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LOUDSPEAKERS 

[0001] This application is a continuation of International 
patent application No. PCT/GB00/01666, ?led May 11, 
2000, and published in English. 

TECHNICAL FIELD 

[0002] The invention relates to loudspeakers and, more 
particularly, to bending Wave panel-forrn loudspeakers, eg 
of the kind described in International patent application 
WO97/09842 and US. counterpart application Ser. No. 
08/707,012, ?led Sep. 3, 1996. Such loudspeakers are 
knoWn as “distributed mode” or “DM” loudspeakers, or 
simply as DML. 

BACKGROUND ART 

[0003] Bending Wave panels ernit acoustic radiation from 
both sides, ie are bi-polar, and to alloW easier positioning 
of the loudspeaker in a room, e.g. against a Wall, the rear 
radiation from the panel can be blocked by mounting the 
panel in a sealed box or enclosure With ?exible suspension 
or surround rnaterial around the panel perirneter. This pre 
vents any destructive interference frorn re?ecting surfaces to 
the rear of the panel. The panel suspension or surround 
material may be a strip of ?exible foam rubber or plastics 
With adhesive tape on both sides so that it can be ?xed to 
both the panel and the box. 

[0004] HoWever, in such an arrangement standing Waves 
may be set up in the box or enclosure Which can adversely 
affect the frequency response of the panel. These standing 
Waves can be darnped by ?lling the box or enclosure With an 
acoustic absorber, eg of soft foarn Which can contact either 
the bending Wave panel or the back of the box or enclosure. 
Flexible polyester or polyether foarns are suitable for this 
application. AknoWn setup for a bending Wave panel of the 
DML kind in an enclosure uses a strip of ?exible foarn as a 
suspension or surround and uses a separate acoustic absorber 
in the enclosure. 

SUMMARY OF THE INVENTION 

[0005] According to the present invention, there is pro 
vided a loudspeaker comprising a bending Wave panel in an 
enclosure, Wherein the panel surround suspension system 
and the acoustic absorber are integrated. A soft foarn used as 
the acoustic absorber may thus be compressed to the 
required thickness around the perimeter of the panel to form 
the ?exible surround, Whereas the central region of the foam 
rernains uncornpressed alloWing it to form an effective 
acoustic absorber. In other Words, the density of the foam in 
the perimeter region is higher than that in the central region. 

[0006] According to another aspect of the invention, there 
is provided a method of making a loudspeaker sub-assernbly 
having a bending Wave panel, a ?exible surround suspension 
for the panel and an acoustic absorber for ?lling the space 
betWeen the panel and an enclosure to Which the panel Will 
be mounted via the suspension. The method comprises the 
steps of applying a layer of adhesive to one face of the panel 
along the perimeter thereof; placing a piece of uncorn 
pressed foarn on the one face of the panel so as to cover the 
one face and contact the adhesive; applying heat and pres 
sure to the panel and the foam along the perimeter thereof to 
compress the foam and cure the adhesive so as to form a 
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surround suspension that is bonded to the panel and is denser 
than the acoustic absorber foarn bounded by the surround 
suspension; and removing the heat and pressure from the 
panel and the foam. 

[0007] According to yet another aspect of the invention, 
there is provided a method of making a loudspeaker having 
a sub-assernbly made as above, comprising the further step 
of assembling the panel, With integral surround suspension 
and acoustic absorber, to the enclosure. 

BRIEF DESCRIPTION OF THE DRAWING 

[0008] The best mode of carrying out the invention is 
described in detail beloW and diagrarnrnatically illustrated in 
the accompanying draWing, in Which: 

[0009] FIG. 1 is a cross-sectional side vieW of a prior art 
bending Wave loudspeaker, and 

[0010] FIG. 2 is a cross-sectional side vieW of a bending 
Wave loudspeaker according to the invention. 

DETAILED DESCRIPTION 

[0011] In FIG. 1 there is shoWn a prior art bending Wave 
panel loudspeaker 1, comprising a bending Wave panel 2 
mounted in an enclosure or box 3 by means of a surround or 
suspension 4, eg of a resilient foarned rubber or plastics. 
Thus the outer face 5 of the panel 2 can radiate sound While 
acoustic radiation from the face 6 of the panel in the 
enclosure 3 is contained in the enclosure and is absorbed by 
acoustic absorber foam 7. Avibration exciter 8 is ?xed to the 
panel 2 to launch bending Wave energy into the panel to 
cause it to resonate to produce an acoustic output, eg as 
taught in WO97/09842 and US. Ser. No. 08/707,012. 

[0012] In FIG. 2 there is shoWn a loudspeaker generally 
similar to that of FIG. 1, but rnodi?ed according to the 
principles of the present invention. Like but prirned refer 
ence numerals are used in FIG. 2. Thus the surround/ 
suspension 4 is integral With the acoustic absorber 7. 

[0013] A manufacturing process for the unitary absorber/ 
suspension 4,7 may be as folloWs: 

[0014] 1. Apply a layer of adhesive (e.g. epoxy, 
acrylic or cyanoacrylate) around the perimeter of the 
panel. 

[0015] 2. Cut the piece of uncornpressed foam to the 
required siZe. 

[0016] 3. Position the foam in one half of the press 
tool and the panel in the opposite half. 

[0017] 4. Apply heat and pressure suitable for the 
foam material to compress and the surround adhesive 
to cure and form an effective bond betWeen panel and 
surround material. 

[0018] 5. Remove the part from the press tool. 

[0019] 6. The panel surround (including the panel 
and acoustic absorber) can then, for example, be 
adhesively bonded or mechanically clamped to the 
back box to form a complete unit. 

[0020] Cornpressing the foam around the perimeter 
changes it from an open-cell foarn suitable as an absorber 
into a compressed version Where the cells are squashed to an 
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extent that the perimeter has very little acoustic power 
transmitted through it. This ensures isolation of the rear 
radiation from the front. 

[0021] The present invention thus provides a neW design 
Whereby the foam surround and acoustic absorber are incor 
porated into a single item Which can be easily formed and 
bonded to the panel in a simple press tool. This neW design 
simpli?es the manufacturing process for a DML loudspeaker 
or the like used in a closed back design. 

1. A loudspeaker comprising a bending Wave panel, an 
enclosure in Which the bending Wave panel is mounted to 
enclose one face of the panel, a compliant suspension 
betWeen the panel and the enclosure by Which the panel is 
supported in the enclosure, a vibration exciter attached to the 
panel to apply bending Wave energy thereto, and an acoustic 
absorber in the enclosure to reduce standing Waves in the 
enclosure, Wherein the compliant suspension and the acous 
tic absorber are integral. 

2. A loudspeaker according to claim 1, Wherein the 
integral acoustic absorber and compliant suspension are of a 
soft foam material. 

3. A loudspeaker according to claim 2, Wherein the soft 
foam material is compressed in the region de?ning the 
compliant suspension as compared to the region de?ning the 
acoustic absorber. 

4. A loudspeaker according to claim 3, Wherein the soft 
foam material in the region de?ning the acoustic absorber is 
substantially uncompressed. 

5. A loudspeaker according to claim 1, Wherein the 
density of the compliant suspension is greater than the 
density of the acoustic absorber. 

6. A method of making a loudspeaker sub-assembly 
having a bending Wave panel, a ?exible surround suspension 
for the panel and an acoustic absorber for ?lling the space 
betWeen the panel and an enclosure to Which the panel Will 
be mounted via the suspension, comprising the steps of: 

applying a layer of adhesive to one face of the panel along 
the perimeter thereof; 

placing a piece of uncompressed foam on said one face of 
the panel so as to cover said one face and contact the 

adhesive; 
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applying heat and pressure to the panel and the foam 
along the perimeter thereof to compress the foam and 
cure the adhesive so as to form a surround suspension 
that is bonded to the panel and is denser than the 
acoustic absorber foam bounded by the surround sus 
pension; and 

removing the heat and pressure from the panel and the 
foam. 

7. A method of making a loudspeaker having a bending 
Wave panel mounted to an enclosure, a vibration exciter 
?xed to the panel for launching bending Wave energy into 
the panel, a ?exible surround suspension for the panel, and 
an acoustic absorber for ?lling the space betWeen the panel 
and the enclosure, comprising the steps of: 

applying a layer of adhesive to one face of the panel along 
the perimeter thereof; 

placing a piece of uncompressed foam on said one face of 
the panel so as to cover said one face and contact the 

adhesive; 

applying heat and pressure to the panel and the foam 
along the perimeter thereof to compress the foam and 
cure the adhesive so as to form a surround suspension 
that is bonded to the panel and is denser than the 
acoustic absorber foam bounded by the surround sus 
pension; 

removing the heat and pressure from the panel and the 
foam; and 

assembling the panel, With integral surround suspension 
and acoustic absorber, to the enclosure. 

8. A method according to claim 7, Wherein the step of 
assembling the panel to the enclosure comprises adhesively 
bonding the surround suspension to the enclosure. 

9. A method according to claim 7, Wherein the step of 
assembling the panel to the enclosure comprises mechani 
cally clamping the panel to the enclosure With the surround 
suspension betWeen the panel and the enclosure. 


