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Description

TECHNICAL FIELD

[0001] The invention relates to bending wave panel loudspeakers, e.g. resonant bending wave panel speakers of the
kind exemplified by WO97/09842, and to drive motors for such speakers.

BACKGROUND ART

[0002] In making electro-dynamic, that is moving coil, vibration transducers for bending wave panel speakers, current
thinking on voice coil size and mass tends towards the use of small diameter and low mass voice coil systems, typically
of the size of tweeter coils of conventional pistonic speakers. In certain applications, e.g. for driving bending wave panels
or diaphragms as exemplified by WO98/39947, which are intended to be driven centrally e.g. so that they can act both
pistonically and in bending, such small diameter voice coils may cause power handling and excursion-related problems.
[0003] For such small diameter voice coils the drive point impedance (Zm) approximates to that of a panel driven at
a single point. As the frequency is increased Zm oscillates with modal structure but is on average constant and approx-
imates to the infinite panel value given by the following equation: 

[0004] As a result for a given voice coil mass (Mc) there is a high frequency limit (f(b)) above which the rising impedance
of this mass exceeds the constant drive point impedance. This frequency is given by the following equation: 

[0005] Consequently the voice coil mass on known bending wave panels has been kept low according to the above
formula.
[0006] The obvious way is to increase Zm or reduce Mc in order to keep the turnover frequency high in the audio
band. Voice coil diameter has only ever been increased slightly and then only to find that the cell cap, drum-mode,
resonance becomes dominant and causes premature roll-off.
[0007] Other issues that work against low mass voice coils for pistonically driven panels are sensitivity and bandwidth.
In order to keep a realistic low frequency bandwidth in a realistic enclosed volume, the diaphragm mass needs to be
high. So to keep sensitivity up, the Bl force factor will need to be high. High Bl drivers usually rely on the number of turns
to increase the Bl product and thus increase voice coil mass.
[0008] Another direction is to use an under-hung vibration exciter design relying on the magnet to increase the Bl
product and thus keeping voice coil mass low. This has been trialled using a 25mm voice coil diameter and an increased
stiffness over the drive point. But power handling and excursion are still restricted.
[0009] It is known from WO97/09842 to provide a flat panel loudspeaker which operates pistonically at low frequencies
and which is resonant at high frequencies. It is also known from US-A-4,542,383 to provide a loudspeaker having a
moving coil transducer and a diaphragm, both being of similar diameter and the voice coil being arranged to drive the
diaphragm around its periphery.

DISCLOSURE OF INVENTION

[0010] According to the invention, there is provided a loudspeaker according to claim 1.
[0011] The diameter of the circular voice coil junction is equal to at least the length of a bending wave in the portion
of the acoustic member defined by the junction, or circumscribed by the voice coil, at the highest operating frequency
of the loudspeaker.
[0012] The mechanical impedance of a panel is equal to the ratio of force applied at a single point to the resultant
velocity at this point. Where the panel is driven by force acting over a line, the effective mechanical impedance is the
ratio of total force applied over the line to the resultant velocity averaged over the length of the line. In the present
description and claims the use of the term mechanical impedance is used to describe this ratio for both drive arrangements.
[0013] It will be understood that for a point driven plate or diaphragm it is only an infinite diaphragm that has a truly
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constant Zm. A finite diaphragm has a Zm that oscillates about the infinite diaphragm value. Similarly the mechanical
impedance seen by a large area voice coil on the diaphragm will oscillate with modal structure but will on average rise
with frequency.
[0014] The portion of the acoustic member circumscribed by the said voice coil may be of different stiffness to a portion
of the acoustic member outside the voice coil.
[0015] The transducer may be arranged both to move the acoustic member in whole body mode and to apply bending
wave energy to the acoustic member. The size and position of the junction between the voice coil and the acoustic
member is adjusted in relation to the modal distribution of the diaphragm or acoustic member in order to achieve a
smooth transition from whole body motion at low frequencies to resonant bending wave behaviour at higher frequencies.
In the case of a circular diaphragm, normally driven, the second resonance may give rise to an irregularity in the output.
With a circular driveline the effective perimeter of the driveline is chosen in location and size to lie on or near to the nodal
circle of the second resonance. In this context the first resonance is the whole body or piston equivalent resonance. By
coupling at or near the nodal circle for the second resonance its effect is reduced and the mode is driven weakly or not
at all. Thus the designer may adjust the drive parameters to increase the sound quality from the low piston frequencies
to the modally denser region at mid frequencies.
[0016] Mass loading may be applied to the acoustic member within the diameter of the voice coil. The acoustic member
is circular in shape. The transducer voice coil is concentric with the geometric centre of the acoustic member.
[0017] A second transducer may be coupled to the acoustic member within the portion thereof circumscribed by the
said voice coil and adapted to cause high frequency bending wave activity of the said portion. The second transducer
may be offset from the axis of the said voice coil.
[0018] Coupling means may be provided to attach the said voice coil to the acoustic member.
[0019] The portion of the acoustic member circumscribed by the voice coil may be stiffer than a portion of the acoustic
member outside the voice coil. The bending stiffness of the acoustic member may be anisotropic. The acoustic member
may be curved or dished or otherwise formed to increase its bending stiffness.
[0020] The loudspeaker may comprise a chassis having a portion surrounding the acoustic member, and a further
portion supporting the electrodynamic transducer, and may further comprise means connected between the acoustic
member and the said chassis portion and resiliently suspending the acoustic member on the chassis. The suspension
means may be connected between the chassis and the margin of the acoustic member. The resilient suspension may
be adapted to mass load the acoustic member. The resilient suspension may be adapted to damp the acoustic member.
The resilient suspension may be at least partly formed by a skin of the acoustic radiator.
[0021] The acoustic member may have a front side from which acoustic energy is radiated, and may comprise acoustic
masking means positioned over the portion of the acoustic member circumscribed by the said voice coil, the masking
means defining an acoustic aperture.
[0022] The action of the large area voice coil on the diaphragm can produce a distribution of excited modes that results
in significant beaming of the radiation on-axis, at least over some of the frequency range. In some applications, such as
zoning of the output sound, this may be advantageous, but in many applications off-axis power is desirable. One approach
to improving off-axis power is to excite the panel in bending wave vibrations at frequencies near to or greater than the
coincidence frequency.
[0023] The coincidence frequency is the frequency at which the bending wave velocity in the plate equals the velocity
of sound in air. Above this frequency the velocity in the plate exceeds the velocity in air, and this supersonic vibration
can give rise to strongly directional radiation off-axis. In fact at the coincidence frequency, radiation is beamed directly
off-axis, with the angle of beaming moving closer to the on-axis direction with increasing frequency. The coincidence
frequency of a plate is determined by its bending stiffness (B) and mass density (mu). These parameters may be varied
such that the narrowing of the radiation pattern resulting from the large area voice coil is compensated for, at least to
some degree, by the additional energy beamed off-axis by the bending wave vibration above the coincidence frequency.
[0024] The loudspeaker of the present invention may be adapted to operate as a full range device.

BRIEF DESCRIPTION OF DRAWINGS

[0025] The invention is diagrammatically illustrated, by way of example, in the accompanying drawings, in which:-

Figure 1 is a front view of a loudspeaker driver motor;
Figure 2 is a cross-sectional side view of the drive motor of Figure 1;
Figure 3 is a front view of a loudspeaker enclosure;
Figure 4 is a side view of the loudspeaker enclosure;
Figure 5 is a graph of frequency response;
Figure 6 is a graph of near field bass frequency response;
Figures 7 to 9 are front views of embodiments of diaphragm each having a supplementary vibration exciter;
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Figures 10 to 13 are front views of further examples of diaphragm not falling with in the scope of the appended claims;
Figure 14 is a perspective diagram of a further example of diaphragm not falling with in the scope of the appended
claims;
Figures 15 to 18 cross-sectional views of embodiments of diaphragm;
Figures 19 to 21 show cross-sections of embodiments of diaphragm surrounds or suspensions;
Figure 22 is a cross-sectional view of an embodiment of speaker driver motor;
Figure 23 is front view of an example of diaphragm not falling with in the scope of the appended claims;
Figure 24 is a cross-sectional view of an embodiment of diaphragm;
Figure 25 is a polar diagram comparing the response of a conventional pistonic speaker with that of the present
invention, and
Figures 26 and 27 are front views of further examples of voice coil/diaphragm line drive junctions not falling with in
the scope of the appended claims.

BEST MODES FOR CARRYING OUT THE INVENTION

[0026] In Figures 1 and 2 there is shown a loudspeaker driver motor (1) adapted to be mounted to a baffle, e.g. in an
enclosure, see Figures 3 and 4 below, comprising a circular flat diaphragm of stiff lightweight material, comprising, for
example, a core sandwiched between skins of high tensile sheet material, which forms an acoustic member or radiator
intended to operate both pistonically and by flexure as a bending wave resonant device at higher frequencies. In this
way the driver motor of the present invention is able to operate as a full range device covering substantially the whole
of the audio spectrum with wide acoustic dispersion, unlike a conventional pistonic driver, whose frequency band or at
least its dispersion angle is limited at high frequencies by the diameter of the diaphragm, see Figure 25 below, and a
bending wave driver, which tends to roll-off at frequencies below about 200Hz, unless of very large diaphragm size.
[0027] In generally conventional manner the diaphragm (2) is supported in a chassis or basket (3), e.g. of metal formed
at its front with an annular flange (4) having a plurality of spaced fixing holes (5) whereby the chassis can be fixed in a
suitable aperture a loudspeaker enclosure, see Figures 3 and 4 below. A corrugated suspension (6) e.g. of rubber-like
material is fixed to the diaphragm round its periphery by means of an adhesive and the suspension is clamped to the
annular flange (4) with the aid of a clamping ring (7), whereby the diaphragm can move pistonically relative to the chassis.
[0028] The chassis supports an electrodynamic moving coil transducer (8) for moving the diaphragm pistonically and
for applying bending wave energy to the diaphragm to cause it to resonate, e.g. in the manner generally described in
WO97/09842. The transducer comprises a magnet assembly (9) fixed to the chassis and defining an annular gap (10)
concentric with the diaphragm and a voice coil and former assembly (11) mounted for axial movement in the annular
gap and which is fixed to the diaphragm concentrically therewith by a coupler ring (12). In generally conventional fashion,
a corrugated suspension spider (13) is fixed between the voice coil assembly and the chassis to ensure the proper axial
movement of the voice coil in the annular gap.
[0029] The voice coil diameter is large in relation to the bending wave length and the effect of this is that of a line drive
to the diaphragm instead of a point drive as is normal for bending wave radiators using electrodynamic exciters having
small diameter voice coils. This line drive provides a significant increase in the mechanical drive impedance presented
to the voice coil, and this higher mechanical impedance enables the system to tolerate relatively high mass voice coils
without premature roll off of high frequencies. Also, because of the large diameter of the voice coil, it is possible to
manipulate the diaphragm panel stiffness to allow the portion of the diaphragm circumscribed by the voice coil to have
multiple modes instead of a single dominant drum mode as can happen with a small diameter voice coil. An inner portion
(16) of the diaphragm is circumscribed by the voice coil as seen in Figure 1, while an outer portion (17) of the diaphragm
extends radially outside the voice coil.
[0030] As shown in Figures 1 and 2, small masses (14,15) are attached to the diaphragm inside the voice coil diameter
to tune and/or smooth the frequency response of the acoustic radiator. Such masses are not always essential but may
usually be desirable. These masses are shown as discrete masses but need not necessarily be discrete. They may
have masses in the range 0.5 g to 100 g, and typically in the range 2 to 20 g. One or more such mass may be provided.
[0031] The loudspeaker driver embodiment of Figures 1 and 2 has been optimised for use in a hi-fi loudspeaker, when
coupled to an amplifier which has a flat voltage transfer function throughout the audio band. With this as part of the
design criteria for this embodiment, the following design parameters are applicable.
[0032] The transducer has a large 75mm diameter voice coil mounted in a low inductance motor system having a vent
(18), having a copper eddy current shield (19) over the pole piece or front plate (20). Figure 2 shows a cross section of
a magnetic ring (21) of neodymium, centrally mounted in a steel magnetic circuit comprising a magnet cup (22) and the
front plate (20) resulting in an average B field of 0.8T. The voice coil (11) over-hangs the magnet front plate (20) to give
an over-hung configuration. The voice coil consists of a winding height of 14.5mm of aluminium turns on a 0.1mm thick
aluminium former. The voice coil parameters are given below:
Mandrel or former diameter =75mm
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Number of coil layers =2
Wire diameter =0.3mm
Number of turns =71
[0033] The coupler ring (12) is required to provide a secure interface between the voice coil and the diaphragm. This
nests inside of the voice coil. A 2.5mm overlap is provided to allow for a good bond area between the coupler and the
voice coil former. The coupler ring extends the effective length of the voice coil by 1. 7mm, giving a ring width of 3.5mm
to couple to the diaphragm. This is show in Figure 2. The material of the coupler ring is commercial grade thermoplastic
or thermoset resin e.g. ABS which gives a mass of 3.4g. For the bonding between the voice coil and coupler a thermal
resistant cyanoacrylate is used (Loctite 4212). This is also used to bond the coupler to the diaphragm.
[0034] The dynamic parameters of the motor system with the coupler ring are shown below:

Mms =11g (Moving mass of the voice coil assembly)

Rms =1.95Ns/m (Mechanical resistance of suspension)

Bl =8.1Tm (Motor conversion factor)

Re =6.50hm (DC resistance of voice coil)

Fs =40Hz (Mass spring resonance of system)

Le =0.2mH (Inductance factor of voice coil @1kHz)

[0035] The diaphragm material used along with its parameters are given below:
Material = Rotrex Lite 51LS (Trade Name) 3.5mm (3.5mm thick 51LS grade uncompressed Rohacell (Trade Name)core
of rigid closed cell polymethacrylimide thermoplastic foam with a glass veil/thermoplastic skin). Diameter =120mm.
[0036] Parameters are given below in Table 1:

[0037] From the parameters given in table 1, the wavelength of the panel may be calculated at the highest frequency
of operation, i.e. 20kHz. This calculation gives a wavelength of 28mm, based on an average bending stiffness of 2.1
Nm. The voice coil diameter is therefore 2.7 times the wavelength at the highest frequency of operation. In the prior art
of bending wave speakers, the first aperture resonance corresponds to a half wavelength within the voice coil.
[0038] The coincidence lobe of this panel gives strong acoustic output off axis close to or above coincidence frequency
as given in Table 1 above. As indicated in the directivity plot of Figure 25, in which the thin line or trace (45) is a plot of
a speaker according to the invention with a 300 mm diameter diaphragm, and the thick trace (44) is of a conventional
pistonic diaphragm of 250 mm diameter.
[0039] The chassis consists of an aluminium back plate (23) to support the transducer (8) and which is connected to
the front flange (4). Allen bolts (not shown) are used to secure the clamping ring (7) to the flange (4).
[0040] The pair of masses (14,15) fixed to the diaphragm are to smooth the first drum mode within the inner portion
of the diaphragm, at approximately 2kHz.
[0041] The motor drive unit parameters are given below:

Table 1

Mass Area Density M 0.35 Kg/m2

Poisson ratio N 0.11

Bending rigidity D1 2.4 Nm

Bending Rigidity D2 1.8 Nm

Damping D D 0.02

In plane shear ratio Shr 0.36

Thickness T 3.5mm M

Shear modulus Gz 19M Pa

Damping Gz D 1

Coincidence Frequency Fc 7.7 KHz
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dD=14cm (Diameter of radiating area (centre to centre of the surround))

Mms =27g (Moving mass of the voice coil and diaphragm assembly)

Rms =2.4Ns/m (Mechanical resistance of suspension)

Bl =8.1Tm (Motor conversion factor)

Re =6.50hm (DC resistance of voice coil)

Fs =33Hz (Mass spring resonance of system)

Le =0.2mH (Inductance factor of voice coil @1kHz)

[0042] Figures 3 and 4 show a loudspeaker enclosure (24) for the drive unit of Figures 1 and 2 and having a sloping
front (25) and sides (26). An aperture (27) is provided in the front (25) to receive the drive unit or motor (1). The enclosure
has been designed to give a volume of 17 litres giving a maximally flat alignment. The enclosure form is chosen to smear
internal enclosure standing waves, although this is not essential to the design and operation of the speaker. The enclosure
is constructed from 18mm medium density fibreboard (MDF). The joints are glued (using PVA wood glue) and screwed
to give an air tight seal.
[0043] The following measurements of the above embodiment of the speaker were taken in an anechoic chamber
with the microphone positioned at 1m (on axis with the diaphragm) at 2.83v. Inaccuracies occur below approximately
200Hz for the measurement shown in Figure 5, so a near field measurement showing the low frequency performance
is given in Figure 6.
[0044] While the embodiment of Figures 1 and 2 employs a single large diameter voice coil driver, a supplementary
exciting device could be used to improve the high frequency level and/or extension and directivity performance of the
loudspeaker. The supplementary exciter could be placed anywhere on the diaphragm to provide a smaller radiation
area. Devices such as piezos of large area, small area or strip-like form or smaller moving coil devices could be used.
This is illustrated in Figures 7 to 9. In Figure 7 it will be seen that a circular piezo disc vibration exciter (28) has been
mounted on the diaphragm (2) at its centre and inside the diameter of the voice coil (11). In the embodiment of Figure
8, a piezo strip vibration exciter (29) has been mounted on the diaphragm (2) concentrically therewith and inside the
diameter of the voice coil (11). In Figure 9, a circular disc vibration exciter (30) has been mounted on the diaphragm (2)
inside the voice coil diameter (11) but off centre.
[0045] It can be shown that the voice coil moving mass has little effect on the high frequency extension of the speaker.
Therefore the present invention is not restricted to lightweight voice coils. This implies scope for employing moving
magnet motor systems and/or relatively high mass coupler rings between the voice coil assembly and the diaphragm
which currently might be excluded from small drive area or point drive designs of bending wave speaker. This could
allow complex coupler designs to transform the voice coil ring to other beneficial shapes so as to improve performance.
Examples, not falling within the scope of the appended claims, of triangular, square and oval shapes of coupler ring are
shown in Figures 10 to 12 respectively under references (31) to (33) respectively. These shapes have implications on
the distribution of modes excited and therefore directivity implications. If for example, as shown in Figure 13, a rectangular
diaphragm (34) has been chosen this, together with a rectangular coupler ring (32) rotated by an angle relative to the
diaphragm sides, could provide a more irregular modal pattern in the diaphragm. This could also further improve frequency
response on and off axis.
[0046] In the embodiment of Figures 1 and 2, the voice coil diameter is 75mm. This can be increased or decreased
depending on the design specification. If the design specification requires narrow directivity for zoning applications, a
larger voice coil coupled to a low wave speed panel, i.e. having a very high Fc, could be used. Conversely, if wide
directivity is required a smaller voice coil can be used, within the criteria of line drive. However this may need electrical
high frequency boost to maintain constant pressure throughout the audio band.
[0047] As indicated in Figure 13 above, other shapes not falling within the scope of the appended claims can be
beneficial in directivity and/or frequency response, because of the different mode shapes that result from the geometry
of the panel. It is expected that the more complex the mode shapes in the panel, the less directivity there will be in the
acoustic output. Examples include square, rectangular and hexagonal panels.
[0048] Also, as shown in Figure 14 not falling within the scope of the appended claims the behaviour of the diaphragm
at low frequency may be quasi-tympanic at low frequencies. The diaphragm (34) could be a large radiating panel. This
would provide a means of self-baffling giving a dipole bass response as indicated by opposed arrows. The panel edges
could be free or clamped.
[0049] The invention is not restricted to a flat diaphragm or to a single material type. Profiling and shaping of the



EP 1 340 407 B1

7

5

10

15

20

25

30

35

40

45

50

55

diaphragm can be used to alter the modal behaviour. For example, the part of the diaphragm circumscribed by the voice
coil could be constructed from a different material or the same material but thicker or thinner. Exemplary embodiments
are shown in Figures 15 to 18. Stiffness can be applied to the diaphragm by profiling. Stiffness variation can also be
realised by using material isotropy. Thus in Figure 15, the inner portion (16) of the diaphragm (2) is thinned by dishing
its undersurface. In Figure 16, the inner portion (16) of the diaphragm is thickened. In Figure 17, the inner portion (16)
of the diaphragm (2) is uniformly thinner than the outer portion (17) of the diaphragm. In Figure 18 the outer portion (17)
of the diaphragm (2) progressively tapers in thickness towards the inner portion, as soon in the lefthand side of the
Figure, and is formed with a curved profile of varying thickness as seen on the right-hand side of the Figure.
[0050] It can be shown that the diaphragm surround affects acoustic performance. Both the piston and modal region
can be varied by changing the material properties of the surround. In particular, if mass is applied to the perimeter of
the diaphragm as shown at (36) in Figure 19, high frequency performance can be improved. Edge damping of the
diaphragm can be applied to control its modal behaviour. This can be in the form of surface treatment or edge damping
can be by means of the surround footprint, as indicated at (37) in Figure 20. The panel skins, or one of them, could be
used to form the surround as indicated in Figure 21. In this embodiment the diaphragm comprises a core (38) and skins
(39,40) covering the core. The lower skin (40) is extended to form the surround or suspension (6). This may give cost
advantages. Advantages could also include low-loss termination of the diaphragm.
[0051] Radiation at frequencies close to and greater than the coincidence frequency (fc) is used in the preferred
embodiment to widen directivity at high frequency. However coincidence can be set at either end of the spectrum.
Increasing the panel stiffness/lowering the coincidence frequency should still give wide directivity and improved modal
region sensitivity.
[0052] Using isotropic diaphragms, e.g. at approximately two times Fc, will give side lobes in the same position in both
planes. When using non-isotropic panels, coincidence can be set independently in alternate planes thus giving a smoother
total power response.
[0053] Mechanical components, e.g. mass or voice coil coupling to the panel, can provide a means of mechanical
filtering. By placing an interface between the voice coil coupler and the panel the frequency response can be modified.
Passive component electrical shelving or amplifier transfer function shelving/high frequency boost could also be employed
to modify the acoustic output of the device.
[0054] In the embodiment of Figures 1 and 2, coherent sound radiates from the annular area where the voice coil is
fixed to the diaphragm. This can cause beaming at high frequencies due to the large radiating area relative to the
wavelength in air. As shown in Figure 22, to widen the directivity at high frequencies, a mask (41) having a small aperture
(42) can be placed over the inner portion (16) of the diaphragm (2) on a support (43) mounted on the chassis (3) to
transform this into a smaller radiating area. This effect has been seen when measurements have been taken from the
rear of the device. In the embodiment of Figures 1 and 2 the vent (18) in the motor system forms the mask aperture, as
concerns rear radiation.
[0055] If desired, as shown in Figure 23 not falling with in the scope of the appended claims, the voice coil (11) may
be positioned off-centre on the diaphragm (2) to improve the distribution of resonant modes excited in the diaphragm,
with a counterbalancing mass (35) positioned on the diaphragm to prevent rocking.
[0056] As shown in Figure 24, the diaphragm (2) need not be flat and can be dished or otherwise formed to increase
its stiffness. This may be in the form of a curvature which varies across the diaphragm so that the stiffness is greater
towards the edges of the diaphragm, as shown. This curvature or profiling of the diaphragm may assist in scaling the
diaphragm while keeping the fc constant, and may also be beneficial in smoothing the piston to modal transition, especially
for larger diaphragms.
[0057] In Figure 26 not falling within the scope of the appended claims there is shown a circular diaphragm (2) which
is driven by the voice coil of a transducer, not shown, having a rectilinear coupler (46), equivalent to the coupler ring
(12) of the embodiment of Figures 1 and 2, connected between the voice coil and the diaphragm to provide a straight
line drive junction. The coupler (46) is arranged and disposed on a diameter of the diaphragm and with its ends equally
spaced from the opposite edges of the diaphragm.
[0058] In Figure 27 not falling within the scope of the appended claims there is shown a rectangular diaphragm (2)
driven by a voice coil of a transducer, not shown, with a rectilinear coupler (46) connected between the voice coil and
the diaphragm to provide a straight line drive junction. The coupler (46) is positioned off centre of the diaphragm and
angled with respect to the sides of the diaphragm.

INDUSTRIAL APPLICABILITY

[0059] The present invention thus provides an effective way of increasing the frequency bandwidth of a bending wave
speaker.
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Claims

1. A loudspeaker comprising a circular panel-form acoustic member intended for operation in whole body mode and
as a bending wave radiator as a full range device, an electrodynamic moving coil transducer having a voice coil
mounted to the acoustic member concentrically therewith to excite bending wave vibration in the acoustic member
and to move the acoustic member in whole body mode, a chassis having a portion surrounding the acoustic member
and having a further portion supporting the electrodynamic transducer, and a suspension connected between the
acoustic member and the chassis and resiliently suspending the acoustic member on the chassis, wherein the
junction between the voice coil and the acoustic member is circular and is of sufficient diameter in relation to the
size of the acoustic member to represent a line drive such that the acoustic member has a mechanical impedance
which has a rising trend with bending wave frequency, and wherein the position of the junction between the voice
coil and the acoustic member is on or near to a nodal circle of the second resonance of the acoustic member to
achieve a smooth transition from whole body motion at low frequencies to resonant bending wave behaviour at
higher frequencies.

2. A loudspeaker according to claim 1, wherein the junction between the voice coil and the acoustic member is sub-
stantially continuous.

3. A loudspeaker according to claim 2, wherein the portion of the acoustic member circumscribed by the said voice
coil is of different stiffness to a portion of the acoustic member outside the voice coil.

4. A loudspeaker according to any one of claims 1 to 3, comprising means mass loading the acoustic member within
the diameter of the voice coil.

5. A loudspeaker according to any preceding claim, comprising a second transducer coupled to the acoustic member
within the portion thereof circumscribed by the said voice coil and adapted to cause high frequency bending wave
activity of the said portion.

6. A loudspeaker according to claim 5, wherein the second transducer is offset from the axis of the said voice coil.

7. A loudspeaker according to any preceding claim, wherein the portion of the acoustic member circumscribed by the
voice coil is stiffer than a portion of the acoustic member outside the voice coil.

8. A loudspeaker according to any preceding claim, wherein the bending stiffness of the acoustic member is anisotropic.

9. A loudspeaker according to any preceding claim, wherein the suspension is connected between the chassis and
the margin of the acoustic member.

10. A loudspeaker according to any preceding claim, wherein the suspension is adapted to mass load the acoustic
member.

11. A loudspeaker according to any preceding claim, wherein the suspension is adapted to damp the acoustic member.

12. A loudspeaker according to any preceding claim, wherein the suspension is at least partly formed by a skin of the
acoustic radiator.

13. A loudspeaker according to any preceding claim, wherein the acoustic member has a front side from which acoustic
energy is radiated, and comprising acoustic masking means positioned over the portion of the acoustic member
circumscribed by the said voice coil, the masking means defining an acoustic aperture.

14. A loudspeaker according to any preceding claim, wherein the acoustic member is dished or otherwise formed to
increase its stiffness.

15. A loudspeaker according to any preceding claim, wherein the arrangement is such that the acoustic member is
excited in bending wave vibration at frequencies near to or greater than the coincidence frequency.



EP 1 340 407 B1

9

5

10

15

20

25

30

35

40

45

50

55

Patentansprüche

1. Lautsprecher mit einem runden paneelförmigen akustischen Element, das zum Betrieb in einem Ganzkörpermodus
und als Biegewellenabstrahler als Gesamtbereichseinrichtung vorgesehen ist, einem elektrodynamischen Wandler
mit einer sich bewegenden Spule, der eine konzentrisch zu diesem an dem akustischen Element angebrachte
Schwingspule aufweist, um eine Biegewellenschwingung in dem akustischen Element anzuregen und das akustische
Element im Gesamtkörpermodus zu bewegen, einem Gehäuse, das einen das akustische Element umgebenden
Abschnitt und einen den elektrodynamischen Wandler abstützenden weiteren Abschnitt aufweist, und einer Auf-
hängung, die zwischen dem akustischen Element und dem Gehäuse verbunden ist und das akustische Element
elastisch an dem Gehäuse aufhängt, wobei die Verbindung zwischen der Schwingspule und dem akustischen
Element rund ist und im Verhältnis zur Größe des akustischen Elements einen ausreichenden Durchmesser aufweist,
um einen Linienantrieb darzustellen, so dass das akustische Element eine mechanische Impedanz aufweist, die in
Abhängigkeit der Biegewellenfrequenz einen ansteigenden Trend hat, und wobei die Position der Verbindung zwi-
schen der Schwingspule und dem akustischen Element bei einem Knotenkreis oder in der Nähe eines Knotenkreises
der zweiten Resonanz des akustischen Elements liegt, um einen gleichmäßigen Übergang von der Gesamtkörper-
bewegung bei niedrigen Frequenzen zu einem Resonanzbiegewellenverhalten bei höheren Frequenzen zu errei-
chen.

2. Lautsprecher nach Anspruch 1, bei dem die Verbindung zwischen der Schwingspule und dem akustischen Element
im Wesentlichen kontinuierlich ist.

3. Lautsprecher nach Anspruch 2, bei dem der durch die Schwingspule abgegrenzte Abschnitt des akustischen Ele-
ments eine andere Steifigkeit aufweist als ein Abschnitt des akustischen Elements außerhalb der Schwingspule.

4. Lautsprecher nach einem der Ansprüche 1 bis 3, der eine Einrichtung umfasst, die innerhalb des Durchmessers
der Schwingspule eine Masse auf das akustische Element aufbringt.

5. Lautsprecher nach einem der vorhergehenden Ansprüche mit einem zweiten Wandler, der mit dem akustischen
Element innerhalb seines durch die Schwingspule abgegrenzten Abschnitts gekoppelt und dazu eingerichtet ist,
eine Hochfrequenzbiegewellenaktivität dieses Abschnitts zu verursachen.

6. Lautsprecher nach Anspruch 5, bei dem der zweite Wandler von der Achse der Schwingspule versetzt ist.

7. Lautsprecher nach einem der vorhergehenden Ansprüche, bei dem der durch die Schwingspule abgegrenzte Ab-
schnitt des akustischen Elements steifer ist als ein Abschnitt des akustischen Elements außerhalb der Schwingspule.

8. Lautsprecher nach einem der vorhergehenden Ansprüche, bei dem die Biegesteifgkeit des akustischen Elements
anisotrop ist.

9. Lautsprecher nach einem der vorhergehenden Ansprüche, bei dem die Aufhängung zwischen dem Gehäuse und
dem Rand des akustischen Elements verbunden ist.

10. Lautsprecher nach einem der vorhergehenden Ansprüche, bei dem die Auf hängung dazu eingerichtet ist, eine
Masse auf das akustische Element aufzubringen.

11. Lautsprecher nach einem der vorhergehenden Ansprüche, bei dem die Aufhängung dazu eingerichtet ist, das
akustische Element zu dämpfen.

12. Lautsprecher nach einem der vorhergehenden Ansprüche, bei dem die Aufhängung zumindest teilweise durch eine
Haut des akustischen Abstrahlers gebildet ist.

13. Lautsprecher nach einem der vorhergehenden Ansprüche, bei dem das akustische Element eine Vorderseite auf-
weist, von der akustische Energie abgestrahlt wird, und eine akustische Maskeneinrichtung umfasst, die über dem
durch die Schwingspule abegrenzten Abschnitt des akustischen Elements positioniert ist, wobei die Maskeneinrich-
tung eine akustische Öffnung festlegt.

14. Lautsprecher nach einem der vorhergehenden Ansprüche, bei dem das akustische Element bombiert oder ander-
weitig geformt ist, um seine Steifigkeit zu erhöhen.
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15. Lautsprecher nach einem der vorhergehenden Ansprüche, bei dem die Anordnung so gewählt ist, dass das akusti-
sche Element bei Frequenzen in der Nähe der oder größer als der Koinzidenzfrequenz in einer Biegewellenschwin-
gung angeregt wird.

Revendications

1. Un haut-parleur comprenant un élément acoustique en forme de panneau circulaire prévu pour fonctionner en mode
de corps entier et comme un radiateur à ondes de flexion comme un dispositif couvrant la gamme complète, un
transducteur électrodynamique à bobine mobile ayant une bobine d’excitation montée sur l’élément acoustique, de
manière concentrique à celui-ci, pour exciter une vibration d’ondes de flexion dans l’élément acoustique et pour
déplacer l’élément acoustique en mode de corps entier, un châssis ayant une partie entourant l’élément acoustique
et ayant une partie supplémentaire supportant le transducteur électrodynamique, et une suspension intercalée entre
l’élément acoustique et le châssis et suspendant l’élément acoustique de façon élastique sur le châssis, dans lequel
la jonction entre la bobine d’excitation et l’élément acoustique est circulaire et a un diamètre suffisant, en relation
avec la taille de l’élément acoustique, pour représenter une excitation selon une ligne, de façon que l’élément
acoustique ait une impédance mécanique qui a tendance à croître avec la fréquence d’ondes de flexion, et dans
lequel la position de la jonction entre la bobine d’excitation et l’élément acoustique est sur un cercle nodal de la
deuxième résonance de l’élément acoustique, ou à proximité de ce cercle, pour réaliser une transition progressive
à partir d’un mouvement en mode de corps entier à des fréquences basses vers un comportement de résonance
d’ondes de flexion à des fréquences supérieures,

2. Un haut-parleur selon la revendication 1, dans lequel la jonction entre la bobine d’excitation et l’élément acoustique
est sensiblement continue.

3. Un haut-parleur selon la revendication 2, dans lequel la partie de l’élément acoustique circonscrite par la bobine
d’excitation a une raideur différente de celle d’une partie de l’élément acoustique à l’extérieur de la bobine d’excitation.

4. Un haut-parleur selon l’une quelconque des revendications 1 à 3, comprenant un moyen qui charge l’élément
acoustique avec une masse à l’intérieur du diamètre de la bobine d’excitation.

5. Un haut-parleur selon l’une quelconque des revendications précédentes, comprenant un deuxième transducteur
couplé à l’élément acoustique à l’intérieur de la partie de celui-ci circonscrite par ladite bobine d’excitation, et adapté
pour produire une activité d’ondes de flexion de fréquence élevée de ladite partie.

6. Un haut-parleur selon la revendication 5, dans lequel le deuxième transducteur est décalé par rapport à l’axe de la
bobine d’excitation.

7. Un haut-parleur selon l’une quelconque des revendications précédentes, dans lequel la partie de l’élément acous-
tique circonscrite par la bobine d’excitation est plus raide qu’une partie de l’élément acoustique à l’extérieur de la
bobine d’excitation.

8. Un haut-parleur selon l’une quelconque des revendications précédentes, dans lequel la raideur en flexion de l’élément
acoustique est anisotrope.

9. Un haut-parleur selon l’une quelconque des revendications précédentes, dans lequel la suspension établit une
liaison entre le châssis et le bord de l’élément acoustique.

10. Un haut-parleur selon l’une quelconque des revendications précédentes, dans lequel la suspension est adaptée
pour charger l’élément acoustique avec une masse.

11. Un haut-parleur selon l’une quelconque des revendications précédentes, dans lequel la suspension est adaptée
pour amortir l’élément acoustique.

12. Un haut-parleur selon l’une quelconque des revendications précédentes, dans lequel la suspension est au moins
partiellement formée par une peau du radiateur acoustique.

13. Un haut-parleur selon l’une quelconque des revendications précédentes, dans lequel l’élément acoustique a une



EP 1 340 407 B1

11

5

10

15

20

25

30

35

40

45

50

55

face avant à partir de laquelle de l’énergie acoustique est rayonnée, et comprend un moyen de masquage acoustique
positionné au-dessus de la partie de l’élément acoustique circonscrite par la bobine d’excitation, le moyen de
masquage définissant une ouverture acoustique.

14. Un haut-parleur selon l’une quelconque des revendications précédentes, dans lequel l’élément acoustique est
incurvé ou mis en forme d’une autre manière pour augmenter sa raideur.

15. Un haut-parleur selon l’une quelconque des revendications précédentes, dans lequel l’agencement est tel que
l’élément acoustique soit excité en vibration d’ondes de flexion à des fréquences proches de la fréquence de
coïncidence, ou supérieures à celle-ci.
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