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Description
Title of Invention: AN ACOUSTIC STRUCTURE USING A

PASSIVE DIAPHRAGM UNIT
Technical Field

This invention relates to an acoustic structure, and more particularly to an acoustic
structure using a passive diaphragm unit.
Technical Background

In the traditional acoustic structure design, the inversion tube or the passive
diaphragm unit is often used to reflect the low-frequency radiation wave on the back of
the speaker unit and to superimpose the positive phase wave, thereby improving the
low-frequency effect. It can be seen that in this structure, both the inverting tube and
the passive diaphragm unit are intended to reflect the low-frequency radiation
generated by the loudspeaker unit itself. Therefore, the frequency of the emitted low-
frequency radiation is determined by the speaker unit. If sensitivity of the speaker unit
itself in the low-frequency side is relatively poor, then the overall low-frequency effect
of the speaker will not be excellent.

Therefore, the size of the speaker unit must be enlarged in order to improve the
overall low-frequency effect of the conventionally designed speaker. The housing
volume of the speaker must be increased correspondingly to match size of the speaker
unit. Therefore, the improvement of the low-frequency effect leads to the increase of
the speaker volume and the increase of the mass. With the modern home simplicity and
the need for lightweight mobile devices, the traditional large-volume and heavy
speaker is no longer suitable for use in modern living rooms and mobile devices.

The Contents of the Invention

The main technical problem to be solved by the present invention is to provide an
acoustic structure using a passive diaphragm unit, such that the passive diaphragm unit
forms an independent low-frequency radiation source, thereby expanding the low-
frequency response range of the loudspeaker unit through the passive diaphragm unit
so that the sensitivity of the entire acoustic structure in the low-frequency range can be
greatly enhanced.

In order to solve the above-mentioned technical problems, the present invention
provides an acoustic structure using a passive diaphragm unit comprising a housing, a
speaker unit and at least one passive diaphragm unit.

The housing as mentioned above has a closely connected aperture with the speaker
unit and the passive diaphragm unit, the passive diaphragm unit as stated above and the

cavity inside the housing form an air spring, whose resonant frequency is lower than
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the resonant frequency of the loudspeaker unit. The air spring is driven by the speaker
unit to resonate at its resonant frequency.

The effective vibration area of the passive diaphragm unit is more than 30% of the
surface area of the housing; the surface area of the above-mentioned housing refers to
the spherical surface area after the box is made equivalent to a sphere.

In a relatively good application: the effective vibration area of the mentioned passive
diaphragm unit accounts for 35% of the surface area of the housing.

In a relatively good application: the effective vibration area of the mentioned passive
diaphragm unit accounts for 40% of the surface area of the housing.

In a relatively good application: the ratio of the effective resonant area of at least one
passive diaphragm unit to the effective cone area of the loudspeaker unit is greater than
or equal to 3.

In a relatively good application: the ratio of the effective resonant areas of at least
one passive diaphragm unit to the effective cone surface area of the loudspeaker unit is
greater than or equal to 4.

In a relatively good application: the ratio of the effective resonant areas of at least
one passive diaphragm unit to the effective cone surface area of the loudspeaker unit is
greater than or equal to 6, but smaller or equal to 8.

In a relatively good application: the mentioned housing is a polygonal body, the in
between surfaces on the side facing the cavity mentioned above has a rod.

In a relatively good application: the projection of the rod mentioned above in the
vertical direction is a circular arc shape. the projection of the rod mentioned above in
the vertical direction is a circular arc shape.

In a relatively good application: it further comprises a fairing. The fairing as
mentioned above is arranged within the resonator and is arranged in a coaxial relation
with the stated passive diaphragm unit. There is a through-hole connected to the
passive diaphragm unit at the axis of the indicated fairing, the remaining parts separate
the passive diaphragm unit from the mentioned resonator.

In a relatively good application: it further comprises a fairing. The mentioned fairing
is connected one-to-one to the stated passive diaphragm unit and covers the surface of
the passive diaphragm unit, and the fairing is provided with an infusion hole
connecting the resonator and the passive diaphragm unit at a symmetrical position.

Compared with the state-of-the-art, the technical proposal of this invention has the
following beneficial effects:

1. This invention provides an acoustic structure using a passive diaphragm unit that
breaks through the traditional idea, in which the passive diaphragm unit has replaced
the inverted phase structure. Through this bold theory, in which the resonant frequency

of the passive diaphragm unit is independent of the volume of the speaker housing, the
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effective resonant area of the passive diaphragm unit and the mass of the passive
diaphragm unit are increased, making the resonant point of the air spring formed by the
passive diaphragm unit and housing lower than the resonant point of the loudspeaker
unit. The air spring is driven by the speaker unit to resonate at its resonant frequency,
thereby broadening the frequency response range of the loudspeaker, so that the
response sensitivity of the entire acoustic structure at the low-frequency side is greatly
enhanced. In addition, since the sensitivity of the low-frequency side is strengthened
by the passive diaphragm unit, it is only necessary for the speaker unit to have a good
intermediate-frequency and high- frequency sensitivity, and a force capable of driving
the air spring to resonate so that the speaker unit can be relatively small. The cost is
relatively low, the volume of the housing can also be decreased accordingly.

2. The present invention provides an acoustic structure using a passive diaphragm
unit, and since the resonant area of the passive diaphragm unit is large, it is likely to
cause resonance unevenness. Given this drawback, a fairing is placed coaxially with
the passive diaphragm unit. The periphery of the fairing divides the passive diaphragm
unit from the resonator, and there is a through-hole at the axis of the fairing. The
airflow inside the resonator after being rectified by the through-hole drives the
resonance of the passive diaphragm unit. Because the fairing and the diaphragm unit
are coaxially placed, the air pressure and distribution of the airflow out of the fairing is
more uniform for the passive diaphragm unit, which can effectively avoid the uneven
vibration situation of the passive diaphragm unit.

3. This invention provides an acoustic structure with a passive diaphragm unit, and
since the resonant area of the passive diaphragm unit is relatively large, it is possible to
produce a good bass without requiring a large vibration amplitude of the passive
diaphragm unit. As such, it is not necessary to make the thickness of the resonator very
thick. Therefore it is very suitable for the applications in the tablets, televisions, mobile
phones and other products, on which the thickness of the product is critical.

4. This invention provides an acoustic structure with a passive diaphragm unit, as the
passive diaphragm unit is used to expand the low-frequency response range of the
loudspeaker unit, the loudspeaker unit only needs to generate the driving force to drive
the air spring for resonance, and therefore, it is not necessary to use a large-size
loudspeaker unit. It is easier to be designed as a passive speaker, which further enhance
the sound quality of the speaker. Besides, the thickness of the passive speaker can be
further reduced.

5. This invention provides an acoustic structure with a passive diaphragm unit, and
the housing has a polygonal shape. There is a rod between the sides of the housing,
through which the positions of the opposite sides are fixed. As a result, the capacity of

the resonator is fixed. Throughout the process of using the speaker, because the
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capacity of the housing is constant, there is no loss of sound, and sound staining is also
greatly kept under control.
Description of the Attached Figures:

Figure 1 is an external perspective view of the chosen application 1 of the this
invention;

Figure 2 is a schematic cross-sectional view of the chosen application 1 of the this
invention;

Figure 3 is a frequency response curve of a conventional passive diaphragm speaker
compared to the chosen application 1 of the this invention;

Figure 4 is an external perspective view of the chosen application 3 of the this
invention;

Figure 5 is a schematic cross-sectional view of the chosen application 3 of the this
invention.

Concrete Application Methods

The invention will be further described below with reference to the attached figures
and concrete application methods.

Embodiment 1

Referring to Figures 1-2, an acoustic structure with a passive diaphragm unit includes
a housing 1, a speaker unit 2 and two passive diaphragm units 3, wherein the size of
the passive diaphragm unit 3 is two 2-inch of the passive diaphragm unit. The size of
the speaker unit is 1.5 inch. The ratio of the effective resonant surface area of the two
passive diaphragm units 3 to the effective cone surface area of the loudspeaker unit is
about 3.5.

The housing 1, as mentioned earlier, has a closely connected aperture with the
mentioned speaker unit 2 and the passive diaphragm unit 3. In the present application,
the housing 1 is cylindrical, and the speaker unit 2 is mounted on the bottom surface of
the housing 1, and two passive diaphragm units 3 are located at the side of the housing
1.

The mentioned passive diaphragm unit 3 and the cavity 11 inside the housing form
an air spring, whose resonant frequency is lower than the resonant frequency of the
speaker unit 2. In order to reduce the resonant frequency of the air spring below the
resonant frequency of the speaker unit 2, it is also possible to increase the mass of the
passive diaphragm unit while enhancing the surface area of the passive diaphragm unit
3, so that the resonant frequency can be further decreased.

Since the speaker unit 2 only needs to generate a driving force sufficient to push the
air spring for resonance, the driving force required for the speaker unit 2 is relatively

low, and it is not necessary to use a large loudspeaker unit. For the size of the passive
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diaphragm unit 3, the size of the speaker unit 2 is minuscule. Most of the surface area
of the entire housing is occupied by the passive diaphragm unit. In this application, the
surface area of the passive diaphragm unit 3 accounts for 30% of the surface area of
the housing. If a larger passive diaphragm unit 3 is selected, this ratio will be further
increased to, for example, 35%, 40%, 45%, 60% and etc. This is entirely different from
the design of the traditional speaker, where speaker unit 2 occupies the most surface
area of the housing.

The light-colored curve in Figure 3 is the frequency response curve of the speaker
with a conventional passive diaphragm. The ratio of the effective resonant areas of the
two passive diaphragm units 3 to the effective cone surface area of the loudspeaker
unit is less than 2. The dark-coloured curve is the frequency response curve of the
speaker in the present application.

As observed from the above Figure, at nearly 300Hz, the frequency response curve
of the two speakers intersect. From this point to the low-frequency direction, the sen-
sitivity of the traditional passive diaphragm speaker decreases very fast, at 90Hz, the
sensitivity difference between the two speakers reaches a maximum of about 7db. This
is an enormous difference. In addition, the traditional passive diaphragm speaker
shows another turning point at about 75Hz, where the sensitivity decreases rapidly. In
other words, when the frequency is lower than 70Hz, the sensitivity of traditional
passive diaphragm speaker is very low, and the bass effect is very limited. The speaker
of this application reaches the turning point when it reaches 60 Hz, and it is un-
doubtedly better in the low-frequency range.

The resonant frequency of the air spring can be further reduced by further increasing
the weight of the passive diaphragm unit 3, as the size of the passive diaphragm unit 3
is further increased so that a better low-frequency effect can be achieved. This ap-
plication will not be further elaborated here. Only corresponding adjustments are
required based on the above-described structure for further implementation.

The fairing 4 is also included in this application. The fairing 4 is located inside the
cavity 11 and is coaxially arranged with the passive diaphragm unit 3. There is a
through-hole 41 at the axis of the mentioned fairing 4 connecting to the passive
diaphragm unit 3, and the remaining part isolates the passive diaphragm unit 3 from
the mentioned cavity 11.

Since the resonant surface area of the passive diaphragm unit 3 is large, it is likely to
cause resonance unevenness. Given this drawback, a fairing 4 located coaxially with
the passive diaphragm unit 3 is designed. The periphery of the fairing 4 separates the
passive diaphragm unit 3 from the cavity 11, and the airflow inside the cavity 11 can
only be rectified by the through-hole 41 to drive the passive diaphragm unit 3 to

resonate. As the fairing 4 and the passive diaphragm unit 3 are coaxially placed, the air
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pressure and distribution of the airflow from the through-hole 41of the fairing 4 is
relatively uniform for the passive diaphragm unit 3, which effectively preventing the
vibration of the passive diaphragm unit 3 from becoming uneven.

In addition, since the frequency response in the low-frequency range of the speaker
unit 2 is extended by the use of the passive diaphragm unit 3, it is not necessary to use
a large-size loudspeaker unit 2. It is easier to be designed as a passive speaker, and the
sound quality of the speaker can be further enhanced. The thickness of the passive
speaker can be further reduced.

In this application, the ratio of the effective resonant areas of the two passive
diaphragm units 3 to the effective cone surface area of the loudspeaker unit is about
3.5. In fact, the ratio can be further increased to such as 4, 6, 8 and etc. With the
increase of this ratio, the effect of improving the low frequency becomes more evident.

Embodiment 2

This application differs from the first application in that in the present application,
the housing is a polygonal body, and between surfaces on the side facing the cavity
mentioned above there is a rod. The projection of the rod mentioned above in the
vertical direction is a circular arc shape. Through the rod the positions of the opposite
sides are fixed. As a result, the capacity of the resonator is fixed. Throughout the
process of using the speaker, because the capacity of the housing is constant, there is
no loss of sound, and sound staining is also greatly kept under control.

Embodiment 3

Referring to Figures 4-5, this application differs from application 1 in that an ultra-
thin speaker is designed in the present application. Since the resonant area of the
passive diaphragm unit 3 is relatively large, it is possible to produce a good bass
without generating a large vibration amplitude by the passive diaphragm unit 3, and it
is not necessary to make the thickness of the cavity 11 very thick. The thickness of the
housing can be made as small as possible, making it ideal for products such as tablets,
televisions, and mobile phones, for which the thickness is critical.

Embodiment 4

The present application is different from application 3 in that in this application, the
fairing covers the surface of the mentioned passive diaphragm unit. The fairing is
designed with an infusion hole connecting the resonator and the passive diaphragm
unit at a symmetrical position. The fairing in application 3 needs a particular distance
from the passive diaphragm unit so as to ensure that there is sufficient space for the
distribution of airflow after passing the through-hole, thereby driving the passive
diaphragm unit to vibrate. As a result, this design will occupy part of the resonator
thickness, and it is disadvantageous for decreasing the thickness of the housing. With

the above structure, the airflow from many infusion holes drives the symmetrical
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positions of the passive diaphragm unit simultaneously, to ensure that the force applied
by the air pressure to the passive diaphragm unit is uniform, and therefore it is not
necessary to separate the fairing far from the passive diaphragm unit. As a result, the
size of the housing can be made thinner.

The descriptions above show the intended application methods of this invention, but
the scope of the invention is not limited thereto, and any skilled technical personnel in
this technological area will be able to make a change or replacement within the
disclosed technological scope of this invention. Such changes are to be covered within
the protective scope of the present invention. Accordingly, the scope of protection of

the present invention should be determined by the framework of the patent claims.
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Claims

The characteristics of an acoustic structure with a passive diaphragm
unit include a housing, a speaker unit and at least one passive
diaphragm unit.

The housing as mentioned above has a closely connected aperture with
the speaker unit and the passive diaphragm unit, the passive diaphragm
unit as stated above and the cavity inside the housing form an air
spring, whose resonant frequency is lower than the resonant frequency
of the loudspeaker unit. The air spring is driven by the speaker unit to
resonate at its resonant frequency. The effective vibration area of the
passive diaphragm unit is more than 30% of the surface area of the
housing; the surface area of the above-mentioned housing refers to the
spherical surface area after the box is made equivalent to a sphere.

An acoustic structure using a passive diaphragm unit according to
Patent Claim 1 is characterised in that the effective vibration area of the
mentioned passive diaphragm unit accounts for 35% of the surface area
of the housing.

An acoustic structure using a passive diaphragm unit according to
Patent Claim 1 is characterised in that the effective vibration area of the
mentioned passive diaphragm unit accounts for 40% of the surface area
of the housing.

An acoustic structure using a passive diaphragm unit according to
Patent Claim 1 is characterised in that the ratio of the effective resonant
areas of at least one passive diaphragm unit to the effective cone
surface area of the loudspeaker unit is greater than or equal to 3.

An acoustic structure using a passive diaphragm unit according to
Patent Claim 4 is characterised in that the ratio of the effective resonant
areas of at least one passive diaphragm unit to the effective cone
surface area of the loudspeaker unit is greater than or equal to 4.

An acoustic structure using a passive diaphragm unit according to
Patent Claim 4 is characterised in that the ratio of the effective resonant
areas of at least one passive diaphragm unit to the effective cone
surface area of the loudspeaker unit is greater than or equal to 6, but
smaller or equal to 8.

An acoustic structure using a passive diaphragm unit according to
Patent Claim 1 is characterised in that the housing is a polygonal body,

the in between surfaces on the side facing the cavity mentioned above
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has a rod.

.An acoustic structure using a passive diaphragm unit according to
Patent Claim 7 is characterised in that the projection of the rod
mentioned above in the vertical direction is a circular arc shape.

An acoustic structure using a passive diaphragm unit according to any
of the Patent Claims 1 to 8 is characterised in that it further comprises a
fairing. The fairing as mentioned above is arranged within the resonator
and is arranged in a coaxial relation with the stated passive diaphragm
unit. There is a through-hole connected to the passive diaphragm unit at
the axis of the indicated fairing, the remaining parts separate the
passive diaphragm unit from the mentioned resonator.

An acoustic structure using a passive diaphragm unit according to any
of the Patent Claims 1 to 8 is characterised in that it further comprises a
fairing. The mentioned fairing is connected one-to-one to the stated
passive diaphragm unit and covers the surface of the passive diaphragm
unit, and the fairing is provided with an infusion hole connecting the

resonator and the passive diaphragm unit at a symmetrical position.
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