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Description

[0001] The presentinvention relates to a loudspeaker,
particularly but not exclusively a loudspeaker configured
to reproduce low frequency audio signals, and methods
of manufacturing a loudspeaker/parts for a loudspeaker.
[0002] All loudspeaker designs face challenges in re-
producing extended bass frequencies. Common ap-
proaches include sealed enclosure designs (typically in-
corporating large, sealed cabinets with high power am-
plifiers and high excursion bass drivers) or ported enclo-
sure designs employing an enclosure with a port or vent
to make use ofthe sound pressure within the loudspeaker
enclosure to give increased bass response at a particular
frequency to which the port is tuned.

[0003] Transmission line loudspeakers employ an ex-
tended open-ended passageway (often over 1 metre in
length) configured to guide rearwardly radiated sound
received from a bass driver to an outlet in the loudspeaker
enclosure. If designed correctly, a transmission line al-
lows a smooth, extended bass response with a shallow
roll of compared to a ported enclosure. However, trans-
mission line loudspeakers can be difficult to design and
to perfect, owing to a number of side effects from creating
along passageway within a cabinet. Mass manufacturing
practicalities mean that transmission lines are often fold-
ed channels formed in a plane with 90 degree or 180
degree turns within a rectangular cabinet. Typically such
transmission lines generate irregular air flow together
with unwanted reflections, phase cancellation or rein-
forcement.

[0004] The present applicant has identified the need
for an improved loudspeaker which overcomes, or at
least alleviates, some of the disadvantages associated
with prior art designs.

[0005] In accordance with a first aspect of the present
invention, there is provided a loudspeaker comprising:
an enclosure defining a central axis; and a loudspeaker
driver being operable to radiate sound in a forward direc-
tion and a rearward direction relative to the enclosure;
wherein the enclosure is configured to receive sound ra-
diated in the rearward direction from the loudspeaker
driver; characterised in that the enclosure defines a
coiled non-planar passageway for guiding rearwardly ra-
diated sound.

[0006] In this way, a loudspeaker is provided with a
coiled passageway extending in three-dimensions ena-
bling provision of an elongate tortuous path with smooth
bends extending within the confines of the enclosure.
[0007] In one embodiment the loudspeaker driver is a
bass driver (or "woofer"), e.g. forming part of a multi-way
loudspeaker. However, in another embodiment the loud-
speaker driver may also take the form of a high frequency
driver (or "tweeter), a mid-range driver or a multi-range
(e.g. full-range) driver.

[0008] In one embodiment, the coiled non-planar pas-
sageway defines an airflow path comprising a section (e.
g. a series of sections) with components extending (e.g.
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simultaneously extending): radially or circumferentially
relative to the central axis; and longitudinally relative to
the central axis.

[0009] Inone embodiment, the central axis is substan-
tially aligned with or substantially parallel to a drive axis
of the loudspeaker driver.

[0010] In one embodiment, the coiled non-planar pas-
sageway guides sound received by the passageway at
a rearward part of the enclosure to a front part of the
enclosure.

[0011] In one embodiment, the coiled non-planar pas-
sageway has a substantially constant cross-sectional ar-
ea along its longitudinal length.

[0012] In one embodiment, the coiled non-planer pas-
sageway is connected to the driver by a chamber.
[0013] In one embodiment, the chamber is tapered (e.
g. decreasing in cross-sectional area with increased axial
distance from the loudspeaker driver).

[0014] In one embodiment, the diaphragm of the loud-
speaker driver is mounted in the chamber.

[0015] In one embodiment, the chamber has a cross-
sectional area (at least at a point closest to the loud-
speaker driver) substantially equal to the cross-sectional
area of the diaphragm.

[0016] In one embodiment, the loudspeaker is config-
ured to allow sound radiated from the loudspeaker driver
in the forward direction to enter a listening area external
to the enclosure.

[0017] Inoneembodiment, the loudspeakercomprises
a transmission line outlet for allowing sound that has
passed through the coiled non-planar passageway to es-
cape the enclosure. To avoid or at least alleviate inter-
ference effects, the loudspeaker may be configured to
radiate sound from the transmission line outlet substan-
tially in phase with the forward radiated sound from the
loudspeaker driver.

[0018] Inone embodiment, the transmission line outlet
is provided on a front face of the enclosure.

[0019] Inone embodiment, the transmission line outlet
is radially offset (e.g. outwardly offset) from the loud-
speaker driver.

[0020] Inone embodiment, the transmission line outlet
comprises an annular opening.

[0021] In one embodiment, the annular opening of the
transmission line outlet is substantially concentric with
the loudspeaker driver.

[0022] Inoneembodiment, the loudspeakercomprises
a driver outlet for transmitting forward radiated sound to
the listening area.

[0023] Inone embodiment, the driver outletis provided
on a front face of the enclosure.

[0024] In a first embodiment, the driver outlet is pro-
vided by the annular opening of the transmission line
outlet (e.g. the driver and transmission line share a com-
mon annular outlet).

[0025] Inasecond embodiment, the driver outlet com-
prises a (e.g. further) annular opening.

[0026] Inone embodiment, the further annular opening
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of the driver outlet is substantially concentric with the
loudspeaker driver axis/annular opening of the transmis-
sion line outlet (e.g. with the transmission line outlet en-
closing the driver outlet).

[0027] Inoneembodiment, the loudspeaker comprises
at least one further driver (e.g. high frequency or mid-
range driver) mounted within the annular opening of the
driver outlet and/or transmission line outlet.

[0028] The cross-sectional area of the passageway
may be smaller than the cross-sectional area of a dia-
phragm of the loudspeaker driver.

[0029] In one embodiment, the coiled non-planar pas-
sageway defines an entrance positioned along the drive
axis of the loudspeaker driver and facing the rear of the
loudspeaker driver (e.g. facing the diaphragm of the loud-
speaker driver).

[0030] In one embodiment, enclosure may seal the
loudspeaker driver (e.g. the coiled non-planar passage-
way may be closed or sealed at its end furthest from the
loudspeaker driver).

[0031] Theenclosure may comprise abody portioninto
which the coiled non-planar passageway extends, with
the cross-sectional area of tapered body portion decreas-
ing with increasing distance from the loudspeaker driver.
[0032] In a first set of embodiments, the coiled non-
planar passageway comprises a helical passageway de-
fining a path extending circumferentially around the cen-
tral axis and longitudinally along the central axis.
[0033] In this way, airflow through the enclosure is
guided to flow in smooth corkscrew-like path devoid of
any folds (i.e. foldless path).

[0034] In one embodiment, the enclosure comprises
outer shelland aninner shell, and the helical passageway
is defined by a helically projecting wall extending be-
tween inner surfaces of the outer shell and outer surfaces
of the inner shell.

[0035] Inasecond setof embodiments, the coiled non-
planar passageway comprises an elongate substantially
annular passageway folded (e.g. smoothly folded) in two
orthogonal planes at one or more points along its longi-
tudinal length to form a plurality of concentric passage-
way ways. The substantially annular passageway may
be continuous between opposed circumferentially
spaced sides of the passageway or discontinuous (e.g.
formed by a plurality of discrete passageways sections
circumferentially spaced around the central axis to form
the annular passageway). In this way, a path is created
that coils backward and forward when viewed in cross-
section.

[0036] In one embodiment, the substantially annular
passageway is folded at a plurality of points along its
length (e.g. to form a series of straights connected by
bends).

[0037] In one embodiment, the loudspeaker driver is
mounted on a central baffle part and orientated to fire
rearwardly relative to the enclosure.

[0038] In the case of a loudspeaker with at least one
further driver (e.g. forward firing driver), the at least one
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further driver may be mounted to the central baffle part.
[0039] Inone embodiment, the enclosure including the
coiled non-planar passageway are formed using an ad-
ditive manufacturing process. The additive manufactur-
ing process may, as a non-exhaustive example, be a
Fused Deposition Modelling (FDM) process, a Stereo Li-
thography (SLA) process or a Selective Laser Sintering
(SLS) process.

[0040] In one embodiment, the enclosure is formed
from powdered material selectively fused together as part
of the additive manufacturing process.

[0041] In one embodiment, the solid enclosure body is
formed as a single part.

[0042] Inone embodiment, the solid enclosure body is
formed as a plurality of parts joined together in a joining
step.

[0043] In one embodiment, the loudspeaker includes
at least one acoustic damping region in the coiled non-
planar passageway, the at least one acoustic damping
region comprising an air permeable solid structure com-
prising a network of interconnected voids extending sub-
stantially through the solid structure (e.g. with the network
extending substantially in three dimensions) and defining
a damped flow path through the solid structure.

[0044] In one embodiment, the at least one damping
region is integrally formed in the coiled non-planar pas-
sageway (e.g. formed during the additive manufacturing
process used to construct the enclosure).

[0045] In one embodiment, each void is connected to
a plurality of openings on first and second surfaces of
the solid structure (first and second opposed surfaces
positioned at leading and trailing ends of the solid struc-
ture relative to a flow path through the coiled non-planar
passageway).

[0046] In one embodiment, the solid structure has a
three-dimensional lattice structure.

[0047] Inoneembodiment, the solid structure substan-
tially spans the cross-sectional width of the coiled non-
planar passageway (e.g. so that substantially all incident
air flow must pass through the acoustic damping region).
[0048] Inoneembodiment, eachvoidis of substantially
identical volume.

[0049] Inanotherembodiment, the volume of each void
varies with location within the solid body. For example,
the volume of the voids may gradually decrease with in-
creased distance along the flow path. In another embod-
iment, the volume of the voids may gradually increase
with increased distance along the flow path. In this way,
a variable density damping region may be created.
[0050] In one embodiment, the at least one damping
region is formed using an additive manufacturing proc-
ess. The additive manufacturing process may, as a non-
exhaustive example, be a Fused Deposition Modelling
(FDM) process, a Stereo Lithography (SLA) process or
a Selective Laser Sintering (SLS) process.

[0051] In one embodiment, the at least one damping
region is formed from powdered material selectively
fused together as part of the additive manufacturing proc-
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ess.
[0052] In accordance with a second aspect of the
present invention, there is provided a method of manu-
facturing a loudspeaker, comprising: forming a solid en-
closure body using an additive manufacturing process;
characterised in that the enclosure body is formed with
a non-planar passageway extending through the enclo-
sure body for receiving rearwardly radiated sound.
[0053] The passageway may be closed or open at its
furthest end (e.g. depending upon whether the loud-
speaker is a sealed or vented design).

[0054] The additive manufacturing process may, as a
non-exhaustive example, be a Fused Deposition Model-
ling (FDM) process, a Stereo Lithography (SLA) process
or a Selective Laser Sintering (SLS) process.

[0055] In one embodiment, the solid enclosure body is
formed from powdered material selectively fused togeth-
er as part of the additive manufacturing process.
[0056] In one embodiment, the solid enclosure body is
formed as a single part.

[0057] Inone embodiment, the solid enclosure body is
formed as a plurality of parts and subsequently joined
together in a joining step.

[0058] In one embodiment, the non-planar passage-
way is a coiled non-planar passageway.

[0059] In one embodiment, the loudspeaker is a loud-
speaker in accordance with any embodiment of the first
aspect of the present invention.

[0060] In accordance with a third aspect of the present
invention, there is provided a method of manufacturing
aloudspeaker enclosure, comprising: forming a solid en-
closure body using an additive manufacturing process,
the enclosure body being formed with a chamber or pas-
sageway for receiving rearwardly radiated sound; char-
acterised in that the method further comprises using the
additive manufacturing process to form at least one
acoustic damping region in the chamber or passageway,
the at least one acoustic damping region comprising an
air permeable solid structure comprising a network of in-
terconnected voids extending substantially through the
solid structure (e.g. with the network extending substan-
tially in three dimensions) and defining a damped flow
path through the solid structure.

[0061] In this way, a loudspeaker enclosure may be
formed with an integral damping region within the cham-
ber or passageway.

[0062] In one embodiment, each void is connected to
a plurality of openings on first and second surfaces of
the solid structure (first and second opposed surfaces
positioned at leading and trailing ends of the solid struc-
ture relative to a flow path through the passage-
way/chamber). Typically the method will comprise re-
moving any unfused material remaining in the voids after
the additive manufacturing step via these openings.
[0063] In one embodiment, the solid structure has a
three-dimensional lattice structure.

[0064] Inoneembodiment, the solid structure substan-
tially spans the cross-sectional width of the chamber or
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passageway (e.g. so that substantially allincident air flow
must pass through the acoustic damping region).
[0065] Inoneembodiment, eachvoidis of substantially
identical volume.

[0066] Inanotherembodiment, the volume of each void
varies with location within the solid body. For example,
the volume of the voids may gradually decrease with in-
creased distance along the flow path. In another embod-
iment, the volume of the voids may gradually increase
with increased distance along the flow path. In this way,
a variable density damping region may be created.
[0067] The additive manufacturing process may, as a
non-exhaustive example, be a Fused Deposition Model-
ling (FDM) process, a Stereo Lithography (SLA) process
or a Selective Laser Sintering (SLS) process.

[0068] In one embodiment, the solid enclosure body
and at least one acoustic damping region are formed
from powdered material selectively fused together as part
of the additive manufacturing process.

[0069] In one embodiment, the solid enclosure body
and at least one acoustic damping region are formed as
a single part.

[0070] In accordance with a fourth aspect of the
present invention, there is provided a method of manu-
facturing an acoustic damping insert for a loudspeaker
enclosure, comprising: forming a solid body part using
an additive manufacturing process; characterised the
method further comprises using the additive manufactur-
ing process to form at least one acoustic damping region,
the at least one acoustic damping region comprising an
air permeable solid structure comprising a network of in-
terconnected voids extending substantially through the
solid structure (e.g. with the network extending substan-
tially in three dimensions) and defining a damped flow
path through the solid structure.

[0071] In this way, an acoustic damping insert is pro-
vided that may be incorporated into a passageway or
chamber of any loudspeaker enclosure.

[0072] In one embodiment, each void is connected to
a plurality of openings on first and second surfaces of
the solid structure (first and second opposed surfaces
positioned at leading and trailing ends of the solid struc-
ture relative to a flow path through the passage-
way/chamber). Typically the method will comprise re-
moving any unfused material remaining in the voids after
the additive manufacturing step via these openings.
[0073] In one embodiment, the solid structure has a
three-dimensional lattice structure.

[0074] Inone embodiment, the solid structure substan-
tially spans the cross-sectional width of the chamber or
passageway it is intended to fit (e.g. so that substantially
allincident air flow must pass through the acoustic damp-
ing region).

[0075] Inoneembodiment, eachvoidis of substantially
identical volume.

[0076] Inanotherembodiment, the volume of each void
varies with location within the solid body. For example,
the volume of the voids may gradually decrease with in-
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creased distance along the flow path. In another embod-
iment, the volume of the voids may gradually increase
with increased distance along the flow path. In this way,
a variable density damping region may be created.
[0077] The additive manufacturing process may, as a
non-exhaustive example, be a Fused Deposition Model-
ling (FDM) process, a Stereo Lithography (SLA) process
or a Selective Laser Sintering (SLS) process.

[0078] In one embodiment, the at least one acoustic
damping region is formed from powdered material selec-
tively fused together as part of the additive manufacturing
process.

[0079] In accordance with a fifth aspect of the present
invention, there is provided a loudspeaker enclosure
comprising: a chamber or passageway forreceiving rear-
wardly radiated sound; characterised in that the chamber
or passageway houses at least one acoustic damping
region formed using an additive manufacturing proc-
essed, the at least one acoustic damping region com-
prising an air permeable solid structure comprising a net-
work of interconnected voids extending substantially
through the solid structure (e.g. with the network extend-
ing substantially in three dimensions) and defining a
damped flow path through the solid structure.

[0080] In one embodiment, the enclosure and at least
one acoustic damping region are formed as a single part
(e.g. with the at least one acoustic damping region and
enclosure being formed as an integral part of the enclo-
sure in a single additive manufacturing process).
[0081] In another embodiment, the atleast one acous-
tic damping region is an insert received in the chamber
or passageway (e.g. after construction of the enclosure
is fully or partially completed).

[0082] In one embodiment, each void is connected to
a plurality of openings on first and second surfaces of
the solid structure (first and second opposed surfaces
positioned at leading and trailing ends of the solid struc-
ture relative to a flow path through the passage-
way/chamber).

[0083] In one embodiment, the solid structure has a
three-dimensional lattice structure.

[0084] Inone embodiment, the solid structure substan-
tially spans the cross-sectional width of the chamber or
passageway (e.g. so that substantially all incident air flow
must pass through the acoustic damping region).
[0085] Inoneembodiment, each voidis of substantially
identical volume.

[0086] Inanotherembodiment,the volume ofeach void
varies with location within the solid body. For example,
the volume of the voids may gradually decrease with in-
creased distance along the flow path. In another embod-
iment, the volume of the voids may gradually increase
with increased distance along the flow path. In this way,
a variable density damping region may be created.
[0087] The additive manufacturing process may, as a
non-exhaustive example, be a Fused Deposition Model-
ling (FDM) process, a Stereo Lithography (SLA) process
or a Selective Laser Sintering (SLS) process.
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[0088] In one embodiment, the solid enclosure body
and at least one acoustic damping region are formed
from powdered material selectively fused together as part
of the additive manufacturing process.

[0089] Embodiments of the present invention will now
be described by way of example with reference to the
accompanying drawings in which:

Figure 1A is a schematic perspective view of a loud-
speaker in accordance with a first embodiment of
the present invention;

Figure 1B is a schematic plan view of the loudspeak-
er of Figure 1A;

Figure 1C is a schematic cross-sectional side view
of the loudspeaker of Figure 1A illustrating afirst part
of a flow path through the enclosure;

Figure 1D is a schematic partially cut-away side view
of the loudspeaker of Figure 1A showing a second
part of a flow path through the enclosure;

Figure 2A is a schematic perspective view of a loud-
speaker in accordance with a second embodiment
of the present invention;

Figure 2B is a schematic plan view of the loudspeak-
er of Figure 2A;

Figure 2C is a schematic cross-sectional side view
of the loudspeaker of Figure 2A illustrating afirst part
of a flow path through the enclosure;

Figure 2D is a schematic partially cut-away side view
of the loudspeaker of Figure 2A showing a second
part of a flow path through the enclosure;

Figures 3A-3E illustrate steps in a method of manu-
facturing the loudspeaker of Figure 1A highlighting
novel constructional details of the enclosure;
Figure 4Ais a schematic perspective cross-sectional
view of a loudspeaker in accordance with a second
embodiment of the present invention;

Figure 4B is a schematic perspective cross-sectional
view of the loudspeaker of Figure 4A showing a flow
path through the enclosure;

Figure 4C is a schematic cross-sectional view of the
loudspeaker of Figure 4A showing the flow path
through the enclosure;

Figure 5Ais a schematic perspective cross-sectional
view of a loudspeaker and loudspeaker insert in ac-
cordance with another embodiment of the present
invention before assembly is completed; and
Figure 5B is a schematic perspective cross-sectional
view of the loudspeaker and loudspeaker insert of
Figure 5A after assembly is completed.

[0090] Figures 1A-1D show a multi-way transmission
line loudspeaker system 10 comprising a substantially
oviform enclosure 20 formed by an additive manufactur-
ing process (discussed in more detail below) and defining
a central axis C, a substantially frusto-conical central
front baffle 21 mounted to a front face 20A of enclosure
20, and a set of electro-acoustic drivers 30 mounted to
central front baffle 21.
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[0091] Drivers 30 include a high frequency driver 32,
a mid-range driver 34 and a low frequency driver 40.
[0092] Drivers 32, 34 are positioned in a conventional
forward facing orientation to direct sound output from the
front of the drivers direct into an external listing area (e.
g. listen’s room) with rearward radiated sound being re-
ceived by sealed volumes in the driver casing/central
front baffle 21. Mid-range driver 34 has a drive axis co-
axial with central axis C; high frequency driver 32 has a
raised drive axis radially spaced from but parallel to cen-
tral axis C. High frequency driver 32 and mid-range drive
may take a variety of forms and are not discussed in
detail.

[0093] Asillustrated in Figure 1C, driver 40 is mounted
to fire rearwardly into the enclosure 20 and defines a
drive axis D co-axial with central axis C. Driver 40 com-
prises a diaphragm 42 and an open frame magnet as-
sembly 44 including an aperture arrangement 46, with
diaphragm 42 located at an entrance to a central tapered
chamber 22 formed in enclosure 20. As illustrated, cen-
tral tapered chamber 22 extends substantially parallel to
drive axis D from diaphragm 42 to an opening 24 at a
rear end of enclosure 20 and has an initial cross-sectional
area substantially equal to the cross-sectional area of
diaphragm 42 and gradually decreases in cross-section-
al area with increased axial distance from driver 40. The
rear output from driver 40 is delivered to the eternal lis-
tening area via aperture arrangement 46 in the open
frame magnet assembly 44 and an annular duct 26
formed by the spacing between central front baffle 21
and enclosure 20 leading to an annular driver outlet 28A
provided on a front face 20A of enclosure 20 concentric
with drive axis D.

[0094] As illustrated in Figures 1C and 1D, enclosure
20 comprises outer shell 21A and aninner shell 21B with
a non-planar helical passageway 50 defined therebe-
tween by a helically projecting wall 21C extending be-
tween inner surfaces 25A of the outer shell 21A and outer
surfaces 25B of the inner shell 21B. Non-planar helical
passageway 50 comprises an entrance 52 positioned at
opening 24 and defines a three-dimensional air flow path
extending simultaneously circumferentially around cen-
tral axis C and longitudinally along the central axis C for
guiding rearwardly radiated sound received from driver
40 from the rear of enclosure 20 to an annular transmis-
sion line outlet 28B provided on front face 20A of enclo-
sure 20 concentric with and encircling annular driver out-
let 28A. Optionally, non-planar helical passageway may
be formed with an integral acoustic damping region (dis-
cussed in more detail below in connection with Figures
3D-3F).

[0095] In use, diaphragm 42 reciprocates backwards
and forwards along the drive axis D. Sound radiated in
aforward direction proceeds direct into the listening area
in front of the loudspeaker 10 via aperture arrangement
46 in open frame magnet assembly 44 and duct 26 lead-
ing to annular driver outlet 28A. Sound radiated in a rear-
ward direction (from the front face of diaphragm 42) pass-
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es into central tapered chamber 22 before entering non-
planar helical passageway 50 via entrance 52. Non-pla-
nar helical passageway 50 acts as a transmission line to
guide sound waves in a controlled manner and deliver
sound from annular transmission line outlet 28B substan-
tially in phase with the forward radiated sound from driver
40. Advantageously, the non-planar curved profile of the
flow path acts to reduce unwanted reflections and wave
interference whilst providing a suitable length of
waveguide to achieve an effective transmission line per-
formance.

[0096] Advantageously, oviform enclosure 20 has no
flat surfaces and is curved in both planes. This not only
helps suppress the build-up of standing waves, but pro-
vides for an extremely rigid structure. Helically projecting
wall 21C acts to brace inner and outer shells 21B, 21A
to further reinforce the structure with careful selection of
wall thickness helping to keep the enclosure structure
inert.

[0097] Further advantageously, central front baffle 21
is partially decoupled from enclosure 20 to help prevent
small cabinetvibrations affecting the performance of driv-
ers 32 and 34.

[0098] Figures 2A-2D show a multi-way transmission
line loudspeaker system 10’ according to a second em-
bodiment of the present invention which is based closely
on loudspeaker system with corresponding features be-
ing labelled accordingly. Loudspeaker system 10’ differs
from loudspeaker 10 in that instead of including separate
annular outlets for driver 40’ and helical passageway 50,
driver 40’ and helical passageway 50’ share a single an-
nular outlet 28A’. Depending upon the design of the loud-
speaker system this single annular outlet arrangement
may provide an acoustic improvement.

[0099] Figures 3A-3F illustrate a method of manufac-
turing loudspeaker 10 (the method also being suitable
for manufacturing loudspeaker 10°).

[0100] As illustrated in Figures 3A-3D, enclosure 20
(including comprises outer shell 21A, inner shell 21B and
helically projecting wall 21C which together form central
tapered chamber 22 and non-planar helical passageway
50) is formed in a series of layers using an additive man-
ufacturing process.

[0101] The term additive manufacturing is used to de-
fine a host of manufacturing processes whereby material
is deposited in layers to create three-dimensional objec-
tions from computerdata. This allows the creation of com-
plex three-dimensional forms that would be difficult or
not commercially feasible using traditional methods like
moulding, casting or machining. Typical additive manu-
facturing processes include:

Fused Deposition Modelling (FDM) in which a print
head deposits molten plastics material in successive
layers to build a three-dimensional geometry;

Stereo Lithography (SLA) in which light (typically UV
light) is used to cure a photosensitive resin (e.g. pho-
topolymerresin) in successive layers to build athree-
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dimensional geometry; and

Selective Laser Sintering (SLS) in which a laser is
used to sinter successive layers of plastics or metal
powder to build a three-dimensional geometry.

[0102] Advantageously, additive manufacturing sim-
plifies the creation of passageways with a complex ge-
ometry such as the non-planer helical passageway 50.
[0103] Inthisinstance, itis proposed thatenclosure 20
may formed by a Selective Laser Sintering process in
which successive layers of powder 80 are deposited and
sintered by a laser 90 under computer control as illus-
trated in the sequence shown in Figures 3A, 3B and 3C.
The choice of Selective Laser Sintering specifically al-
lows creation of parts form glass filled Nylon, which has
excellent structure rigidity/high flexural strength and
hence is ideally suited for an acoustic enclosure.
[0104] In this embodiment, the enclosure is construct-
ed entirely from glass filed Nylon powder and formed as
a single part to provide superior structural integrity. How-
ever, the enclosure may be formed from other materials
and using other techniques, and may be built from smaller
component parts joined together.

[0105] As illustrated in Figures 3D-3F, the additive
manufacturing process may be used to additionally form
an integral acoustic damping region 60 in non-planar hel-
ical passageway 50. Acoustic damping region comprises
an air permeable solid structure 62 comprising a network
of interconnected voids 64 extending in three dimension-
al through the solid structure to form a damped flow path.
Asillustrated, structure 62 substantially spans the cross-
sectional width of non-planer helical passageway 50 and
extends substantially along the length of the passage-
way. Each void of the network of interconnected voids
64 is connected to a plurality of openings (not shown)
positioned at leading and trailing ends of the structure 62
relative to a flow path through passageway 50 so that air
can flow smoothly through structure 62 as it passes along
passageway 50. Typically the method will comprise re-
moving any unfused material remaining in the voids after
the additive manufacturing step via these openings.
[0106] Figures 4A-C show a transmission line loud-
speaker 100 in accordance with a second embodiment
of the invention comprising a substantially oviform enclo-
sure 120 (again formed using an additive manufacturing
process, for example Selective Laser Sintering using
glass filled Nylon powder) defining a central axis C’ and
a driver 140 mounted on a front face 120A of the enclo-
sure 120. Driver 140 may be a low frequency driver or a
multi-range driver covering a low frequency range.
[0107] Driver 140is mounted in a conventional manner
to fire in a forward direction into a listening area and de-
fines a drive axis D’ co-axial with central axis C’. Driver
140 comprises a diaphragm 142 and an open frame mag-
net assembly 144 including an aperture arrangement
146. Driver 140 is positioned so that open frame magnet
assembly 144 is mounted inside a central tapered cham-
ber 122 formed in enclosure 120, tapered chamber 122
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extending substantially parallel to the driver axis D from
driver 140 to an annular opening 124 provided at a rear
end of enclosure 120 and facing driver 140. As illustrated
in Figure 4C, central tapered chamber 122 has an initial
cross-sectional area substantially equal to the cross-sec-
tional area of the diaphragm decreasing in cross-section-
al area with increased axial distance from the driver 140.
A conical flow splitter 126 formed at the rear end of central
tapered chamber 122 smoothly directs airflow into annu-
lar opening 124.

[0108] Enclosure 120 comprises defines a coiled pas-
sageway in the form of a folded non-planar passageway
150 comprising an elongate substantially annular pas-
sageway 152 smoothly folded in two orthogonal planes
a plurality of points along its longitudinal length to form
a plurality of concentric passageway ways parts 156A,
156B, 156C of sequentially increasing radius. As illus-
trated, one front bend 158A and one rear bend 158B
generate the three distinct paths 156A, 156B, 156C in
three distinct radial layers. When viewed in cross-section
the passageway 150 can be seen to coil forward and
backward to form a coiled profile.

[0109] Non-planar folded passageway 150 defines
comprises an entrance 153 positioned along drive axis
D’ and facing the rear of driver 140 and defines a non-
planar path extending circumferentially around the cen-
tral axis and longitudinally along the central axis for guid-
ing rearwardly radiated sound from the low frequency
driver 140 from a rear part 120B of enclosure 120 to an
annular transmission line outlet 128 provided on the front
face 120A of the enclosure 120 concentric with and en-
circling diaphragm 142.

[0110] Non-planar folded passageway 150 defines an
annular airflow path 160 comprising a series of sections
with components between bends 158A and 158B simul-
taneously extending circumferentially relative to the cen-
tral axis and longitudinally relative to the central axis.
[0111] Inuse, diaphragm 142 reciprocates backwards
and forwards along the drive axis D’. Sound radiated in
a rearward direction (from the rear face of diaphragm
142) passes via aperture 146 in open frame magnet as-
sembly 144 into tapered chamber 122 before entering
non-planar folded passageway 150. Like non-planar hel-
ical passageway 50, non-planar folder passageway 150
acts as a transmission line to guide sound waves in a
controlled manner and deliver sound from an annular
transmission line outlet 128 substantially in phase with
the forward radiated sound from driver 140.

[0112] Figure 5A and 5B illustrate steps in the manu-
facture of a loudspeaker 200 in accordance with a third
embodiment of the invention comprising a box-shaped
enclosure 220 (formed using conventional cabinet mak-
ing techniques) defining a chamber 230 and including a
driver 240 mounted on a front face 220A of the enclosure
220.

[0113] Many conventional loudspeakers employ
acoustic wadding to supress sound reflections within the
loudspeaker enclosure, typically acoustic wadding used
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for this purpose comprises acoustic foam sheets, syn-
thetic wadding or lamb’s wool. However, installation is
often done by manually loosening the material and this
makes it difficult to repeat perfectly. Furthermore, the
wadding can migrate within the cabinet over time, leading
to acoustic differences between loudspeakers.

[0114] In the present embodiment, acoustic wadding
is replaced by an acoustic dampinginsert 250 comprising
an air permeable solid structure 252 formed as a single
part by an additive manufacturing process (e.g. Deposi-
tion Modelling (FDM) process, a Stereo Lithography
(SLA) process or a Selective Laser Sintering (SLS) proc-
ess). In one embodiment, structure 252 is formed by Se-
lective Laser Sintering a plastics (e.g. glass filled Nylon)
powder.

[0115] Structure 252 comprises an open lattice struc-
ture 254 defining a three-dimensional network of inter-
connected cuboid voids 256 extending substantially
through the solid structure and defining a damped flow
path through the structure 252. Structure 252 is sized to
substantially fill a volume of chamber 230 spaced from
driver 240 so that substantially all incident air flow into
the chamber from the rear of driver 240 must pass
through the acoustic damping region 250 to reach a rear
inner face of the enclosure 220B.

[0116] As shown, the volume of the voids gradually
decrease with increased distance along the flow path
from the front face 220A of the enclosure 220 towards
rear inner face 220B of the enclosure. In this way, a var-
iable density damping region is created inside chamber
230. The cell structure may be linear or non-linear de-
pending on the application and may be of variable density
throughout the structure.

[0117] The cell structure may be as large as the enclo-
sure itself or as fine as acoustic foam. The size of the
cells may transition any number of times based on the
type, size and shape of the loudspeaker enclosure.
[0118] This process will allowed improved damping of
a loudspeaker enclosure through optimisation of cell
structure and is accurately repeatable when produced
across multiple loudspeaker units.

[0119] Asillustrated in Figure 5B, chamber 230 is con-
figured to receive the acoustic damping insert 250 during
a step in manufacture.

Claims
1. A loudspeaker comprising:

an enclosure defining a central axis; and

a loudspeaker driver being operable to radiate
sound in a forward direction and a rearward di-
rection relative to the enclosure;

wherein the enclosure is configured to receive
sound radiated in the rearward direction from
the loudspeaker driver;

characterised in that the enclosure defines a
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coiled non-planar passageway for guiding rear-
wardly radiated sound.

2. A loudspeaker according to claim 1, wherein the
coiled non-planar passageway defines an airflow
path comprising a section with components extend-
ing: radially or circumferentially relative to the central
axis; and longitudinally relative to the central axis.

3. Aloudspeakeraccording to claim 1 orclaim 2, where-
in the coiled non-planar passageway guides sound
received by the passageway at a rearward part of
the enclosure to a front part of the enclosure.

4. A loudspeaker according to claim 3, wherein the
coiled non-planer passageway is connected to the
driver by a chamber.

5. A loudspeaker according to any of the preceding
claims, wherein the loudspeaker comprises a trans-
mission line outletfor allowing sound thathas passed
through the coiled non-planar passageway to es-
cape the enclosure.

6. A loudspeaker according to claim 5, wherein the
transmission line outlet comprises an annular open-
ing provided on a front face of the enclosure.

7. Aloudspeaker according to claim 6, wherein the an-
nular opening of the transmission line outlet is sub-
stantially concentric with the loudspeaker driver.

8. A loudspeaker according to claim 7, wherein the
loudspeaker comprises a driver outlet for transmit-
ting forward radiated sound to a listening area.

9. Aloudspeakeraccordingto claim 8, wherein the driv-
er outlet is provided by either: the annular opening
of the transmission line outlet; or a further annular
opening provided on a front face of the enclosure,
wherein the further annular opening of the driver out-
let is substantially concentric with the annular open-
ing of the transmission line outlet.

10. A loudspeaker according to any of the preceding
claims, wherein the enclosure comprises a body por-
tion into which the coiled non-planar passageway
extends, with the cross-sectional area of tapered
body portion decreasing with increasing distance
from the loudspeaker driver.

11. A loudspeaker according to any of the preceding
claims, wherein the coiled non-planar passageway
comprises a helical passageway defining a path ex-
tending circumferentially around the central axis and
longitudinally along the central axis.

12. A loudspeaker according to claim 11, wherein the
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enclosure comprises outer shell and an inner shell,
and the helical passageway is defined by a helically
projecting wall extending between inner surfaces of
the outer shell and outer surfaces of the inner shell.

A loudspeaker according to any of claims 1-10,
wherein the coiled non-planar passageway compris-
es an elongate substantially annular passageway
folded in two orthogonal planes at one or more points
along its longitudinal length to form a plurality of con-
centric passageway ways.

A loudspeaker according to claim 13, wherein the
substantially annular passageway is folded at a plu-
rality of points along its length.

A loudspeaker according to any of the preceding
claims, wherein the enclosure including the coiled
non-planar passageway are formed using an addi-
tive manufacturing process.

A loudspeaker according to claim 15, wherein the
loudspeaker includes at least one acoustic damping
region in the coiled non-planar passageway, the at
least one acoustic damping region comprising an air
permeable solid structure comprising a network of
interconnected voids extending substantially
through the solid structure and defining a damped
flow path through the solid structure.

A loudspeaker according to claim 16, wherein the at
least one damping region is integrally formed in the
coiled non-planar passageway.

A method of manufacturing a loudspeaker, compris-
ing:

forming a solid enclosure body using an additive
manufacturing process;

characterised in that the enclosure body is
formed with a coiled non-planar passageway ex-
tending through the enclosure body for receiving
rearwardly radiated sound.
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