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SPEAKER AND ITS PRODUCTION METHOD

TECHNICAL FIELD

The present disclosure relates to the field of speaker with a passive radiator and its
production method.

BACKGROUND

Nowadays, small speakers are broadly applied in many cases such as on-vehicle
acoustic systems where there is no much space to accommodate large speakers. A
passive radiator is generally used in a speaker to augment the bass performance, by
tuning the design parameters correctly. When used properly, a passive radiator can
give to a speaker with the comparable performance characteristics of a large speaker
in which a “bass-reflex” port tube is used to augment the bass performance.

Fig.1a is a cross-sectional side view of a typical speaker with a passive radiator
included therein. As shown in Fig.1a, the speaker 1 includes an enclosure 11, a
transducer 12 and a passive radiator 13. Both the transducer 12 and the passive
radiator 13 are mounted in the enclosure 11. Note that, the term “transducer’” may also
be referred to as “speaker driver” which is an active device for converting electricity into
sound. A passive radiator looks like a normal transducer from the front. But, as
suggested by its name, a passive radiator is a reactionary device and does not include
a voice coil, a magnet and electronic structure attached to it, all of which are usually
included in a normal transducer as well known in the art.

Specifically, the sound generated by the transducer 12 affects the internal air pressure
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of the enclosure 11, and the internal air pressure fluctuation caused by the transducer
12 in turn causes the passive radiator 13 to begin moving forward/backward so as to
create sound frequencies as if it was also a transducer. Accordingly, by tuning properly,
the passive radiator 13 can increase low frequency response (bass) of the speaker 1.

Fig.1b further shows the correspondence between the cross-sectional side and front
views of the passive radiator 13 in Fig.1a. In Fig.1b, the cross-sectional side view of the
passive radiator 13 which is similar to that of Fig.1a is shown on the upper side and the
cross-sectional front view thereof is shown on the lower side. As shown in Fig.1b, the
passive radiator 13 includes a suspension 131 and a center panel 132 encircled by and
adhered to the suspension 131. The suspension 131 provides the compliance, that is,
ensures the center panel 132 vibrates in the axial direction of the passive radiator 13
but does not in the radial direction thereof. The center panel 132 provides the acoustic
mass for the passive radiator 13 to work properly. The suspension 131 may be made of
a soft and flexible material such as rubber, and the center panel 132 may be made of a
hard material such as metal. Note that, although the center panel 132 is planar as
shown in Figs.1a and 1b, it is only for the exemplary purpose and it may be of any
other shapes, for example coned like the transducer 12.

However, as the miniaturization of speaker develops, the enclosure of speaker may not
accommodate both a transducer and a passive radiator, which needs to be resolved.

SUMMARY OF THE DISCLOSURE

In one aspect of the present disclosure, there is provided a speaker, comprising: an
enclosure; at least one transducer mounted in the enclosure; and at least one passive
radiator mounted in the enclosure, comprising a suspension and a center panel
encircled by and connected to the suspension, wherein the at least one transducer is
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combined with the at least one passive radiator, and functions as at least a part of the
center panel.

In another aspect of the present disclosure, there is provided a speaker, comprising: an
enclosure; at least one passive radiator mounted in the enclosure, each of the at least
one passive radiator comprising a suspension; and at least one transducer combined
with the at least one passive radiator in a way of being connected to and encircled by
the suspension.

In another aspect of the present disclosure, there is provided a method of producing a
speaker, comprising steps of. providing an enclosure; and mounting at least one
transducer combined with at least one passive radiator in the enclosure, wherein the at
least one passive radiator comprises a suspension and a center panel connected with
and encircled by the suspension, and the at least one transducer functions as at least a
part of the center panel.

In another aspect of the present disclosure, there is provided a method of producing a
speaker, comprising steps of: providing an enclosure; mounting at least one transducer
combined with at least one passive radiator in the enclosure, wherein each of the at
least one passive radiator comprises a suspension, and the at least one transducer is
connected with and encircled by the suspension.

According to the speaker and the production method of the present disclosure, by fully
or partly replacing the center panel of the at least one passive radiator by one or more
transducer(s), both the internal space and the cost of the speaker are saved without
sacrificing the sound quality.

The foregoing is a summary and thus contains, by necessity, simplifications,
generalization, and omissions of details; consequently, those skilled in the art will
appreciate that the summary is illustrative only and is not intended to be in any way
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limiting. Other aspects, features, and advantages of the devices and/or processes
and/or other subject matters described herein will become apparent in the teachings
set forth herein. The summary is provided to introduce a selection of concepts in a
simplified form that are further described below in the Detailed Description. This
summary is not intended to identify key features or essential features of the claimed
subject matter, nor is it intended to be used as an aid in determining the scope of the
claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features of the present disclosure will become more fully
apparent from the following description and appended claims, taken in conjunction with
the accompanying drawings. Understanding that these drawings depict only several
embodiments in accordance with the disclosure and are, therefore, not to be
considered limiting of its scope, the disclosure will be described with additional
specificity and detail through use of the accompanying drawings, in which:

Fig.1a shows a cross-sectional side view of a typical speaker with a passive
radiator;

Fig.1b further shows the correspondence between the cross-sectional side view
and the cross-sectional front view of the passive radiator in Fig.1a;

Fig.2a shows a cross-sectional side view of a speaker according to an
embodiment of the present disclosure;

Fig.2b further shows the correspondence between the cross-sectional side view
and the cross-sectional front view of the passive radiator combined with the transducer
in Fig.2a;

Figs.2c-2f specifically show the cross-sectional front views of the passive radiator
combined with the transducer in Fig.2a according to different embodiments;

Figs.3a-3d specifically show the cross-sectional front views of the passive radiator
combined with four transducers according to different embodiments; and



10

15

20

25

30

WO 2013/166648 PCT/CN2012/075166

Fig.4 shows a flowchart for a method of producing a speaker according to an
embodiment of the present disclosure.

DETAILED DESCRIPTION

In the following detailed description, reference is made to the accompanying drawings,
which form a part hereof. In the drawings, similar symbols typically identify similar
components, unless context dictates otherwise. It will be readily understood that the
aspects of the present disclosure can be arranged, substituted, combined, and
designed in a wide variety of different configurations, all of which are explicitly
contemplated and make part of this disclosure.

Fig.2a shows a cross-sectional side view of a speaker according to an embodiment of
the present disclosure. As shown in Fig.2a, similarly with the speaker 1 shown in Fig.1a
as described above, the speaker 2 includes an enclosure 21, a transducer 22 and a
passive radiator 23. Both the transducer 22 and the passive radiator 23 are mounted in
the enclosure 21. However, differently from the conventional speaker design, in the
speaker 2 of the embodiment of the present disclosure, the transducer 22 and the
passive radiator 23 are combined together instead of being separated from each other.
According to one embodiment, the transducer 22 is mounted on the passive radiator 23
in a way of locating within the enclosure 21. Specifically, as shown in Fig.2a, the
transducer 22 partly replaces the center panel of the passive radiator 23.

Fig.2b further shows the correspondence between the cross-sectional side view and
the cross-sectional front view of the passive radiator 23 combined with the transducer
22 in Fig.2a. In the embodiment, similarly with the case in Fig.1b, the passive radiator
23 includes a suspension 231 and a center panel 232 encircled by and adhered to the
suspension 231. However, the center panel 232 in Fig.2b is ring-shaped instead of a
full disk. The central disk denoted by grid lines in Fig.2b indicates the transducer 22. By
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comparing Fig.1b with Fib.2b, it is not difficult to find that a part, i.e. the central disk
denoted by grid lines, of the center panel of the passive radiator 23 is replaced by the
transducer 22 in the embodiment of the present disclosure.

The transducer 22 is encircled by and adhered to the ring-shaped center panel 232. In
this way, when operating, the transducer 22 vibrates together with the whole passive
radiator 23. As described above, a center panel plays a role in providing the acoustic
mass in a passive radiator. In the speaker design as shown in Figs.2a and 2b, while
producing sound, the transducer 22 can also work as the acoustic mass of the passive
radiator 23 by partly replacing the center panel 232 of the passive radiator 23.
Accordingly, the internal space of the enclosure 21 is saved by combining the
transducer 22 with the passive radiator 23. Therefore, the speaker is further
miniaturized without sacrificing the sound quality. Further, by replacing a part of center
panel 232 of the passive radiator 23 by the transducer 22, the material for making the
center panel 232 is reduced and thus the cost is saved.

It is noted that, although the transducer 22 is described above as being combined with
the passive radiator 23 by adhering, the way of combination is not limited thereto and
the two devices may be combined with each other by any known techniques in the art,
such as by riveting, crimping, bolting or the like.

It is noted that the shapes of the front cross sections of a transducer 22 and a passive
radiator 23 are not limited to disks as shown in Figs.1b and 2b. Here, for the purpose of
simplification, only the cross-sectional front views of the passive radiator 23 combined
with the transducer 22 are shown in the following Figs.2c-2f. For example, Fig.2c
shows an exemplary cross-sectional front view of the passive radiator 23 combined
with the transducer 22 in Fig.2a. As shown in Fig.2c, the shapes of the front cross
sections of the transducer 22 and the passive radiator 23 are both squares.
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Furthermore, the shapes of the front cross sections of a transducer and a passive
radiator may be different from each other. For example, Fig.2d shows another
exemplary cross-sectional front view of the passive radiator 23 combined with the
transducer 22 in Fig.2a. As shown in Fig.2d, the shape of the front cross section of the
transducer 22 is a square and that of the passive radiator 23 is a disk. Apparently, the
contrary case is possible. The cases shown in Figs. 2b-2d are only exemplary, and the
shapes of the front cross sections of a transducer and a passive radiator may be any
shapes and may be the same or different from each other.

Additionally, although Fig. 2b-2d shows the cases that the transducer 22 partly
replaces the center panel 232 of the passive radiator 23, the present disclosure is not
limited to those cases. The transducer 22 may fully replace the center panel 232 of the
passive radiator 23. Figs.2e and 2f respectively show the cross-sectional front views of
the passive radiator 23 combined with the transducer 22 in Fig.2a in cases that the
transducer 22 fully replaces the center panel 232 of the passive radiator 23. Fig.2e
corresponds to a case that the shapes of the front cross sections of the transducer 22
and the center panel 232 are both disks, while Fig.2f corresponds to a case that the
shapes of the front cross sections of the transducer 22 and the center panel 232 are
both squares. As shown in Figs.2e and 2f, the transducer 22 functions as the whole
center panel 232 of the passive radiator 23, that is, the transducer 22 is directly
encircled by and adhered to the suspension 231 of the passive radiator 23. In this way,
the cost of the speaker may be further saved.

Figs.2a-2f corresponds to a speaker containing only one transducer. However, in some
cases, a speaker may contain multiple transducers. Now, taking four transducers as an
example, the description is made to cases that multiple transducers partly or fully
replace the center panel of a passive radiator. Figs.3a-3d respectively shows the cross-
sectional front views of the passive radiator 23 combined with four transducers 22a-22d.
As shown in Fig.3a, the four transducers 22a-22d each replaces a part of the center
panel 232 of the passive radiator 23. That is, the four transducers 22a-22d are each
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encircled by and adhered to the center panel 232 of the passive radiator 23. Similarly,
the shapes of the front cross sections of the four transducers and the passive radiator
may be the same or different. For example, Fig.3a corresponds to a case that the
shapes of the front cross sections of the four transducers and the passive radiator are
both disks, while Fig.3b corresponds to a case that the shapes of the front cross
sections of the four transducers are squares and that of the passive radiator is a disk.
Further, the shapes of the front cross sections of the four transducers may be different
from each other. For example, Fig.3c shows a case that the shapes of the front cross
sections of the transducers 22a and 22d are disks while those of the transducers 22b
and 22c are squares.

Similarly with the cases of containing only one transducer, the center panel 232 of the
passive radiator 23 may be fully replaced by the four transducers 22a-22d, as shown in
Fig.3d. In this case, the four transducers 22a-22d are adhered to each other and all of
them are directly encircled by and adhered to the suspension 231 of the passive
radiator 23.

Although the center panel 232 of the passive radiator 23 is fully or partly replaced by all
of four transducers 22a-22d as shown in Fig.3a-3d, the present disclosure is not limited
thereto. Apparently, although not shown, only a part of the four transducers 22a-22d,
such as one, two, or three, may be used to fully or partly replace the center panel 232
of the passive radiator 23 while the others, for example the other three, two, or one of
the four transducers 22a-22d may be mounted separately in the enclosure and operate
respectively as a prior transducer.

As an example of a speaker containing multiple transducers, Figs.3a-3d show cases
that there are four transducers in a speaker. However, the number of the transducers
contained in a speaker is not limited to four and may be two, three, five or even more
depending on requirements.
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It is appreciated by those skilled in the art that, although the shapes of transducers and
the passive radiator are shown as disks or squares in Figs.2b-2f and Figs. 3a-3d, the
present disclosure is not limited thereto, and the shapes of transducers and the passive
radiator may be any one of the follows: disk, ellipse, diamond, square, triangle, or any
combination thereof.

Although the above description relates to cases that there is only one passive radiator
in a speaker, the present disclosure is not limited thereto, and a speaker may have
multiple passive radiators mounted therein. Similarly, the center panel of one, some or
all of the multiple passive radiators in a speaker can be fully or partly replaced by one
or more transducer(s).

Fig.4 shows a flowchart for a method 400 of producing a speaker according to an
embodiment of the present. At step S401, an enclosure is provided. At step S402, at
least one transducer combined with at least one passive radiator is mounted in the
enclosure. In the present disclosure, the at least one passive radiator comprises a
suspension and a center panel, the center panel is connected with the suspension, and
it is encircled by the suspension, and the at least one transducer functions as at least a
part of the center panel.

According to an embodiment of the present disclosure, the center panel of the at least
one passive radiator is fully replaced by the at least one transducer. In such a case,
each of the at least one passive radiator comprises only a suspension without any
center panel as described above, and the at least one transducer, functioning as the
center panel as described above, is directly connected with and encircled by the
suspension. For example, Fig.2e and Fig.2f respectively show the cross-sectional front
views of the passive radiator 23 combined with the transducer 22 in case that the
transducer 22 fully replaces the center panel 232 of the passive radiator 23. In the case
of Fig.2e and Fig.2f, there are only the transducer 22 combined with the suspension
231 of the passive radiator 23 without the center panel at all.
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Therefore, according to the present disclosure, a speaker comprises: an enclosure; at
least one transducer mounted in the enclosure; and at least one passive radiator
mounted in the enclosure, comprising a suspension and a center panel encircled by
and adhered to the suspension, wherein the at least one transducer is mounted on the
at least one passive radiator, and functions as at least a part of the center panel.

According to the present disclosure, a speaker comprises: an enclosure; at least one
passive radiator mounted in the enclosure, each of the at least one passive radiator
comprising a suspension; and at least one transducer combined with the at least one
passive radiator in a way of being connected to and encircled by the suspension.

According to the present disclosure, the at least one transducer partly replaces the
center panel. According to the present disclosure, the at least one transducer fully
replaces the whole center panel. According to the present disclosure, the at least one
transducer is mounted on the at least one passive radiator in a way of locating within
the enclosure. According to the present disclosure, the at least one transducer is
combined with the at least one passive radiator in any way of the follows: adhering,
riveting, crimping, and bolting. According to the present disclosure, the shapes of the at
least one transducer and the at least one passive radiator is any one of the follows:
disk, ellipse, diamond, square, triangle, any irregular shape, or any combination thereof.
According to the present disclosure, the numbers of the at least one transducer and the
at least one passive radiator are natural numbers equal to or more than one.

According to the present disclosure, a method of producing a speaker comprises steps
of. providing an enclosure; and mounting at least one transducer combined with at least
one passive radiator in the enclosure, wherein the at least one passive radiator
comprises a suspension and a center panel connected with and encircled by the
suspension, and the at least one transducer functions as at least a part of the center
panel.
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According to the present disclosure, the method further comprises a step of replacing
the center panel partly by the at least one transducer. According to the present
disclosure, the method further comprises a step of replacing the whole center panel
fully by the at least one transducer. According to the present disclosure, the method
further comprises a step of mounting the at least one transducer on the at least one
passive radiator in a way of locating within the enclosure. According to the present
disclosure, the method further comprises a step of combining the at least one
transducer with the at least one passive radiator in any way of the follows: adhering,
riveting, crimping, and bolting. According to the present disclosure, the shapes of the at
least one transducer and the at least one passive radiator are any one of the follows:
disk, ellipse, diamond, square, triangle, any irregular shape, or any combination thereof.
According to the present disclosure, the numbers of the at least one transducer and the
at least one passive radiator are natural numbers equal to or more than one.

According to the present disclosure, a method of producing a speaker comprises steps
of. providing an enclosure; mounting at least one transducer combined with at least one
passive radiator in the enclosure, wherein each of the at least one passive radiator
comprises a suspension, and the at least one transducer is connected with and
encircled by the suspension.

Similarly with the speaker as described above, according to the above method for
speaker production, by fully or partly replacing the center panel of the at least one
passive radiator by one or more transducer(s), both the internal space and the cost of
the speaker are saved without sacrificing the sound quality.

To sum up, no matter how many transducers and passive radiators are included and no
matter what the shapes of the front cross sections of transducers and the passive
radiators are respectively, the effect of saving the internal space and the cost of the
speaker without sacrificing the sound quality will be achieved as long as the center
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panel of at least one of the passive radiators is partly or fully replaced by one or more
transducer(s), that is, at least one transducer functions as at least a part of the center
panel of the at least one of the passive radiators.

In addition, although not shown, the speaker according to the present disclosure, may
have a structure mounted on its back side of the enclosure (which is opposite to the
side mounted with transducer) to guarantee that the enclosure can be fixed on some
kinds of supportive structure, such as but not limited to vehicle inside wall.

While various aspects and embodiments have been described herein, other aspects
and embodiments will be apparent to those skilled in the art. The various aspects and
embodiments described herein are for purposes of only illustration and are not intended
to be limiting, with the true scope and spirit being indicated by the following claims.
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CLAIMS
WHAT IS CLAIMED IS:

1. A speaker, comprising:

an enclosure:

at least one transducer mounted in the enclosure; and

at least one passive radiator mounted in the enclosure, comprising a suspension
and a center panel encircled by and connected to the suspension,

wherein the at least one transducer is combined with the at least one passive
radiator, and functions as at least a part of the center panel.

2. The speaker recited in claim 1, wherein the at least one transducer partly
replaces the center panel.

3. The speaker recited in claim 1, wherein the at least one transducer fully
replaces the whole center panel.

4. The speaker recited in claim 1, wherein the at least one transducer is
mounted on the at least one passive radiator in a way of locating within the enclosure.

5. The speaker recited in claim 1, wherein the at least one transducer is
combined with the at least one passive radiator in any way of the follows; adhering,
riveting, crimping, and bolting.

6. The speaker recited in claim 1, wherein the shapes of the at least one
transducer and the at least one passive radiator are any one of the follows: disk, ellipse,
diamond, square, triangle, any irregular shape, or any combination thereof.
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7. The speaker recited in claim 1, wherein the numbers of the at least one
transducer and the at least one passive radiator are natural numbers equal to or more
than one.

8. A speaker, comprising:

an enclosure:

at least one passive radiator mounted in the enclosure, each of the at least one
passive radiator comprising a suspension; and

at least one transducer combined with the at least one passive radiator in a way
of being connected to and encircled by the suspension.

9. A method of producing a speaker, comprising steps of:

providing an enclosure; and

mounting at least one transducer combined with at least one passive radiator in
the enclosure,

wherein the at least one passive radiator comprises a suspension and a center
panel connected with and encircled by the suspension, and the at least one transducer
functions as at least a part of the center panel.

10. The method recited in claim 9, further comprising a step of replacing the
center panel partly by the at least one transducer.

11. The method recited in claim 9, further comprising a step of replacing the
whole center panel fully by the at least one transducer.

12. The method recited in claim 9, further comprising a step of mounting the at
least one transducer on the at least one passive radiator in a way of locating within the

enclosure.
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13. The method recited in claim 9, further comprising a step of combining the at
least one transducer with the at least one passive radiator in any way of the follows:
adhering, riveting, crimping, and bolting.

14. The method recited in claim 9, wherein the shapes of the at least one
transducer and the at least one passive radiator are any one of the follows: disk, ellipse,
diamond, square, triangle, any irregular shape, or any combination thereof.

15. The method recited in claim 9, wherein the numbers of the at least one
transducer and the at least one passive radiator are natural numbers equal to or more
than one.

16. A method of producing a speaker, comprising steps of:

providing an enclosure;

mounting at least one transducer combined with at least one passive radiator in
the enclosure,

wherein each of the at least one passive radiator comprises a suspension, and
the at least one transducer is connected with and encircled by the suspension.
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