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Sound-reproducmg apparatus comprising an acoustxc horn, and acousuc horn for use in the
apparatus

The invention relates to an '.apparams for the repmducﬁou of sound,
comprising a housing which accommodates an acoustic horn, which horn has an acoustic duct

._ having a length, whichductisboundedbyahornsidewallaudterminatesinanopeningina

side wall of the housing, which horn side wall is partly formed by a diaphragm which is
dnvable by a drive mechanism. |
The invention also relates to an acoustic horn for use in the apparatus

_defmed abuve.

Such an apparatus and such an acoustic horn are known from
EP-A-451, 885 The known apparatus is a car radio or a televnsnon receiver which

| _morpomtesanacousnchomwhlchtermmatesmanopenmgmthefrontofmeappamms

The acoustlc hom is formed by a cone loudspeaker and an injection-moulding, which

together form an acoustic horn. The mjecuon-mouldmg is adapted to the shape of the cone in
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25. :

such a manner that the cross-secuonal area of the acoustic duct formed by the injection-
mouldmg decreases monotomcally as a function of the distance from the opening. A

_ drsadvantage of the known apparatus is that the horn construction attenuates the high-

frequency reproduction of the loudspeaker. Another dmdvmge of the known apparatus is

- that the _r,e_production of mid-range frequencies by the loudspeaker is boosted by resonances
of tl;e air in the acoustic horn. The above effects give rise to a non-uniform reproduction of

sound for different frequencies.

It is an object of the mventnon to lmprove an apparatus of the type

. __-deﬁned in the openmg paragraphand an acoustic horn 0 as to obtain a more uniform high-
) frequency and mid-frequency reproducnon

o Tothlsendtheapparamsmaccordancewnhthemvenuonls
characterised in that an obstacle is disposed in the duct near a central part of the diaphragm,
the duct having a cross-section (A-A) with an area which as a function of a distance from the
opeilin_g.__is represented by a curve having a local minimum at the location of the obstacle. |
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Surpnstngly, it has been found that this measure unproves the frequency response of the

sound reproduction of the acoustic horn. Experiments have shown that pamcularly a fairly

abrupt increase in cross-section at the location of the centre of the draphragm yields a
substantial improvement of in high-frequency reproduction.

- An embodrment of the apparatus in accordance with the invention is
charactensedmthattheobstaclersfonnedbyasteppedproﬁle in the horn side wall. In this -
way ‘the obstacle is sunple to realrse Preferably, the stepped proﬁle is a sawtooth profile but
a rectangular proﬁle bas lrkewrse proved to give an tmproved frequency response. These
proﬁles can be formed srmply rf the wall opposrte the draphragm is made of a plasttcs by
means of an mjecuon-mouldmg die. In such a die such a profile has to be formed only once.
This enables an rmproved frequency response to be obtatned wrthout the productton costs of
the apparatus being tncreased

An embodiment of the apparatus in accordance with the invention is
charactensedmthattheobstaclexsformedbyatleastapartofthednvemechamsm When a
normal cone loudspeakerrsusedasrnthelmownapparams thedrrvemechamsmformsa

. projection on the horn. By arranging the drive mechanrsm in the horn duct a much flatter

horn can be obtatned This enables a televrsron recerver to be manufactured whose housing is
not much wider than the prcture tube in the televrsron set ‘whilst the sound yet emanates
from the front of the apparams For use in portable computers rt is also very important to
have an acoustic horn which is as flat as possrble 'l‘hrs horn can then be mounted, for
example, undemeath the keyboard wrth the aperture dtrected towards the user. A flat
construction is also of great tmportance for automotrve uses. This enables such an acoustic
homtobemountedtnacarradro,ormadoorordashboardofacar o

Thrs embodtment can be realrsed very stmply if the diaphragm and the

drive mechanism form part of a so-called wafer loudspealter Wafer loudspeakers are
loudspeakers in which a drive mechanism with a suspension is connected to the sound-

 radiating side of a conical draphragm 'l‘he drive mechanism is then situated at the inner side

of the cone, whrch resultstnaﬂatloudspeaker Whensuchaloudspeakerrsused in.an
apparatus in accordance with the invention the loudspeaker cin be manufactured and tested as’
a separate unit. After assembly of an acousttc homn wrth this loudspeaker the drive
mechamsm will be srtuated in the horn duct wlnch yrelds the advantages outlmed in the
above paragraph

. An embodrment of the apparatus in accordance with the invention is
characterrsed in that the drive mechanism comprises a magnet system and a coil forrner, the
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magnetsystemlscamedbyapartofthehomsldewallwhtchfacesthedmphragm, and the
coil former extends in the’sicoustic duct between the magnet system and the diaphragm. By

| usmg the horn side wall a separate suspension for posmomng the magnet system may be

dispensed with. This enables the production costs of the apparatus in accordance w1th the
invention to be reduced.

An embodlment of the apparatus m accordance with the invention is
charactensedmthataconetsdlspowdmtheductnearacentmlpartofthe diaphragm,
which cone is drivable by the drive mechanism. The use of a so-calied double cone gives a
further improvement in high-frequency reprotluction.

~ An embodiment of the apparatus in accordance with the invention is

) eharactensedmthattheareaoftheopemngmsmanerthantlteareaofthedmphragm,and

the opening is elongate. It has been found that when the ‘opening is thus dimensioned a
correct sound reproduction can be obtained with a lnmted_a_rea of the opening. Good results
have been obtained, for example, with an opening having an aspect ratio smaller than 1:3.
Thus, it is possible to obtain the quality of sound and the acoustic power of a given
loudspeakerwhtlethearearequlredmthewallofthe apparatushousmgnsmbstannally
smaller than in the case that the loudspeaker is mounted in conventional manner.

An embodiment of the apparatus in accordance with the invention is
characterised in that the diaphragm forms at least a quarter of the area of the homn side wall.
Less coloration of the sound occurs as the diaphragm forms a larger part of the area of the
horn side wall. It appears that if the dtaphragm forms more than a quarter of the horn area

. the coloranon is no longer found to be annoying.

An embodiment of the apparatus in accordance with the invention is
charactensed in that the apparatus comprises a ptcture tube near the horn, and the drive
mechanism comprises a magnet system with an air gap, which air gap is situated at the side

~ of the magnet system which is remote from the picture tube. A magnet system of a
- loudspeaker produces a stray filed at the side of the magnet system where the air gap is

situated. In the television receiver known from BP-A-_451,885 a minimal width of the cabinet
has been achieved by orienting the air gap of the magnet system towards the picture tube. In
the apparatus in accordance with the invention, 'ltowever, a minimal cabinet width can also be
obtained when the air gap is directed away from the picture tube. This is advantageous
because the stray field of the magnet system can affect the quahty of the picture displayed by
the picture tube.
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The mventton will now be descnbed in more detaxl by way ‘of example,

with reference to the drawmgs in which '
- Figure Lisa secuonal view showrng an embodlment of the apparatus in
accordance with the invention,

thnre21sasecuonal vrewshowmgaﬁrstembodtmentofanacousnc

horn for use in the apparatus in accordance wrth the mventron,
' Fxgure3tsagraphthecross-secuomlareaoftheacousncductasa

function of the dtstancefromtheopemng . '

Frgure 4 shows the frequency response ofthe sound reproduction of the
known apparatus and the apparatus in accordance with the mventton,

Fxgnre S5isa longttudrnal secttonal view showmg a second embodiment
of an acousttc horn for use in the apparatus in accordance with the invention,

thure 6 is a sectional view of a part of a television receiver in
accordance with the mvennon, and ' '

anure Tisa perspectrve view showmg an embodiment of an acoustic
horn for use in the apparatus in accordance w:th the mventton

Itxstobenotedthattheembodrmentsareshowndtagrammattcallyand |
the thures are shown to an arbttrary scale which is not always the same.

Figure 1 shows an apparatus in accordance with the invention, in the
present case a television receiver 1 having a housing 3 which accommodates a picture tube 7
and two acousttc horns 10. The acoustic horns 10 have an acoustic duct 11 which terminates
manopemng 15 1nasrdewall50fthehousmg3 Intlnsway, asrsapparentfroml-'-‘rgure 1,

'loudspeakers of a constderable size can be used whilst yet a compact construction xs '

obtained.
FrgureZshowsapartoftheapparamslmwhtchthestdeSOfthe
housmg 3and a secttonal view of the acoustic horn 10 are visible. The acoustic horn 10 has

| an acoustic duct 11 of a glven length L, which duct ll is'bounded by a horn side wall 13

which extends in the longrtudrnal direction. The acoustic duct 11 terminates in an openi:g 15
in a side wall 5 of the housmg 3. The horn side wall 13 is partly formed by a diaphragm 21
which extends in the longttudmal direction and which can be driven by a drive mechamsm
23. An obstacle 17 rsdrsposedmthehom 11 nearacentralpartofthedmphrangl In
Figure 2 the letters A-A indicate the location of a cross-section at a distance d from the

opening 15.
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Figure 3 shows a graph in which a curve 30 represents the cross-

_seetlonalareasatthelocauonA-A(seeFxgureZ)asamnenonofthedrstancedfromthe

opening 15. The curve 30 descends substantially monotonically, as is customary with a horn.

_As a result of the obstacle 17 (see Figure 2) the curve 30 exhibits a local minimum 31. It has
- been found that the provision of the obstacle 17 i 1mproves the high-frequency _reproducuon in

comparison with that o_f_ an acoustic horn having a monotonically decreasing cross-sectional

area. It has also been found that the provision of the obstacle 17 reduces the boost in the

reproduction of the mid-range frequencies owing to resonances of the air in the acoustic duct

~ 11. Satisfactory results have been obtamed particularly by constructing the obstacle 17 as
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shown in Figure 2. Starting from the known apparatus this improvement can be realised
simply by a single modification of the die by means of which the horn side wall 13 is
manufactured. This enables a substantially improvement of the sound reproduction to be
obtained without any significant increase of the production costs of the apparatus 1.
Flgure4showsagmphxnwhrchtheﬁ'equencyresponseofthe sound
reproducuon of the known apparatus is represented by a curve 61 and the frequency response
of the apparatus in accordance with the invention is represented_ by a curve 63. The
frequency is plotted logarithmically along the horizontal axis and the reproduced acoustic

- power is plotted logarithmically along the vertical axis. This graph shows clearly that the

apparatus in accordance with the invention provides a far more uniform reproduction of the
high and mid frequencies. | |

. ~ Figure § is a longitudinal secnonal view showmg an acoustxc horn
suitable for use in an embodiment of the apparatus in accordance with the invention. The
acoustic horn 10 shown here comprises an injection-moulding 45 and a so-called wafer

‘loudspeaker 40. The wafer loudspeaker 40 comprises a chassis 41 in which a conical

diaphragm 21 is suspended and to which a drive mechanism 23 is secured. The drive
mechanism 23 is situated at the inner side of the cone 21, so that the wafer loudspeaker 40

~constitutes a very flat unit The drive mechanism 23 comprises a magnet system 27, secured
to the chassis 41 by means a suspenslon 43, and a coil former 29, connected to the
diaphragm 21. The wafer loudspeaker 40 further comprises a centnng draphragm 28 which

centres the coil former 29 relatrve to the chassis 41. The wafer loudspeaker 40 forms a unit
to be manufactured and tested separately This has the advantage that any production faults
can be detected already in an early stage. Afterthelomispeaker40hasbeenmounted onto

~ the injection-moulding 45 an acoustic horn is obtained in whose duct 11 an obstacle is

situated near a central part of the diaphragm 21, so that the cross-sectional area S at the
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ldcationA-A'asaﬁtncﬁonbfthédismucedfromthcopening 15 is represented by a curve
30havmgalocalm1mmum3l at the location if the obstacle (compare Figures 2 and 3). In
the present embodiment thc obstacle is formed by the drive mechanism 23. A great _
advantage ofth:sembodxmentmcompansonwnththeknownapparamsxsthatbothabewer
sound rcpmducnonandaﬂamcrhomconstrucuoncanbereahsed By arranging the drive

_mechamsm23mtheacousucduct llthelargestu'ansversedtmenstonofthehomtsreduced .

bythehetghtofthcmagnctsystcmZ‘? Asaresultoftmsﬂatconstmcuonthxsacousuchom
10 is very suitable for use in television receivers, mountmg in a car, mountmg in portable
computersormothereqmpmentsuchasmulttmcdmeqmpment

' anure 6 is a cross-sectional view of a patt of an embodiment of an
apparatus in accordance w1th the invention, in the present case a television receiver. The
Fxgureshowsanacousttchommandapattofaplcm:embc7 Intheprescntembodtment
wherethednvemechamstScompnsesamagnetsystemﬂandacoﬂformer29 the
magnetsystemxscamedbyapanofthehomstdewall13whxchfaccsthed1aphragm21
Thccoﬂformer29extendsmthcacoust1cductllbetweentbcmagnetsystem27andthe
dxaphrangl towhtchthecoﬂformcr291sconnected The coil former 29 is further .

connected toacentnngdxaphragm 28, whtchextendsmthcacousucduct 11. In addition, a

cone221ss1matedmtheduct 11, whtchconexsconcenmcanyconnectedtothedmphragm
21andxsdnvenbythcdnvemccbamsm23 Bysccunngthemagnctsystcm27tothehom
side wall 13 a separate suspension (see Figure 5) has become redundant. Tmsenablesthe
costsoftheapparamsmaccordancewuhthemvenuontobetcduced By arranging the

| centring dlaphragm 28 in the acoustxc duct 11 a simple protective cover 25 can be used

mstead of an accurately ‘manufactured chassis 41 (see thure 5). This protective cover 25
merely serves to protect the dlaphragm 21 and can therefore be a simple and cheap product
of, for cxample, a plastncs The additional cone 22 provides a further improvement of the
treble reproductxon of the apparatus in accordance with the invention. In the present
embodnmentthemagnetsystcm27hasana1rgap26andthemagnetsystcm1samngedm .
suchamannerthatthealrgapms:matedatthesndeofthemagnetsystcm27wh1chts
remote from the picture tube 7. Such a magnet systcm 27 produces a magnetic stray field

'_ncartheatrgap26 Asarcnﬂtofmepmposedarrangemcntofthcmagnetsystcm27the

magnet system usclf slnelds this stray field from the picture tube 7. This is advantageous

. because such a stray field may affect the quality of the picture displayed by the picture tube
7. It will be evident that in the prcscnt embodlmcnt the coil former 29 and the magnet
) system 27 now form the obstacle described hcrcmbefore
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~ Figure 7 is a perspective view showing an embodiment of an acoustic
horn for use in the apparatus in accordance with the invention. In this embodiment the area
of the opening 15 is smaller than the area of the diaphragm 21. Moreover, the opening 15 is
elongate with an aspect ratio of approximately 1:4. This shape makes the acoustic horn very

“suitable for use in apparatuses in accordance with the invention in which only a marrow strip

of the housing 3 is available for radiating sound. It has been found that with this embodiment

the sound quality and the sound volume of a loudspeaker with a large diaphragm area can be

approached while only a comparatively small area in the housing wall is required to radiate
the sound. . _ o
It is to be noted that the invention is not limited to the exemplary

- embodiments shown herein. Various alternative embodiments are possible within the scope of

15

the invention. For example, a flat diaphragm may be used instead of a conical diaphragm 21.
It is also possible to arrange the magnet system 27 at the inner side of the cone 21 but -
outside the acoustic duct 11, the obstacle in the acoustic duct then being formed by the coil
former 29 only. Instead of a stepped profile 17 it is also possible to provide a single upright
wall at the location of the centre of the diaphragm 21. Besides, it is also possible to use other
drive mechanisms which are known per se, for example mechanisms based on 2 piezoelectric
or an electrostatic principle. ' |
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CLAIMS:

I

1. | An apparatus (1) forthereproductxon ofsound comprising a housing (3) -
which accommodates an acoustic horn (10), which horn has an acoustic duct (11) having a

length (L), which duct is bounded by a horn side wall (13) and terminates in an opening (15)
in a side wall (5) of the housing, which horn snde wall is partly formed by a ‘diaphragm (21)

5 which is drivable by a drive mechamsm (23), -

"~ characterised mthatanobstacle (17; 23) mdlsposedmﬂ:educt(ll)nearacenu-alpattof
the dxaphragm (21). the duct having a cross-section (A-A) with an area (S) which as a
function of a distance (d) from the opemng (15) is represented by a curve (30) havmg a local
.mlmmum (31) at the locauon of the obstacle.

10 2. Anapparams(l)asclamdmClaxml charactensedmthattheobstacle
| " is formed by a stepped profile (17) in the horn side wall (13) '
| 3 An apparatus (1) as claimed in Claim 1 or 2, characterised in that the
| obstacle is formed by at least a part of the drive mechanism (23)
4, : " An apparatus (1) as claimed in Claim 3, characterised in that the drive
15 mechanism (23) comprises a magnet system (27) and a coil former (29), the magnet system
is carried by a part of the horn side wall (13) which faces the diaphragm (21), and the coil
former extends in the acoustic duct (11) between the magnet system and the diaphragm. |
| 5. - An apparatus (1) as claimed in any one of the preceding Claims,
characterised in that a cone (22) is disposed in the duct (11) near a central part of tlhie
20 diaphragm (21), which cone is drivable by the drive mechanism (23).
6. An apparatus (1) as claimed in any one of the preceding Claims,
characterised in that the area of the opening (15) is smaller than the area of the diaphragm
(21), and the opening is elongate. -

! : 7. An apparatus (1) as claimed in any one of the preceding Claims,
| 25 characterised in that the diaphragm (21) forms at least a quarter of the area of the homn side
' wall (13). - -

8. An apbaratus as claimed in any one of the preceding Claims,

" characterised in that the apparatus comprises a picture tube (7) near the horn, and the drive
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mechanism (23) comprises a magnet system (27) with an air gap (26), which air gap is
snuated at the side of the magnet system which is remote from the picture tube.

9. An acoustic horn (10) for use in an apparams (1) as claimed in any one
of the preceding Claims and defined in accordance with any one the preceding Claims.

N



