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(54) Loudspeaker and method for assembling a loudspeaker

(67)  Theinvention relates to a loudspeaker compris-
ing a diaphragm, a loudspeaker chassis, a flexible sus-
pension which is connected at its internal perimeter to
the diaphragm and which is connected at its external pe-
rimeter to the loudspeaker chassis, wherein the flexible
suspension comprises at its external perimeter a locking
protrusion extending in an axial direction of the loud-

speaker, and a locking element which cooperates with
the locking protrusion in an assembled state of the loud-
speakerin such a way thatthe locking elementremovably
fixes the flexible suspension to the chassis and prevents
the locking protrusion of the flexible suspension from
moving in an axial and radial direction.
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Description
Technical Field

[0001] Various embodiments relate to a loudspeaker
and to methods for assembling a loudspeaker.

[0002] Typically, loudspeakers include a diaphragm or
cone which is caused to vibrate by the movement of a
voice coil connected to the cone. Typical loudspeakers
comprise a rigid diaphragm with a flexible surround, also
called flexible suspension. This flexible suspension is
provided along the perimeter of the diaphragm to facili-
tate axial displacement of the diaphragm relative to the
basket or chassis of the loudspeaker. The suspension is
generally cemented along its internal perimeter to the
diaphragm and along its external perimeter to the chassis
of the loudspeaker. The flexible suspension is typically
joined to the loudspeaker chassis with an adhesive.
[0003] Gluing the surround to the chassis is a perma-
nent fix and makes rework or recycling of the parts very
difficult. Gluing the parts also requires highly controlled
dispensing equipment, needing maintenance and con-
sumables.

Summary

[0004] Accordingly, a need exists to provide a loud-
speaker which facilitates easy removal and/or reworking
ofthe parts without damage to the suspension or chassis.
[0005] This need is met by the features of the inde-
pendent claims. Further embodiments are described in
the dependent claims.

[0006] Accordingto afirstaspect, aloudspeaker is pro-
vided comprising a diaphragm, a loudspeaker chassis
and a flexible suspension which is connected at its inter-
nal perimeter to the diaphragm and which is connected
at its external perimeter to the loudspeaker chassis. The
flexible suspension comprises at its external perimeter a
locking protrusion extending in a radial direction of the
loudspeaker. The loudspeaker furthermore comprises a
locking element which cooperates with the locking pro-
trusion in an assembled state of the loudspeaker in such
a way that the locking element removably fixes the flex-
ible suspension to the chassis and prevents the locking
protrusion of the flexible suspension from moving in an
axial and radial direction.

[0007] With the use of the locking element which co-
operates with the locking protrusion, the flexible suspen-
sion can be attached to the chassis without adhesive.
This facilitates the removal and the reworking of the parts
without damage to the different parts, as a pure mechan-
ical connection is obtained. This furthermore removes
the need for adhesive and sophisticated glue dispensing
equipment.

[0008] Inone embodimentthe flexible suspension may
comprise in the radial direction to the outside of the loud-
speaker a radial extending section following by the lock-
ing protrusion. The locking protrusion can have a larger
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extension in the radial direction than the radial extension.
The locking protrusion located at a greater external pe-
rimeter than the radial extending section provides an
abutment surface which abuts against the locking ele-
ment. A locking element has the corresponding surface
against which the locking protrusion abuts.

[0009] Itis possible that the locking element is part of
alocking ring attached to the front part of the loudspeaker
chassis. This locking ring may be connected to the loud-
speaker chassis using threaded parts provided on each
of the locking ring and the loudspeaker chassis. In an-
other embodiment the locking ring may be releasably
connected to the chassis using further locking compo-
nents provided on each of the locking ring and the chassis
which cooperate to secure the locking ring to the chassis.
By way of example, the locking ring may be clipped onto
the chassis.

[0010] The locking element may also provide a mount-
ing surface for a gasket that may be mounted to the front
side of the loudspeaker. The locking element may alone
or together with the chassis provide a surface on which
the gasket may be provided and secured to the chassis.
[0011] The loudspeaker may be designed in such a
way that in one embodiment the locking element is de-
signed in such a way that it fixes the flexible suspension
to the chassis by an axial movement of the locking ele-
ment relative to the chassis. However, in another em-
bodimentitis also possible that the locking element fixes
the flexible suspension to the chassis by a radial move-
ment of the suspension until the locking protrusion is fix-
edly connected to the chassis.

[0012] The locking element may contain in the radial
direction to the outside of the loudspeaker a radial ex-
tending portion followed by a recess into which the lock-
ing protrusion can extend. In the assembled state the
radial extending section of the flexible suspension is
sandwiched between the chassis and the radial extend-
ing portion of the locking element to hold the suspension
down on the chassis during an axial movement of the
suspension which occurs when the loudspeaker oper-
ates. The recess in the locking element provides a cham-
ber to the locking protrusion and the flexible suspension
is held in place with the locking protrusion being located
in the recess.

[0013] Itis possible thatthe locking element comprises
a locking arm which cooperates with the axial extending
locking protrusion in such a way that the locking arm pre-
vents the locking protrusion from moving at least in the
radial direction. The locking arm may comprise a locking
nose which immobilizes the locking protrusion. The lock-
ing arm may extend in the radial direction to the centre
of the loudspeaker. Together with the chassis the locking
arm can build a chamber in which the locking protrusion
is located and which prevents the locking protrusion from
moving in the axial direction. The locking element with
the locking arm may be integrally formed with the chassis;
however, in another embodiment the locking element
with the locking arm may also be a separate element, e.
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g. part of a locking ring that is releasably connected to
the chassis. According to a further aspect, a method for
assembling a loudspeaker is provided, the loudspeaker
comprising the diaphragm, the loudspeaker chassis and
the flexible suspension. According to one step of the
method, a radial outer end of the flexible suspension is
positioned on the loudspeaker chassis, wherein the flex-
ible suspension comprises in the radial direction to the
outside of the loudspeaker a radial extending section fol-
lowed by a locking protrusion which extends in an axial
direction of the loudspeaker with a larger extension in
the axial direction than the radial extension. In a further
step the locking elementis positioned in an axial direction
onto the radial extending section of the flexible suspen-
sion. Furthermore, the flexible suspension is securely
fixed to the chassis by an axial movement of the locking
elementrelative to the chassis so that the locking element
prevents the locking protrusion from moving in the radial
and axial direction. The axial movement may be obtained
by screwing the locking element onto the chassis or by
clicking it onto the chassis. This method allows the at-
tachment of the suspension to the chassis without the
need of the adhesive to glue the suspension on the chas-
sis. The above-discussed method can be easily reversed
so that a rework or recycling of the parts becomes pos-
sible at lower costs.

[0014] According to another method for assembling
the loudspeaker, the locking protrusion is pushed into
the outer axial direction of the loudspeaker until the lock-
ing protrusion is secured to the chassis by the locking
arm, the locking arm again preventing the locking protru-
sion from moving at least in the radial direction. When
the locking element is a part separate from the chassis,
the locking element may furthermore be connected to
the chassis, e.g. using a click mechanism provided on
the chassis and on a locking element. The locking ele-
ment may be connected to the chassis either with the
locking protrusion already being secured by the locking
arm or without the locking protrusion being secured by
the locking arm, i.e. before the locking protrusion is
pushed in the outer axial direction and secured to the
locking element.

[0015] Itshould be understood thateach ofthe features
described above and below may be used alone, in the
described context or in combination with any other fea-
ture described above or below.

[0016] The invention, together with further objects and
attendant advantages, will best be understood by refer-
ence to the following detailed description of the preferred
embodiments taken in conjunction with the accompany-
ing drawings.

Brief Description of the Drawings
[0017]

Fig. 1 shows in a side elevation view a first embod-
iment how a flexible suspension is connected to a
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chassis using axial movement of a locking element
relative to the chassis,

Fig. 2 shows the loudspeaker of Fig. 1 in an assem-
bled state,

Fig. 3 shows a further embodiment of a locking ele-
ment with a connected gasket,

Fig. 4 shows a partial side elevation view of a loud-
speaker with a connected tweeter,

Fig. 5 shows another embodiment in which the flex-
ible suspension is connected to the chassis by a ra-
dial movement of the suspension,

Fig. 6 shows the embodiment of Fig. 5 in an assem-
bled state with a gasket connected on the locking
element,

Fig. 7 shows another embodiment where the locking
elementis a separate part and clicked onto the chas-
sis,

Fig. 8 shows the embodiment of Fig. 7 in a finally
assembled state, and

Fig. 9 shows another embodiment where the locking
element is part of an integral waveguide.

Detailed Description

[0018] With reference to the drawings, a first embodi-
ment is disclosed in connection with Figs. 1-4. In Fig. 1
aloudspeaker 10 is partially shown, which in the embod-
iment shown may be a woofer. The loudspeaker com-
prises a diaphragm 20 which is connected to a chassis
or basket 30 via a flexible suspension 40. In the embod-
iment shown in Figs. 1-4, the flexible suspension 40 is
connected and fixed to the chassis 30 using an axial
movement of a locking element 50 relative to the chassis
30. With axial movement a movement in direction of the
axis A of the loudspeaker is meant. As indicated by the
arrows 11 and 12, the flexible suspension 40 is pushed
into place axially maintaining a retaining strength in the
axial direction in which the diaphragm 20 and thus the
suspension moves during operation. The locking ele-
ment 50 may be part of a locking ring which is provided
on the whole perimeter of the chassis. However, it should
be understood that the locking element or locking ring
needs not necessarily be provided along the whole pe-
rimeter of the chassis. The chassis comprises a horizon-
tal portion 31 followed by a vertical portion 32 as seen in
aradial directionr of the loudspeaker. The vertical portion
can comprise at its inner surface a threaded portion 33,
e.g. afemale thread. The locking element, in the embod-
iment shown the locking ring, may comprise at its outer
radial surface 51 a threaded portion 52 which cooperates
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with the threaded portion 33 to connect the locking ring
to the chassis 30. In the embodiment shown the locking
element is substantially L-shaped with a radial extending
portion 53 and an axially extending portion 54 on which
the threaded portion 52 is provided. The radial extending
portion 53 of the locking element comprises a recess 55
which can receive a locking protrusion 41 provided at the
outer radial end of the flexible suspension.

[0019] As can be seen inter alia from Fig. 2, in the as-
sembled state when the locking element, in the embod-
iment shown the locking ring, is screwed onto the chassis
the locking protrusion 41 extends into the recess 55. The
radial extending portion 53 immobilizes the outer end of
the flexible suspension, it provides a retaining strength
in the axial direction when the diaphragm 20 not shown
in Fig. 2 moves in the axial direction. This movement is
inter alia guided by the convex part 42 of the suspension.
Following the convex or half-circular shaped part 42, a
radial extending section 43 is followed by the axially ex-
tending locking protrusion 41. In the embodiment shown
the locking protrusion extends into the front direction of
the loudspeaker, the front direction indicating the direc-
tiontowhich the soundis emitted. Itshould be understood
that the locking protrusion extending in the axial direction
may also extend to the rear side of the loudspeaker. In
this embodiment the chassis would contain a recess into
which the locking protrusion would extend. In this em-
bodiment the locking element 50 would not contain the
recess 55. In still another embodiment the axially extend-
ing locking protrusion may extend in the front direction
and the rear direction with the recess being provided in
the locking element and the chassis to accommodate the
different locking protrusions extending to the front and to
the rear side of the loudspeaker.

[0020] As shownin Fig. 3, the locking element 50 may
at its front end furthermore contain a radially extending
surface 55 which provides a support surface for a gasket
60 which may be fixed to the outer surface of the axially
extending portion 55.

[0021] In connection with Fig. 4 a further embodiment
is shown in which the loudspeaker 10 is a combined loud-
speaker comprising a woofer and a tweeter 60 which is
supported by the locking ring 50.

[0022] In connection with Figs. 5 and 6 a further em-
bodiment is shown. In this embodiment the suspension
400 also comprises a radial extending section 430 and
an axially extending locking protrusion 410. When the
locking protrusion 410 is compared to the locking protru-
sion 41 of the embodiment described in connection with
Figs. 1-4, it can be seen that the locking protrusion has
a greater dimension in the axial direction and in the radial
direction. This is due to the fact that the locking protrusion
is responsible for attaching the suspension to the chas-
sis. The chassis 300 comprises a radially extending sec-
tion 310 and an axially extending section 320. Further-
more, aradially inward extending locking arm 330 is pro-
vided comprising a locking nose 340. The flexible sus-
pension is pushed into place radially by accommodating
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the locking protrusion 410 in achamber 350, the chamber
being built by the radially extending section 310, the ax-
ially extending section 320, the locking arm 330 and the
locking nose 340. The locking nose 340 prevents the
locking protrusion from moving axially back to the centre
of the loudspeaker. The locking protrusion 410 complete-
ly fills chamber 350 so that the locking protrusion is im-
mobilized in the chamber 350.

[0023] Furthermore, with the L-shaped form of the ra-
dial extending section 430 and the locking protrusion 410
the chassis, here the components 310, 320, 330 and 340
also provide a retaining strength in the axial direction
which is needed to keep the suspension in its place when
the diaphragm 20 moves during operation.

[0024] In the embodiment of Fig. 6 a gasket 60 is at-
tached to the upper surface of the locking arm 330.
[0025] In connection with Figs. 7 and 8 a further em-
bodiment is shown. In this embodiment the connection
between the suspension 400 and the chassis corre-
sponds to the embodiment described above in connec-
tion with Figs. 5 and 6. However, in the embodiments of
Figs. 7 and 8 the locking arm is part of a separate locking
ring 500 which is connected to the chassis 600. The chas-
sis and the locking ring comprise each locking compo-
nents such as the recess 510 and the locking arm 610
with the protrusion 620. These locking components 510,
610 and 620 cooperate and help to secure the locking
ring to the chassis, e.g. by clipping the locking ring 500
into place on the chassis 600. To facilitate the connection,
the locking ring 500 may comprise a lead-in 520 to more
easily accommodate the locking ring 500 in the corre-
sponding section of the chassis 600. In the embodiment
of Fig. 8 the locking ring is shown in the connected state.
[0026] In connection with Fig. 9 a further embodiment
is shown. The suspension 400 corresponds to the sus-
pension explained above in connection with Figs. 5-8. In
the embodimentshownin Fig. 9 a chassis 700 is provided
which again provides a chamber for accommodating the
axially extending locking protrusion 410 including a lock-
ing nose 710 which provides a support surface for the
radial inner surface of the locking protrusion 410. The
chassis, at its front part, furthermore contains severally
radially extending sections 720 and 730. These radially
extending sections 720 and 730 form an integral
waveguide for the acoustic waves irradiated by the loud-
speaker (Question to the inventor: Is this correct and
can you add further details for this embodiment of
the integral waveguide?)

[0027] In all the embodiments the flexible suspension
can be made of rubber which has a flexibility that allows
the deformation of the suspension and which allows it to
be manoeuvred into the locked position, especially for
the embodiments disclosed in connection with Figs. 5-9.
For a removal of the suspension, for the embodiments
shown in Figs. 5-9 a radial force is applied to disengage
the flexible suspension from the chassis. The flexibility
is also needed in the embodiments described in connec-
tion with Figs. 1-4, as the locking protrusion has to be
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located at the outer end of the chassis so that the locking
protrusion can extend into the recess of the locking ele-
ment.

[0028] The above-described embodiments have the
advantage that no adhesive is required for assembling
the loudspeaker together. As a result, the rework or the
recycling is easier. Furthermore, the locking element or
locking ring can act as a support surface to mount a front
gasket or it can act as an integral waveguide or auxiliary
component mounted, e.g. for a tweeter carrier as shown
in Fig. 4.

Claims
1. A loudspeaker comprising:

- a diaphragm,

- a loudspeaker chassis,

- a flexible suspension which is connected at its
internal perimeter to the diaphragm and which
is connected at its external perimeter to the loud-
speaker chassis, wherein the flexible suspen-
sion comprises atits external perimeter alocking
protrusion extending in an axial direction of the
loudspeaker,

- a locking element which cooperates with the
locking protrusion in an assembled state of the
loudspeaker in such a way that the locking ele-
ment removably fixes the flexible suspension to
the chassis and prevents the locking protrusion
of the flexible suspension from moving in an ax-
ial and radial direction.

2. The loudspeaker according to claim 1, wherein the
flexible suspension comprises in the radial direction
to the outside of the loudspeaker a radial extending
section followed by the locking protrusion, wherein
the locking protrusion has a larger extension in the
axial direction than the radial extension.

3. Theloudspeaker according to claim 1 or 2, wherein
the locking element is part of a locking ring attached
to a front part of the loudspeaker chassis.

4. The loudspeaker according to any of the preceding
claims, wherein a gasket is arranged on the front
side on the locking element.

5. The loudspeaker according to any of the preceding
claims, wherein the locking element is designed in
such a way that it fixes the flexible suspension to the
chassis by an axial movement of the locking element
relative to the chassis.

6. The loudspeaker according to any of the preceding
claims, wherein the locking element comprises a
threaded portion which cooperates with a comple-
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10.

1.

12.

13.

14.

mentary threaded portion provided at the chassis to
secure the locking element to the chassis.

The loudspeaker according to any of claims 2 to 6,
wherein the locking element comprises in the radial
direction to the outside of the loudspeaker a radial
extending portion followed by a recess into which
the locking protrusion extends.

The loudspeaker according to claim 7, wherein the
radial extending section of the flexible suspension is
sandwiched between the chassis and the radial ex-
tending portion of the locking element to hold the
suspension down on the chassis during axial move-
ment of the suspension.

The loudspeaker according to any of claims 1to 4 ,
wherein the locking element comprises alockingarm
which cooperates with the axially extending locking
protrusion in such a way that the locking arm pre-
vents the locking protrusion of moving at least in the
radial direction.

The loudspeaker according to claim 9, wherein the
locking arm is extending in the radial direction to a
centre of the loudspeaker.

The loudspeaker according to claim 9 or 10, wherein
the locking arm together with the chassis build a
chamber in which the locking protrusion is located
and which prevents the locking protrusion from mov-
ing in the axial direction.

The loudspeaker according to any of claims 9 to 11,
wherein the locking element is integrally formed with
the chassis.

The loudspeaker according to claim 10 or 11, where-
in the locking arm is part of a locking ring that is
releasably connected to the chassis using further
locking components provided on each of the locking
ring and the chassis and which cooperate to secure
the locking ring to the chassis.

A method for assembling a loudspeaker, the loud-
speaker comprising a diaphragm, a loudspeaker
chassis and a flexible suspension, the method com-
prising the step of

- positioning a radial outer end of a flexible sus-
pension on the loudspeaker chassis, the flexible
suspension comprising, in a radial direction to
the outside of the loudspeaker, a radial extend-
ing section followed by a locking protrusion ex-
tending in an axial direction of the loudspeaker,
- positioning a locking element in the axial direc-
tion onto the radial extending section of the flex-
ible suspension,
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16.

17.
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- securely fixing the flexible suspension to the
chassis by an axial movement of the locking el-
ement relative to the chassis so that the locking
element prevents the locking protrusion from
moving in the radial and axial direction.

The method according to claim 14, wherein the lock-
ing element, in the fixed position, presses the radial
extending section of the suspension onto the chassis
and prevents the locking protrusion from moving in
the radial direction.

A method for assembling a loudspeaker, the loud-
speaker comprising a diaphragm, a flexible suspen-
sion with which the diaphragm is secured to a loud-
speaker chassis, a locking element comprising a
locking arm with which the suspension is secured to
the chassis, the flexible suspension comprising a
locking protrusion extending in the axial direction of
the loudspeaker, the method comprising the step of:

- pushing the locking protrusion into the outer
axial direction of the loudspeaker until the lock-
ing protrusion is secured to the chassis by the
locking arm, the locking arm preventing the lock-
ing protrusion from moving at least in the radial
direction.

The method according to claim 16, wherein the lock-
ing element is part separate from the chassis, the
method further comprising the step of connecting the
locking element to the chassis.
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