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A loudspeaker has a pole (6) and a surrounding magnet (3) which together define an annular gap (7). A voice coil (12) sup-
ported on a tubular former (8) is disposed within the gap (7) as is a conductive skirted dome (13). The dome (13) is supported up-
on an insulating gasket (14) providing three arcuate points of support and a phase plug (16) extends through a central opening
(15) in the dome (13). The dome (13) and phase plug (16) are preferably separated by a second gasket (27) which may or may not
be bonded to both and the phase plug (16) suitably includes an integral born (20) extending beyond the former (8).




applications under the PCT.

AT
AU
BB
BE
BF
BG
B)
BR
BY
CA
CF
CG
CH
Cl
cM
CN
(o]
CZ
DE
DK
ES
Fl

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international

Austria
Australia
Barbados
Belgium
Burkina Faso
Bulgaria
Benin

Brazil

Belarus
Canada
Central African Republic
Congo
Switzerland
Cate d’lvoire
Cameroon
China
Czechoslovakia
Czech Republic
Germany
Denmark
Spain

Finland

FR
GA
GB
GN
GR
HU
IE
T
Jp

KR
KZ
Ll
LK
Ly
LV
MC
MG
ML
MN

France

Gabon

United Kingdom
Guinea

Grecee

Hungary

Ireland

Ialy

Japan
Democratic People’s Republic
of Korea
Republic of Korea
Kazakhstan
Liechtenstein
Sri Lanka
Luxembourg
Latvia

Monaco
Madagascar
Mali

Mongolia

MR
MW
NE
NL
NO
NZ
PL

RO
RU
SD
SE
Sl

SK
SN
™D
TG
UA
us

VN

Mauritania
Malawi

Niger
Netherlands
Norway

New Zealand
Poland

Portugal
Romania
Russian Federation
Sudan

Sweden
Slovenia

Slovak Republic
Senegal

Chad

Togo

Ukraine

United States of America
Uzbekistan

Viet Nam




WO 94/03024 ) PCT/GB93/01509

LOUDSPEAKER

Thié invention relates to a loudspeaker
incorporating an inductively coupled tweeter
particularly, but not necessarily only, for use in an
automotive audio system.

' A loudspeaker conventionally comprises a magnet
assembly with an annular gap having a radial magnetic
field within the gap. A voice coil is suspended in the
‘magnetic field by means which permit it to be moved
axially without touching the sides of the magnet
assembly. The voice coil is wound on a rigid tube that
is connected to a diaphragm, the outer edge of which is
fiexibly supported by a frame that is itself securely
attached to a part of the magnet assembly. However, with
this type of loudspeaker the frequency range of the
sound produced is liﬁited to low and medium frequency
and, in order to reproduce high frequency sounds, it is
proposed to incorporate aﬁ inductively coupled tweeter.

Inductively coupled tweeters in loudspgakers are
known. For example, GB 545712 discloses an inductively
coupled conductor in the form of a radiating dome
positioned in the magnetic gap inside the main voice
coil of a loudspeaker. The low and medium frequency
sounds are radiated by a conventional cone, the high
frequency sound is produced by the dome and is

directionally controlled by a special horn fixed to the
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centre pole.

In U.K. Patent No. 2118398 a similar arrangement is
disclosed where a radiating dome is positioned over the
central pole and supported by an annular suspension
means. The dome is positioned within the tube or former
supporting the voice coil and receives its energizing
siénals inductively from the voice coil. The dome is horn
loaded by the same diaphragm as the voice coil, but
reproduces high frequency sound.

More recent proposals are contained in European
Published Applications 0344974 and 0344975. European
Publication 0344974 is an improvement on the loudspeaker
disclosed in GB Patent No.2118398 and includes a fixed
élement providing phase correction, which is supported
by the pole through a hole in the dome. The radiating
dome is supported by an annﬁlar flexible suspension on
the pole face and also by another smaller flexible
suspension on the underside of the phase correcting
device. This provides two small sealed‘chambers. On the
free end of the former there is a flared extension which
is designed to provide a smooth acoustic impedence
transition.

European Publication No. 0344975 discloses a similar
electro acoustic transducer as disclosed in GB Patent
No. 2188398 but is directed to the provision of an
electrically insulating layer between the dome and the

centre pole. This allows the annular gap to be of a
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minimim clearance whilst eliminating short circuiting between the pole
and the doame. |

An object of the present invention is to provide an improved
loudspeaker with an inductively coupled tweeter.

According to the present invention, there is provided a loudspeaker
cqrprising a pole, a surrounding magnet defining an annular gap with
the pole, a tubular former, a voice coil carried by the former and
disposed within the annular gap, and a conductive skirted dome
supported upon an insulated position or positions of support on the
polé with the skirt disposed in the_ annular gap so as to be
inductively coupled with the voice coil when the voice coil is
energised.

Preferably the dome is supported upon three arcuate points of
supéort. The three points of support may be provided by a gasket
shaped to provide the arcuate points of support. The conductive dome
suitably includes a central opening with a clearance to receive a
phase plug attached to the pdle by a stem passing through the
opening. The underside of the phase plug may include a second gasket
around its central supporting peg, to which the dame may or may not be
bonded, to limit travel of the dame and to ensure that the skirt is
always located in the annular magnetic gap. The reduction of support
for the dome by using a pole face gasket having three arcuate points of
support instead of a camplete circle effectively reduces the
suspended mass and improves performance of the tweeter.

The invention also includes a loudspeaker camprising a pole, a
surrounding magnet defining an annular gap with the pole, a tubular

former, a voice coil carried by the fommer and disposed within the
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annular gap, a conductive skirted dome having a central opening and
being positioned on the pole with the skirt of the dome disposed in
the annular gap so as to be inductively coupled with the voice coil
when the voice coil is energised, a first insulating gasket disposed
between the dame and the pole providing support for the dome, a phase
plug attached to the pole by a stem passing through the central
opening in the dame, a second gasket disposed between the dame and the
underside of the phase plug, and a hormn extending beyond the fommer.

According to another aspect of the invention there is provided
a ame for foming an inductively coupled tweeter in a loudspeaker
camrising an electrically conductive skirt and an insulated damed
portion to generate high frequency sound. The insulated domed portion
may be selected fram a non-electrically conductive material such as
paper or plastics material or an electrical ly conductive material such
as aluminium but insulated from the skirt.

The invention will now be described by way of example with reference
to the accampanying drawings in which:

Figure 1 is a diagrammatic section of a loudspeaker in accordance
with the invention;

Figure 2 is a plan view of the supporting gasket in Figure 1;

Figures 3a & 3b show respectively a plan view and side section of a
preferred form of phase plug in accordance with the invention; and

Figure 4 is a diagrammatic section showing an embodiment of the invention
including the phase plug of Figure 3.

In Figure 1 a loudspeaker 1 camprises a conventional back assembly 2
consisting of a magnet ring 3 having a yoke 4 and an annular front

plate 5 bonded to the magnet ring 3. The yoke 4 includes a
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cylindrical pole 6 extending through the openings defined by the
annular plate 5 and the magnet ring 3 to define an annular gap 7. A
hollow cylindrical former 8 is arranged to extend concentrically over
a free end of the centre pole 6 and to lie partly within the annular
gap 7 and a diaphragm 9 is bonded to the former. The former 8 and the
diaphragm 9 are mounted to a fixed chassis 10 by means of a flexible
suspension 11. A voice coil 12 is wound over the former and lies
within the annular gap 7.

In order to reproduce high frequency sounds an inductively coupled
tweeter is included which consists of an alumimium dome 13 supported
within the gap 7 upon a gasket 14 providing three arcuate spaced
positions of support. The dame 13 is inductively coupled to the voice
coil 12 and includes a central aperture 15 through which a fixed phase
plug 16 is mounted within the former 8.

The dome 13 is a one piece aluminium foil dame with a skirt 17 that
is located in the annular magnetic gap 7 inside the main voice coil 12.
The dome 13 is free to vibrate but is supported on the gasket 14 which
is a campliant gasket bonded to the end face of pole 6. As can be seen
from Figure 2, the gasket is of such a shape that it will make contact
at approximately three equally spaced arcuate positions 18. The gasket
suspension allows the dome 13 to float free with the minimm of support
from the gasket 14.

In use, when an electrical signal is applied to the voice coil 12,
forces are set up which move the former 8 and diaphragm 9 to produce
low and medium frequency sound in accordance with the signal input.
High frequency sound is produced by the dome 13 which, when the signal

is applied to the voice coil 12, vibrates by virtue of the inductive
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coupling to the skirt 17 of the dome. The sound is radiated by means
of the dome surface between the phase plug 16 and the former 8. The
phase plug is an -established way of preventing radiation from the
central part of the dome interfering with that from the edge.

By providing a supporting gasket with only three positions of
support the attachment of mass is minimised which improves performance
of the inductively coupled tweeter. The positions of support 18
defined by the outermost part of the gasket 14 are disposed radially
inwardly of the edge of the pole 6. This arrangement supports the dome
13 Jjust above the radius on the pole edge so that the dame 13 does not
buzz or touch the pole in operation.

The dome 13 may be supported at more or less spaced positions and
the positions need not be equally spaced. The dame may or may not be
actually bonded to the gasket by‘ self adhesive or other means. The
gasket may be bonded or located concentrically on the face of -the pole
6. If desired a second soft gasket (not shown in Figure 1) may be
provided around the underside of the phase plug 16 to gently retain the
dame 13 in the correct position touching either in a circle of contact
or in several places only. The second gasket may or may not be bonded
to the dome 13. If the second gasket is bonded to the dome 13 as well aé
to the underside of the phase plug 16 the gasket secures the dome 13 so
that it is not free-floating but the material of the dome 13 allows it
to flex in.use.

The phase plug 16 suitably has an underside radius that is very
similar to the dome 13 in order that it can fit closely althdugh there
may be a recess in the underside to locate the second soft gasket in

position if provided. If desired the inside of the dome 13 or the
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outside of the pole 6 may be insulated in accordance with normal
established electrical practice with conductors adjacent to other metal
parts to prevent the dame 13 shorting on the pole 6.

In one arrangement of the invention the former 8 may be provided
with a conventional paper whizzer (not shown) for acoustical matching
purposes to radiate the higher frequencies produced by the tweeter and
voice coil.

The phase plug may include a separate or integral horn as shown in
Figures 3a and 3b. In that arrangement the phase plug 16 includes a
central phase correction portion 19 and a horn portion 20. The central
portion 19 may have a centre hole 21 to allow fixture to the pole 6.
The horn portion 20 is spaced from the central portion 19 to dgfine a
sound throat 22 and is fixed in position by three or more thin webs 23
connecting the horn portion 20 to the central portion 19. The hormn
portion 20 is flared outwardly and, on its outer surface, includes an
annular shoulder 24 dimensioned to provide an annular rebate 25 which
receives the moving free end of the former 8. The inner end surfacé 26
of the hom portion 20 is curved as shown to conform substantially with
the curved surface of the dame 13. The arrangement is shown in section
in Figure 4 with a second gasket 27 bonded to both the dome and
underside of the phase plug.
| In use, low and medium frequency sound is' radiated by the diaphragm
9 and high frequency sound generated by the inductively coupled dome 13
is amplified and directionally controlled by the sound throat 22 of the
hom portion 20. Because the outer surface of the horn portion 20
co-operates with the free end of the former 8 and the shoulder 24 will

be aligned with the free end of the former 8 there is no sound passage
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between the outer surface of the horn portion 20 and the former 8 so
that the high frequency sound produced by the dame 13 is all
directionally radiated by the flared surface of the horn portion 20.

The horn portion 20 is not attached in any way to the former § and,
being preferably integral with the phase correction portion 19, provides
stable acoustical matching and reduced mass canpared with a horn
attached to the moving former 8.

Although in figures 3a and 3b the central portion 19 and horn
portion 20 are shown as integrally moulded they may be separate if
desired. The reduced line of support by using a 3-point suspension
'gasket on the pole face reduces the suspended mass and allows the dome
to reproduce with a smoother frequency response and with improved
sensitivity. |

'In the preferred arrangement the dome 13 is described as a one
piece aluminium foil dame. However, in order to prevent the induced
current from shorting across the dome, the skirt 17 may be conductive

with a non-conductive Paper or plastic curved top surface.
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CLAIMS

1. A loudspeaker camprising a pole, a surrounding magnet defining an
annular gap with the pole, a tubular former, a voice coil carried by
the former and disposed within the anmular gap, and a conductive
skirted dome supported upon an insulated position or positions of
support on the pole with the skirt disposed in the anmular gap so as to
be inductively coupled with the voice coil when the woice coil is
energised.

2. A loudspeaker according to claim 1 wherein the dome is supported
upon three points of support.

3. A loudspeaker according to claim 2 wherein the three points of
support are arcuate and are provided by a gasket shaped to provide the
points of support.

4. A loudspeaker according to claim 3 wherein the gasket is secured to
the inside of the dome.

5. A loudspeaker according to any cne of the preceding claims wherein
the dame is a one piece aluminium foil.

6. A loudspeaker according to any one of .the preceding claims wherein
the dome includes a central opening with a clearance to receive a phase
pPlug attached to the pole by a stem passing through the opening.

7. A loudspeaker according to claim 6 including a second gasket
disposed between the underside of the phase plug and the top of the
dame.

8. A loudspeaker according to claim 7 wherein the second gasket is
secured to both the phase plug and the dame to secure the daome in
position.

9. A loudspeaker according to claim 6, 7 or 8 wherein the phase plug
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WO 94/03024 10 PCT/GB93/01509

includes a hom extending beyond the fomer and including an annular
rebate for accamodatihg movement of the former.

10. A loudspéaker camprising a pole, a surrounding magnet defining an
annular gap with the pole, a tubular fomer, a voice coil carried by
the former and disposed within the annular gap, a conductive skirted
dome having a central opem_ng and being positioned on the pole with the
skirt of the dome disposed in the annular gap so as to be inductively
coupled with the voice coil when the voice coil is energised, a first
insulating gasket disposed between the dome and the pole providing
support for the dame, a phase Plug attached to the pole by a stem
passing through the central opening m the dome, a second gasket
disposed between the dame and the underside of the phase plug, and a
horn extending beyond the former.

11. A loudspeaker according to claim 10 wherein the first gasket
provides three arcuate points of support.

12. A loudspeaker according to claim iO or 11 wherein the second
gasket is secured to both the dame and the phase plug.

13. A loudspeaker according to any one of claims 10 to 12 wherein the
horn is integral with the phase plug.

14. A loudspeaker according to claim 13 wherein the horn is flared
outwardly and includes a rebate in its outer surface to accammodate
free movement of the former.

15. A dome for forming an inductively coupled tweeter in a loudspeaker
camprising an electrically conductive skirt and an insulated domed
portion to generate high frequency souhd.

16. A dame according to claim 15 wherein the insulated domed portion is

selected fram; a non-electrically conductive material such as paper or
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plastics material or an electrically conductive material such as

aluminium but insulated from the skirt.

17. A dome according to claim 15 or 16 for a loudspeaker according to

any one of claims 1 to 14.
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