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(54) LOUDSPEAKER WITH REDUCED HEIGHT

(57) The loudspeaker (10) comprises: a basket (14),
a diaphragm (12) having a conical shape with an axis of
symmetry (z), an electric coil (16), amagnetic circuit (18),
a support member (20), which is connected to an inner
edge of the diaphragm (12) and carries the electric coil
(16), and first and second flexible suspension members
(22, 24) connecting the assembly formed by the dia-
phragm (12), the electric coil (16) and the support mem-
ber (20) to the basket (14), in such a manner that the
electric coil (16) is constrained to move parallel to said
axis of symmetry (z) through a cylindrical air gap (26) of
the magnetic circuit (16). The first flexible suspension
member (22) is connectedat its inner edge to anupper, or
wider, end (12a) of the diaphragm (12) and at its outer
edge to an upper portion (14a) of the basket (14), while
the second flexible suspension member (24) is con-
nected at its inner edge to a mounting member (28),
which is arranged around the support member (20)
and is attached at its upper end to the diaphragm (12),
and at its outer edge to a lower portion (14b) of the basket
(14).
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Description

Technical field of the invention

[0001] The present invention generally relates to an
electrodynamic loudspeaker (hereinafter simply referred
to as loudspeaker), to be used in particular, although not
exclusively, in passenger compartments of motor-vehi-
cles.

State of the art

[0002] As it is known, a loudspeaker basically com-
prises a diaphragm (or cone) having a conical shape, a
rigid basket (or frame), an electric coil (normally referred
to as voice coil) and amagnetic circuit. The diaphragm is
connectedat its upperend (widerend) toanupperportion
of the basket via a first flexible suspension member,
typically called surround, and at its lower end (narrower
end) to a voice coil support member supporting the voice
coil. Furthermore, the voice coil support member is con-
nected to a lower portion of the basket via a second
flexible suspension member, typically called spider.
The voice coil is constrained, by virtue of the connection
of the diaphragm and of the support member with the
basket via the above-mentioned first and second flexible
suspension members, respectively, to move axially
through a cylindrical air gap of the magnetic circuit. In
a conventional loudspeaker, therefore, the diaphragm
and the voice coil support member, with the voice coil
attached thereto, form a suspended (or movable) part of
the loudspeaker which is connected to the non-sus-
pended (or stationary) part of the loudspeaker, namely
to the basket, via the first and second flexible suspension
members.
[0003] Whenanelectrical current isapplied to thevoice
coil, the interaction between the electric current in the
voice coil and themagnetic field in theair gapgeneratesa
mechanical force that moves the voice coil axially
through the air gap and, thus, the voice coil support
member and the diaphragm attached thereto. Applica-
tion of alternating electric current in the voice coil under
control of an amplifier causes therefore the diaphragm to
move back and forth, thereby reproducing sound.
[0004] Recently, sound systems in motor-vehicles
have been changing their configuration in order to create
3D sound zones. An increasing number of loudspeakers
are therefore placed in several positions within the pas-
senger compartment of the vehicle, not only in the doors
and dashboard, but also in the headrests and the roof.
This requires more compact loudspeakers, in particular
loudspeakers with reduced height (or depth), i.e. with a
reduced size in the direction parallel to the sound waves
propagation.
[0005] In order to reduce the overall height of the
loudspeaker, WO2005/015950A1 teaches to provide
the loudspeaker with a diaphragm having a reduced
height, while including radial folds to assure acoustic

performance at mid to low frequency. However, this
solution greatly reduces the space available for themag-
netic circuit and therefore required the use of expensive
magnet materials to reduce the volume of the magnetic
circuit while keeping the same speaker efficiency.
[0006] US10820111B2discloses a loudspeakerwhich
is made more compact by removal of the second flexible
suspension member, i.e. the spider. According to this
solution, therefore, the loudspeaker only has the first
flexible suspensionmember, i.e. the surround, bymeans
of which the diaphragm is connected at its wider end to
the upper portion of the basket. However, this solution is
only suitable for tweeter-type loudspeakers, as the ab-
sence of the second flexible suspension member limits
the dynamic behaviour of the loudspeaker at mid to low
frequency (e.g., less movement control at high excur-
sions and more destructive rocking modes).
[0007] FR3024630A1 discloses a loudspeaker with a
membrane comprising: a dome lying onabase surround-
ing the voice coil, a diaphragmextending radially from the
base, and aplurality of folds on thediaphragm. Thedome
base allows to move the dome towards the peripheral
edgeof themembrane, to createa larger volumebeneath
the dome. At the same time, for a similar height of the
diaphragm, this solution allows to reduce theheight of the
membrane. However, having a larger volume under the
dome implies having a dome which is substantially flat,
which limits the performance of the loudspeaker at high
frequency, unless stiff and heavy materials are used.
Moreover, the presence of folds on the diaphragm are
necessary to guarantee proper dynamic behaviour of the
membrane at low frequency.
[0008] Therefore, known compact loudspeakers either
have a depth which does not fit the available space in the
prescribed positions within the vehicle passenger com-
partments, or do not ensure the same acoustics on a
broad frequency range at the same cost.
[0009] A loudspeaker having the features set forth in
the preamble of independent claim 1 is known from
US2007/121995A1.

Summary of the invention

[0010] It is an object of the present invention to provide
a loudspeakerwhich combines reduced height (or depth)
with good acoustic performances on a broad frequency
range.
[0011] This and other objects are fully achieved ac-
cording to the invention by virtue of a loudspeaker having
the features set forth in independent claim 1.
[0012] Further advantageous features of the invention
are defined in the dependent claims, whose subject-
matter is intended to form an integral part of the following
description.
[0013] In short, the invention is based on the idea of
providing, in a loudspeaker having a suspended part
which comprises a cone-shaped diaphragm and a voice
coil support member and is connected to the basket via
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first and second flexible suspension members, an annu-
larmountingmemberwhich is arranged around the voice
coil support member and is attached at its upper end to
the diaphragm, and connecting the second flexible sus-
pension member at its inner edge to the mounting mem-
ber and at its outer edge to the basket. The second
flexible suspensionmember is thus connectedat its inner
edge not to the voice coil support member, but to a
mounting member which is arranged around the voice
coil support member and has therefore a diameter larger
than that of the voice coil support member.
[0014] This solution allows to reduce the height of the
loudspeaker, while assuring good control of the move-
ment of the voice coil at low frequencies and guarantee-
ing the same speaker efficiency. Moreover, this solution
does not involve a reduction in the space available for the
magnetic circuit and therefore does not involve an in-
crease in the cost of the magnetic circuit.
[0015] Additionally, the mounting member has a cre-
nelated structure at its top, forming a plurality of protru-
sions configured to be inserted into corresponding slits
provided in the diaphragm so as to ensure better posi-
tioning and connection of the mounting member and the
diaphragm.
[0016] The mounting member may be attached to the
diaphragm in various ways, for example by adhesion
means such as glue.
[0017] According to an embodiment, the mounting
member is made in one piece with the second flexible
suspension member.
[0018] Further features and advantages of the inven-
tion will be evident to those skilled in the art from the
following detailed description, given purely by way of
non-limiting example.

Brief description of the drawings

[0019] In the following detailed description reference
will be made to the appended drawings, where:

- Figure 1 is a perspective view of a loudspeaker
according to an embodiment of the present inven-
tion, where the loudspeaker is cut through a plane
passing through the axis of symmetry of the dia-
phragm;

- Figure 2 is anaxial section viewof the loudspeaker of
Figure 1;

- Figures3 to5areaxial sectionviewsof loudspeakers
according to further embodiments of the present
invention; and

- Figure6showsacomparisonbetween the loudspea-
ker of Figure 1 and a loudspeaker according to the
prior art.

Detailed description

[0020] With reference first to Figure 1, a loudspeaker
according to an embodiment of the present invention is
generally indicated with 10 and basically comprises a
diaphragm 12, a rigid basket 14, an electric coil 16
(commonly referred to as voice coil and therefore indi-
cated hereinafter with this term), a magnetic circuit 18
and a voice coil support member 20.
[0021] The diaphragm 12 has a conical shape with an
upper end (wider end) 12a and a lower end (narrower
end) 12b. The axis of symmetry of the diaphragm 12,
which is indicated z, defines the direction of propagation
of the sound waves generated by the loudspeaker 10. In
the drawings the loudspeaker 10 is always shown with
the axis of symmetry z extending vertically, and terms
such as "upper" or "lower" are used with reference to this
particular orientation of the loudspeaker. However, the
loudspeaker 10 may be used with any orientation, and
therefore the axis of symmetry z may extend in any
direction other than the vertical one, even in the horizon-
tal direction.
[0022] The voice coil support member 20 is connected
to the lower end 12b of the diaphragm 12 and supports
the voice coil 16, so that the voice coil supportmember 20
and the voice coil 16 are movable as a single piece with
respect to the magnetic circuit 18 and the basket 14.
[0023] The diaphragm 12, the voice coil 16 and the
voice coil support member 20 form a suspended (or
movable) part of the loudspeaker 10, while the basket
14 and the magnetic circuit 18 form a non-suspended (or
stationary) part of the loudspeaker 10. The suspended
part and the non-suspended part of the loudspeaker 10
are connected to eachother via a first flexible suspension
member 22 and a second flexible suspension member
24, which suspension members are configured in such a
manner as to constrain the voice coil 16, carried by the
voice coil support member 20, to move axially (i.e.,
parallel to the axis of symmetry z) through a cylindrical
air gap 26 of themagnetic circuit 16. The first and second
flexible suspension members 22 and 24may bemade of
any suitable material, for example fabric, rubber or foam.
[0024] The first flexible suspension member 22 con-
nects the upper end 12a of the diaphragm 12 with the
basket 14, in particular with an upper portion 14a thereof.
[0025] As regards the second flexible suspension
member 24, it is not connected at its inner edge to the
voice coil support member 20, as it is the case with the
prior art discussed in the introductory part of the present
description, but toanannularmountingmember28which
is arranged around the voice coil support member 20
(and has, therefore, a diameter larger than that of the
voice coil supportmember20) and is attachedat its upper
end to thediaphragm12. The second flexible suspension
member 24 is thus connected at its inner edge to the
mountingmember 28, in particular to a lower end thereof,
and at its outer edge to the basket 14, in particular to a
lower portion 14b thereof.
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[0026] The mounting member 28 may be made for
example of aluminium or polymeric material, such as
polyimide.
[0027] The mounting member 28 is made as a sepa-
rate piece with respect to the diaphragm 12.
[0028] In the embodiment of Figures 1 and 2, the
mounting member 28 is a separate piece not only with
respect to the diaphragm 12, but also with respect to the
second flexible suspension member 24. The mounting
member28 is thusattachedboth to thediaphragm12and
to the second flexible suspension member 24 using
suitable means, for example by gluing. Furthermore,
the mounting member 28 has at its top a crenelated
structure, thereby forming a plurality of protrusions 30,
spaced apart from each other, configured to be inserted
into corresponding slits 32 provided in the diaphragm 12
so as to ensure better positioning and connection of the
mounting member 28 and the diaphragm 12.
[0029] With referencenow toFigure 3,whereparts and
elements identical or corresponding to those of Figures 1
and 2 have been indicated with the same reference
numerals, according to a further embodiment of the pre-
sent invention the mountingmember 28 has a plurality of
inclined upper tabs 28a (better shown in the detail A),
each of which is arranged between a respective pair of
adjacent protrusions (not shown in Figure 3, but similar to
the protrusions 30 of Figures 1 and 2) of the mounting
member 28 and extends parallel to the diaphragm 12.
This allows to enlarge the adhesion area between the
mounting member 28 and the diaphragm 12 and thus
strengthen the connection between these two compo-
nents. The upper tabs 28a are shown in Figure 3 as
extending outwards, i.e., as facing the upper or wider
end 12a of the diaphragm 12, but might also be config-
ured so as to extend inwards, i.e., facing the lower or
narrower end 12b of the diaphragm 12.
[0030] Figure 4, where parts and elements identical or
corresponding to those of Figures 1 to 3 have been
indicated with the same reference numerals, shows an-
other embodiment of the present invention, in which the
mounting member 28 is formed in one piece with the
second flexible suspensionmember 24. Also in this case,
as in the embodiment of Figure 3, the mounting member
28 has a plurality of inclined upper tabs 28a, each inter-
posed between a respective pair of adjacent protrusions
(not shown in Figure 4, but similar to the protrusions 30 of
Figures 1 and 2) of the mounting member 28. In this
embodiment the inclinedupped tabs28aextend inwards,
i.e., towards the lower or narrower end 12b of the dia-
phragm 12.
[0031] Additionally, Figure 5, where parts and ele-
ments identical or corresponding to those of Figures 1
to 4 have been indicatedwith the same reference numer-
als, shows another embodiment of the present invention,
which is similar to the embodiment of Figure 4, in that the
mounting member 28 is still formed in one piece with the
second flexible suspension member 24 and has a plur-
ality of inclined upper tabs 28a extending inwards, i.e.,

towards the lower or narrower end 12b of the diaphragm
12, and each interposed between a respective pair of
adjacent protrusions (not shown in Figure 4, but similar to
the protrusions 30 of Figures 1 and 2) of the mounting
member 28. The difference between the embodiment of
Figure 4 and the one of Figure 5 is that in this latter the
mounting member 28 is attached with its inclined upper
tabs28anot only to thediaphragm12but also to thevoice
coil support member 20.
[0032] Finally, Figure 6 shows the loudspeaker 10 of
Figures 1 and 2 compared to a loudspeaker 110 accord-
ing to the prior art. In Figure 6 parts and elements of the
loudspeaker 110 of the prior art identical or correspond-
ing to those of the loudspeaker 10 of the invention are
indicated with the same reference numerals, increased
by 100. The two loudspeakers 10 and 110 have the same
basket (and hence the same nominal diameter D), the
same diaphragm, the same magnetic circuit, the same
vertical distance d between the outer edge of the first
flexible suspension member and the outer edge of the
second flexible suspensionmember, as well as the same
maximum travel tMAX of the voice coil (which in the
loudspeaker 10 corresponds to the vertical distance be-
tween the lower end 12b of the diaphragm 12 and the
upper end of the magnetic circuit 18, while in the loud-
speaker 110 corresponds to the vertical distance be-
tween the lower end of the second flexible suspension
member 124 and the upper end of the magnetic circuit
118). It is clear from the comparison between the two
loudspeakers 10 and 110 that the loudspeaker 10 (i.e.,
the loudspeaker of the invention) has a voice coil support
member 20 with reduced height compared to the voice
coil support member 120 of the loudspeaker 110 of the
prior art. This allows to reduce the overall height of the
loudspeaker (indicated with H for the loudspeaker of the
prior art and with h for the loudspeaker of the invention),
and hence to obtain a loudspeaker which is more com-
pact in the axial direction (i.e., in the direction of propaga-
tion of the sound waves generated by the loudspeaker).
[0033] Thepresent inventionhasbeendescribedhere-
in with reference to preferred embodiments thereof. It is
however clear that other embodiments may be envi-
saged, which share with the one disclosed herein the
same inventive core, as defined by the appended claims.

Claims

1. Loudspeaker (10) comprising:

- a basket (14),
- a diaphragm (12) having a conical shape with
an axis of symmetry (z),
- an electric coil (16),
- a magnetic circuit (18),
- a support member (20), which is connected to
an inner edge of the diaphragm (12) and carries
the electric coil (16),
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- a mounting member (28) which is arranged
around the supportmember (20) and is attached
at an upper end thereof to the diaphragm (12),
said mounting member (28) being a piece se-
parate from the diaphragm (12), and
- first and second flexible suspension members
(22, 24) connecting the assembly formed by the
diaphragm (12), the electric coil (16) and the
support member (20) to the basket (14), in such
amanner that the electric coil (16) is constrained
to move parallel to said axis of symmetry (z)
through a cylindrical air gap (26) of themagnetic
circuit (16),
wherein said first flexible suspension member
(22) is connected at an inner edge thereof to an
upper, or wider, end (12a) of the diaphragm (12)
and at an outer edge thereof to an upper portion
(14a) of the basket (14), and
wherein said second flexible suspension mem-
ber (24) is connected at an inner edge thereof to
themountingmember (28) and at an outer edge
thereof to a lower portion (14b) of the basket
(14),
characterized in that the mounting member
(28) has a crenelated structure at its upper
end, with a plurality of protrusions (30) inserted
into corresponding slits (32) provided in the
diaphragm (12).

2. Loudspeaker according to claim 1, wherein the
mounting member (28) is attached to the diaphragm
(12) by adhesion means, in particular glue.

3. Loudspeaker according to claim 1 or claim 2, where-
in the mounting member (28) has a plurality of in-
clined upper tabs (28a), each of which is arranged
between a corresponding pair of said protrusions
(30) and extends parallel to the diaphragm (12) so
as to enlarge an adhesion area between the mount-
ing member (28) and the diaphragm (12).

4. Loudspeaker according to any one of the preceding
claims, wherein the mounting member (28) is made
in one piece with said second flexible suspension
member (24).

5. Loudspeaker according to claim 4, wherein the
mounting member (28) is also attached to the sup-
port member (20).
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