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(54) A LOUDSPEAKER WITH A NON-UNIFORM SUSPENSION AND AN ENFORCEMENT ELEMENT

(57) A loudspeaker with a non-uniform surround, a
membrane and a stiffening element preventing the sur-
round from flexing the membrane during operation. A

non-uniform surround does not have the same cross sec-
tion, along the radius of the speaker if circular, all around
the perimeter of the membrane.
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Description

[0001] The present invention relates to a loudspeaker
with a non-uniform suspension, such as suspensions
which do not have the same cross section around the
complete extent of the suspension, and which has an
enforcement or stiffening element.
[0002] Loudspeakers with uniform or non-uniform sus-
pensions may be seen in US6305491, US2011/164782,
EP0556786, US2002/170773, the Fostex UDR speaker
(https:/ /www.fostexinternation-
al.com/docs/speaker_components/pdf/fe208ez.pdf),
US6889796, US2003/0231784, EP1659823, AES article
"Diaphragm Area and Mass Nonlinearities of Cone Loud-
speakers" from 1995 by Knud Thorborg and Erling San-
dermann Olsen, US7275620, and US6516077. Other,
uniform, suspensions may be seen in US7218748,
EP1788839, US3997023, US3130811 and KEF white-
paper
http://www.kef.com/uploads/files/THE_REFERENCE/R
EF_White_Paper_preview_path_200514 .pdf.
[0003] Non-uniform suspensions may be provided for
a number of reasons, one being that a uniform suspen-
sion, such as a half-roll, full-roll, multiple roll suspension
will generate, with the membrane, an efficient membrane
area depending on the position of the membrane in re-
lation to the frame. Non-uniform suspensions may be
shaped to avoid this variation. Non-uniform suspensions,
however, have been found to generate non-uniform forc-
es acting on the membrane edge, causing the membrane
to flex and thus generate undesired vibrations and sound.
[0004] It is an object of the invention to provide a loud-
speaker with a non-uniform surround but where the mem-
brane is not flexed by the operation of the surround.
[0005] In a first aspect, the invention relates to a loud-
speaker comprising a membrane, a surround and a
frame, where:

- the membrane has an outer edge,

- the surround is connected to the frame and at least
substantially all of the outer edge of the membrane,

- the surround has a first portion and a second portion,
where:

- the first portion has a first radial cross section,
and

- the second portion has a second radial cross
section, where the first and second radial cross
sections have different shapes,

the loudspeaker further comprising a stiffening element
provided at the outer edge of the membrane.
[0006] In this context, a loudspeaker is an element con-
figured to generate and output sound. Typical loudspeak-
ers comprise a membrane or diaphragm which is mova-
ble, by a motor, in relation to a frame, a housing, a portion

of the motor or the like.
[0007] A membrane typically is a relatively stiff and
generally plane or funnel-shaped element connected to
a drive for moving the membrane. The membrane often
forms a sound and/or at least substantially gas tight seal
between a chamber of a loudspeaker and the surround-
ings thereof. Naturally, multiple membranes may exist in
the loudspeaker and may be provided in the same cham-
ber. Also sound output ports, such as bass reflex ports,
may be present if desired.
[0008] A membrane may be made of paper, cardboard,
metal, polymer or combinations thereof. A membrane
may be symmetric around an axis, such as axisymmetric.
Often, membranes are circular, but oval membranes are
also seen, as are rectangular membranes with rounded
corners.
[0009] Membranes may have a central axis which is
defined as the intersection between two planes of sym-
metry. Usually the intended direction of movement of the
membrane lies along the central axis. The central axis
has an upward direction that is away from the motor and
toward the membrane.
[0010] Membranes and surrounds may have a radial
cross section which is defined as a cross section through
a plane coinciding with the central axis. A radial cross
section of the surround may have a maximum, which is
the point furthest upward along the central axis, and a
minimum which is the point furthest downward along the
central axis. An extremum is one of a maximum and a
minimum.
[0011] A membrane surface may be more or less flat
or plane, or it may be more contoured. A membrane may
have ridges or the like, such as in a direction away from
a central axis, in order to e.g. increase the stiffness of
the membrane. Other membrane types have ridges
formed as concentric rings, at the outer portions at least,
which act to have only the innermost portion of the mem-
brane vibrate at higher frequencies but more and more
of the membrane for lower and lower frequencies.
[0012] The frame preferably is a rigid or stiff element
which is not deformed to any substantial degree by the
operation of the drive moving the membrane to create
sound. Often, the frames are made of a metal. Often,
frames are cone shaped with a base at which the drive
is to be attached and an outer portion having a shape
corresponding to the surround and to which the surround
is to be attached. Between the base and the outer portion,
struts may be formed connecting the base and the outer
portion while leaving space for the membrane movement.
[0013] Often, the frame is, at its outer parts, to be con-
nected to a loudspeaker cabinet in order to ensure that
air is not able to, at least to any significant degree, escape
the cabinet through the loudspeaker.
[0014] The membrane has an outer edge. Usually, the
shape of this edge defines the shape of the membrane.
Often, membranes are circular.
[0015] A surround is a flexible element connecting the,
usually stiffer, membrane to the, usually much stiffer,
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frame so as to allow the frame to move in relation to the
frame while controlling the membrane movement in re-
lation to the frame and/or ensuring that air is not able to
pass around the membrane edge, which passing would
short circuit the membrane and thus destroy the sound
generating properties.
[0016] Prior art surrounds often are half rolls or full rolls
and have the same profile along the extent of the sur-
round, i.e. these surrounds have uniform profiles. Often
the cone edge and surround is circular (projected on a
plane perpendicular to the central axis). In such case a
uniform profile surround will be axisymmetric, i.e., it can
be described as a profile defined in a 2D plane that is
revolved around the central axis.
[0017] Often, surrounds are made of rubber, impreg-
nated cloth or a closed foam, as such materials are light,
flexible and still not permeable to air to any significant
degree.
[0018] The connection of the surround to the mem-
brane may be performed using e.g. glue (or co-moulding
the surround on to the membrane). Naturally, any type
of fastening may be used.
[0019] Normally, it is desired that the surround is at-
tached or connected to the membrane at all of the outer
portion an/or periphery of the membrane in order to main-
tain good control of the membrane over all of its outer
edge and in order to ensure that air is not able to travel
through the membrane/surround assembly.
[0020] Many surround types cause the effective acous-
tically radiating area of the membrane/surround assem-
bly to vary as a function of the position of the membrane
in relation to the frame. Often, when the membrane is as
far as possible into the frame, the effective area is higher
than when the membrane is as far away from the frame
as possible (the two extreme portions of the operational
interval of the membrane). The reason is that the shape
of the surround, when e.g. being a standard half-roll, dif-
fers in these two positions.
[0021] Surrounds exist in which this problem is re-
duced. Surrounds of this type have a first portion and a
second portion, where:

- the first portion has a first radial cross section, and

- the second portion has a second radial cross section,

where the first and second radial cross sections have
different shapes
[0022] Thus, surrounds of this type have a radial cross
section which differs at different positions along the sur-
round, i.e. the surround profile is non-uniform along its
circumference. The cross section may be that of the sur-
round when seen from the membrane toward the frame,
such as from a portion of the outer edge of the membrane
to the closest point of the frame. If the membrane is ax-
isymmetric, so is the frame and thus the inner and outer
portions of the surround. In this situation, the first portion
is a radial portion.

[0023] When the two portions have different radial
cross sections, this means that the shape of the surround
is not identical around the surround or along the surround.
The two portions may have different curve shapes, dif-
ferent highest or lowest points, such as when measured
from the outer edge of the membrane. The height may
be seen in relation to a straight line from the edge of the
membrane and the closest point of the frame - or between
inner and outer edge of the surround.
[0024] The portions are different if, for example, the
height, at a selected distance from the membrane edge
and/or a central axis of the membrane, of one portion is
more than 10% larger than the height at the same dis-
tance of the other portion.
[0025] Surrounds may be non-uniform for a number of
reasons. One reason is, as mentioned above, to have at
least the same effective area as the membrane moves
relative to the frame. In this situation, the effective area
of the membrane usually is the same, as membranes are
usually sufficiently stiff to not bend to any significant de-
gree. For a half-roll, the relevant area of the surround is
approximately the area of all portions thereof inside the
top point of the radial cross section of the surround. For
a half roll, the maximum moves towards or away from
the central axis depending on the membrane displace-
ment along the central axis, thus changing the effective
area.
[0026] Other surrounds have non-uniform profiles in
order to prevent of sound waves off the surround.
[0027] It is an object of the present invention to reduce
flexing of the membrane caused by the non-uniform sur-
round. The loudspeaker thus further comprises a stiffen-
ing element provided at the outer edge of the membrane,
such as at an interface between the membrane and the
surround.
[0028] The stiffening element has the function of ren-
dering the assembly of the membrane and the surround
stiffer. It has been found that non-uniform surrounds, that
do not have identical radial cross sections all along their
extent, cause a flexure of the membrane at the outer
edge. This flexure again causes a distortion of the radi-
ated sound which clearly is not desired.
[0029] Thus, the stiffening element aims at the function
of preventing flexure of the outer edge of the membrane
during the movement of the membrane. Thus, the stiff-
ening element should be adapted to the forces expected
from the surround used. Depending on the shape of the
surround, the non-uniformity of the forces acting on the
outer edge of the membrane is more or less severe.
[0030] When the membrane flexes, portions of the out-
er edge are pulled inward towards the centre of the mem-
brane while other portions are pushed outward away from
the central axis. The outer edge thereof deviates from
the shape it has when sitting in the rest position and not
moving. If for example the membrane is circular, the flex-
ure will change the shape so it has a number of lobes.
Two lobes would give the edge an oval shape. Three
lobes would give a more triangular shape. This phenom-
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enon may occur at certain resonance frequencies.
[0031] The stiffening element may be as simple as a
layer of a selected material attached to the membrane
and/or the surround, such as a portion of the surround
adjacent to or attached to the outer portion of the mem-
brane. Clearly, an additional layer material may increase
the stiffness. However, further below, other shapes of
the surround are described which further increase the
stiffness while keeping an eye on the mass added by the
stiffening element.
[0032] The stiffening element may have different stiff-
ness in different directions, such as in the direction per-
pendicular to an extent thereof and/or toward a central
axis if the membrane and a direction along the movement
of the membrane and/or drive. However, as the flexure
of the membrane is rather complex, it may be desired
that the stiffening element has at least substantially the
same stiffness in all directions, such as in all directions
perpendicular to a direction of a centre line of the stiffness
element or a direction perpendicular to the outer edge of
the membrane at a particular point.
[0033] The non-uniformity of the surround may be de-
fined in many manners. In one situation, the radial cross
sections of the first and second portions each defines a
curve, such as of an upper surface, a lower surface or a
centre of the surround. Then, the curve defined by the
radial cross section of the first portion may be shorter
than the curve defined by the radial cross section of the
second portion. A shorter curve may be obtained when
the curve between the two extreme points is more
straight. This curve could be derived relative to the above
straight line.
[0034] In that or another situation, the curve defined
by the radial cross section of the first portion may have
a more narrow bend than the curve defined by the radial
cross section of the second portion. A more narrow bend
may be a more narrow peak or trough.
[0035] In one situation, the radial cross sections of the
first and second portions have a maximum (or minimum)
at different distances to a centre of the membrane. Again,
this may be determined relative to the above straight line.
[0036] In one situation, the radial cross section of the
first portion has an M or W shape and the radial cross
section at the second portion is U or V shaped.
[0037] Also, the surround preferably defines, along a
central, closed curve thereof, a repeating pattern. Then,
the surround may have multiple portions with a radial
cross section identical to that of the first radial cross sec-
tion and multiple portions with a radial cross section iden-
tical to the second radial cross section.
[0038] Clearly, the stiffening element may have any
desired radial cross section, such as a plane element,
such as a sheet of material. One preferred shape is one
where a portion of the stiffening element has a radial
cross section which is L-shaped, T-shaped or I-shaped.
Then, one of the plane sides of the stiffening element
may be attached to the membrane and/or surround.
[0039] In another embodiment, the stiffening element

has a portion, which has a radial cross section having a
shape as a polygon, such as a triangle, rectangle (square,
rhombus, parallelogram, trapezoid, kite or the like) or the
like. Again, one of the plane sides may then be attached
to the membrane and/or surround.
[0040] Actually, one of the substantially plane sides of
the L-, I-, T- or polygon shape may be formed by the
membrane and/or the surround, so that the desired
shape is not arrived at before attachment to the mem-
brane/surround.
[0041] Alternatively, the stiffening element may have
a portion with a radial cross section which is oval, such
as circular.
[0042] Clearly, the shape, dimensions, material and
the like may be selected based on the flexing forces ex-
erted on the membrane as well as the maximum weight
addition caused by the stiffening element.
[0043] Preferably, the stiffening element forms a
closed curve in a predetermined plane, such as in a plane
in which the outer edge of the membrane also is found.
The closed curve has the advantage that the stiffening
element is present around all of the membrane. Prefer-
ably, this curve is outside of at least 75% of the radius/dis-
tance to the centre. Clearly, the stiffening element need
not be positioned at the outer edge of the membrane to
act to stiffen the outer portion of the membrane, as the
membrane often will have a stiffness of its own. However,
it is desired that the stiffening element, to perform its func-
tion is positioned at least in the outer quarter of the mem-
brane - i.e. at a distance from a centre of the membrane
being no less than 75% of the distance from that centre
to the outer edge of the membrane. If the membrane is
not circular, the stiffening element would normally have
the same shape and thus be positioned at the same per-
centage of the overall distance, as measured perpendic-
ularly from the central axis or along the membrane sur-
face, from the central axis.
[0044] In one situation, the combined membrane and
stiffness element has, when projected on to the plane, a
mass per area which is higher at the stiffness element
than inside the closed curve. Even though it may not be
an aim in itself to have a higher mass at the stiffening
element, an increased mass often implies or generates
a higher stiffness.
[0045] In one embodiment, the diaphragm and stiffen-
ing element have a first mass per area, in a plane per-
pendicular to a direction of movement of the membrane,
and the diaphragm has a second mass per area in the
plane at a position not at the stiffening element, where
the first mass per area is higher than the second mass
per area. While a higher mass per area in this projection
is not an aim in itself, a higher mass usually will give a
higher stiffness as desired.
[0046] In one embodiment, the combined membrane
and stiffness element has, in a direction perpendicular
to the plane, thickness which is higher at the stiffness
element than inside the closed curve. While a higher
thickness is not an aim in itself, a higher thickness usually
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will give a higher stiffness as desired.
[0047] As described, the stiffening element may be a
separate element attached to the membrane, or the
membrane may be manufactured with a built-in stiffening
element preferably at the outer portion thereof. This build-
ing-in may be by adding an element to the membrane
material during manufacture of the membrane, by pro-
viding the membrane material thicker, heavier, stiffer or
the like at the outer portion thereof. In one situation, the
membrane may be moulded, where the mould may be
designed to generate a stiffening element as described
above. This moulding process could be a two-component
moulding if desired. Alternatively, a portion of the mem-
brane may be formed or shaped such as to constitute a
thicker, stiffer portion.
[0048] A second aspect of the invention relates to a
method of assembling a loudspeaker, the method com-
prising:

- providing a membrane having an outer edge,
- providing a surround having a first portion and a sec-

ond portion, where:

- the first portion has a first radial cross section,
and

- the second portion has a second cross section,
where the shapes of the first and second cross
sections differ,

- providing a stiffening element and

- fixing the outer edge of the membrane to the sur-
round and the stiffening element.

[0049] Naturally, this aspect may be combined with the
first aspect. The membrane, surround, first and second
portions and the stiffening element may be as described
above.
[0050] In the following, preferred embodiments of the
invention will be described with reference to the drawing,
in which:

- Figure 1 illustrates a radial cross section of a loud-
speaker according to the invention,

- Figure 2 illustrates a first embodiment of a stiffening
element and the projected thickness thereof,

- Figure 3 illustrates a second embodiment of a stiff-
ening element,

- Figure 4 illustrates a third embodiment of a stiffening
element,

- Figure 5 illustrates a first embodiment of a non-uni-
form surround,

- Figure 6 illustrates a second embodiment of a non-
uniform surround,

- Figure 7 illustrates alternative membranes with thick-
er or different materials at the outer edge and

- Figures 8-13 illustrate different types of stiffness el-

ements.

[0051] In figure 1, a loudspeaker 1 is illustrated having
a membrane 2, a motor 4, a frame 6 and a surround 8.
The motor is configured to move the membrane upwardly
and downwardly along an axis A, and the surround is
configured to prevent air from passing around the outer
edge 12 of the membrane 2 and to control the movement
of the membrane 2. The surround 8 is connected at its
outer periphery to the frame 6.
[0052] When the surround is not completely uniform,
the movement of the membrane will cause the surround
to flex which again will cause the membrane to flex during
the movement. This flexing causes distortion of the sound
output, which naturally is not desired. In figure 1 the sur-
round 8 is shown as non-uniform as evidenced from the
different shapes of the left-hand and right-hand cross
sections.
[0053] Non-uniform surrounds may be seen in figures
5 and 6. The surround in figure 5 may be seen in
US6516077 and has a number of ridges 18 directed tan-
gentially to the outer edge 12. The remainder of the sur-
round has the shape illustrated at 16. Clearly, different
portions of this surround have different radial cross sec-
tions and thus different effects on the outer edge 12.
[0054] The surround in figure 6 may be seen in
EP0556786 where a portion of the surround, in the cross
section seen in figure 1, is directed downwardly and a
portion is directed upwardly, where the intersection be-
tween these portions looks like that in figure 6. Clearly,
the portion illustrated in figure 6 will have a different effect
on the membrane than a half-roll portion as seen to the
extreme left and right of the same figure.
[0055] These different effects on different portions of
the outer edge will bring about a flexure of the membrane
when moved.
[0056] In order to counter-act this flexing, a stiffening
element 10 is provided at the interface between the mem-
brane and the surround. Figures 2-4 illustrate different
shapes of such stiffening elements.
[0057] The flexure of the membrane is a deformation
that causes portions of the outer edge to be pulled to-
wards the central axis of the membrane and other por-
tions to be pushed away from the central axis. Different
modes of flexure will exist, where a first mode is one in
which the outer edge becomes oval. A second mode is
one wherein the outer edge has three lobes, and in a
third mode, it has four lobes. Clearly, any number of lobes
may be seen when flexing the membrane.
[0058] Figure 2 shows a radial cross section, of the
outer edge 12 of the membrane 2 and a stiffening element
10, where the radial cross section of the stiffening ele-
ment is rectangular. One of the sides of the rectangle
may be made up of the membrane material. The stiffening
element extends along the outer edge of the membrane,
typically as a closed curve when projected to a plane
perpendicular to the axis A. Clearly, the stiffening ele-
ment will counter-act the flexure of the outer edge 12.
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Also shown is the projected thickness of the assembly
of the membrane and the stiffening element onto a plane
perpendicular to the central axis A.
[0059] The radial cross section of the stiffening ele-
ment may have any desired shape. In figure 3, the shape
is triangular. Again, the membrane material may form
one of the sides. Advantageously the shape may be a
closed curve like a rectangle, polygon or oval.
[0060] In figure 4, the radial cross section of the stiff-
ening element has a circular shape.
[0061] Naturally, any shape of the stiffening element
may be used. A polygon may be used, and if desired,
one or more sides may be formed by the membrane.
[0062] The stiffening element may be hollow or may
be filled by a filling material, such as a foam.
[0063] The stiffening element may be made of any type
of material. The stiffness, clearly, is desired high, but the
weight is desired as low as possible. Thin aluminium,
such as with a thickness of 0.5mm or less, such as
0.25mm or less, such as 0.2mm or less, such as 0.15mm
or less may be used, as may other materials, such as
metals, alloys, polymers, paper, cardboard, plastics,
composite materials, Kevlar or the like.
[0064] A separate stiffening element may be replaced
by an adaptation of the membrane material. Usually, the
membrane is made of the same material with the same
thickness, perpendicular to the extent of the membrane,
over the full surface of the membrane. However, the
membrane may be made thicker at the outer edge so as
to increase the stiffness thereof.
[0065] Further alternatively, the membrane may be
made of another material or an additional material at the
outer edge in order to increase the stiffness at the outer
edge. This is illustrated in figure 7. A thicker layer of a
material tends to be stiffer than a thinner layer. Also, the
outermost portion of the membrane may be made of a
stiffer material than the remainder of the membrane so
as to increase the stiffness of the membrane at the outer
edge.
[0066] Figures 8-13 illustrate further types of stiffening
elements where figure 8 illustrates the addition of a thin
layer of e.g. paper extending in the direction of the move-
ment, whereas in figure 9, a layer of e.g. paper is provided
extending in the direction perpendicular to the direction
of movement. Alternatively, the square of figure 10 may
be used, as may the circle of figure 11, the 45 degrees
square (diamond) of figure 12, or the triangle of figure 13
having a 90-degree angle and a largest side extending
in the direction of movement of the membrane.
[0067] Clearly, a number of different stiffening element
types, shapes and the like may be used. Other materials
may also be used in order to tailor the properties even
more.

Claims

1. A loudspeaker comprising a membrane, a surround

and a frame, where:

- the membrane has an outer edge,
- the surround is connected to the frame and at
least substantially all of the outer edge of the
membrane,
- the surround has a first portion and a second
portion, where:

- the first portion has a first radial cross-sec-
tion, and
- the second portion has a second radial
cross section, where the first and second
cross sections have different shapes,

the loudspeaker further comprising a stiffening ele-
ment provided at the outer edge of the membrane.

2. A loudspeaker according to claim 1, wherein the first
and second radial cross sections have an extremum
at different distances to the edge of the membrane.

3. A loudspeaker according to claim 1 or 2, wherein the
first radial cross has an M or W shape and the second
radial cross section has a U or V shape.

4. A loudspeaker according to any of the preceding
claims, wherein the surround defines, along a cen-
tral, closed curve thereof, a repeating pattern.

5. A loudspeaker according to any of the preceding
claims, wherein the stiffening element has a portion
with a radial cross section which is L-shaped.

6. A loudspeaker according to any of claims 1-4, where-
in the stiffening element has a portion with a radial
cross section which has a shape of a closed curve.

7. A loudspeaker according to claim 6, wherein the stiff-
ening element has a portion with a radial cross sec-
tion which has a shape of a polygon.

8. A loudspeaker according to claim 7, wherein one
side of the polygon is formed by the membrane.

9. A loudspeaker according to any of claims 6, wherein
the stiffening element has a portion with a radial
cross section which is oval.

10. A loudspeaker according to any of the preceding
claims, wherein the stiffening element forms a closed
curve in a predetermined plane.

11. A loudspeaker according to claim 10, wherein the
combined membrane and stiffness element has,
when projected on to the plane, a mass per area
which is higher at the stiffness element than inside
the closed curve.
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12. A loudspeaker according to any of the preceding
claims, wherein the diaphragm and stiffening ele-
ment have a first mass per area, in a plane perpen-
dicular to a direction of movement of the membrane,
and the diaphragm has a second mass per area in
the plane at a position not at the stiffening element,
where the first mass per area is higher than the sec-
ond mass per area.

13. A loudspeaker according to any of claims 10-12,
wherein the combined membrane and stiffness ele-
ment has, in a direction perpendicular to the plane,
thickness which is higher at the stiffness element
than inside the closed curve.

14. A method of assembling a loudspeaker, the method
comprising:

- providing a membrane having an outer edge,
- providing a surround having a first portion and
a second portion, where:

- the first portion has a first radial cross sec-
tion, and
- the second portion has a second radial
cross section, where the first and second
radial cross sections have different shapes,

- providing a stiffening element and
- fixing the outer edge of the membrane to the
surround and the stiffening element.
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