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(54) Title: ACOUSTIC COMPONENT, ACOUSTIC APPARATUS AND ACOUSTIC SYSTEM

FIG. 1

(57) Abstract: An acoustic component, an acoustic apparatus and an acoustic system are provided. The acoustic component (10)
includes: a pipe (101), wherein a slot (1013) is configured on the pipe (101) with an elongation direction along an elongation direction
of the pipe (101), and a horn (102) extending from a first end (1011) of the pipe (101). The acoustic apparatus includes: the above
acoustic component (10), and an acoustic driver (20) acoustically coupled with a second end (1012) of the pipe (101) to radiate acoustic
energy carried in waves into the pipe (101), wherein the acoustic energy carried in waves is radiated to the environment through the
slot (1013) and the horn (102). With the acoustic apparatus, directivity at high frequency may be strengthened and virtual surround

sound effect may be improved.
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ACOUSTIC COMPONENT, ACOUSTIC APPARATUS AND
ACOUSTIC SYSTEM

FIELD
The present disclosure generally relates to an acoustic component,

an acoustic apparatus and an acoustic system.

BACKGROUND

Existing acoustic systems possess relatively good virtual surround

sound effect at mid frequency range and low frequency range but
unsatisfactory virtual surround sound effect at high frequency range. An
acoustic system which can provide better surround sound effect at high

frequency range is needed.

SUMMARY

In an embodiment, an acoustic component is provided, including: a

pipe, wherein a slot 1s configured on the pipe with an elongation direction
along an elongation direction of the pipe; and a horn extending from a
first end of the pipe.

In some embodiments, a cross-sectional area of the pipe gradually
reduces along the elongation direction of the pipe from a second end of
the pipe to the first end of the pipe.

In some embodiments, projections of centers of at least two cross
sections of the pipe to an end surface are located in different positions,
wherein the end surface is the cross section at the second end of the pipe.

In some embodiments, width of the slot may be not greater than 2
millimeters.

In some embodiments, length of the slot may be less than length of

the pipe.
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In some embodiments, the length of the pipe, a cross-sectional area
of the pipe at the first end and a cross-sectional area of the pipe at the
second end are configured, on the condition that at least a portion of
waves radiated into the pipe are reflected by an inner surface of the pipe
to form reflected waves penetrating the slot, wherein the reflected waves
forms an angle within a range from about 155° to about 175° relative to
the slot.

In an embodiment, an acoustic apparatus 1s provided, including an
acoustic component and an acoustic driver, wherein the acoustic
component includes: a pipe, wherein a slot is configured on the pipe
with an elongation direction along an elongation direction of the pipe;
and a horn extending from a first end of the pipe, and the acoustic driver
1s acoustically coupled with a second end of the pipe to radiate acoustic
energy carried in waves to a listening environment through the slot and
the horn.

In some embodiments, a cross-sectional area of the pipe gradually
reduces along the elongation direction of the pipe from a second end of
the pipe to the first end of the pipe.

In some embodiments, projections of centers of at least two cross
sections of the pipe to an end surface are located in different positions,
wherein the end surface is the cross section at the second end of the pipe.

In some embodiments, width of the slot may be not greater than 2
millimeters.

In some embodiments, length of the slot may be less than length of
the pipe.

In some embodiments, the length of the pipe, a cross-sectional area
of the pipe at the first end and a cross-sectional area of the pipe at the
second end are configured, on the condition that at least a portion of

waves radiated into the pipe are reflected by an inner surface of the pipe
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to form reflected waves penetrating the slot, wherein the reflected waves
forms an angle within a range from about 155° to about 175° relative to
the slot.

In an embodiment, an acoustic system is provided, including at least
one acoustic apparatus and at least one speaker, wherein each acoustic
apparatus includes an acoustic component and an acoustic driver, wherein
the acoustic component includes: a pipe, wherein a slot 1s configured on
the pipe with an elongation direction along an elongation direction of the
pipe; and a horn extending from a first end of the pipe, and wherein the
acoustic driver is acoustically coupled with a second end of the pipe to
radiate acoustic energy carried in waves to a listening environment
through the slot and the homn.

In some embodiments, a cross-sectional area of the pipe gradually
reduces along the elongation direction of the pipe from a second end of
the pipe to the first end of the pipe.

In some embodiments, projections of centers of at least two cross
sections of the pipe to an end surface are located in different positions,
wherein the end surface is the cross section at the second end of the pipe.

In some embodiments, width of the slot may be not greater than 2
millimeters.

In some embodiments, length of the slot may be less than length of
the pipe.

In some embodiments, the length of the pipe, a cross-sectional area
of the pipe at the first end and a cross-sectional area of the pipe at the
second end are configured, on the condition that at least a portion of
waves radiated into the pipe are reflected by an inner surface of the pipe
to form reflected waves penetrating the slot, wherein the reflected waves
forms an angle within a range from about 155° to about 175° relative to

the slot.
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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
claiams, 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.

FIG. 1 is a schematic diagram illustrating an acoustic apparatus
according to an embodiment;

FIG. 2 is a sectional view of the directional acoustic component
shown 1n FIG. 1;

FIGs. 3 to 5 are exemplary radiation patterns of a directional
acoustic component according to an embodiment;

FIG. 6 1s a schematic diagram illustrating frequency response of an
acoustic apparatus according to an embodiment;

FIG. 7 1s a schematic diagram illustrating frequency response of an
acoustic driver according to an embodiment; and

FIG. 8 is a schematic diagram illustrating an acoustic system

according to an embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

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. The illustrative embodiments described in the
detailed description, drawings, and claims are not meant to be limiting.

Other embodiments may be utilized, and other changes may be made,
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without departing from the spirit or scope of the subject matter presented
here. It will be readily understood that the aspects of the present
disclosure, as generally described herein, and illustrated in the Figures,
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. 1 is a schematic diagram illustrating an acoustic apparatus
according to an embodiment.

Referring to FIG. 1, the acoustic apparatus includes a directional
acoustic component 10 and an acoustic driver 20 acoustically coupled
with the directional acoustic component 10. In some embodiments, a
directional acoustic component denotes to a speaker that radiates more
acoustic energy in some directions than in others.

Referring to FIG 1, the directional acoustic component 10
constitutes of a pipe 101 and a horn 102 extending from a first end 1011
of the pipe 101. A second end 1012 of the pipe 101 is coupled with the
acoustic driver 20 to realize the acoustic connection between the
directional acoustic component 10 and the acoustic driver 20. The
acoustic driver 20 1is configured to convert electric energy into
mechanical energy. After being applied with a power supply and an
audio signal, the acoustic driver 20 may produce acoustic energy which is
carried in waves and radiated into the pipe 101 by the acoustic driver 20.

In some embodiments, a slot 1013 is configured on the pipe 101
with an elongation direction along an elongation direction of pipe 101,
that 1s, the slot 1013 is configured along at least a portion of the length of
the pipe 101. The acoustic energy is radiated to the environment
through the slot 1013 and the horn 102. Compared with forming
multiple holes along the length of the pipe 101, the slot 1013 may reduce

reflection of waves inside the pipe 101, and further reduce standing
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waves which can cause an undesired radiation pattern in the pipe 101.

In some embodiments, width of the slot 1013 may be not greater
than 2 millimeters. The selected width range may ensure sound waves
to be propagated in the pipe 101 in plane waves. That is, with the
selected width range, the propagation mode of the sound waves may not
be affected.

In some embodiments, the length of the slot 1013 may be less than
length of the pipe 101.

In some embodiments, the pipe 101 and the horn 102 may include
plastic, such as Acrylonitrile Butadiene Styrene (ABS) plastic, Polyamid
(PA) plastic or Polycarbonate (PC) plastic.

In some embodiments, an inner surface of the pipe 101 may be
smooth.

FIG. 2 is a sectional view of the directional acoustic component 10
shown in FIG. 1.

Referring to FIGs. 2 and 3, in some embodiments, a cross-sectional
area of the pipe 101 may vary along the length of the pipe 101. In some
embodiments, the cross-sectional area of the pipe 101 may gradually
reduce along the elongation direction of the pipe 101 from the second end
1012 of the pipe 101 to the first end 1011 of the pipe 101. In some
embodiments, projections of centers of at least two cross sections of the
pipe 101 to an end surface are located in different positions, wherein the
end surface is the cross section of the pipe 101 at the second end of the
pipe 101. In some embodiments, the cross sections of the pipe 101 may
be circles, and projections of the circles to the end surface may not be
concentric. This design may strengthen the acoustic energy at the slot
1013 and the horn 102.

In some embodiments, the length of the pipe 101, a cross-sectional

area of the pipe 101 at the first end 1011 and a cross-sectional area of the
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pipe 101 at the second end 1012 are configured, on the condition that at
least a portion of the waves (represented by a dotted line with an arrow in
FIG. 2) radiated into the pipe 101 are reflected by the inner surface of the
pipe 101 to form reflected waves penetrating the slot 1013, wherein the
reflected waves forms an angle o within a range from about 155° to about
175° relative to the slot, i.e., an angle within a range from about 65° to
about 85° relative to a reference position which is perpendicular to the
slot 101 (hereinafter, this angle is called the relative angle).

In one embodiment, the length of the pipe 101 may be 20
centimeters, a diameter of the pipe 101 at the second end 1012 may be 4
centimeters, and a ratio of the cross-sectional area of the pipe 101 at the
first end 1011 to the cross-sectional area of the pipe 101 at the second end
1012 may be within a range from 0.1 to 0.6.

It should be noted that, when the acoustic apparatus is in operation,
the horn 102 faces an object, for example, a wall, and the slot 1013 faces
an audience. By employing the above pipe 101 with the slot 1013, the
audience can hear sounds from different directions, particularly, the
audience may feel that the acoustic energy is relatively strong at the
relative angle from about 65° to about 85°. That is, the directivity at
about 65° to 85° is enhanced. The slot 1013 may be considered as a line
source which forms different directivity patterns at different frequencies,
and thus can create wide-spaced illusion.

If no horn 1s formed at the end of the pipe, sound waves may exist in
a pipe having a relatively small cross-sectional area and radiated to free
air having an infinite cross-sectional area. In this situation, impedance
mismatch occurs, and many sound waves may not be radiated to free air,
while a large portion of acoustic energy may be reflected into the pipe to
form standing waves, which may affect the directivity of the radiation.

To reduce the reflective sound waves in the pipe, impedance inside
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the pipe should match that outside the pipe (i.e., in the free air).
Cross-sectional areas of a horn vary gradually, which may ensure the
impedance matching. With the horn 102, impedance inside the pipe 101
matches that outside the pipe 101, reflective sound waves may be greatly
reduced, and thus standing waves are reduced.

Besides, the horn 102 may greatly enhance the directivity of sounds.
As the horn 102 faces the wall in operation, acoustic energy at the relative
angle of about 85° to about 90° may be increased based on the reflection
by the wall. And the audience may feel that the sounds come from the
direction of the wall. Thus, the directivity at the relative angle of about
85° to about 90° is enhanced.

In some embodiments, directivity performance of the directional
acoustic component 1s indicated by a radiation pattern. Generally, the
radiation pattern of the directional acoustic component is typically
displayed as a polar plot or a set of polar plots at different frequencies.
The directional characteristics may be described in terms of the direction
of maximum radiation and the degree of directivity.

FIGs. 3 to 5 are exemplary radiation patterns of the directional
acoustic component according to an embodiment. FIG. 3 illustrates the
radiation pattern at an X-Y plane, FIG. 4 illustrates the radiation pattern at
an X-Z plane, and FIG. 5 illustrates the radiation pattern at a Y-Z plane,
wherein the X axis extends along the width direction of the pipe 101 (a
positive direction of the X axis 1s the same as an opening direction of the
slot 1013), the Y axis extends along the length of the pipe 101 (a positive
direction of the Y axis is the same as an opening direction of the horn
102), and the Z axis extends along the height of the pipe 101. In some
embodiments, the radiation pattern may be measured by a microphone.

Referring to FIG 3, four polar plots at four frequencies are

illustrated. The greater the decibel is, the stronger radiation there exists.
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From the polar plots, at each frequency, radiation is relatively strong at an
angle within a range from about 65° to about 90°, that is, directivity of the
directional acoustic component is embodied in these degrees. At the
X-Y plane, the angle is relative to a reference line that goes through a
center of the pipe 101 and perpendicular to the slot 1013. At 0°, the
microphone used for measurement rightly faces the slot 1013. At about
85° to about 90°, the microphone points to a plane which the horn 102
faces, thus receiving much acoustic energy. Besides, as described above,
due to the reflection of the inner surface of the pipe 101, a portion of the
radiated waves are radiated into the air with the angle from about 65° to
85°. That is why the radiation at the X-Y plane is relatively strong from
about 65° to 90°.  As the acoustic energy is relatively strong at the angle
from about 65° to 90°, the audience facing the slot 1013 may feel that
sounds are coming from the angle from about 65° to 90°. Therefore, the
virtual surround sound effect is improved. Besides, from the polar plots,
based on the four polar plots, the higher the frequency is, the stronger the
directivity of the directional acoustic component 1s. That is to say, the
directional acoustic component provides stronger directivity at high
frequency.

In FIG. 4, at each frequency, radiation is strongest at about 0°. The
X-Z plane goes through the reference line that goes through the center of
the pipe 101 and is perpendicular to the slot 1013, and is parallel with a
plane defined by the height and the width of the pipe 101. At 0°, the
microphone used for measurement rightly faces the slot 1013, while at
other angles, the microphone is relatively far away from the slot 1013.
That 1s why the radiation at the X-Z plane reaches the maximum at angle
0°. Besides, similar with FIG. 3, in FIG. 4, the higher the frequency is,
the stronger the directivity of the directional acoustic component is.

In FIG. 5, at each frequency, radiation is strongest at about 90°. In
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the Y-Z plane, at 90°, the microphone used for measurement rightly faces
the horn 102, while at other angles, the microphone is relatively far away
from the horn 102. That is why the radiation at the Y-Z plane reaches
the maximum at angle 90°. Besides, similar with FIG. 3, in FIG. 5, the
higher the frequency is, the stronger the directivity of the directional
acoustic component is.

Based on FIGs. 3 to 5, the directional acoustic component provides
stronger directivity at higher frequency. And accordingly, the audience
may obtain better virtual surround sound effect.

FIG. 6 1s a schematic diagram illustrating frequency response of the
acoustic apparatus according to an embodiment, and FIG. 7 schematically
illustrates frequency response of an acoustic driver according to an
embodiment.

Referring to FIGs. 6 and 7, frequency response of the acoustic
apparatus at relative angles of 0°, 30°, 60° and 80° are illustrated
respectively, where decibel varies by frequency. It can be seen that,
decibels at high frequency in FIG. 6 are much greater than those at high
frequency in FIG 7. That is, compared with the independent acoustic
driver, the acoustic apparatus which includes the directional acoustic
component 10 and the acoustic driver 20 strengthen the directivity at high
frequency.

From above, in operation, the combination of the pipe and the horn
strengthens the directivity and improves the virtual surround sound effect
at high frequency.

FIG. 8 is a schematic diagram illustrating an acoustic system
according to an embodiment. Referring to FIG. 8, the acoustic system
includes two acoustic apparatus 20, four speakers 30.

Each acoustic apparatus 20 includes a directional acoustic

component which includes a pipe 201 and a horn 202 extending from a
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first end of the pipe 201, and an acoustic driver 203 acoustically coupled
with a second end of the pipe 201 to radiate acoustic energy into the pipe
201. A slot 2011 is configured on the pipe 201 with an elongation
direction along an elongation direction of pipe 201.

The acoustic drivers 203 of the two acoustic apparatus 20 and input
terminals of the four speakers 30 may be electrically coupled with an
output terminal of a power amplifier. In some embodiments, an input
terminal of the power amplifier may be electrically coupled with an
output terminal of a signal generator through wires. In some
embodiments, the power amplifier may be coupled with the signal
generator wirelessly. In some embodiments, the signal generator may be
a computer, a mobile phone, etc.

Referring to FIG. 8, in operation, the four speakers 30 and the two
slots 2011 face an audience, and the two horns 202 face two walls
respectively.

In some embodiments, a cross-sectional area of the pipe 201 may
vary along the length of the pipe 201. In some embodiments, the
cross-sectional area of the pipe 201 may gradually reduce along the
elongation direction of the pipe 201 from the second end of the pipe 201
to the first end of the pipe 201. In some embodiments, projections of
centers of at least two cross sections of the pipe 201 to an end surface are
located in different positions, wherein the end surface is the cross section
of the pipe 201 at the second end of the pipe 201. In some embodiments,
the cross sections of the pipe 201 may be circles, and projections of the
circles to the end surface may not be concentric.

In some embodiments, width of the slot 2011 may be not greater
than 2 millimeters. In some embodiments, the length of the pipe 201, a
cross-sectional area of the pipe 201 at the first end and a cross-sectional

area of the pipe 201 at the second end are configured, on the condition
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that at least a portion of waves radiated into the pipe 201 are reflected by
an inner surface of the pipe 201 to form reflected waves penetrating the
slot 2011, wherein the reflected waves forms an angle within a range
from about 155° to about 175° relative to the slot 2011,

With the above structure, the acoustic apparatus 20 may provide
strengthened directivity and better virtual surround sound effect at high
frequency.

In some embodiments, the speakers 30 may be common
loudspeakers which have good wvirtual surround sound effect at mid
frequency and low frequency.

It should be noted that, the number of the speakers 30 is not limited
to four and depends upon practical requirements. The arrangement of
the acoustic apparatus 20 and the speakers 30 is not limited to the way
illustrated in FIG. 8.

In operation, due to the combination of the acoustic apparatus 20 and
the speakers 30, the acoustic system may provide good virtual surround
sound effect at low, mid and high frequencies.

While various aspects and embodiments have been disclosed herein,
other aspects and embodiments will be apparent to those skilled in the art.
The various aspects and embodiments disclosed herein are for purposes
of 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

1. An acoustic component, comprising:

a pipe, wherein a slot is configured on the pipe with an elongation

direction along an elongation direction of the pipe; and
a horn extending from a first end of the pipe.

2. The acoustic component according to claim 1, wherein a
cross-sectional area of the pipe gradually reduces along the elongation
direction of the pipe from a second end of the pipe to the first end of the

pipe.
3. The acoustic component according to claim 2, wherein projections
of centers of at least two cross sections of the pipe to an end surface are

located in different positions, wherein the end surface is the cross section

of the pipe at the second end of the pipe.

4. The acoustic component according to claim 2, wherein length of
the pipe, a cross-sectional area of the pipe at the first end and a
cross-sectional area of the pipe at the second end are configured, on the
condition that at least a portion of waves radiated into the pipe are
reflected by an inner surface of the pipe to form reflected waves
penetrating the slot, wherein the reflected waves forms an angle within a

range from 155° to 175° relative to the slot.

5. The acoustic component according to claim 1, wherein width of

the slot is not greater than 2 millimeters.

6. The acoustic component according to claim 1, wherein length of

the slot is less than length of the pipe.
7. An acoustic apparatus, comprising:
an acoustic component, comprising:

a pipe, wherein a slot is configured on the pipe with an

elongation direction along an elongation direction of the pipe; and



WO 2018/072198 PCT/CN2016/102843

o
a horn extending from a first end of the pipe; and
an acoustic driver acoustically coupled with a second end of the pipe

to radiate acoustic energy carried in waves to a listening environment
through the slot and the homn.

8. The acoustic apparatus according to claim 7, wherein a
cross-sectional area of the pipe gradually reduces along the elongation

direction of the pipe from the second end of the pipe to the first end of the
pipe.

9. The acoustic apparatus according to claim 8, wherein projections
of centers of at least two cross sections of the pipe to an end surface are

located in different positions, wherein the end surface is the cross section

of the pipe at the second end of the pipe.

10. The acoustic apparatus according to claim 8, wherein length of
the pipe, a cross-sectional area of the pipe at the first end and a
cross-sectional area of the pipe at the second end are configured, on the
condition that at least a portion of waves radiated into the pipe are
reflected by an inner surface of the pipe to form reflected waves
penetrating the slot, wherein the reflected waves forms an angle within a

range from 155° to 175° relative to the slot.

11. The acoustic apparatus according to claim 7, wherein width of

the slot is not greater than 2 millimeters.

12. The acoustic apparatus according to claim 7, wherein length of

the slot is less than length of the pipe.
13. An acoustic system, comprising:
an acoustic component, comprising:

a pipe, wherein a slot is configured on the pipe with an

elongation direction along an elongation direction of the pipe; and
a horn extending from a first end of the pipe;

an acoustic driver acoustically coupled with a second end of the pipe



WO 2018/072198 PCT/CN2016/102843

—s—
to radiate acoustic energy carried in waves to a listening environment
through the slot and the horn; and

at least one speaker.

14. The acoustic system according to claim 13, wherein a
cross-sectional area of the pipe gradually reduces along the elongation
direction of the pipe from the second end of the pipe to the first end of the

pipe.
15. The acoustic system according to claim 14, wherein projections
of centers of at least two cross sections of the pipe to an end surface are

located in different positions, wherein the end surface is the cross section

of the pipe at the second end of the pipe.

16. The acoustic system according to claim 14, wherein length of the
pipe, a cross-sectional area of the pipe at the first end and a
cross-sectional area of the pipe at the second end are configured, on the
condition that at least a portion of waves radiated into the pipe are
reflected by an inner surface of the pipe to form reflected waves
penetrating the slot, wherein the reflected waves forms an angle within a

range from 155° to 175° relative to the slot.

17. The acoustic system according to claim 13, wherein width of the

slot 1s not greater than 2 millimeters.

18. The acoustic system according to claim 13, wherein length of the

slot 1s less than length of the pipe.
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