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(54) HORN DEVICE

(57) A horn device (A, B), which can prevent the de-
crease of sound pressure is provided. The horn device
(A, B) which resonates, by a resonator (1), sound pro-
duced by vibrating a diaphragm (21), and comprises a
control part (34, 34B) which vibrates the diaphragm (2),
and a temperature measurement part (30); the control
part (34, 34B) changes a vibration frequency which vi-
brates the diaphragm (21) according to a temperature
measured by the temperature measurement part (30).
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The presentinvention relates to a horn device.

2. Description of Related Art

[0002] In patent literature 1, a horn device is disclosed
which vibrates a diaphragm at a predetermined vibration
frequency by magnetic force of an electromagnet, and
resonate by a resonator the sound produced by the vi-
bration to produce sound.

[Literature of Prior Art]
[Patent Literature]

[0003] [Patent Literature 1] Japanese Patent Applica-
tion Laid-Open No. 2017-9624

SUMMARY OF THE INVENTION
[Problems to be Solved by the Invention]

[0004] By the way, in the horn device, due to the
change of ambient temperature or the change of voltage
value which is used to vibrate the diaphragm, the reso-
nance frequency of the diaphragm which is the frequency
with the greatest amplitude changes. Accordingly, the
vibration frequency of the diaphragm deviates from the
resonance frequency, and sound pressure decreases.
[0005] The presentinvention is accomplished in view
of such situation, and aims at providing a horn device
which is capable of preventing the decrease of the sound
pressure.

[Means to Solve the Problems]

[0006] One of the embodiments of the present inven-
tion is a horn device, which is configured to resonate, by
a resonator, sound produced by vibrating a diaphragm,
comprising: a control part configured to vibrate the dia-
phragm; and a temperature measurement part; wherein
the control part changes a vibration frequency which vi-
brates the diaphragm according to a temperature meas-
ured by the temperature measurement part.

[0007] One of the embodiments of the present inven-
tionis the aforementioned horn device, comprising: a coil;
a fixed iron core, which is disposed on a center of the
coil, and is fixed to a case; and amovable iron core, which
is disposed facing the fixed iron core, and is fixed to the
diaphragm; wherein the control part controls energization
of the coil according to the vibration frequency corre-
sponding to the temperature measured in the tempera-
ture measurement part and vibrates the diaphragm.
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[0008] One of the embodiments of the present inven-
tion is the aforementioned horn device, comprising a cur-
rent measurement part which is configured to measure
a current value flowing through the coil, wherein the con-
trol part changes a duty ratio of energization to the coil
according to the current value measured by the current
measurement part.

[0009] One of the embodiments of the present inven-
tion is the aforementioned horn device, comprising a volt-
age measurement part which is configured to measure
a voltage value used to vibrate the diaphragm, wherein
the control part changes a duty ratio of energization to
the coil according to the voltage value measured by the
voltage measurement part.

[0010] One of the embodiments of the present inven-
tion is the aforementioned horn device, wherein the con-
trol part reduces the vibration frequency when the tem-
perature measured by the temperature measurement
part is lower than a predetermined temperature.

[Effect of the Invention]

[0011] As described above, according to the present
invention, decrease of the sound pressure can be pre-
vented.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

Fig. 1 is a drawing showing one example of a sche-
matic structure of a horn device A according to a first
embodiment.

Fig. 2 is an external view of a resonator 1 according
to the first embodiment.

Fig. 3 is a drawing showing one example of a sche-
matic structure of a control device 28 according to
the first embodiment.

Fig. 4 is a drawing illustrating a setting method of a
frequency f,; according to the first embodiment.
Fig. 5 is a drawing illustrating a setting method of a
duty ratio D, ; according to the first embodiment.
Fig. 6 is a flow chart of an operation of energization
control of a coil 24 according to the first embodiment.
Fig. 7 is a flow chart of a variation of the operation
of energization control of the coil 24 according to the
first embodiment.

Fig. 8 is a drawing showing one example of a sche-
matic structure of a horn device B according to a
second embodiment.

Fig. 9 is a drawing showing one example of a sche-
matic structure of a control device 28B according to
the second embodiment.

Fig. 10 is a drawing illustrating a setting method of
a duty ratio D,;; according to the second embodi-
ment.

Fig. 11is a flow chart of an operation of energization
control of a coil 24 according to the second embod-
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iment.

Fig. 12 is a flow chart of a variation of the operation
of energization control of the coil 24 according to the
second embodiment.

DESCRIPTION OF THE EMBODIMENTS

[0013] In the following part, the present invention is
described through embodiments of the invention, but the
following embodiments do not limit the invention. Be-
sides, not all the combinations of characteristics de-
scribed in the embodiments are necessary to the solving
method of the invention. In addition, in the drawings, the
same or similar parts are marked with the same symbols
and repeated description is omitted sometimes. Moreo-
ver, shapes, sizes and the like of the elements in the
drawings may be exaggeratedly shown for a clearer de-
scription.

[0014] Inthe whole specification, as long as no oppos-
ing description exists, the expression that a certain part
"include(s)", "has/have" or "comprise(s)" a certain struc-
tural element means that other structural elements can
be further included instead of being excluded.

[0015] In the following part, a horn device according to
one embodiment of the present invention is described
with reference to drawings. The horn device according
to one embodiment of the present invention is, for exam-
ple, a horn device which is mounted on a front side of a
vehicle such as an automobile and produces a warning
sound.

(The first embodiment)

[0016] Fig. 1 is a drawing showing one example of a
schematic structure of a horn device A according to a
first embodiment. As shown in Fig. 1, the horn device A
comprises a resonator 1 and a horn body part 2.

The resonator 1 is mounted on the horn body part 2. The
resonator 1 resonates the sound produced by the horn
body part 2 and produces sound outside.

[0017] Fig. 2 is an external view of the resonator 1 ac-
cording to the first embodiment. As shown in Fig. 2, the
resonator 1 comprises a sound guide 10.

The sound guide 10 is spirally shaped. The sound guide
10 comprises a wall 11 and a sound outlet 12.

[0018] The wall 11 is an enclosure wall with an approx-
imately U-shaped cross section and a predetermined
thickness. On an internal side of the wall 11, a path is
formed. The path is formed for the sound produced in
the horn body part 2 to pass through.

In the central part of the spiral shape in the sound guide
10, a sound inlet (not shown) for the sound produced in
the horn body part 2 to get into is arranged.

The sound outlet 12 is a bugle-shaped opening part ar-
ranged on an outlet side of the sound guide 10.

[0019] According to the aforementioned structure, the
sound produced in the horn body part 2 resonates from
the sound inlet of the resonator 1 through the sound guide
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10 and is amplified to a predetermined sound pressure.
Then, the amplified sound is produced outside from the
sound outlet 12 of the resonator 1.

[0020] Back to Fig. 1, the structure of the horn body
part 2 according to the first embodiment is described.
The horn body part 2 comprises a case 20, a diaphragm
21, a movable iron core 22, a fixed iron core 23, a coil
24, a cover 25, an air vibration chamber (chamber) 26,
an airflow path 27 and a control device 28.

[0021] In the case 20, the diaphragm 21, the movable
iron core 22, the fixed iron core 23, the coil 24, the cover
25, the air vibration chamber (chamber) 26, the airflow
path 27 and the control device 28 are accommodated.
[0022] The diaphragm 21 is arranged to infill the open-
ing part of the case 20. The diaphragm 21 is, formed to
an approximate disk shape by stamping a thin steel plate
for example. In the central part of the diaphragm 21, the
movable iron core 22 is fixed. For example, the dia-
phragm 21 is fixed to the resonator 1 by being fastened
with a washer W.

[0023] The movableiron core 22 is formed to a cylinder
shape by magnetic material. One end of the movable iron
core 22 is fixed to the diaphragm, and the other end is
disposed facing the fixed iron core 23. Here, the shaft
center of the movable iron core 22 corresponds with the
shaft center of the fixed iron core 23. That s, the movable
iron core 22 and the fixed iron core 23 are disposed co-
axially with each other.

[0024] The fixed iron core 23 is disposed on the center
of the coil 24. That is, the fixed iron core 23 and the coil
24 are formed as an electromagnet. Besides, the fixed
iron core 23 is fixed to the case 20.

[0025] The coil 24 is formed by conductive material,
and is wound with a predetermined number of turns. The
coil 24 is electrically connected with the control device 28.
The cover 25 isfixed to the case 20.The periphery section
of the cover 25 is fastened to both the periphery section
of the case 20 and the periphery section of the diaphragm
21.

[0026] An air vibration chamber 26 is formed between
the cover 25 and the diaphragm 21.

The airflow path 27 is formed between the cover 25 and
the washer W. The airflow path 27 is configured to let the
air from the air vibration chamber 26 pass through, ac-
companied by the vibration of the diaphragm 21.
[0027] By energizing the coil 24, the control device 28
turns the fixed iron core 23 disposed on the center of the
coil 24 to an electromagnet and produces magnetic force.
[0028] In the following part, a sound producing method
according to the first embodiment is described.

By the magnetic force generated by the energization con-
trol performed to the coil 24 at a predetermined frequency
fout» the control device 28 moves the movable iron core
22 back and forth to vibrate the diaphragm 21. Accord-
ingly, a volume of the ring-shaped air vibration chamber
26, which is formed between the cover 25 and the dia-
phragm 21, increases or decreases. Therefore, air flow-
ing is generated in the airflow path 27. In this way, the
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diaphragm 21 vibrates at a predetermined frequency f
and the vibration becomes sound and is produced from
the airflow path 27. In addition, when the predetermined
frequency f,; is approximately the same as the reso-
nance frequency f;, the sound pressure is the largest.
Moreover, the resonance frequency f. is a value deter-
mined by, for example, the shape or material of the dia-
phragm 21 or the resonator 1, and varies in accordance
with the ambient temperature of the horn device A or the
heat generation of the coil 24.

[0029] In the following part, the structure of the control
device 28 according to the first embodiment is described
with reference to Fig. 3.

As shown in Fig. 3, the control device 28 comprises a
temperature measurement part 30, a current measure-
ment part 31, a power supply device 32, a driving part
33, a control part 34 and a memory part 35.

The temperature measurement part 30 measures the
ambienttemperature T ofthe horndevice A. Forexample,
the temperature measurement part 30 is arranged inside
the control device 28. Then, the temperature measure-
ment part 30 measures the temperature inside the control
device 28 as the temperature T. The temperature meas-
urement part 30 outputs the measured temperature T to
the control part 34.

[0030] The current measurement part 31 measures a
current value Ic flowing through the coil 24. The current
measurement part 31 outputs the measured current val-
ue Ic to the control part 34. For example, the current
measurement part 31 is a current transformer (CT). Be-
sides, the current measurement part 31 is a current
measurement circuit, which comprises a shunt resistor
arranged on the path of the current flowing through the
coil 24 and is configured to be capable of measuring the
current value Ic from the voltages of two ends of the shunt
resistor.

[0031] The power supply device 32 supplies power to
each part of the control device 28. For example, the pow-
er supply device 32 is a battery. For example, secondary
batteries such as a nickel-hydrogen battery or a lithium-
ion battery can be used as the power supply device 32.
Besides, instead of secondary batteries, an electric dou-
ble layer capacitor (condenser) can also be used.
[0032] BasedonaPWM (Pulse Width Modulation) sig-
nal output from the control part 34, the driving part 33
converts the direct-current power from the power supply
device 32 to an alternating-current power, and outputs
the converted alternating-current power to the coil 24. In
this way, the coil 24 is energized.

[0033] By outputting the PWM signal to the driving part
33, the control part 34 energizes the coil 24 and vibrates
the diaphragm 21 at a predetermined frequency. In this
case, the control part 34 changes the frequency which
vibrates the diaphragm 21 according to the temperature
T measured in the temperature measurement part 30.
Here, the frequency at which the diaphragm 21 vibrates
(referred to as "vibration frequency" hereinafter) is the
frequency f,; of the PWM signal.
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[0034] For example, by controlling the energization of
the coil 24 at the frequency f, ; corresponding to the tem-
perature T measured by the temperature measurement
part 30, the control part 34 moves the movable iron core
22 back and forth to vibrate the diaphragm 21. In addition,
the frequency f,; is set to correspond with the resonance
frequency fc.

The control part 34 can also set the frequency f, ; corre-
sponding with the temperature T measured by the tem-
perature measurement part 30 based on, for example, a
table stored in the memory part 35 in advance. In the
following part, the setting method of the frequency f,
according to the first embodiment is described with ref-
erence to Fig. 4.

[0035] As shown in Fig. 4, in the memory part 35, dif-
ferent frequencies f,, with respect to each predeter-
mined temperature range of the temperature T are stored
in the form of a table. For example, when the temperature
T is lower than a first temperature threshold Ty,4, the
frequency f,; is set to a value (fo+fx) obtained by adding
a predetermined frequency fx to a frequency fo. Here,
the frequency fo is the initial value of the frequency of
PWM signals.

[0036] When the temperature T is higher than the first
temperature threshold Ty,1 and lower than a second tem-
perature threshold Ty, (>Ty,1), the frequency f,; is set
to the frequency fj. In addition, the frequency fj is the
resonance frequency fc in normal temperature range
(higherthan the firsttemperature threshold T, and lower
than the second temperature threshold Ty,,).

When the temperature T is higher than the second tem-
perature threshold Ty, and lower than a third tempera-
ture threshold Ty,3 (>Ty,0), the frequency f,; is set to a
value (fo-fx) obtained by subtracting a predetermined fx
from the frequency fo. When the temperature T is higher
than the third temperature threshold Ty,5, the frequency
fout IS set to a value (fy-2fx) obtained by subtracting a
predetermined 2Xfx from the frequency fo. Moreover,
the temperature range and the frequency f,,; shown in
Fig. 4 are just examples, and the number of temperature
ranges or the frequency f, ; can be properly set. Howev-
er,the frequencyf, is setto increase as the temperature
T decreases.

[0037] Besides, the control part 34 changes a duty ratio
D, of the energization to the coil 24 according to the
current value Ic measured by the current measurement
part 31. For example, the control part 34 sets the duty
ratio corresponding to the current value Ic measured by
the current measurement part 31 as the duty ratio D
of the PWM signal. The control part 34 can also set the
duty ratio Dy, corresponding to the current value Ic
measured by the current measurement part 31 based
on, for example, a table stored in the memory part 35 in
advance. In the following part, the setting method of the
duty ratio D,,; according to one embodiment of the
present invention is described with reference to Fig. 5.
[0038] As shown in Fig. 5, in the memory part 35, dif-
ferent duty ratios D ; with respect ot each predetermined
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current range of the current value Ic are stored in the
form of a table. For example, when the current value Ic
is lower than a first current threshold ly,4, the duty ratio
Dot is set to a value (Do+Dx) obtained by adding a pre-
determined duty ratio Dx to a duty ratio Do. Here, the
duty ratio Do is the initial value of the duty ratio of PWM
signal. When the current value Ic is higher than the first
current threshold Iy, and lower than a second current
threshold Iy, (>ly,4), the duty ratio D, is set to the duty
ratio Do.

[0039] When the current value Ic is higher than the
second current threshold l,,, the duty ratio D, ; is set to
avalue (Do-Dx) obtained by subtracting the duty ratio Dx
from the duty ratio Do. In addition, the current range and
the duty ratio D;; shown in Fig. 5 are just examples, and
the number of the current ranges or the duty ratio D
can be properly set. However, the duty ratio D is set
in the range between the upper limit and the lower limit.
And the duty ratio D, is set to decrease as the current
value Ic increases.

[0040] In the following part, the operation of the ener-
gization control of the coil 24 according to this embodi-
ment is described with reference to Fig. 6.

First, the control part 34 sets the frequency f; to the
frequency fo which is the initial value. Besides, the control
part 34 sets the duty ratio D, to the duty ratio Do which
is the initial value (step S101). Here, when a warning
signal is obtained from outside, the control part 34 gen-
erates PWM signals of the set frequency f; and duty
ratio D, and outputs the generated PWM signals to the
driving part 33. In this way, the control part 34 energizes
the coil 24 and vibrates the diaphragm 21 at the frequency
fo, by which sound is produced from the sound outlet 12
of the resonator 1 to outside.

[0041] Next, the control part 34 obtains the tempera-
ture T from the temperature measurement part 30. The
control part 34 determines whether the obtained temper-
ature T is lower than the first temperature threshold Ty,
(step S103). In the case when the obtained temperature
T is determined to be lower than the first temperature
threshold Ty, 4, the control part 34 sets the frequency f,
to a value (fo+fx) obtained by adding the predetermined
frequency fx to the frequency fo (step S104). Here, the
expression that the temperature T is lower than the first
temperature threshold Ty, means that the temperature
T is in a range of low temperature. Here, the resonance
frequency fc becomes higher and higher as the ambient
temperature decreases. Therefore, in the treatment of
step S104, when the ambient temperature is a low tem-
perature, the control part 34 adds the frequency fx to the
frequency fo which is the present frequency f,; in order
to match the frequency f, ; with the resonance frequency
fc. That is, the control part 34 corrects the frequency f,
to the resonance frequency fc which becomes a higher
value as the temperature decreases. Accordingly, the
frequency f,,; is set to the resonance frequency fc
(=fo+fx).

[0042] Whenthe obtained temperature T is higher than
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the first temperature threshold Ty, the control part 34
determines whether the temperature T is lower than the
second temperature threshold Ty, (step S105). When
the obtained temperature T is determined to be higher
than the first temperature threshold T4 and lower than
the second temperature threshold Ty,,, the control part
34 sets the frequency f ; to the frequency fo (step S106).
In this way, in the treatment of step S105, when the tem-
perature T is determined to be within a range of normal
temperature, the control part 34 sets the present frequen-
cy foi to the frequency fo in order to match the frequency
fout With the resonance frequency fc.

[0043] On the other hand, when the obtained temper-
ature T is determined to be higher than the second tem-
perature threshold Ty, the control part 34 determines
whether the temperature T is lower than the third tem-
perature threshold Ty,5 (step S107). When the obtained
temperature T is determined to be higher than the second
temperature threshold Ty,, and lower than the third tem-
perature threshold Ty, 3, the control part 34 sets the fre-
quency f, to the value (fo-fx) obtained by subtracting
the predetermined fx from the frequency fo (step S108).
Here, the temperature T is higher than the second tem-
perature threshold Ty,, means that the temperature T is
in the range of high temperature. Here, the resonance
frequency fc becomes lower and lower as the ambient
temperature increases. Therefore, in the treatment of
step S108, when the ambient temperature is a high tem-
perature, the control part 34 subtracts the frequency fx
from the frequency fo which is the present frequency f,
in order to match the frequency f,; with the resonance
frequency fc. That is, the control part 34 corrects the fre-
quency f, ;tothe resonance frequency fc which becomes
a low value as the temperature becomes high. Accord-
ingly, the frequency f, ;; is set to the resonance frequency
fc (=fo-fx).

[0044] Whenthe obtainedtemperature T is determined
to be higher than the third temperature threshold Ty3,
the control part 34 sets the frequency f, ; to the value (fy-
2fx) obtained by subtracting 2 xXfx from the frequency fo
(step S109). That is, when the temperature T is higher
than the third temperature threshold Ty, s, the resonance
frequency fc becomes a value even lower than the value
(fo+fx) set in the treatment of step S108. Therefore, in
the treatment of step S109, the control part 34 subtracts
a value two times of the frequency fx from the frequency
fo which is the present frequency f, ; in order to match
the frequency f,; with the resonance frequency fc. Ac-
cordingly, the frequency f,; is set to the resonance fre-
quency fc (=fy-2fx).

[0045] Next, the control part 34 obtains the current val-
ue Ic from the current measurement part 31 (step S110).
The control part 34 determines whether the obtained cur-
rent value Ic is higher than the first current threshold Iy, 4
(step S111). When the obtained current value Ic is de-
termined to be lower than the first current threshold Iy, 4,
the control part 34 determines whether the present duty
ratio D, is the upper limit (step S112). When it is deter-
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mined that the present duty ratio D, is not the upper
limit, the control part 34 sets a value obtained by adding
a predetermined duty ratio Dx (for example, 10%) to the
present duty ratio D;; as a new duty ratio D ;. Accord-
ingly, when the current value Ic flowing through the coil
24 is lower than the first current threshold I, 4, the duty
ratio D, is raised (step $113). However, when the
present duty ratio D, is determined to be the upper limit,
the control part 34 sets the present duty ratio D, to the
duty ratio Do (step S115).

[0046] When the obtained current value Ic is deter-
mined to be higher than the first current threshold 4,
the control part 34 determines whether the current value
Ic is lower than the second current threshold Iy, (step
S114). When the obtained current value Ic is determined
to be higher than the first current threshold Iy, and lower
than the second current threshold |5, the control part
34 sets the present duty ratio D to the duty ratio Do
(step S115).

[0047] When the obtained current value Ic is deter-
mined to be higher than the second current threshold I,
the control part 34 determines whether the present duty
ratio D, ; is the lower limit (step S116). When it is deter-
mined that the present duty ratio D, is not the lower
limit, the control part 34 sets a value obtained by sub-
tracting a predetermined duty ratio Dx (forexample, 10%)
from the present duty ratio D,;; as a new duty ratio D
(step S117). On the other hand, when the present duty
ratio D is determined to be the lower limit, the control
part 34 sets the present duty ratio D, to the duty ratio
Do (step S115).

[0048] Here, the control part 34 usually controls the
current value Ic flowing through the coil 24 to a scope
ranging from the first current threshold I, to the second
current threshold ly,,. however, due to the change of the
ambient temperature, the resistance value of the coil 24
changes, so that the current value Ic flowing through the
coil 24 may fall outside the scope ranging from the first
current threshold ly,4 to the second current threshold ly,,.
For example, when the ambient temperature becomes a
low temperature and the resistance value of the coil 24
decrease, the current value flowing through the coil 24
may increase above the second current threshold ly,,. In
this situation, because the current value flowing through
the coil 24 increases, the magnetic force of the electro-
magnet increases. Accordingly, the movable iron core
22 and the fixed iron core 23 may collide with each other,
resulting in an abnormal noise. Therefore, when the cur-
rent value Ic flowing through the coil 24 increases above
the second current threshold |y, the control part 34 of
this embodiment prevents the increase of the magnetic
force of the electromagnet by reducing the duty ratio D ;.
Accordingly, the control part 34 can prevent the abnormal
noise generated due to the collision of the movable iron
core 22 and the fixed iron core 23.

[0049] As mentioned above, the horn device A accord-
ing to the first embodiment changes the frequency which
vibrates the diaphragm 21 according to the temperature

10

15

20

25

30

35

40

45

50

55

T measured by the temperature measurement part 30.
In this way, the horn device A can correct the vibration
frequency of the diaphragm 21 to the resonance frequen-
cy fc even when the resonance frequency fc changes
because of the change of the ambient temperature.
Therefore, the horn device A can ensure the predeter-
mined sound pressure even when the resonance fre-
quency fc of the diaphragm 21 changes because of the
increasing or decreasing of the ambient temperature.
[0050] Besides, the aforementioned horn device A
changes the duty ratio D ; according to the current value
Ic flowing through the coil 24. Accordingly, the control
part 34 prevented the increase of the current value Ic
flowing through the coil 24 due to the decreasing of the
ambient temperature. Therefore, the horn device A can
prevent the abnormal noise which is generated because
the movable iron core 22 and the fixed iron core 23 collide
with each other due to the increasing of the current value
Ic.

[0051] In addition, when the ambient temperature is
low, the control part 34 may deviate the frequency f,
from the resonance frequency fc by changing the cor-
rected frequency f, ;. Accordingly, the vibration of the
diaphragm 21 can be prevented and the abnormal noise
can be prevented. For example, as shown in Fig. 7, after
the treatment of step S104, the control part 34 may de-
viate the frequency f, ; from the resonance frequency fc
by performing the treatment (step S201) in which a value
obtained by subtracting 2 xXfx from the present frequency
fout IS set as the new frequency f . That is, when the
temperature T is lower than the predetermined temper-
ature, the control part 34 reduces the vibration frequency.
Moreover, in order to avoid the complication of the de-
scription, in steps S104 and S201 shown in Fig. 7, the
present frequency is referred to as the value '
[0052] Besides, in this embodiment, the setting meth-
od of the frequency f,; in steps S104, 106, 108 and 109
is just an example, and the presentinvention is not limited
to this situation. Thatis, when the temperature T falls into
the range of low temperature, the control part 34 just has
to set the frequency f,; to a value lower than the fre-
quency fo, and when the temperature T falls into the
range of high temperature, the control part 34 just has to
set the frequency f,; to a value higher than the frequency
fo.

(Second embodiment)

[0053] Fig. 8 is a drawing showing one example of a
schematic structure of a horn device B according to a
second embodiment. As shown in Fig. 8, the horn device
B comprises a resonator 1 and a horn body part 2B.
[0054] The resonator 1 is mounted to the horn body
part 2B. The resonator 1 resonates the sound produced
by the horn body part 2B and produces sound outside.
[0055] The horn body part 2B comprises a case 20, a
diaphragm 21, a movable iron core 22, a fixed iron core
23, a coil 24, a cover 25, an air vibration chamber 26, an
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airflow path 27 and a control device 28B.

[0056] Asshownin Fig. 9, the control device 28B com-
prises a temperature measurement part 30, a voltage
measurementpart40, apower supply device 32, adriving
part 33, a control part 34B and a memory part 35.
[0057] The voltage measurement part 40 measures a
voltage value Vb used to vibrate the diaphragm 21. For
example, the voltage measurement part 40 measures
the voltage value Vb output from the power supply device
32. Here, the voltage value Vb may be a voltage applied
to the coil 24. The voltage measurement part 40 outputs
the measured voltage Vb to the control part 34B.
[0058] The control part 34B energizes the coil 24 and
vibrates the diaphragm 21 at a predetermined frequency
by outputting PWM signals to the driving part 33. In this
situation, the control part 34 changes the frequency
which vibrates the diaphragm 21 according to the tem-
perature T measured by the temperature measurement
part 30. Besides, the control part 34B changes the duty
ratio D,; of the energization to the coil 24 according to
the voltage value Vb measured by the voltage measure-
ment part 40.

[0059] For example, the control part 34B sets the duty
ratio of the PWM signals to the duty ratio D, ; correspond-
ing to the voltage value Vb measured by the voltage
measurement part 40. The control part 34B may also set
the duty ratio D, ; corresponding to the voltage value Vb
measured by the voltage measurement part 40 based
on, for example, a table stored in the memory part 35 in
advance. In the following part, the setting method of the
duty ratio D, according to one embodiment of the
present invention is described with reference to Fig. 10.
[0060] As shown in Fig. 10, in the memory part 35,
different duty ratios D ; with respect to each predeter-
mined voltage range of the voltage value Vb are stored
in the form of a table. For example, when the voltage
value Vb is lower than a first voltage threshold Vy,4, the
duty ratio D, is set to a value, for example, (Dy+70%)
obtained by adding a predetermined value such as 70%
to the duty ratio Do.

Besides, when the voltage value Vb is higher than the
first voltage threshold Vy,4 and lower than a second volt-
age threshold Vy,»(>Vyy1), the duty ratio D, is set to a
value, for example, (Dy+65%) obtained by adding a pre-
determined value 65% to the duty ratio Do. Besides,
when the voltage value Vb is higher than the second volt-
age threshold Vy,, and lower than a third voltage thresh-
old Vi,3(>Vyyo), the duty ratio D, is set to a value, for
example, (Dy+55%) obtained by adding a predetermined
value 55% to the duty ratio Do.

[0061] Besides, when the voltage value Vb is higher
than the third voltage threshold Vy,3 and lower than the
fourth voltage threshold V,4(>Vy,3), the duty ratio D ; is
settoavalue, forexample, (Dy+45%) obtained by adding
a predetermined value 45% to the duty ratio D,
Besides, when the voltage value Vb is higher than the
fourth voltage threshold V4, the duty ratio D, is set to
a value, for example, (Do+40%) obtained by adding a
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predetermined value 40% to the duty ratio Do.

In this way, the duty ratio D, is set to decrease as the
voltage value Vb increases.

[0062] In the following part, the operation of the ener-
gization control of the coil 24 according to the second
embodiment is described with reference to Fig. 11. In
addition, because the treatments from step S301 to step
S309 are the same as the treatments from step S101 to
step S109 of the firstembodiment, the description is omit-
ted.

[0063] Next, the control part 34B obtains the voltage
value Vb from the voltage measurement part 40 (step
S310). The control part 34B determines whether the ob-
tained voltage value Vb is higher than the first voltage
threshold Vy,4 (step S311). When the obtained voltage
value Vb is determined to be lower than the first voltage
threshold Vy, 4, the control part 34B sets a value obtained
by adding 70% to the present duty ratio D, as a new
duty ratio D, ; (step §312).

[0064] One the other hand, when the obtained voltage
value Vb is determined to be higher than the first voltage
threshold Vy,4, the control part 34B determines whether
the voltage value Vb is lower than the second voltage
threshold Vy,, (step S313). When the obtained voltage
value Vb is determined to be higher than the first voltage
threshold Vy,1 and lower than the second voltage thresh-
old Vy,», the control part 34B sets a value obtained by
adding 65% to the present duty ratio D, as a new duty
ratio D, ; (step S314).

[0065] When the obtained voltage value Vb is deter-
mined to be higher than the second voltage threshold
Vino, the control part 34B determines whether the ob-
tained voltage value Vb is lower than the third voltage
threshold Vy,3 (step S315). When the obtained voltage
value Vb is determined to be higher than the second volt-
age threshold Vy,, and lower than the third voltage
threshold Vy,3, the control part 34B sets a value obtained
by adding 55% to the present duty ratio D, ; as a new
duty ratio D (step S316).

[0066] When the obtained voltage value Vb is deter-
mined to be higher than the third voltage threshold Vy,3,
the control part 34B determines whether the obtained
voltage value Vbis lowerthan the fourth voltage threshold
viha (step S317). When the obtained voltage value Vb is
determined to be higher than the third voltage threshold
Vi3 and lower than the fourth voltage threshold V4, the
control part 34B sets a value obtained by adding 45% to
the present duty ratio D, ; as a new duty ratio D (step
S318).

[0067] When the obtained voltage value Vb is deter-
mined to be higher than the fourth voltage threshold V4,
the control part 34B sets a value obtained by adding 40%
to the present duty ratio D, ; as a new duty ratio D
(step S319).

[0068] In this way, the control part 34B changes the
duty ratio of the energization to the coil 24 according to
the voltage value Vb measured by the voltage measure-
ment part 40. Accordingly, the control part 34 can prevent
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the abnormal noise which is generated because the mov-
able iron core 22 and the fixed iron core 23 collide with
each other due to the increasing of the voltage value Vb.
[0069] In addition, when the ambient temperature is
low, the control part 34B may deviate the frequency f,
from the resonance frequency fc by changing the cor-
rected frequency f ;. Accordingly, the vibration of the
diaphragm 21 can be prevented and the abnormal noise
can be prevented. For example, as shown in Fig. 12, after
the treatment of step S304, the control part 34B may
deviate the frequency f,; from the resonance frequency
fc by performing the treatment (step S201) in which a
value obtained by subtracting 2 Xfx from the present fre-
quency f' ;1 is set as the new frequency f, ;. Thatis, when
the temperature T is lower than the predetermined tem-
perature, the control part 34B reduces the vibration fre-
quency. Moreover, in order to avoid the complication of
the description, in steps S304 and S201 shown in Fig. 7,
the present frequency is referred to as the value f ;.
[0070] The control part 34 and 34B of the aforemen-
tioned embodiment may also be realized by a computer.
In this situation, a program used to realize the function
may be recorded in a computer-readable recording me-
dium, and the function may be realized by making a com-
puter system read in the program recorded in the record-
ing medium and implementing the program. In addition,
the "computer system" mentioned here includes a hard-
ware such as OS or peripheral device. Besides, the "com-
puter-readable recording medium" is a memory device
such as a movable medium like a flexible disk, a magnetic
optical disk, a ROM and a CD-ROM, and a built-in hard
disk in the computer system. Further, the expression of
"computer-readable recording medium" means a record-
ing medium which dynamically keeps programs for a
short time like a communication wire that transmits pro-
grams via a network such as the Internet or via a com-
munication line such as a telephone line, including a re-
cording medium which keeps programs for a specific time
like a volatile memory within the computer system which
becomes a server or client in this situation. Moreover,
the programs may be programs which are used to real-
ized a part of the functions, may be programs realized
by a further combination with programs which already
record the functions in the computer system, or may be
programs which are realized by using programmable log-
ic arrays such as a FPGA (Field Programmable Gate
Array).

[0071] In the aforementioned part, the embodiment of
the presentinvention is described in detail with reference
to the drawings, but the specific structure is not limited
to the embodiment, and the designs in a scope not de-
parting from the spirit of the present invention are also
included.

[0072] Thefactshould be noticed that the devices, sys-
tems and programs shown in the specification and the
drawings, as well as the implementation sequence of
each treatment of the operations, procedures, steps and
stages in the method can be performed in any sequence
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as long as there is no particular description such as
"before ...", "in advance of ..." and so on, and the result
of the former treatment is not used in the latter treatment.
As for the operation flow in the specification and the draw-
ings, even if the expressions of "first", "next" and so on
are used in the description for convenience, it is not nec-

essary to follow this sequence.

[Description of the Symbols]

[0073]

A, B Horn device

1 Resonator

2,2B Horn body part

20 Case

21 Diaphragm

22 Movable iron core

23 Fixed iron core

24 Coll

25 Cover

26 Air vibration chamber (chamber)
27 Airflow path

28,28B  Control device

30 Temperature measurement part
31 Current measurement part
32 Power supply device

33 Driving part

34,34B  Control part

35 Memory part

40 Voltage measurement part
Claims

1. Ahorndevice (A, B), whichis configured to resonate,
by a resonator (1), sound produced by vibrating a
diaphragm (21), comprising:

a control part (34, 34B) configured to vibrate the
diaphragm (21); and

a temperature measurement part (30); wherein
the control part (34, 34B) changes a vibration
frequency which vibrates the diaphragm (21) ac-
cording to a temperature measured by the tem-
perature measurement part (30).

2. The horn device (A, B) according to claim 1, com-
prising:

a coil (24);

a fixed iron core (23), which is disposed on a
center of the coil (24), and is fixed to a case (20);
and

a movable iron core (22), which is disposed fac-
ing the fixed iron core (23), and is fixed to the
diaphragm (21); wherein

the control part (34, 34B) controls energization
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of the coil (24) according to the vibration fre-
quency corresponding to the temperature meas-
ured in the temperature measurement part (30)
and vibrates the diaphragm (21).

The horn device (A) according to claim 2, comprising
a current measurement part (31) which is configured
to measure a current value flowing through the coil
(24), wherein

the control part (34) changes a duty ratio of ener-
gization to the coil (24) according to the current value
measured by the current measurement part (31).

The horn device (B) according to claim 2, comprising
avoltage measurement part (40) which is configured
to measure a voltage value used to vibrate the dia-
phragm (21), wherein

the control part (34B) changes a duty ratio of ener-
gization to the coil (24) according to the voltage value
measured by the voltage measurement part (40).

The horn device (A, B) according to any one of claims
1 to 4, wherein the control part (34, 34B) reduces
the vibration frequency when the temperature meas-
ured by the temperature measurement part (30) is
lower than a predetermined temperature.
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