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(57) Abstract: The present invention provides: a loudspeaker including a frame, a drive unit, and a membrane; the membrane
having an inner edge, an outer edge which is suspended from the frame, and a membrane body which is between the inner and
outer edges and extends around the drive unit; the drive unit having a stationary part secured to the frame and a translatable part
secured to the inner edge of the membrane; the membrane body including a dished portion which, has a depth that increases from
said inner and outer edges towards a base region of the dished portion located between said edges; wherein the loudspeaker includes
e 2 stiffening element which extends around the drive unit and stiffens the membrane body at the base region of the dished portion,
so as to reinforce the membrane against deformation in the base region. By including the stiffening element, it has been found that
the first break-up resonance of the membrane is shifted to a higher frequency and has reduced amplitude. As a consequence, the
loudspeaker according to this aspect has a more balanced frequency response, particularly at mid and high frequency ranges.
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Loudspeaker with a stiffening element

This invention relates to loudspeakers including a
frame, a membrane and a drive unit. In particular, this

invention relates to woofers and full-range loudspeakers.

Loudspeakers having a frame, a conical membrane and
a drive unit are generally known for the reproduction of
sound. The conical membrane has an inner circular edge
and an outer circular edge with a conical body
therebetween. In use, the drive unit causes the conical
mempbrane (which acts as a piston) to move backwards and
forwards to generate pressure waves, i.e. sound. The
conical membranes of these loudspeakers must have at
least a minimum stiffness in order to move as a piston
for low frequency sound reproduction, and to have
controlled behaviour at and above the frequency of the
first cone-break up of the membrane for mid and high
freqguency sound reproduction. In order to achieve this
minimum stiffness, the conical membrane must have at
least a minimum height.

It is also known to have a loudspeaker membrane that
is not conical. For example, different shaped membranes
may be used in order to provide a loudspeaker with a
smaller height than an equivalent conventional

loudspeaker with a conical membrane.
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PCT Application Publication Number WO2005/015950
discloses a loudspeaker which has membrane with a flat
inner edge, a flat outer edge and a plurality of radial
folds in a membrane body therebetween. The radial folds
are present to gilve the membrane additional stiffness.

However, although a loudspeaker membrane that is not
conical may be desirable for reducing the height of a
loudspeaker, there can be a deterioration in the sound
reproduction of a loudspeaker when a non-conical membrane

is used.

According to one aspect of the invention, there may
be provided a loudspeaker éccording to claim 1.

By including the stiffening element, it has been
found that the first break-up resocnance of the membrane
is shifted to a higher frequency and has reduced
amplitude. As a consequence, the loudspeaker according to
this aspect has a more balanced frequency response,
particularly at mid and high frequency ranges. It is
thought that the amplitude of the first break-up
resonance 1s reduced because of a reduction in
deformation of the membrane body at said base region of
the dished portion. The “base region” of the dished
portion refers to the deepest part of the dished portion,
i.e. the part having maximum depth relative to the edges

of the membrane. The base region may be planar (e.g. a
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flat face at the maximum depth). The base region may be
linear (e.g. an edge which is at the maximum depth).

The stiffening element extends completely around the
drive unit, i.e. the whole way around the drive unit and
without interruption. Therefore, the stiffening element
may be circular (e.g. ring shaped), elliptical, or have
any other suitable shape. Therefore, the stiffening
element is simple to produce, thus saving on cost and
effort.

The stiffening element preferably reinforces the
base region against all deformation of the base region
from its rest shape (i.e. from the shape of the base
region when the loudspeaker is not in use).

In particular, the stiffening element preferably
reinforces the base region against circumferential
deformation, in other words, deformation relative to a
path extending around the drive unit. Circumferential
deformation may include flexing of the base region such
that the base region moves inwardly and outwardly
relative to the edges of the membrane (i.e. towards and
away from the drive unit). Circumferential deformation
may also include flexing of the base region such that the
depth of the base region relative to the edges of the
membrane varies along a path extending around the drive

unit, e.g. movement of the base region relative to the
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edges of the membrane in the direction of movement of the
drive unit.

Preferably, the stiffening element substantially
prevents deformation in the base region. However, when
the loudspeaker is in use, the stiffening member may
allow the membrane body to bend in the base region to a
certain degree, in order to accommodate movement of the
membrane caused by the translatable part of the drive
unit. Therefore, when it is indicated that the stiffening
element reinforces against “deformation” in the base
region, it is intended to mean that the stiffening
element reinforces against deformation beyond that which
is necessary to accommodate movement of the translatable
part of the drive unit. In some arrangements, i1t may not
be necessary for the base region to deform to accommodate
movement of the drive unit (for example, if the outer
edge of the membrane is suspended from the frame by a
roll-collar which allows whole body movement of the
memprane) .

The stiffening of the base region by the stiffening
element should be substantial, in other words, the
stiffening should significantly affect the resonant
behaviour of the membrane. Thus, the stiffening element
is differentiated from suspension means (e.g. spiders)
which are known in the art for centring the voice coil in

the magnet systems of loudspeakers but which do not
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significantly affect the resonant behaviour of the
membrane.

By “dished portion”, it is meant that the membrane
body includes a portion which is dished when viewed in
cross-section, i.e. when viewed in a direction
substantially perpendicular to the membrane body. The
depth of the dished portion may increase smoothly towards
sald base region from the inner and outer edges of the
membrane. The dished portion may be “v” shaped. It may
have sloping sides, which may be substantially flat, or
may be curved.

The dished portion may extend (completely) around
the drive unit (e.g. as shown in Fig. 1lb}, but the
membrane body should not be seen as being limited in this
way. For example, the membrane body may include a
plurality of dished portions. The plurality of dished
portions may be arranged around the drive unit (e.g. as
shown in Figs. 4b and 5b). The plurality of dished
portions may be arranged to have their base regions
located on a path extending around the drive unit, e.g.
on a path corresponding to the shape of the stiffening
element. The stiffening element may stiffen the base
region(s) of one, some or all of the dished portions.
Preferably, the stiffening element stiffens all the base

regions.
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The edges of the membrane may be circular, or
substantially circular. The base region may be circular.
If there are a plurality of dished portions, the base
regions may be circumferential, i.e. extending along or
located on a circular path around the drive unit. The
stiffening element may have a shape which corresponds to
the shape of the base region(s), for example, the
stiffening element may be circular.

The stiffening element may have a shape which
provides additional stiffness at said base region of the
dished portion. Therefore, the stiffening element may,
when viewed in cross-section, include a corrugation. The
stiffening element preferably has only one corrugation
for simplicity, but may include more than one
corrugation. Alternatively, the stiffening element may
have a “U” shape when viewed in cross section. In other
words, i1t may have substantially parallel sides joined
with a flat or rounded base.

Preferably, the membrane body and stiffening element
are made from materials which are light weight and high
in stiffness. Because the stiffening element is not part
of the membrane, i.e. it is a discrete element, the
material of the stiffening element can be selected
independently of the material of the membrane. For
example, the material of the membrane could be selected

for acoustic reasons, and the material of the stiffening
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element could be selected for its stiffness. The
stiffening element and the membrane may be of the same
material.

The stiffening element and/or the membrane may be of
any material with low density and high stiffness.
Suitable materials include paper (which may be reinforced
paper), aluminium, titanium, polypropylene,
polycarbonate, acrylonitrile butadiene styrene or Kevlar
(TM) .

The stiffening element is preferably located at the
base region, in other words, in close proximity to the
base region.

The stiffening element may be located on the
outwardly dished (e.g. convex) side of the dished portion
of the membrane body. Alternatively, the stiffening
element may be located on the inwardly dished (e.g.
concave) side of the dished portion of the membrane body.
Preferably, the stiffening element is located on the
outwardly dished side of the dished portion so that the
stiffening element does not alter the shape of the sound
generating surface of the membrane, since locating the
stiffening element on the inwardly dished side of the
dished portion may have a negative impact on the mid and
high frequency sound reproduction of the membrane.

The stiffening element is preferably attached to the

base region of the dished portion. This attachment may be
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direct, i.e. so that the stiffening element is in contact
with the base region of the dished portion. However, the
stiffening element may also be attached to the base
region via a secondary element (e.g. via a suspension
means as discussed below) provided it stiffens the base
region so as to reinforce against deformation. Suitably,
the stiffening element may be attached to the membrane
body, directly or indirectly, by adhesive.

The stiffening element may include one or more flat
faces suitable for applying adhesive thereto (e.g. for
attachment to the base region) There may be two flat
faces, which may be located either side of the
corrugation in the stiffening element.

The loudspeaker may further include suspension means
attached to the frame and to the base region of the
dished portion. The suspension means may extend
completely around the drive unit. The suspension means
may attach to the frame at an outer part of the frame,
i.e. a part of the frame which is located outwardly of
the base region. Alternatively, the suspension means may
attach to the frame at an inner part of the frame, i.e. a
part of the frame which is located inwardly of the base
region. The suspension means may attach to an outer part
of the frame, an inner part of the frame and the base
region (e.g. to keep dust out of the drive unit). There

may be more than one suspension means. In one arrangement
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there may be a first suspension means which attaches to
the frame at an outer part of the frame and a second
suspension means which attaches to the frame at an inner
part of the frame (e.g. to keep dust out of the drive
unit).

The suspensicn means may be a spider which is known.
Spiders are textile rings (e.g. cotton or Nomex (TM))
which join the frame to the membrane so as to allow
movement only in the direction of movement of the
translatable part of the drive unit. Spiders are known
for centring the voice coil in the magnet systems of
loudspeakers.

The stiffening element of the present aspect should
be differentiated from known suspension means such as
spiders. In particular, spiders do not significantly
stiffen the base region so as to reinforce against
deformation of the base region of the dished portion.
Therefore, spiders do not have a significant effect on
the resonant behavior of the membrane. In contrast to a
spider, the stiffening element preferably does not join
the membrane to the frame. In contrast to a spider, the
stiffening element preferably is not flexible in the
direction of movement of the translatable part of the
drive unit.

The suspension means may be attached to the base

region of the dished portion directly, or via a secondary
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element. Thus, the suspension means may be attached to
the base region of the dished portion via the stiffening
element. Alternatively, the suspension means may be
attached directly to the base region, with the stiffening
element attached directly to the suspension means, i.e.
so that the stiffening element is attached to the base
region of the dished portion via the suspension means.
Alternatively, the stiffening element and suspension
means may both attach to the base region of the dished
portion directly. Adhesive may be used to provide the
attachment between the stiffening element, the suspension
means and/or the base region of the dished portion.

As explained above, the base region may be a flat
face in the dished portion of the membrane body. This is
advantageous a flat face is particularly suitable for
attachment by adhesive.

The membrane body may have a plurality of folds
therein, e.g. to increase the stiffness of the membrane
body. The folds may have any suitable shape (e.g. they
may be rounded folds or sharp folds). The folds may be
radial folds, i.e. they may extend outwardly from the
inner edge of the membrane. The folds may be arranged to
include one of the plural dished portions described
above. Examples of membrane bodies including folds and

plural dished portions are shown in PCT publication
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number WO 2005/015950 which is incorporated herein by
reference.

The inner and outer edges of the membrane are
preferably substantially flat. This helps during
production of the loudspeaker, since it is easier to
secure flat membrane edges to the frame and translatable
part of the drive unit (e.g. by methods generally known
for mounting flat membranes). “Substantially flat” is
intended to mean flat with deviations that are small
compared with the depth of the dished portion. The inner
and outer edges may be coplanar with each other, i.e.
located in the same plane.

The outer edge of the membrane may be suspended from
the frame by a roll-collar. The roll-collar may be of
rubber, foam or textile. The roll-collar is preferably
flexikle so as to allow whole body movement of the
membrane.

In addition to the first membrane break-up, the
loudspeaker will have a “piston resonance” which is a
resonance associated with the whole body movement
(“piston mode”) of the membrane. The frequency of the
piston resonance depends on various parameters including
the mass of the membrane and the manner in which the
membrane is connected to the frame (e.g. the stiffness of

the spider if a spider is present). Preferably, these
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parameters are selected such that the resonant frequency
is much lower than that of the first membrane break-up.
In another aspect of the invention, there is
provided a membrane and a stiffening element as described
above. There may also be provided a membrane, a
stiffening element and a suspension means as described

above.

Embodiments of our proposals are discussed below,
with reference to the accompanying drawings in which:

Fig. la is a cross-sectional view of a first
loudspeaker.

Fig. lb is a perspective view of the first
loudspeaker shown in Fig. la.

Fig. 2a 1s a graph of electrical impedance against
frequency for the first loudspeaker with and without a
stiffening element.

Fig. 2b is a graph of sound pressure level against
frequency for the first loudspeaker with and without a
stiffening element.

Fig. 3 is a cross sectional view showing deformation
of the membrane of the first loudspeaker when there is no
stiffening element.

Fig. 4a is a cross-sectional view of a second

loudspeaker.
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Fig. 4b is a perspective view of the second
loudspeaker shown in Fig. 4a.

Fig. 5a is a cross-sectional view of a third
loudspeaker.

Fig. 5b is a perspective view of the third
loudspeaker shown in Fig. 5a.

Fig. 6 is a cross-sectional view of a fourth
loudspeaker.

Fig. 7 is a cross-sectional view of a fifth

loudspeaker.

Figs. la and 1b show a first loudspeaker 100. The
loudspeaker 100 includes a frame 101, a membrane 103 and
an electromagnetic drive unit 105.

The membrane 103 includes an outer circular edge
104a, an inner circular edge 104b and a membrane body 104
therebetween. The membrane body 104 has an axis-symmetric
v-cone shape. In other words, when viewed in cross-
section, i.e. in a direction substantially perpendicular
to the membrane (e.g. as shown in Fig. la) the membrane
body 104 forms a dished portion 104c, having sloping
walls which form a “w” shape. The dished portion 104c
extends completely around the drive unit 105. The depth
of the dished portion 104c increases smoothly from the
outer and inner edges 104a, 104b towards a base region

which is a face 104A located between the edges 104a,
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104b. Thus, the face 104A is at the deepest part of the
dished portion 104c. In this embodiment, the face 104A 1is
flat, but this need not be the case. The membrane 103 is
made of paper, e.g. reinforced paper.

The drive unit 105 has a stationary part 106a, and a
movable, i.e. translatable, part 106b. The stationary
part 106a is secured to the frame 101 and has a magnet
system including a permanent magnet 107a and a magnetic
yoke 107b. The translatable part 106b has a coil system
including a voice coil 108a and a coil former or support
108b on which the coil 108a is attached. The magnetic
system and the coil system magnetically cooperate, i.e.
magnetically interact, with each other during use through
an air gap 109.

The inner edge 104b of the membrane 103 is adhered
to the coil support 108b by glue, which may be any
suitabkle glue.

The outer edge 104a of the membrane 103 is secured
to the frame 101 by a resilient means 113 which, in this
embodiment, is a roll-collar made of rubber, foam or
textile.

The membrane body 104 is also connected to the frame
101 by a suspension means, in this case a spider 111
having an outer rim 1lla and an inner rim.lllb. The
spider 111 is secured to an outer part of the frame 101

at its outer rim l1llla and to the face 104A of the
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membrane body 104 at its inner rim 111b, preferably by
glue. The spider 111 is flexible in the direction of
motion of the movable part 106b of the drive unit but
rigid in a direction perpendicular to this. Therefore the
spider 111 centres the membrane 103 and consequently
centres the voice coil 108a in the air gap 109.

A circular stiffening element 115 is attached to the
membrane face 104A. In this embodiment, the stiffening
element 115 is attached to the membrane face 104A
indirectly, via the inner rim 111b of the spider 111.
However, it should be understood that the stiffening
element 115, the spider 111 and the membrane face 104A
can be layered in any order. The spider 111 may be
omitted from the loudspeaker 100. Nonetheless, whether
the stiffening element 115 is attached to the membrane
face 104A directly or indirectly, it should be attached
in such a way that the membrane body 104 is stiffened at
the membrane face 104A.

Viewed in cross-section, the stiffening element 115
includes a corrugation which is “v” shaped with flat
faces 1l5a at each side of the corrugation. The
stiffening element is attached to the outer rim 111b of
the spider 111 at the flat edges 115a by any suitable
attachment means, e.g. glue.

The stiffening element 115 is made of reinforced

paper, but may be made from any material with combined
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low density and high stiffness, such as paper, aluminium,
titanium, polypropylene, polycarbonate, acrylonitrile
butadiene styrene or Kevlar (TM).

The function of the stiffening element 115 can be
understood with reference to Figs. 2a, 2b and 3.

Figs. 2a and 2b respectively show graphs comparing
electrical impedance (Ze) and sound pressure level (SPL)
against frequency. The solid lines indicate the
measurements taken for the loudspeaker 100 shown in Figs.
la and 1lb. Thé dashed lines indicate the measurements
taken for the loudspeaker 100 shown in Figs. la and 1b
when the stiffening element 115 is removed.

Because the approximate relationship between the
mechanical impedance (Zm) and electrical impedance (Ze)
is Zm ~ 1/Ze, Fig. 2a allows observation of resonances in
the loudspeaker 100. A resonance is observed when the
electrical impedance is high, since this corresponds to a
low mechanical impedance.

Fig. 2a shows that there is a severe resonance at
the first membrane break-up at approximately 700 Hz for
the loudspeaker 100 without the stiffening element 115
(illustrated by the dashed line). It is thought the
severe resonance 1s assisted by excessive deformation of
the membrane 103 at the membrane face 104A. The severe
resonance in the membrane 103 without the stiffening

element 115 is illustrated by Fig. 3. As can be seen from
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Fig. 3, there is substantial deformation of the membrane
body 104 at the face 104A. In particular, the membrane
face 104A is distorted to move inwards and outwards
relative to the edges 104a, 104b (i.e. towards and away
from the drive unit 105), and upwards and downwards
relative to the edges 104a, 104b. (i.e. in the direction
of motion of the translatable part 106b of the drive unit
105). The severe resonance causes a degradation in the
performance of the loudspeaker 100, resulting in a
reduction in sound pressure level at around the fregquency
of the severe resonance (see Fig. 2b).

When the stiffening element 115 is attached to the
membrane face 104A as shown in Fig. la, the resonance
from the first membrane break-up moves to a higher
frequency and is reduced in amplitude (see the solid line
in Fig. Za). As a result, a balanced frequency response
is obtained (see Fig. 2b). In other words there is little
reduction in sound pressure level due to the first
membrane break-up when the stiffening element 115 is
used. It is thought that the balanced frequency response
is achieved, in part at least, by the stiffening element
115 reducing circumferential deformation of the membrane
103 at the face 104A.

Figs. 2a and 2b also illustrate that the spider 111
provide insufficient stiffening to the face 104A since

both measurements (solid line and dashed line) are made
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with the spider 111 attached. In other words, the spider
111 does not provide enough stiffness against deformation
of the face 104A since there is not a balanced frequency
response when the spider 111 is in place without the
stiffening element 115.

Figs. 4a and 4b show a second loudspeaker 200. The
second loudspeaker 200 has many of the features of the
first loudspeaker 100. For ease of reference, the
reference signs used in Figs. 4a and 4b correspond to the
reference signs used in Figs. la and 1b.

In the loudspeaker 200, the membrane 203 is shaped
differently to the membrane 203 of the loudspeaker 103.
In particular, the membrane body 204 includes a pattern
of plural radial folds in the surface thereof which are
located between ridges 204d. The ridges 204d are level
with, and extend between, the outer and inner edges 204a,
204b of the membrane body 204. The radial folds increase
the stiffness of the membrane body 204.

In between ridges 204d, the membrane body 204
includes plural dished portions 204c. Each dished portion
204c has a face 204A at its deepest part. A stiffening
element 215 is attached to all of the faces 204A via the
spider 211, in order to stiffen the membrane body 204 at
each of the faces 204A. The stiffening element 215
reduces deformation in the membrane body 204 at faces

204A in a similar manner to the first loudspeaker 100.
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Figs. ba and 5b show a third loudspeaker 300. The
third loudspeaker 300 has many of the features of the
first and second loudspeakers 100, 200. For ease of
reference, the reference signs used in Figs. 5a and 5b
correspond to the reference signs used in Figs. la and
1b.

The membrane body 304 includes a pattern of plural
radial folds in the surface thereof which are located
between ridges 304d. Unlike in the second loudspeaker
200, the ridges 304d extend across only a portion of the
sloping walls of the membrane body 304. The radial folds
increase the stiffness of the membrane body 304.

In between ridges 304d, the membrane body 304
includes plural dished portions 304c. Each dished portion
304c has a face 304A at its deepest part. The stiffening
element 315 is attached to all of the faces 304A via the
spider 311, in oxrder to stiffen the membrane body 304 at
each of the faces 304A. The stiffening element 315
reduces deformation in the membrane body 304 at faces
304A in a similar manner to the first and second
loudspeakers 100, 200.

Fig. 6 shows a fourth loudspeaker 400. The fourth
loudspeaker 400 has many of the features of the first,

second and third loudspeakers 100, 200, 300. For ease of
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reference, the reference signs used in Fig. 6 correspond
to the reference signs used in Figs. la and 1b.

Unlike in the first loudspeaker 100, the fourth
loudspeaker 400 has two spiders 411, 412. A first spider
411 attaches to an outer part of the frame 401 and face
404A in the same way as in the first loudspeaker. A
second spider 412 is attached to an outer part of the
frame 401 and the face 404A. This double spider
arrangement 1s particularly advantageous as it helps to
keep dust out of the drive unit 405 as well as centring
the voice coil 408a. This advantage need not be achieved
by using two spiders. For example, the same advantage
could also be achieved by a single spider which attaches
to an outer part of the frame, an innexr part of the frame
and the face 404A.

Fig. 7 shows a fifth loudspeaker 500. The fifth
loudspeaker 500 has many of the features of the first,
second, third and fourth loudspeakers 100, 200, 300, 400.
For ease of reference, the reference signs used in Fig. 6
correspond to the reference signs used in Figs. la and
1b.

Unlike in the first loudspeaker 100, in the fifth
loudspeaker 500, the spider 511 attaches to an inner part

of the frame 501 and the face 5042 of the membrane 504.
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In addition to the embodiments shown in the
drawings, a stiffening element 115, 215, 315, 415, 515 as
shown in any of the drawings may also be used with any of
the loudspeaker membranes shown and described in PCT

publication number WO2005/015950.

One of ordinary skill after reading the foregoing
description will be able to affect various changes,
alterations, and subtractions of equivalents without
departing from the broad concepts disclosed. It is
therefore intended that the scope of the patent granted
hereon be limited only by the appended claims, as
interpreted with reference to the description and
drawings, and not by limitation of the embodiments

described herein.
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CLAIMS:
1. A loudspeaker including a frame, a drive unit, and a
membrane;

the membrane having an inner edge, an outer edge
which is suspended from the frame, and a membrane body
which is between the inner and outer edges and extends
around the drive unit;

the drive unit having a stationary part secured to
the frame and a translatable part secured_to the inner
edge of the membrane;

the membrane body including a dished portion which,
has a depth that increases from said inner and outer
edges towards a base region of the dished portion located
between said edges;

wherein the loudspeaker includes a stiffening
element which extends around the drive unit and stiffens
the membrane body at the base region of the dished
portion, so as to reinforce the membrane against

deformation in the base region.

2. A loudspeaker according to claim 1 wherein the

stiffening element is circular.
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3. A loudspeaker according to claim 1 or 2 wherein the
stiffening element, when viewed in cross-section,

includes a corrugation to stiffen the base region.

4. A loudspeaker according to any of the above claims
wherein the stiffening element is made from a material
selected from paper, aluminium, titanium, polypropylene,
polycarbonate, acrylonitrile butadiene styrene or Kevlar

(TM) .

5. A loudspeaker according to any of the above claims
wherein the stiffening element is attached to the base

region of the dished portion.

6. A loudspeaker according to claim 5 wherein the
stiffening element 1is attached directly to the base

region of the dished portion.

7. A loudspeaker according to claim 5 or 6 wherein said

attachment is by adhesive.

8. A loudspeaker according to any of the above claims
further including a suspension means which is attached to

the frame and to the base region of the dished portion.
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9. A loudspeaker according to claim 8 wherein the
suspension means is attached directly to the base region

of the dished portion.

10. A loudspeaker according to claim 9 wherein the
stiffening element is attached directly to the suspension
means, so that the stiffening element is attached to the
base region of the dished portion via the suspension

means.

11. A loudspeaker according to any of claims 8 to 10

wherein the suspension means is a spider.

12. A loudspeaker according to any of the above claims
wherein the stiffening element is located on the
outwardly dished side of the dished portion of the

membrane body.

13. A loudspeaker according to any of claims 1 to 11
wherein the stiffening element is located on the inwardly

dished side of the dished portion of the membrane body.

1l4. A loudspeaker according to any of the above claims
wherein the base region of the dished portion is a flat

face in the membrane body.
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15. A loudspeaker according to any of the above claims
wherein the depth of the dished portion of the membrane
body increases smoothly towards the base region from the

inner and outer edges of the membrane.

16. A loudspeaker according to any of the above claims

wherein the dished portion extends around the drive unit.

17. A loudspeaker according to any of claims 1 to 15
wherein the membrane body includes a plurality of dished

portions.

18. A loudspeaker according to claim 17 wherein the

membrane body has a plurality of folds.

19. A loudspeaker according to claim 18 wherein the

folds are radial folds.

20. A loudspeaker element according to any of the above
claims wherein the inner and outer edges of the membrane

are clrcular.

2l. A loudspeaker element according to any of the above
claims wherein the inner and outer edges of the membrane

are substantially flat.
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22. A membrane and a stiffening element as set out in

any of the above claims.

23. A membrane, a stiffening element and a suspension

means as set out in any of the above claims.

24. A loudspeaker substantially as herein described with
reference to and as shown in Figs. 1 to 3, Fig. 4, Fig.

5, Fig. 6 or Fig. 7.

25. A stiffening element substantially as herein
described with reference to and as shown in Figs. 1 to 3,

Fig. 4, Fig. 5, Fig. 6 or Fig. 7.
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