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In-plane Speaker

BACKGROUND OF THE INVENTION

J000M]  The pressnt invention relates to audio systems in vehicles. More specifically,
the invention relates io slectro-aooustic driver snclosurss and orentations under severe

spatial constrainis,

SUMMARY OF THE INVENTION

U502 An slectro-acoustio ransducer is orlented such that Hs irans&%m@é‘ axis is
paraliel to, and in, the plane of a baffle coupled to the slectro-acoustic imﬂﬁﬁuwr far
recuced baffle vibration, |

o83l One smbodiment of the present invantion is direcled o an ag:sgmm;ms
comprising: a baffle; an slecirg-acoustic transducer characterized by §§aﬁ$§ﬁmf axis;
and & housing supporiing the slectro-acoustic transducer at an orlemation sfuc;h hat the
yansducer axis is paraliel {o a plans characterizing the baffle. Inone asm the baffle
ia selected from a group sonsisting of a vehicle door pansl, & vehicle rear @é@kﬁg@
shelf, a vahicle nelrument panel, 2 room ceiling, or a room wall, nane aspﬂm@s the
hatle s an nner door panel of a vehicle, in one aspect, the ransducer am winthe
olang characterizing the baffle. In one aspact, the housing is an amﬁﬁs-umf nong
aspect, the enclosurs is sealed. in one aspect, the snclosure is mounted *ﬁ an intanoy
door panal. In ong aspedt, the enclosure is mounted {0 a vehicls door ffsmé. inone
aspact, the enclosurs includes an acoustic element acoustically coupling as: gnciosure
volume 1o a listening srea. In one aspect, the acoustic element is & port ar one
aspact, the slectro-acoustic fransducer is oriented such that the ransducer ;%sxés 8
displacad a distancs from the plane characlerizing the baffle, hone asgpsc‘fa the
distance is selecied o reduce vibration imparted fo the baffle. inone asméﬁ; the
distance is Yess than a radius characterizing a size of the electro-acoustic %‘réﬁ&sﬁma@x
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BRIEF DESCRIPTION OF THE DRAWINGS

[0004]  The invention will be described by reference to the preferred and stemative

smbodiments thereof In conlunction with the drawings in which;
(0005 Fig. 1is a dagram Hustrating an embodimant of the present iﬁv&éﬁm;
10008]  Fig. 2 s a diagram Hustrating another embadiment of the w@g@ﬂﬁﬁimeg@ﬁ@m

19007 Fig. 3 i a diagram Hustrating ancther smbodiment of the present invention;

.
3
&

O0OB]  Fig. 4 i a diagram illustrating anothsr smbodiment of the present invention;

[0009]  Fig. § shows a vehicle door with the interior door panel removed iiustrating
another embodiment of the present invention; :

[0040]  Fig. 8 shows another view of the embodiment shown in Fig. §;

[0641]  Fig. T shows a vehicle door with an slectro-acoustic transducer g%és removed
i |

Sustrating another ambodiment of the present invention.
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DETAILED DESCRIPTION

00121 Fig. 1is o diagram Hustraling an embodiment of the present éﬂv&%ﬁﬁ@ﬁ. in
Fig. 1, slectro-acoustic transducer 110 is oriented perpendicularfo a §§s§es~;~@ area 120
Siaotro-acoustic ransducer 110 generates low frequency acoustic signals, ﬁprefsmbiy
less than 300 M, i response 1o an slectrical signal, not shown, applied to ma slacio-

acoustic transducer 110, Electro-acoustic transducer 110 Is charactenzed &:» a
transducer axis 115 that indicates the displacement of a diaphragm of the éiesstmn
aooustic ransducer 110 during the generation of the low frequency amus\;&{«; signals.

10013]  The slsctro-acoustic ransducer 110 is mourted in a housing ‘s‘?ﬁ A oover
i, not showr, may be positioned {o hide the electro-acoustic transducer ‘ 10 rom the
istening srea 120, The housing 170 is coupled fo a baffle 180, InFig. 1, t%{%e housing
170 and baffle 180 separate the Histening area 120 from a cavity 130, Tha j&m@"ﬁ@ 180
may be an interior surface of a vehicle or a room such as, for sxampls, 8 vé?nmia

L

oo

nstrumant pansl, 8 vehidle rear package sheif, a vehicle door trim panal, & m@m wal,
ar @ room celling, The baffle is typlcally stiff in the plang of the baffle but is susteplible
i vibrations parpandicutar to the baifle plane. |

100141 When an electro-acoustic ransducer is mounted o the baflie sﬁémeﬁ' with
the fransducer axis parpendicular 1o the baffle plane, a reaction fores ger}sjmtee‘ by the
movernsnt of the diaphragm is applied as a perpendicular force on the hafé@ sausing
the baffle fo vibrate., The autobplane vibration of the baffle may gonerate a uzzing oy
other audible noise that detracts from the acoustic signal. In spite of the ba?ﬁe vibration
caused by orlenting the transducer axis perpendicular {o the baffle, @iaﬁm%amasﬁs
fransducers are st mounted in this fashion, Acoustic signals become mss{s dirsctionat
as the frequency ncreases and the capability to tranamit the high \frmguarm acoustic
signals into the istening area has a higher priorily in the design of vehémiaé* audia
systems, especially in fight of othar baffle vibration reduction methods. An %ek‘amg}ée of
such @ baffle vibration reduction method is disclosed in U8, Patent No. ﬁ@ﬁ“&igi%
isauad on January 190, 2008, As ths frequency daecreases, however, the %@%{er
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fraquency acoustic signals become more omni-directional thereby aliowing grester
freadom in orlentation of the electro-acoustic transducar with respect {o the lstening

Sres.

OS] In Fig. 1, the transducer axis 115 is in the plane of the baffla. ’ié‘s‘i‘%wzjx being
fimiling, # s belisved that the reaction fwoe gensratad Dy the movement {:uth&
diaphragm i sppisd ag an in-plane force on the baffle thereby reducing p&m@*ﬁ@m%&*
{out-ofplane} vibrations in the baffla. Furthermore, any lorques generated m the
reaction force may e ransmitted fo the baffle 180 via the housing and sméamm ribs
andior the covering grill thal mechanically coupls a portion of the electro-agoustic
fransducer 110 io the housing 170, |

IO018]  Flg. 2 is & diagram flustrating another embodiment of the grasm% Twvention.
in Fig. 2, slectro-acoustic transducer 210 is characterized by & transducer é:vcis 215 that
indivates the movernent of & diaphiragm of the slectro-acoustic transducer 2‘*(3 during
the genaration of an acoustic signal. Electro-acoustic transducer 210 s més;sme{i foa
nousing 270, Mousing 270 may be atlachad to ballle 280, which may be aﬁj& nternior
surface such as, for sxample, a vehidle instrumant pangl, a vehicle rear gaé:kﬁga ahelf,
a vehicle door panel, 8 room wall, or a room cefling, In other &mmﬁim«amﬁ, housing
270 may be mountad v 8 support struckire such as, for exampls, a w&mca door frams,
g vehicle door muter panel, a vehicle door irim pansl, or 8 vehivle door mf‘sss panel such

that housing 28

W7 Housing 270 and balfle 380 separate g listening area €20 from & cavity 230
The cavity 2330 may be a volume separate from the listening srea such as, ?s'}‘“ grampie,
a vehicle frunk, an nternal volums of a vehicls door, an interior wodume of a*s nefrumsnt

panel, an ipterior volume of 5 celling, or an inferior volumae of a wall,

DOIB]  in Fig. 2, ransducer axis 215 is parallel to, but displsced from & ;@t&&ne 288
defining the baffie 280, The displacement of the transducer axis 215 from the baffie

plane 285 is indicatad in Fig. 2 by line 217, Although Fig. 2 shows the transduger axis
215 dispiaced downward from the baffle plane 285, a displacemend above ?:;*ses haffis

o
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plane 285 & understood fo be within the scope of the present ivention ang may be
desired wher the svallable cavily space cannot accommodate the eéecﬁm»émmtic
fransdugcer 210 :

00187 The displacad axis shown in Fig, 2 may oreats an unbalanced i@%’ﬁiﬁ@ from
the reaction foree of the diaphragrn applied o unegual lever arms that can %m&ata a0
out-of-plane vibration in the baffle 280, The baffis vibration, however, is &:«aﬂ:gasia&? e g
reducesd relative Yo the vibration generated when the transducer suxds is mﬁa{med
perpendicular fo the baffle plane, Baffie vibration is expacted to bs *uﬁnaf*ﬁdﬁceﬁ
whan the ransducer axis displacement is leas than a radius &hamﬁs&‘ixiﬁg}g size of the
sleciro-acoustic Iransdugear 310 |

100201 Fig. 3 v ¢ dlagram Hustrating another embodiment of the gmser%t invention,
in Fig. 3, slectro-acoustic ransducer 310 is orented such that & 29‘\&&3{3&;3@% axis 315 &
in & plane charagienzing 8 baffle 380. The baffle 380 may be an intevior %m‘aw of &
yehicle or o room such as, for sxample, s vehicle instrument panel, & »;ehif:}ies raar
package shelf, 8 vehicls door panel, 8 mom osiling, or a room wall. &Ea&tfa{@»amuﬁis
fransducer 310 s mounted In an enclosure 330, Enclogurs 330 may be mé&mi&d to the
paffie 380 or may be mounted fo a support structure behind the baffle 380 mah as, for
exampls, & vehicle door frame, a vehicle ocuter panel, a vehicle inner gza*sm & vehicle

door im panad, 8 celling stud, or 3 wall stud.

IDORY] Fig. 4 8 a diggram lllustrating anothser embodiment of the ﬁrﬁs\eé% nvantion,
in Fig. 4, electro-acoustic transducer 410 is oriented such that a transducer axis 415 is
i a plane characterizing 8 baffle 480, The baffle 480 may be an interior 3@3:‘?&@8 of a
vehicle or a roon such as, for example, s vehicle instrument panal, & vaﬁ&zﬁa rear
package shelf, @ vehicle door panel, a room ceiling, or & room wall. E%ge%s{:»amugﬁc
fransducer $10 s mounted in an enclosure 430, Enclosure 430 may be mmm@si fo the
baffle 480 or may be mounted o 8 support structure behind the baflle 48‘3 Enciosure
480 may includs ons or more acoustic elements to filter an acoustic signsd %tmnﬁméﬁeﬁ
o the listening srea 430, The acoustic slement may be, for extampls, & ;mﬁ a passive
radiator, a waveguids, or other structures known to the skilled artisan. "% xampls, in

g
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Fig. 4, a port 438 couples an acoustic signal generated in the snclosure £3ﬁ§ by the
slactro-acoustic transducer 410 fo the listening area 420. A second port 450 may be
usad o fter an acoustic signal genarated by the slectro-acoustic ‘masﬁﬁmé &10.

100221 Fig. S shows a vehicle door with the interior tim panal ramovad ii%i&‘sﬁr&tﬁmg
another ambodiment of the prasent invention, In Fig. 5, an ensiosurs 830 g%gz»mﬁing
an slsctro-acoustic transducer §10 is sized to fit into an opening 580 inan iﬁji"&@ﬁ' door
saned 590 of 5 vehicle. The slectro-acoustic transducer 510 is orierted &uc«h that e
transducer mxis is paralis! to, and substantially in a plane of the inderior rim ;zsa.ﬁs%..

10023 Fig. § shows anocther view of the embodirment shown in Fig. 8 In “‘&g 8.
anclosure 530 axtends into the passenger compartment of the vehicls in ws‘;as‘ o
socommodate the in-plane orientation of the slectro-acoustic transducer 31 is The
satension info the passenger compariment, however, is al or below the pagésmgef seat
and kel is not perceived by the passenger as a reduction in the irvterior sa&s& ot the

vahicla,

[0024]  Fig. T shows a vehicle door with an electro-acoustic transducer gsjifﬁ removed
Hustrating another embodiment of the present invention. InFig. 7. an emim%swa T30 s
partially coverad by an interior rim panal 785, Enclosure 730 supporis an §§e@>§m~
acoustis ransducer 710 with s ransducer axis onented paraiel but (i‘ig‘;}?aaj@ﬁ from the
sanel plane. & port 750 acoustically couples an interior volume of the emkﬁsum T3
the listening area. In other smbodiments, the port 750 may be replaced by a passive
radiator, The passive vadistor may be mounted in an orientation such that a radigtor
axis charactorizing the axis of movement of the passive radiator is paraliel ﬁsﬁ: the
sransducer axis. The radistor axis may be in the panel plans or offest from 'gi';s gane!

olane,

¥

10025]  Having thus described at least lustrative embodiments of the imfémii@m,
various modifications and improvements will readily occur to those skitled g’* the art and
are intended 1o be within the scope of the invention, Accordingly. the foregaing
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desoription is by way of example only and is not infended as limiting. The invention is
fimited only as definad in the following claims and the equivalents therelo.

RUAT IS OnaIMyD:
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