially similar in assembly and operation as actuating
assembly 124 and exciter assembly 138, discussed above,
such thata detailed discussion of the actuating assemblies and
exciter assemblies need not be included herein.

[0151] Optionally, other forms of exciter assemblies may
be implemented, including exciter assemblies that convert the
vibrational forces provided by an actuating device that is
arranged generally normal to the upper and lower plates or
members of the exciter assembly. For example, and with
reference to FIGS. 31 and 32, an exciter assembly 238 may
include an upper or window panel engaging plate or member
240q and a base or lower plate 2405, with a flexible element
242 disposed therebetween and farmed unitarily therewith. In
the illustrated embodiment, flexible element 242 includes a
receiving portion 242a that receives an actuating device (not
shown in FIGS. 31 and 32) therein such that one end of the
actuating device engages and acts against a base actuating
portion 2426 and the other end of the actuating device
engages and acts against an opposite actuating portion. 242c.
Flexible element or portion 242 further includes ribs or arms
or structures 242d that extend between the upper and lower
plates or members and that extend from the actuating portion
242c¢. As can be seen with reference to FIG. 32, extension of
the actuating device causes actuating portion 242¢ to be
moved away from actuating portion 242b, which, in turn
causes flexing of the flexible anus to impart a greater stroke at
the upper plate 240a than the stroke of the actuating device.
Various structures or arrangements of flexible arms or ele-
ments or ribs may be utilized to provide an increase or ampli-
fication of the stroke of the actuating device while providing
a reduction in the force output of the upper plate at the win-
dow panel as compared to the force output by the actuating
device, while remaining within the spirit and scope of the
present invention.

[0152] Optionally, the actuating device and exciter assem-
bly may include a preloading element to preload or bias the
engaging elements of the actuating device (such as engaging
elements 146 of the actuating device 136) inward or toward
one another so as to apply a force toward each end of the
actuating device. In the illustrated embodiment, the biasing
element or preloading element comprises a curved spring
element or biasing element 150 (FIG. 33) that is attached or
affixed to a respective side of each of the engaging elements
146. For example, the biasing element 150 may be adhesively
affixed to the engaging elements or mechanically affixed to
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the engaging elements or otherwise affixed or attached to the
sides of the engaging elements. Thus, the upper and lower
plates and engaging elements and biasing elements function
to substantially encompass or contain or “box-in” the actuat-
ing device to assist in securing the actuating device in the
appropriate orientation (with its actuating forces being lon-
gitudinally directed along and generally parallel to the upper
and lower plates) during operation of the actuating device.
[0153] The biasing element may be configured such that
when it is affixed to the engaging elements at the actuating
device 136, the biasing element 150 urges the engaging ele-
ments 146 toward one another and toward and into engage-
ment with the ends of the actuating device. For example, the
biasing element may initially be extended or stretched (such
as by inserting a spacer or shim within the curved portion
150a of the biasing element) when its attaching ends 1505 are
affixed to the engaging elements 146, whereby removal of the
spacer or shim (such as after the adhesive cures or after the
attaching ends are otherwise secured to the engaging ele-
ments) allows the biasing element to flex inward and pull at
the engaging elements to preload the actuating device.
Optionally, one biasing element may be implemented along a
selected side of the exciter assembly, but it is desirable that a
second biasing element (such as shown in FIG. 33) be simi-
larly mounted to or affixed to the engaging elements at the
other side of the actuating device to provide balanced biasing
of the engaging elements toward one another.

[0154] Although shown and described as having a small
curved portion 150a and elongated mounting portions or
attaching ends 15054, other configurations of biasing elements
may be implemented depending on the particular application
of the window system. For example, and with reference to
FIG. 34, a biasing element 150' may comprise opposite
mounting portions or attaching ends 1504' and an arcuate-
shaped central portion 1504' extending substantially along
the length of the actuating device. Other sized or shaped
spring elements or curved portions of a biasing element may
be suitable for biasing or preloading the actuating device,
while remaining within the spirit and scope of the present
invention.

[0155] The biasing element or spring is intended to insure a
pre-load on the piezo actuating device throughout the func-
tional cycle of the actuating device and to provide longitudi-
nal stiftness and structural rigidity to the piezo actuating
device assembly. The biasing elements thus maintain com-
pression on the actuating device at the ends of the actuating
device during the range of extension and retraction of the
actuating device. The biasing elements and engaging ele-
ments and upper and lower attachment plates or elements
generally surround the actuating device to assist in maintain-
ing longitudinal alignment of the actuating device during
operation of the actuating device. The actuating device,
which may otherwise generally float between the engaging
elements, is thus retained generally in its longitudinal orien-
tation during operation, and any tilting of the actuating device
during operation may be limited or substantially precluded by
the presence of the engaging elements and biasing elements
(so that the forces exerted by the actuating device during
operation of the actuating device are directed longitudinally
along the exciter assembly and not angled or canted or mis-
aligned due to tilting of the actuating device).

[0156] Optionally, the exciter assembly may include a
spring element or biasing element or tensioning element at
the end or ends of the exciter assembly distal from the actu-
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ating device, to bias or urge the exciter assembly toward its
compressed state. For example, and as shown in FIG. 35, a
biasing element 152 may be disposed at the ends of the upper
plate 340a and lower plate 3405 of an exciter assembly 310 to
urge the upper and lower plates toward one another, whereby
actuation of the actuating device 136 pushes against the cen-
ter plate or rod 342 to expand or separate the upper and lower
plates (via the diagonals or ribs 144), such as in a similar
manner as discussed above. In the illustrated embodiment, the
biasing element 152 comprises an arcuate metallic element
that is attached to the ends of the upper and lower plates.
[0157] Optionally, the degree of tension of the biasing ele-
ment and/or the degree of movement of the upper plate rela-
tive to the lower plate may be selectively set or adjusted to
achieve the desired functionality of the actuating assembly.
For example, and with reference to FIG. 36, the biasing ele-
ment 152 may include a threaded fastener or adjuster 154
therethrough. The threaded fastener 154 may be rotated to
adjust the range of motion of the upper plate 340a relative to
the lower plate 3405 and/or to adjust the degree of tension
applied by the biasing element 152.

[0158] The springs or biasing elements on either end of the
exciter assembly may limit or inhibit rocking of the exciter
assembly (where one side or end may be moving upward
while the other side or end is moving downward). Desirably,
the exciter assembly functions with the upper and lower
beams or plates remaining parallel or substantially parallel
throughout the operating cycle. Allowing for tightening or
adjusting of the biasing elements or springs allows for induc-
ing a pre-load into the piezoelectric actuator (such as in a
similar manner as biasing element 150, discussed above). For
example, as the springs are tightened, the exciter will exert
more load back into the piezoelectric actuator, and as the
springs are loosened, the preload will be relieved. This may
allow for enhanced tuning or adjustment of the preload level
in the exciter assembly depending on the particular applica-
tion of the actuator assembly.

[0159] Optionally, it is envisioned that other forms of bias-
ing elements may be implemented along or at the ends of the
upper and lower plates. For example, a biasing element 152
may have an adjuster 154" as shown in FIG. 37. Optionally
two or more biasing elements 152" (FIG. 38) may be disposed
at respective ends of the upper and lower plates 340a", 3405",
with each biasing element 152" having a respective adjuster
154". As shown in FIG. 38, the biasing element or elements
may be disposed along the upper and lower plates inboard of
the outer ends of the plates. Other biasing element and/or
adjuster configurations may be implemented while remaining
within the spirit and scope of the present invention.

[0160] Although shown and described as having a piezo-
electric actuator that pushes against the center rod to impart a
movement of the upper plate away from the lower plate (via
movement and/or flexing of the diagonal ribs), it is envisioned
that the actuating assembly may otherwise impart movement
of the upper plate away from and toward the lower plate,
while remaining within the spirit and scope of the present
invention. For example, and with reference to FIGS. 39A and
39B, an exciter device 438 includes an upper plate 440q, a
lower plate 4405 and a center rod or plate 442 interconnected
by a plurality of ribs 444 (such as ribs similar to ribs 144
discussed above). The center plates 442 may attach to or
extend from a central actuating housing or support structure
445 that substantially supports and/or encompasses the actu-
ating device (such as a piezoelectric actuator or the like).
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[0161] In the illustrated embodiment, the ribs 444 are
arranged in a generally opposite direction as ribs 144 (dis-
cussed above) are arranged, so that the upper plate is moved
away from the lower plate when the actuating device is
retracted and is moved toward the lower plate when the actu-
ating device is extended. The exciter device may otherwise be
substantially similar to the exciter devices discussed above
(and optionally may include one or more biasing elements at
the side or sides or ends of the upper and lower plates, such as
discussed above), such that a detailed description of the
exciter devices and actuating assemblies need not be repeated
herein.

[0162] Thus, the exciter assemblies of the present invention
provide a rigid interface element or member disposed at and
secured or adhered or bonded to the window panel to provide
a substantially uniform vibratory force at the window panel.
The exciter assembly is formed to provide an increased stroke
as compared to the stroke of the actuating device. Optionally,
the exciter assembly may translate or convert a longitudinal
force and stroke along a longitudinal axis of the exciter
assembly to a generally transverse force and stroke in a direc-
tion generally transverse to the longitudinal axis of the exciter
assembly, and thus generally normal to the plane or surface of
the window panel at the location at which the upper member
or plate is secured to the inner surface of the window panel.
Thus, the exciter assembly of the present invention is config-
ured to provide a substantially uniform vibratory motion and
force at the inner surface of a perimeter region of a window
panel in response to a pulsation output of an actuating device,
such as a piezoelectric actuating device or the like.

[0163] Intheillustrated embodiments, the actuating assem-
blies are configured for attaching to a lower perimeter portion
or region of a rear window or backlite of a vehicle so as to
vibrate the rear window or backlite at the desired frequencies.
Optionally, the actuating assembly may be adapted or con-
figured for application at one or more other windows of a
vehicle, such as, for example, a side window or side fixed
window of the vehicle or a sunroof or moonroof of the vehicle
or a rear window of a station wagon or van or minivan or SUV
or the like (where the window and actuating assembly may be
part of a rear door or liftgate or tailgate of the vehicle) or a
windshield of the vehicle, while remaining within the spirit
and scope of the present invention. Optionally, it is envisioned
that aspects of the present invention may be utilized for other
vehicle panels and/or may be utilized on non-vehicular glass
or window panel applications or non-vehicular panel appli-
cations.

[0164] Optionally, the window assembly may be installed
in the vehicle as a module or unit (including the window panel
and actuating assembly and perimeter frame/seal portions) or
the acoustical window assembly or system may be delivered
to a vehicle assembly plant as components where the compo-
nents may be assembled at the assembly plant or facility.
Optionally, for example, the actuating assemblies (including
the actuating device and exciter device or assembly) and the
perimeter frame or seal may be mounted to a carrier that may
be installed into the vehicle as a separate part during one
assembly process, and with the window panel being installed
as a separate assembly process, such as, for example, with the
window panel being installed in a similar manner as currently
done with conventional windows.

[0165] For example, and with reference to FIGS. 40-42, an
acoustic windshield assembly 510 may include a modular
actuating assembly or device 515 that is mountable or attach-
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able to the vehicle frame or structure 512a of a vehicle 512,
such as a frame or structure 5124 at a forward end of the
vehicle cabin for supporting the windshield 514 of the vehicle
512. The modular actuating assembly 515 includes a frame
portion 516, one or more actuating assemblies 524 and a
carrier element or support element 525 that mounts the actu-
ating assembly or assemblies 524 to or at the frame portion
516. Frame portion 516 includes an upper frame portion or
mounting portion 516a for generally fixedly mounting the
upper perimeter portion of the window panel or windshield to
the vehicle sheet metal and a pair of side frame portions or
mounting portions 5165 and a lower frame portion or mount-
ing portion 516¢ for movably or vibratably mounting the side
and lower portions of the window panel or windshield to the
vehicle sheet metal.

[0166] In the illustrated embodiment, the carrier element
525 is disposed along the lower frame portion 516¢ and
locates the actuating assembly 524 (including the exciter
assembly 538 and actuating device or piezoelectric actuator)
at or near the lower perimeter region of the windshield and at
alocation at or near the dashboard that is not readily viewable
by a person viewing the windshield of the vehicle. The carrier
element may be adhered to or bonded to or otherwise affixed
to the mounting portion 526 (FIG. 41) of the lower frame
portion 516¢ or may be integrally molded with the mounting
portion ofthe lower frame portion 516¢. As shown in FIG. 41,
the carrier element 525 may extend from the frame portion
516¢ and may be adhered or mounted to the vehicle structure
512a, and may include one or more projections or stand-offs
525aq for spacing a bonding surface of the carrier element a
desired or appropriate distance from the vehicle structure for
enhancing the bond between the adhesive and the frame por-
tion and vehicle structure. The lower plate 5405 of exciter
assembly 538 may be attached to or received in or otherwise
affixed relative to the carrier element 525 to secure the exciter
assembly to the carrier element and thus to the vehicle struc-
ture when the carrier element is mounted to the vehicle struc-
ture.

[0167] The modular actuating device 515 thus is attachable
or mountable to a vehicle frame or sheet metal or structure.
After the modular actuating device 515 is secured to the
vehicle structure, the window panel or windshield 514 (as
shown in FIG. 42) may be adhered to or bonded to or mounted
to the outer attachment elements 528 of the frame portion 516
and the outer or upper plate or plates 540a of the exciter
assembly 538 to seal the windshield to the vehicle and to the
actuating device 515. The exciter assembly and actuating
device and frame portions may otherwise be substantially
similar to those described above such that a detailed discus-
sion of the exciter assemblies and actuating devices and frame
portions need not be repeated herein.

[0168] Thus, the modular actuating device 515 may be
readily attached or adhered or fastened to the vehicle frame or
sheet metal at the automobile assembly plant, such as by
dispensing a bead of adhesive at the vehicle structure and/or
at the mounting portions 526 of the frame portions and at the
carrier element 525 and affixing the frame portion 516 and
carrier element 525 to the vehicle structure. Optionally, the
modular actuating device 515 may include reinforcement
elements 527, such as cross members or corner members or
the like, for providing enhanced structural rigidity to the
assembly or device prior to and during installation of the
modular actuating device 515 at the vehicle structure. The
reinforcement elements 527 may be molded with the frame
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portions or attached thereto, and may be readily removed
from the frame portions after the modular actuating device is
installed or attached to the vehicle structure. After the modu-
lar device is adhered or attached to the vehicle structure and
the reinforcement elements have been removed from the
module, the window or windshield may be attached or
adhered to the frame portions and exciter assembly, such as in
a similar manner as described above.

[0169] For applications at the vehicle windshield, it is pre-
ferred to limit outward movement of the windshield to meet
impact requirements for vehicles. Thus, an impact limiting
element or outward movement element may be implemented
at the windshield (such as at the lower portion or lower cor-
ners of the windshield) to allow for movement or pulsing or
vibrating of the windshield while limiting outward movement
of the windshield when the windshield is impacted by an
object moving forwardly with respect to the vehicle. Such an
impact limiting element may be attached to either the wind-
shield or the vehicle frame or sheet metal and movably
attached to the other of the windshield or vehicle frame or
sheet metal so as to allow for relative movement between the
windshield and vehicle frame while limiting outward move-
ment of the windshield relative to the vehicle frame, such as
by utilizing aspects of the elements described in PCT Appli-
cation No. PCT/US06/40100, filed Oct. 12, 2006 and pub-
lished Apr. 26, 2007 as International Publication No. WO
2007/047442; which is hereby incorporated herein by refer-
ence in its entirety.

[0170] Thus, the present invention provides an acoustical
window assembly for a vehicle, and may be implemented at a
front windshield or rear window or fixed side window or fixed
side door window or sunroof or moonroof of the vehicle. The
acoustical window assembly and actuating device is operable
to vibrate the window panel of the window to produce audible
sound so as to replace or supplement one or more speakers of
the vehicle. The acoustical window assembly of the present
invention may be operable to achieve high Sound Pressure
Levels (SPL) for relatively low acoustic strength with a
reduced stroke or travel of the window panel during operation
of the actuating device. For example, the present invention,
when implemented and tested on an exemplary vehicle wind-
shield, has been unexpectedly found to be capable of achiev-
ing an SPL of about 110 dB at about 30-120 Hz and, for an
acoustic windshield (given an area of about 0.6 m2), may be
capable of achieving such an SPL with a stroke of about
300-400 pm or thereabouts. Such a small degree of stroke or
travel of the window panel is not readily discernible to a
person viewing the window panel or windshield during
operation of the sound system of the vehicle. Also, the func-
tionality and sound quality of the window assembly is not
substantially adversely effected by contact of an object or
person’s hand or the like against the vibrating window panel
or windshield.

[0171] Accordingly, the actuating assembly of the acoustic
window assembly of the present invention utilizes a mechani-
cal exciter or amplifying device to excite or vibrate the win-
dow panel in the desired direction and at a desired force and
degree of vibration in response to the output of the piezoelec-
tric actuating device. The mechanical exciter provides a sub-
stantially rigid interface member or plate that acts against the
window panel along a portion or region of the window panel
and ata lower region ofthe window panel so that the actuating
assembly may be located at a region where it is not readily
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viewable by a person viewing the window panel from inside
or outside of the vehicle cabin.

[0172] Thus, the present invention provides for use of the
existing large, double-curved glass (or other suitable materi-
als) substrates or surfaces (such as a curved windshield or rear
backlite or side window or the like) in a vehicle as loud-
speaker membranes. The actuating assembly functions to
excite or vibrate the panel with an actuator using a piezo-
ceramic driver mounted at the rim (or belt-line) of the window
panel. Installation of the actuating device thus may require a
reduced volume or small volume compared to other known
systems for low frequency sound production. Also, a high
efficiency can be achieved by the use of the piezo material and
the good vibro-acoustic coupling achieved by the acoustic
window assembly of the present invention.

[0173] The performance of the acoustic window assembly
of the present invention is not so highly dependent on the
precise location of the actuating assembly at the vehicle win-
dow panel, such that elongated actuators may be set in the
general or desired position along the window panels. The
present invention thus enables the acoustic window assem-
blies to be manufactured in production quantities without
requiring testing of each individual window assembly to
determine if the actuating assembly is attached to the window
panel at a precise location requirement (such as a central
region of the panel as is typically required for prior art vibrat-
ing panels). The size and spacing of the actuating assembly
and mechanical exciter are selected so as to provide the
desired degree of force and stroke at the window panel so as
to provide the desired or appropriate frequency of vibration of
the window panel as dictated or driven by the audio system of
the vehicle, without moving the window panel beyond the
limitations or constraints of the window frame portion and/or
the vehicle frame.

[0174] Therefore, the present invention provides an acous-
tic window assembly for a vehicle that substantially uni-
formly vibrates the window panel (with substantially non-
flexing or non-bending vibration via the substantially rigid
interface members or elements or plates) while substantially
sealing the window panel at the vehicle. The present invention
provides an enhanced acoustical device for a vehicle sound
system that utilizes a glass panel or window panel of a vehicle
and thus does not interfere with the interior space of the
vehicle cabin and/or other space at the cabin that may be
utilized for other vehicle components or the like. The actuat-
ing assembly of the acoustic window assembly of the present
invention includes an actuating device, such as a piezoelectric
actuating device or the like, and a mechanical exciter, which
engages the window panel and transfers the pulse of the
actuating device along a region of the window panel (and via
a substantially rigid interface member or plate to limit or
substantially preclude non-uniform forces and vibrations at
the window panel) to spread out the forces and movements/
pulses at the window panel.

[0175] Because the acoustic window assembly of the
present invention utilizes the existing window panel of the
vehicle and may replace or supplement one or more speakers
and/or subwoofers of a vehicle sound system, the acoustic
window assembly may achieve a reduction in the weight of
the vehicle, since the addition of the actuator assembly is
more than offset by the reduction or removal of one or more
speakers and/or subwoofers of the sound system. The acous-
tic window assembly of the present invention thus may pro-
vide a weight reduction and may require reduced space, and



US 2012/0223543 Al

may require reduced power to operate, while providing
enhanced performance of the acoustic window assembly and
enhanced sealing of the window panel at the vehicle.

[0176] Changes and modifications to the specifically
described embodiments may be carried out without departing
from the principles of the present invention, which is intended
to be limited only by the scope of the appended claims as
interpreted according to the principles of patent law.

1. A window assembly for a vehicle, said window assembly
comprising:

a window panel;

a frame portion disposed partially around a perimeter of
said window panel and not disposed at a free perimeter
portion of said window panel; and

an actuating assembly, said actuating assembly being posi-
tioned at or near said free perimeter portion of said
window panel, said actuating assembly being operable
to vibrate said window panel.

2. The window assembly of claim 1, wherein said frame
portion fixedly secures a fixed perimeter portion of said win-
dow panel at the vehicle, and wherein said window assembly
is configured to allow flexing along other perimeter portions
of said window panel between said fixed perimeter portion
and said free perimeter portion.

3. The window assembly of claim 2, wherein said fixed
perimeter portion is substantially opposite from said free
perimeter portion.

4. The window assembly of claim 1, wherein said window
panel comprises one of a rear window of a vehicle, a rear
liftgate window of a vehicle, a windshield of a vehicle, a side
window of a vehicle, and a side door window of a vehicle, and
wherein said free perimeter portion of said window panel
comprises a lower perimeter region of said window panel.

5. The window assembly of claim 1, wherein said actuating
assembly comprises a piezoelectrical actuator that is operable
to vibrate at or near said free perimeter portion of said window
panel.

6. The window assembly of claim 5, wherein said piezo-
electrical actuator is operable to excite an exciter device that
converts the vibration of said piezoelectrical actuator to a
desired vibration or movement at said window panel.

7. The window assembly of claim 6, wherein said desired
vibration comprises movement of said exciter device toward
and away from said window panel to impart an inward move-
ment and an outward movement of said window panel at said
free perimeter portion of said window panel,

8. The window assembly of claim 7, wherein said piezo-
electrical actuator is oriented to impart movement in a direc-
tion generally along said window panel and said exciter
device imparts movement in a direction generally normal to
said window panel in response to said piezoelectrical actua-
tor.

9. The window assembly of claim 8, wherein said exciter
device includes (i) a mounting plate for attaching to the
vehicle, (ii) a window attaching plate for attaching to said
window panel, and (iii) an exciter element that imparts move-
ment of said window attaching plate toward and away from
said mounting plate in response to said piezoelectric actuator.

10. The window assembly of claim 7, wherein a seal is
disposed along said free perimeter portion of said window
panel and substantially seals said window panel at the vehicle
during the movement or vibration of said window panel.

11. The window assembly of claim 1, wherein said frame
portion comprises a window frame portion attached at said
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perimeter of said window panel and a vehicle frame portion
attached at the vehicle, and wherein said window frame por-
tion is movable relative to said vehicle frame portion.

12. The window assembly of claim 11 including a limiting
element that limits outward movement of said window panel
relative to said vehicle frame portion.

13. The window assembly of claim 12, wherein said lim-
iting element is substantially fixedly attached at an interior
surface of said window panel and is configured to be movably
attached to said vehicle frame portion with a frame engaging
portion that limits outward movement of said window panel
relative to said vehicle frame portion.

14. The window assembly of claim 11, comprising a
mounting portion for mounting a perimeter portion of said
window panel to said vehicle frame portion, said mounting
portion including a flexible element to allow for movement of
said perimeter portion of said window panel toward and away
from said vehicle frame portion.

15. The window assembly of claim 14, wherein said flex-
ible element comprises at least one elongated generally
U-shaped flexible element disposed between said window
panel and said vehicle frame portion.

16. The window assembly of claim 15, wherein said flex-
ible element is configured to allow movement of said window
panel in a direction toward and away from said vehicle frame
portion while limiting movement in a direction along said
vehicle frame portion.

17. A window assembly for a vehicle, said window assem-
bly comprising:

a window panel;

a frame portion disposed partially around a perimeter of
said window panel and not disposed at a free perimeter
portion of said window panel;

wherein said frame portion fixedly secures a fixed perim-
eter portion of said window panel at the vehicle, and
wherein said fixed perimeter portion is substantially
opposite from said free perimeter portion, and wherein
said window assembly is configured to allow flexing
along other perimeter portions of said window panel
between said fixed perimeter portion and said free
perimeter portion;

wherein said window panel comprises a rear window of'a
vehicle, and wherein said free perimeter portion of said
window panel comprises a lower portion of said window
panel and said fixed perimeter portion of said window
panel comprises an upper portion of said window panel;
and

an actuating assembly, said actuating assembly being posi-
tioned at or near said free perimeter portion of said
window panel, said actuating assembly being operable
to vibrate said window panel.

18. The window assembly of claim 17, wherein said actu-
ating assembly comprises a piezoelectrical actuator that is
operable to vibrate at or near said free perimeter portion of
said window panel, and wherein said piezoelectrical actuator
is operable to excite an exciter device that converts the vibra-
tion of said piezoelectrical actuator to a desired vibration or
movement at said window panel.

19. The window assembly of claim 18, wherein said piezo-
electrical actuator is oriented to impart movement in a direc-
tion generally along said window panel and said exciter
device imparts movement in a direction generally normal to
said window panel in response to said piezoelectrical actua-
tor.
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20. The window assembly of claim 17, comprising a
mounting portion for mounting a perimeter portion of said
window panel to a vehicle frame portion that is attached at the
vehicle, said mounting portion including a flexible element to
allow for movement of said perimeter portion of said window
panel toward and away from said vehicle frame portion, and
wherein said flexible element comprises at least one elon-
gated generally U-shaped flexible element disposed between
said window panel and said vehicle frame portion.

21. A window assembly for a vehicle, said window assem-
bly comprising:

a window panel;

a frame portion disposed partially around a perimeter of
said window panel and not disposed at a free perimeter
portion of said window panel;

wherein said frame portion fixedly secures a fixed perim-
eter portion of said window panel at the vehicle, and
wherein said fixed perimeter portion is substantially
opposite from said free perimeter portion, and wherein
said window assembly is configured to allow flexing
along other perimeter portions of said window panel
between said fixed perimeter portion and said free
perimeter portion;

wherein said window panel comprises a rear window of a
vehicle, and wherein said free perimeter portion of said
window panel comprises a lower portion of said window
panel and said fixed perimeter portion of said window
panel comprises an upper portion of said window panel;
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an actuating assembly, said actuating assembly being posi-
tioned at or near said free perimeter portion of said
window panel, said actuating assembly being operable
to vibrate said window panel; and

a seal along said free perimeter portion to substantially seal

said window panel relative to the vehicle while allowing
movement of said window panel in response to said
actuating assembly.

22. The window assembly of claim 21, wherein said actu-
ating assembly comprises a piezoelectrical actuator that is
operable to vibrate at or near said free perimeter portion of
said window panel, and wherein said piezoelectrical actuator
is operable to excite an exciter device that converts the vibra-
tion of said piezoelectrical actuator to a desired vibration or
movement at said window panel, and wherein said piezoelec-
trical actuator is oriented to impart movement in a direction
generally along said window panel and said exciter device
imparts movement in a direction generally normal to said
window panel in response to said piezoelectrical actuator.

23. The window assembly of claim 21, comprising a
mounting portion for mounting a perimeter portion of said
window panel to a vehicle frame portion that is attached at the
vehicle, said mounting portion including a flexible element to
allow for movement of said perimeter portion of said window
panel toward and away from said vehicle frame portion, and
wherein said flexible element comprises at least one elon-
gated generally U-shaped flexible element disposed between
said window panel and said vehicle frame portion.
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