
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

46
1 

60
2

B
1

TEPZZ 46_6Z B_T
(11) EP 2 461 602 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
17.12.2014 Bulletin 2014/51

(21) Application number: 11805366.9

(22) Date of filing: 13.07.2011

(51) Int Cl.:
H04R 1/10 (2006.01) H04R 1/22 (2006.01)

H04R 1/28 (2006.01)

(86) International application number: 
PCT/JP2011/004014

(87) International publication number: 
WO 2012/046368 (12.04.2012 Gazette 2012/15)

(54) EARPHONE

KOPFHÖRER

ÉCOUTEUR

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 05.10.2010 JP 2010225588

(43) Date of publication of application: 
06.06.2012 Bulletin 2012/23

(73) Proprietor: Yamagishi, Makoto
Setagaya-ku, Tokyo 156-0052 (JP)

(72) Inventor: Yamagishi, Makoto
Setagaya-ku, Tokyo 156-0052 (JP)

(74) Representative: Hellmich, Wolfgang
Lortzingstrasse 9
81241 München (DE)

(56) References cited:  
EP-A1- 1 629 801 EP-A2- 0 455 203
WO-A2-2007/089845 JP-A- 4 175 097
JP-A- 58 043 700 JP-A- H08 511 412
JP-A- 2000 341 784 JP-U- 3 160 779
US-A- 6 062 339 US-A1- 2003 081 794
US-A1- 2006 133 636  

• COX R M: "Acoustic aspects of hearing aid-ear 
canal coupling systems", MONOGRAPHS IN 
CONTEMPORARY AUDIOLOGY,, vol. 1, no. 3, 1 
March 1979 (1979-03-01), pages 1-44, 
XP007905558,

• ’Maximum Sensitivity Region of Human Hearing’, 
[Online] Retrieved from the Internet: <URL:http:
//hyperphysics.phy-astr.gsu.edu/h base/sound/
maxsens.html> [retrieved on 2014-03-26]

• ’Acoustic resonance’, [Online] 26 March 2014, 
Wikipedia Retrieved from the Internet: <URL:http:
//en.wikipedia.org/wiki/Acoustic_ resonance>



EP 2 461 602 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The present invention relates to a sound-isolating earphone which is used by inserting a sound emitting portion
into an entrance of an external auditory canal.

Background Art

[0002] The sound-isolating earphone is an ear plug structure as a whole comprising a sound emitting portion with its
rear face closed, and an ear pad having a sound exit at the distal end of a portion to be inserted into the external auditory
canal formed of soft plastic, rubber or the like having elasticity which is in close contact with the inner face of the external
auditory canal without a gap. Since the sound-isolating earphone can be attached by inserting the ear pad into the
external auditory canal, the sound-isolating earphone can be reliably attached to the entrance of the external auditory
canal. Also, the ear pad is made of a material having flexibility so that the ear pad can be elastically deformed easily in
accordance with the shape of the external auditory canal and can provide favorable wearing feeling.
[0003] As a result, the sound-isolating earphone which is used by being inserted into the entrance of the external
auditory canal has favorable sealing performances, provides high sound isolation, and reduces hearing of external noise,
and thus, high sound pressure sensitivity can be obtained and feeble sound can be heard even in a very noisy place.
Also, since it can be used by being inserted into the entrance of the external auditory canal, it has an advantage that
reduction in size and weight is easy.
[0004] In recent years, with spread of portable music players, development of a sound-isolating earphone capable of
outputting sound with a good sound quality is in increasing demand.
[0005] However, since a prior-art sound-isolating earphone has a structure to seal the external auditory canal, the
state of resonance in the external auditory canal changes between before and after the attachment of the earphone,
and resonance frequency is displaced and causes a significant defect in the frequency characteristic of the earphone.
[0006] Referring to Fig. 1, this point will be described below. Fig. 1 is a schematic diagram of an external auditory
canal. When a human being listens to sound, vibration of air generated outside passes an external auditory canal
entrance 7 and an external auditory canal 8 and then, reaches an eardrum 9 and vibrates the eardrum 9.
[0007] At this time, the external auditory canal 8 is, as illustrated in Fig. 1(a), in a state in which one end is closed by
the eardrum 9 and the external auditory canal entrance 7, which is the other end, is opened to the atmosphere. That is,
it is in a state of a pipe with one end closed and the other end open (hereinafter referred to as one-end closed pipe).
Therefore, one-end closed pipe resonance using the external auditory canal 8 as a resonance box occurs.
[0008] If the one-end closed pipe resonance occurs, standing waves occur and such resonance occurs that the vibration
of air at the closed end of the closed pipe becomes the minimum (pressure variation is the maximum), and the vibration
of air at the open end of the closed pipe becomes the maximum (the pressure variation is the minimum).
[0009] Fig. 1 (b1) and Fig. 1 (b2) schematically illustrate the state in which the one-end closed pipe resonance occurs.
A solid line indicates a resonance box of the one-end closed pipe, while a broken line indicates amplitude of air vibration.
[0010] The frequency characteristics when a sound wave passes through the external auditory canal including the
resonance state are found as follows:
[0011] An expression p1 of a sound wave having a wavelength λ travelling at a speed V from the external auditory
canal entrance 7 to the eardrum 9 (this is referred to as a +x direction) at time t can be expressed as follows. Here,
reference character A is an arbitrary value: 

[0012] Similarly, a sound wave p2 reflected by the ear drum 9 and travelling at the speed V to the external auditory
canal entrance 7 (this is referred to as a -x direction) can be expressed as follows.: 

[0013] Since an advancing wave and a sound wave reflected by a closed bottom and returned coexist in the one-end
closed pipe, a sound wave P obtained by synthesizing the both can be expressed as follows: 
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[0014] When this is rewritten using a frequency f with the relationship of A = V/f, 

is obtained.
[0015] The first half of the formula of the synthesized sound wave P shows the amplitude at a position x regardless
of time, while the second half shows a temporal fluctuation portion, which indicates a standing wave, not a traveling
wave. A point where the amplitude is the maximum all the time irrespective of the time t is found as follows: 

Therefore, 

Considering only the positive part of the x-coordinate, it is x = (2n-1) λ/4, where n is a positive integer.
[0016] Since the resonance state occurs only when the distance between the points where the amplitude is the
maximum all the time is the same as a length L of the resonance box, substituting x = L in the above formula, and obtain 

Here, since λ = V/f 

is true.
[0017] As described above, the resonance of the one-end closed pipe occurs when the length of the resonance box
is (2n - 1) times as long as one-fourth wavelength. Here, n is a positive integer. Fig. 1 (b1) shows the state of primary
resonance (n = 1), while Fig. 1(b2) shows the state of secondary resonance (n = 2).
[0018] The length of external auditory canal 8 is approximately 25 to 30 mm. That is, supposing that the sound speed
at 15 degrees Celsius is 340 m/s and the length of the resonance box is 25 to 30 mm, a resonance frequency f1 of the
primary resonance (n = 1) shown in Fig. 1 (b1) is found from the formula 2 as follows: 

A resonance frequency f2 of the secondary resonance (n = 2) is 

[0019] A sound pressure-frequency characteristic obtained at the closed end, that is, at the eardrum position when



EP 2 461 602 B1

4

5

10

15

20

25

30

35

40

45

50

55

the sound wave with a constant size is incident from an opening end of the resonance box by changing the frequency
is shown by a graph in Fig. 2.
[0020] Theoretically, since resonance occurs only at the resonance frequency, the sound pressure-frequency char-
acteristic shows a sharp peak, but actually, the characteristic as distributed before and after that frequency is obtained.
[0021] Therefore, the sound pressure-frequency characteristics at the eardrum position are subjected to the influence
of the one-end closed pipe resonance in the external auditory canal and have peaks at 2.8 to 3.4 kHz and at 8.5 to 10.2
kHz as illustrated in Fig. 2. That is, when the earphone is not attached, the eardrum hears sound in the outside world
through an acoustic filter having the frequency characteristics illustrated in Fig. 2, and the reception sensitivity of the
eardrum can be considered to have a frequency characteristic that the sound having the characteristics in Fig. 2 is heard
flat when it is inputted. That is, it is the characteristics vertically reversed in the vertical axis direction in Fig. 2.
[0022] However, since the sound-isolating earphone 10 has the earplug structure having the ear pad 5, when the
sound-isolating earphone 10 is attached as shown in Fig. 3(a), the earphone blocks the external auditory canal entrance
7 and changes the resonance mode. That is, the one-end closed pipe resonance changes to both-end closed pipe
resonance with the both ends closed using the external auditory canal 8 as a resonance box.
[0023] Fig. 4 shows an internal structure of the sound-isolating earphone 10. As illustrated in Fig. 4, inside the earphone
is constituted by an electro-acoustic transducer 2, a sound emitting port 15 which emits a sound wave to the external
auditory canal entrance 7, and a sound leading portion 4 which connects the electro-acoustic transducer 2 and the sound
emitting port 15. The electro-acoustic transducer 2 is protected by an external housing 1 and fixed to the external housing
1 by a suitable method, not shown.
[0024] The electro-acoustic transducer 2 is formed of a coil 21, a permanent magnet 22, and a diaphragm 23. The
diaphragm is made of a thin plate of magnetic metal. By applying a current having an acoustic waveform to the coil, the
diaphragm 23 vibrates in compliance with the acoustic waveform, and a sound wave is emitted toward the sound leading
portion 4 in the direction to the right in Fig. 4. The rear face of the diaphragm 23, which is a sound emitting portion, is sealed.
[0025] As shown in Fig. 3, the sectional area of this sound emitting port 15 is smaller than the sectional area of the
external auditory canal 8, and thus, reflection of the sound wave in the external auditory canal 8, which causes the
standing wave, occurs on the end faces of the sound emitting port 15 and the ear pad 5 substantially without entering
the sound leading portion 4. Therefore, the size, that is, the length in the depth direction of the external auditory canal
8 as the resonance box when the sound-isolating earphone is attached is determined by a position where the eardrum
9, the ear pad 5, and the sound emitting port 15 block the external auditory canal 8.
[0026] Actually, the position where the ear pad 5, and the sound emitting port 15 block the external auditory canal is
slightly changed depending on the insertion condition of the earphone, but as shown in Fig. 3, it is assumed to be
substantially equal to the position of the external auditory canal entrance 7, that is, it has the same pipe length as the
case of the one-ended closed pipe. The actual length of the both-end closed pipe is also slightly different from the case
of the one-end closed pipe, but the above assumption is made to facilitate the analysis.
[0027] Fig. 3(b1) and Fig. 3 (b2) are explanatory diagrams of both-end closed pipe resonance and schematically
illustrate the state in which the both-end closed pipe resonance occurs. A solid line indicates the both-end closed pipe
and a broken line indicates amplitude of air vibration.
[0028] In the both-end closed pipe resonance state in which the standing wave occurs, the amplitude of air at the
positions of the ear drum 9, which is a pipe end, and the ear pad 5 inserted into the external auditory canal entrance 7
becomes the minimum (the pressure change is the maximum), and the air vibration at the position in the middle between
the ear drum 9 and the ear pad 5 becomes the maximum (the pressure change is the minimum).
[0029] The resonance of the both-end closed pipe becomes the standing wave when the length of the pipe is the
wavelength of n times as long as the half wavelength. Here, n is a positive integer.
[0030] Fig. 3(b1) shows the case of the primary resonance (n = 1), while Fig. 3(b2) shows the case of the secondary
resonance (n = 2).
[0031] As shown in Fig. 3(b1), if the pipe length of the both-end closed pipe is 25 to 30 mm, the standing wave having
this length as the half wavelength becomes a resonance wave, and supposing that the sound speed at 15 degrees
Celsius is 340 m/s, a resonance frequency f1’ of the primary resonance (n = 1) is 5.7 to 6.8 kHz. Also, as shown in Fig.
3(b2), the secondary resonance (n = 2) becomes the standing wave having the pipe length of 25 to 30 mm as 1 wavelength,
and thus, a resonance frequency f2’ at that time is 11.3 to 13.6 kHz.
[0032] Fig. 5 shows the sound pressure-frequency characteristics at the eardrum position of the sound-isolating ear-
phone. When the earphone is not attached, it becomes the resonance mode of the one-end closed pipe. The sound
pressure-frequency characteristics assuming that the sound having a flat frequency characteristic equal to the sound
source of the earphone is supplied to the external auditory canal entrance 7 is indicated by a broken line. When the
earphone is attached, the characteristic becomes the resonance mode of the both-end closed pipe, and the sound
pressure-frequency characteristic at the eardrum position in that case is indicated by a solid line. As shown in this figure,
the sound pressure at the eardrum position when the earphone is not attached has peaks at 2.8 to 3.4 kHz and at 8.5
to 10.2 kHz, but the sound pressure peak at the eardrum position when the earphone is attached is subjected to the
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influence of the closed-pipe resonance in the external auditory canal and is displaced to 5.7 to 6.8 kHz and to 11.3 to
13.6 kHz, respectively.
[0033] The reception sensitivity characteristics of the human auditory system is such that the sound of any frequency
is heard flat when sound with the frequency characteristics shown in Fig. 2 is inputted to the eardrum. As shown in Fig.
2, the sound around 3 kHz which is emphasized by resonance of the one-end closed pipe of the external auditory canal
8 and which constitutes a peak when the earphone is not attached changes to both-end closed pipe resonance mode
when the sound-isolating earphone is attached and does not constitute a peak around 3 kHz as indicated by a solid line
in Fig. 5. Thus, the sound around 3 kHz is heard weaker than it actually is.
[0034] Also, since the sound around 6 kHz is emphasized by the both-end closed pipe resonance mode as indicated
by the solid line in Fig. 5 when the sound-isolating earphone is attached, there is a problem that a quasi-sonant state
occurs, and it sounds like an echo.
[0035] In order to solve this problem, as a general method, the frequency characteristic can be corrected by an electric
method, but for that purpose, an amplifier and a filter circuit exclusive for the sound-isolating earphone need to be added,
which complicates the circuit and requires a power supply. Reduction in size, weight and price cannot be realized easily
with the earphone including such circuit. In order to realize reduction of size and price, a method of realizing a desired
frequency characteristic only by an electric filter circuit can be considered, but if an amplifier is not included, lowering of
the sound volume cannot be avoided.
[0036] In order to avoid difficulty of adding an electric circuit, some technologies to solve the problems unique to this
sound-isolating earphone with a non-electric method have been proposed. As one of such examples, a technology of
placing an acoustic resistor (damper) in a sound path and a technology of changing the length or an opening area of
the sound path are disclosed (JP 3160779 (Japanese Utility Model Registration No.) and JP 2007-318702).
[0037] According to the technology of JP 3160779, it is proposed that an acoustic resistor (damper) 6 is interchangeably
installed in the middle of the sound path from an electro-acoustic transducer 2 inside the earphone to the sound emitting
port 15 which leads the sound wave to the external auditory canal via the cylindrical sound leading portion 4 so as to
adjust the sound quality of the earphone to preference of a user as means for suppressing high-frequency acoustics,
which constitutes a problem.
[0038] Fig. 6 shows a sectional view of the earphone having the acoustic resistor 6. This is a general structure of an
earphone having the acoustic resistor 6, and as the acoustic resistor 6, an unwoven cloth or a thin piece of foamed
urethane is used.
[0039] Fig. 7 is a graph illustrating the sound pressure-frequency characteristics of the earphone having the acoustic
resistor 6. A broken line indicates a characteristic when a sound-isolating earphone not having the acoustic resistor 6
is attached, while a solid line indicates a characteristic when the acoustic resistor 6 is provided for comparison. By
referring to the sound pressure-frequency characteristic as the result of attachment of the sound resistor 6 as described
above, it is understood that the peak around 6 kHz is suppressed.
[0040] Also, JP 2007-318702 proposes an adjustment pipe which can be detachably attached to the inside of an
acoustic pipe installed on the side opposite to the sound-wave emitting direction and having different conditions with a
different material or length and a method of providing a screw with different adjustment holes which can be interchanged
for changing the opening area of the sound leading pipe or the acoustic pipe in order to change the frequency charac-
teristics of the sound wave passing through the sound path.
[0041] With the method using the acoustic resistor (damper) as disclosed in JP 3160779, as shown in Fig. 7, the peak
around 6 kHz is certainly suppressed in general and echoing sound is eliminated, but since the sound pressure is reduced
over the entire sound range, the following problems newly develop.
[0042] That is, in Fig. 7, a broken line indicates the sound pressure-frequency characteristics at the eardrum position
when a sound-isolating earphone without any measure is attached, while a solid line indicates the sound pressure-
frequency characteristics when a sound-isolating earphone having the acoustic resistor 6 (damper) according to the
technology of JP 3160779 is attached.
[0043] By comparing the two characteristics, with the technology of JP 3160779 indicated by the solid line, the sound
pressure around 6 kHz is certainly suppressed to the level equal to the case without an earphone, that is, the level in
Fig. 2, but since the sound pressure in a high frequency range up to slightly above the vicinity of 10 kHz which affects
the sound quality is largely deteriorated, the sound would lose most of high tones, which is a problem. Moreover, since
the sound pressure is lowered over the entire sound range, the sound volume is insufficient as a whole, which is also a
problem.
[0044] Also, according to the technology disclosed in JP 2007-318702, since a pipe for changing the frequency char-
acteristics becomes extremely long, and a screw with holes are arranged in series, the sound leading pipe becomes
extremely long and a feature of a sound-isolating earphone of being compact is extremely damaged, which is a problem.
[0045] WO 2007/089845 A2 discloses an insert earphone apparatus which may comprise an insert element. The insert
element may comprise a main sound channel for communicating the sound energy from the transducer to a user. The
path of sound is discriminate between a main sound channel and an auxiliary sound path which is comprised of series
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of multiple elements like a first sound channel, an auxiliary volume space and a second sound channel. One or more of
the insert earphone apparatus and the insert element may comprise one or more auxiliary ducts and one or more auxiliary
volume spaces. For flattening the frequency characteristic, WO 2007/089845 A2 discloses e. g. damping element. The
insert earphone may be adapted for deep insertion in the ear canal of a user to achieve high levels of external noise
reduction. Deep insertion of the earphone may be enabled by a slender form factor so that or more of external noise
isolation may be achieved by the earphone.
[0046] EP 0 455 203 A2 discloses a hearing aid receiver transducer. In the receiver housing of the transducer two
acoustic chambers are connected on two sides of the receiver diaphragm. The acoustic chambers are conntected through
an outlet ports with sound transmission tubes and coupled into the ear canal of the hearing aid user. Between the second
sound outlet port and the second chamber there is a contamination stop, which may comprise a series of barriers leaving
a clear but tortuous path between port to chamber to stop contaminants while allowing unimpeded flow of acoustic waves
therebetween.

Summary of Invention and Technical Problem

[0047] It is the object of this invention to provide an earphone which provides improved sound quality.
[0048] This object is achieved by the subject matter of the independent claims.
[0049] Preferred embodiments of the invention are the subject matters of the dependent claim.
[0050] The present invention was made in view of the above problems and has an object to provide a sound-isolating
earphone used by inserting a sound emitting portion into an external auditory canal entrance, provided with two separated
sound leading pipes having different path lengths as a sound leading portion which transfers a sound wave generated
from an electro-acoustic transducer to the external auditory canal entrance so that the two sound waves generated from
the electro-acoustic transducer and having passed through the two sound leading pipes are synthesized at the external
auditory canal entrance and to suppress the sound pressure of a frequency having a difference in the paths of the two
sound leading pipes as a half wavelength.
[0051] A basic idea to solve the problems will be described. Here, the signs "« »" are assumed to express the frequency
characteristics. An earphone sound source refers to the sound outputted from a diaphragm of an electro-acoustic trans-
ducer. Also, a «transfer function of a one-end closed pipe resonance box» refers to a frequency characteristic of the
transfer function using the external auditory canal as the resonance box when the earphone is not attached, and «transfer
function of a both-end closed pipe resonance box» refers to a frequency characteristic of the transfer function using the
external auditory canal as the resonance box when the earphone is attached.
[0052] When the earphone is not attached, the following formula holds:

[0053] Also, since the earphone is not attached, the sound pressure applied to the external auditory canal entrance
cannot be specified, but in order to facilitate calculation, assuming that a sound pressure equal to the sound pressure
of the sound source of the earphone is applied to the external auditory canal entrance, 

is obtained.
[0054] Therefore, 

is obtained.
[0055] Subsequently, when the sound-isolating earphone is attached, the following formula holds: «Sound pressure
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applied to the eardrum» 

[0056] And also, 

is true.
[0057] Therefore, 

is obtained.
[0058] What is required is that «Sound pressures applied to the eardrum» acquired by the formula 3 and the formula
4 become equal, and thus, 

is obtained.
[0059] When this formula is put in order, the following expression is obtained: 

[0060] According to this formula, the transfer function of the sound leading portion of the sound-isolating earphone on
the left side is requested to create the following state. That is, what the numerator on the right side means is that the
characteristics of the one-end closed pipe resonance box without attaching the earphone is reproduced in a state in
which the sound-isolating earphone is attached. Also, the denominator on the right side means realization of the char-
acteristics which cancels the characteristics of the both-end closed pipe resonance box generated by attachment of the
sound-isolating earphone.
[0061] The inventor found that the sound quality is substantially improved by realizing the characteristics indicated by
the denominator on the right side or particularly by suppressing the sound in which the vicinity of 6 kHz is abnormally
emphasized. Also, the inventor found that, by ensuring the entire sound volume, even if the sound pressure around 3
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kHz is not reproduced, it is not noticeable since the entire sound volume is ensured in accordance with the characteristics
shown by the numerator on the right side.
[0062] That is, since the characteristic has become such that a peak is provided around 5.7 to 6.8 kHz due to the both-
end closed pipe resonance using the external auditory canal as the resonance box, it is important that the frequency
characteristics of the transfer function of the sound leading portion of the sound-isolating earphone suppresses the
sound having the frequency with this peak.
[0063] The present invention realized the above by using a phenomenon in which sound with a specific frequency is
damped when a sound wave passes through two paths with different lengths and then, are synthesized again.
[0064] Fig. 8(a) is a conceptual diagram of the sound-isolating earphone having two sound leading pipes having
different path lengths of the present invention. A first path of the sound wave is a path from the diaphragm 23 of the
electro-acoustic transducer 2 inside the earphone to the sound emitting port 15 inserted into the external auditory canal
entrance via the linear sound leading pipe 11. A second path of the sound wave is a path similarly from the diaphragm
23 of the electro-acoustic transducer 2 inside the earphone to the sound emitting port 15 via sound leading pipes 12,
13 and 14, which are installed in a U-shape as a bypass of the linear sound leading pipe 11.
[0065] The sound wave having entered the sound leading pipe 11 is separated at a P point, which is a branch point,
to a sound wave which continuously travels through the sound leading pipe 11 and a sound wave which travels through
the sound leading pipe 12. The separated two sound waves pass through the sound leading pipe 11, the sound leading
pipes 12, 13, and 14, respectively, merge again with each other at a merging point Q, reaches the sound emitting port
15 and enters the external auditory canal.
[0066] Fig. 8(b) is a conceptual diagram of a state in which the two sound waves are synthesized. Fig. 8(b) shows
that the sound from one sound source travels through the two paths separately and if their phases are shifted from each
other by 180 degrees at the exit of the paths due to the difference in the length of the paths, for example, the amplitude
of the synthesized sound waves becomes zero.
[0067] This is expressed below by an expression. Assume that a signal P(w) of the P point is: 

(Here, ω is an angular speed, t is time, and A is an arbitrary constant.)
the signal Q(ω) when the sound is branched uniformly to the two paths at the P point, passes through the respective
predetermined paths and is synthesized again at a synthesizing point Q is as follows, when V is a sound speed and L
is a difference in the length of the two paths: 

[0068] In this expression, since the waveform is not changed even if an observation point of the waveform is shifted
forward only by L/2V on the time axis, 

is obtained.
[0069] From the formula 6, a transfer function TPQ of the waveform reaching the Q point from the P point is: 

and thus, the transfer function TPQ’ of the sound pressure: 
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is obtained. If this expression is rewritten by using ω = 2πf, 

(Here, f is a frequency.)
is obtained.
[0070] Fig. 9 is a transfer function of the sound leading portion of the sound-isolating earphone. The transfer function
TPQ’ when the sound waves pass through the two paths having a path length difference of 25 to 30 mm (corresponding
to the average length of the external auditory canal) with the sound speed of 340 m/s and then, synthesized again
(formula 7) is indicated by a solid line. That is, this transfer function corresponds to <<Transfer function of both-end
closed pipe resonance box>>-1, which is the second term on the right side in the expression which gives «Transfer
function of sound leading portion of sound-isolating earphone» shown in the formula 5 and acts to suppress the char-
acteristics emphasized by the both-end closed pipe resonance box.
[0071] That is, in the formula 7, in the case of 2L = V/f (twice the path length difference is equal to the wavelength),
the transfer function shows a trough in the frequency characteristics around f = V/2L ≅ 6 kHz.
[0072] Moreover, Fig. 9 shows «Transfer function of both-end closed pipe resonance box» indicated by the solid line
in Fig. 5 by a broken line in a superimposed manner.
[0073] By synthesizing the solid line <<Transfer function of sound leading portion of ear-isolating earphone) and the
broken line <<Transfer function of both-end closed pipe resonance box>> shown in Fig. 9 in accordance with the formula
5, a graph indicated by a solid line in Fig. 10 as <<Sound pressure applied to eardrum>> when the sound-isolating
earphone having the plurality of paths of the present invention is attached is obtained.
[0074] This graph shows the frequency characteristics to be applied to the eardrum when a human being wears the
sound-isolating earphone having the U-shaped sound leading pipe shown in the conceptual diagram in Fig. 8 as a bypass.
[0075] Moreover, Fig. 10 shows the frequency characteristics of «Transfer function of both-end closed pipe resonance
box» (the both-end closed pipe resonance characteristics indicated by the solid line in Fig. 5) when a human being wears
a simple sound-isolating earphone without any special measure including the technologies proposed in JP 3160779 and
JP 2007-318702, indicated by a broken line in a superimposed manner.
[0076] By comparing the both characteristics, it is understood that in the sound-isolating earphone having the U-
shaped bypass, the sound pressure around 6 kHz is suppressed better than the simple sound-isolating earphone and
has a relatively flat characteristic and a peak around 12 kHz in a high-frequency range which might affect the sound quality.
[0077] In Fig. 10, in the graph of a solid line indicating the frequency characteristics of the «Sound pressure applied
to eardrum», the shape of the graph of the characteristics at the center part around 6 kHz is expressed as projecting
upward, but whether the shape of the graph projects upward or downward is actually determined by the design of the
sound-isolating earphone or the state of attachment, and the shape itself is not so important.
[0078] The important point here is that the large peak around 6 kHz is suppressed by the present invention, and
echoing is eliminated. On the other hand, the characteristics of the sound pressure in the high-frequency range up to
slightly above the vicinity of 10 kHz, which affects the sound quality, is considerably emphasized, but due to the nature
of the human ears, even if the sound pressure around here is considerably emphasized, it does not become echoing
but is heard as the sound which only its high tone is emphasized and is not annoying.
[0079] Moreover, at the right end in the graph of the high-tone range, the characteristics above the vicinity of 15 kHz
is lowered in the end, but this range is originally difficult to be heard by human ears, and it hardly affects the actual sound
quality of the earphone.

Advantageous Effects of Invention

[0080] That is, lowering of the sound volume of the entire sound range can be prevented while the sound pressure
peak in the undesired frequency caused by both-end closed pipe resonance is suppressed, since in the sound-isolating
earphone of the present invention used by inserting the sound emitting portion into the external auditory canal entrance,
the two separated sound leading pipes having different path lengths are provided as the sound leading portion which
transfers the sound wave generated from the electro-acoustic transducer to the external auditory canal so that the two
sound waves generated from the electro-acoustic transducer and having passed through the two sound leading pipes
are synthesized at the sound emitting port in the vicinity of the external auditory canal entrance, and the sound pressure
of the frequency having the path length difference of the two sound leading pipes as the half wavelength and the frequency
of the integer times can be suppressed. As a result, such an effect can be obtained that the sound quality hardly different
from the case without wearing the earphone can be realized.
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Brief Description of Drawings

[0081]

Figs. 1 are schematic views of an external auditory canal.

Fig. 2 is a sound pressure-frequency characteristic at an eardrum position.

Figs. 3 are diagrams illustrating a sound-isolating earphone when attached.

Fig. 4 is a schematic diagram illustrating an internal structure of the sound-isolating earphone.

Fig. 5 is a sound pressure-frequency characteristic at the eardrum position of the sound-isolating earphone.

Fig. 6 is a sectional view of an earphone having an acoustic resistor.

Fig. 7 is the sound pressure-frequency characteristic when the earphone having the acoustic resistor is attached.

Figs. 8 are conceptual diagrams illustrating a bypass path of a sound leading pipe.

Fig. 9 is a transfer function of the sound leading portion of the sound-isolating earphone.

Fig. 10 is the sound pressure-frequency characteristic of the sound-isolating earphone having a bypass path.

Figs. 11 are sectional views of a sound-isolating earphone provided with a sound leading portion formed of a double
cylindrical member.

Figs. 12 are schematic diagrams of the sound leading portion in which a folded type sound leading pipe is installed.

Figs. 13 are side views of the sound leading portion in which the folded type sound leading pipe is installed.

Fig. 14 is a schematic diagram of a cubic structure of a sound leading portion having a sound leading pipe folded
four times.

Fig. 15 is the sound pressure-frequency characteristic of each method at the eardrum position.

Description of Embodiments

[0082] A sound-isolating earphone according to the present invention will be described below by referring to an em-
bodiment.

Embodiment 1

[0083] A first embodiment is a sound-isolating earphone used by inserting a sound emitting portion into an external
auditory canal entrance, characterized by including two separated sound leading pipes having different path lengths as
a sound leading portion which transfers a sound wave generated from an electro-acoustic transducer to the external
auditory canal entrance so that two sound waves generated from the electro-acoustic transducer and having passed
through the two sound leading pipes are synthesized at the external auditory canal entrance, the sound pressure of a
frequency having the path length difference of the two sound leading pipes as a half wavelength is suppressed, and the
path length difference of the two sound leading pipes is equal to an interval between the external auditory canal entrance
and an eardrum in the depth of the external auditory canal.
[0084] Moreover, this embodiment is a sound-isolating earphone characterized in that the sound leading portion
which transfers the sound wave generated from the electro-acoustic transducer to the external auditory canal entrance
is formed of a double cylindrical member, a helical groove is formed in an outer periphery of a second cylindrical member
fitted in the inside of a first cylindrical member on the outside, and a first sound leading pipe, which is a linear path
forming an inner peripheral face of the second cylindrical member, and a second sound leading pipe, which is a path
constituted by an inner peripheral face of the first cylindrical member and the helical groove formed in an outer periphery
of the second cylindrical member are provided.
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[0085] The first embodiment will be described by referring to Figs. 11. Fig. 11(a) is a sectional view of the sound-
isolating earphone provided with the sound leading portion formed by the double cylindrical member. Fig. 11(b) is a
schematic diagram of a cylindrical member 42 having a helical groove. Fig. 11 (c) is a front view of a sound leading portion 4.
[0086] As illustrated in Fig. 11 (a), the sound-isolating earphone is formed of an electro-acoustic transducer 2 installed
inside an external housing 1, a lead wire 3 which connects the electro-acoustic transducer 2 to an external amplifier or
the like, the sound leading portion 4 which transfers a sound wave generated by the electro-acoustic transducer 2 to
the external auditory canal, and an ear pad 5 which becomes a cushion when being inserted into the external auditory
canal and shuts off noises from the outside at the same time.
[0087] The sound leading portion 4 is fixed to the external housing 1 by an appropriate method, not shown. The ear
pad 5 is inserted into the sound leading portion 4 over a projection formed at the distal end portion of the sound leading
portion 4 by using its elasticity and fixed. The ear pad 5 can be replaced as appropriate.
[0088] In the prior-art sound-isolating earphone shown in Fig. 4, the sound leading pipe which leads the sound wave
to the external auditory canal from the electro-acoustic transducer 2 inside the earphone is a simple pipe. The sound
leading portion 4 in this embodiment shown in Fig. 11 (a) is formed of the double cylindrical member, that is, a first
cylindrical member 41 on the outside and a second cylindrical member 42 on the inside. The outer diameter of the
second cylindrical member 42 is equal to the inner diameter of the first cylindrical member 41, and they are configured
such that the second cylindrical member 42 fits perfectly in the inside of the first cylindrical member 41.
[0089] The external housing 1 is made by molding hard plastic or the like. The cylindrical member 41 and the cylindrical
member 42 are made by molding or cutting hard plastic, metal, or the like. The ear pad 5 is made by molding soft plastic
or rubber.
[0090] The electro-acoustic transducer 2 is fixed to the external housing 1 by an appropriate method, not shown. The
electro-acoustic transducer 2 is formed of a coil 21, the permanent magnet 22, and the diaphragm 23. The diaphragm
is made of a thin plate of magnetic metal. By applying a current having an acoustic waveform to the coil, the diaphragm
vibrates in compliance with the acoustic waveform, and a sound wave is emitted toward the sound leading portion 4 in
the direction to the right in Fig. 11 (a).
[0091] As shown in Fig. 11(a) and Fig. 11(b), a linear hole 43 at the center of the second cylindrical member 42 is a
first sound leading pipe 43.
[0092] Similarly, as shown in Fig. 11(b), helical groove 44 is formed in the outer peripheral face of the second cylindrical
member 42. By inserting the second cylindrical member 42 into the hole in the first cylindrical member 41 as shown in
Fig. 11 (c), a second sound leading pipe 44 is composed of the inner peripheral face of the first cylindrical member 41
and the helical groove 44 formed in the outer periphery of the second cylindrical member 42. The sound waves enter
and pass through these two sound leading pipes, respectively.
[0093] Since this second sound leading pipe 44 has a helical shape, the length of the passage is longer than the length
of the second cylindrical member 42. When the sound waves pass through the two sound leading pipes with different
whole lengths independently and merge with each other at the exit, the air vibration is offset by the frequency at which
the difference in the path lengths becomes a half wavelength. As a result, the sound waves are damped, and a trough
is generated at the position of the frequency in the frequency characteristics.
[0094] The fact that a required numerical value can be realized in this embodiment will be shown below. Since a
wavelength λt of the sound wave with 6 kHz, which is the frequency to be damped, has the speed of sound at approximately
340 m/s at 15 °C, 

is obtained.
[0095] In Fig. 11(a), the length of the path through the linear first sound leading pipe 43 is the length of the cylindrical
member 42. This is assumed to be L mm. The length of the path through the helical second sound leading pipe 44 should
be the length obtained by adding L to the half-length of the wavelength acquired by calculation, which is 28.3 mm.
[0096] Assume that the length of the cylindrical member 42 is L mm, the diameter is D mm, the depth of the helical
groove 44 is S mm, and the number of helical turns is m times. Using the position at the half depth of the depth of the
helical groove 44 as the reference of the diameter of the helix, the length of the second sound leading pipe 44 can be
expressed by the following expression: 
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[0097] Since the length of the first sound leading pipe 43 is L (mm), which is equal to the length of the second cylindrical
member 42, assuming that the difference in length between the first sound leading pipe 43 and the second sound leading
pipe 44 is ΔL, 

is obtained.
[0098] In the sound-isolating earphone, the dimensions of L = 10 (mm), D = 5 (mm), and S = 1 (mm), for example,
are appropriate as the dimension to be worn by a human body 30. At this time, the number of helical turns so as to obtain
the ΔL value of 28.3 mm is found by using the formula 8: 

[0099] Consequently, 

[0100] From the mathematical formula described above, m62.9 (times) is obtained.
[0101] This is a value which can be easily realized by a plastic material or the like.
[0102] The length of the sound leading portion 4 shown in this embodiment was set to 10 mm, but if the shorter sound
leading portion 4 is to be used in practice, it is only necessary to increase the number of helical turns from 2.9 times in
accordance with the length of the sound leading portion 4.
[0103] Consequently, the difference in length between the path through the first sound leading pipe 43 and the path
through the second sound leading pipe 44 becomes a half wavelength, a trough is generated at the position around the
frequency of 6 kHz in the frequency characteristics, and the sound waves can be damped.
[0104] Fig. 15 shows sound pressure-frequency characteristics at the eardrum position in each method. In Fig. 15,
the frequency characteristics of the sound pressure applied to the eardrum when a human being wears a simple sound-
isolating earphone without any special measure is indicated by a one-dot chain line, the case in which the sound-isolating
earphone having the acoustic resistor installed is attached is indicated by a broken line, and the case in which the sound-
isolating earphone having the sound leading portion according to the present invention is attached is indicated by a solid
line in a superimposed manner.
[0105] When the sound-isolating earphone according to the present invention is attached, occurrence of a peak around
6 kHz in the frequency characteristics of the sound pressure when the simple sound-isolating earphone is attached does
not occur any longer, and deterioration in sensitivity in the high frequency range up to slightly above the vicinity of 10
kHz if the acoustic resistor is applied and deterioration in sensitivity in the whole range is improved.

Embodiment 2

[0106] A second embodiment is a sound-isolating earphone used by inserting the sound emitting portion into the
external auditory canal entrance, characterized by including two separated sound leading pipes having different path
lengths as a sound leading portion which transfers a sound wave generated from an electro-acoustic transducer to the
external auditory canal entrance so that two sound waves generated from the electro-acoustic transducer and having
passed through the two sound leading pipes are synthesized at the external auditory canal entrance, the sound pressure
of a frequency having the path length difference of the two sound leading pipes as a half wavelength is suppressed, and
in the sound leading portion which transfers the sound waves generated from the electro-acoustic transducer to the
external auditory canal entrance, a first sound leading pipe which connects the electro-acoustic transducer and the
external auditory canal entrance to each other by a linear path and a second sound leading pipe which connects the
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electro-acoustic transducer and the external auditory canal entrance to each other by a folded path are provided.
[0107] The second embodiment will be described by referring to Figs. 12. Fig. 12(a) is a schematic diagram of the
sound leading portion in which a folded sound leading pipe is installed. Fig. 12(b) is a schematic diagram illustrating a
virtual line passing through the center of the sound leading pipe 52.
[0108] The structure of the sound-isolating earphone of this embodiment is the same as that of the embodiment 1
other than the sound leading portion 50. The two sound leading pipes having a difference in the whole lengths are
realized by a combination of the first linear sound leading pipe 51 and the second sound leading pipe 52 having a folded
path.
[0109] Fig. 12(a) is a diagram for explaining the structure of the sound leading portion 50 and shows an example in
which the sound leading pipe 52 is folded twice.
[0110] The sound leading pipe 51 enters the columnar sound leading portion 50 from the front on the left side, advances
linearly therethrough and penetrates to the rear face on the right side.
[0111] The sound leading pipe 52 enters the sound leading portion 50 from the front on the left side, is folded twice
inside the sound leading portion 50 without penetrating the right and left fronts, the rear or the sides, and finally penetrates
to the rear face on the right side.
[0112] Since the sound leading pipe 52 has a complicated structure, the folded structure will be described in detail by
referring to Fig. 12(b). In the following explanation, the three-dimensional orthogonal coordinates shown at the left end
in Fig. 12(a) are used as a reference. The coordinate axes are common to all the explanation using Figs. 12. The xz
plane made by the coordinate axes is in parallel with the front face and the rear face of the columnar sound leading
portion 50, and the y-axis is in parallel with the longitudinal direction of the sound leading portion 50 and passes through
the center of the sound leading portion 50.
[0113] In Fig. 12(b), all the peripheral objects are removed and only a virtual line passing through the center of the
sound leading pipe 52 is shown to facilitate understanding. The sound leading pipe 52 starts at an entrance 521 located
at the front on the left side of the columnar sound leading portion 50 and then, advances through an entrance-side
straight path 522 in the positive direction of the y-axis.
[0114] Subsequently, the sound leading pipe 52 bends in the x-axis direction at the position before penetrating the
rear face on the right side in the figure of the sound leading portion 50 and advances through a lateral path 523 in the
positive direction of the x-axis. Then, the sound leading pipe 52 bends again in the y-axis direction at the position before
penetrating the side face on the front in the figure of the column of the sound leading portion 50 and advances through
a return path 524 in the negative direction of the y-axis.
[0115] Subsequently, the sound leading pipe 52 bends in the z-axis direction at the position before penetrating the
front on the left side of the figure of the sound leading portion 50 and advances through a vertical path 525 in the negative
direction of the z-axis. Subsequently, the sound leading pipe 52 bends again in the y-axis direction at the position before
penetrating the side face below the figure of the sound leading portion 50 and advances through an exit-side straight
path 526 in the positive direction of the y-axis. The pipe advances as it is so as to penetrate the rear face on the right
side and ends by reaching an exit 527.
[0116] The structure of the sound leading pipe 52 will be further described by referring to Fig. 13. Fig. 13(a) is a side
view (symmetric) of the sound leading portion 50 in which the folded sound leading pipe 52 is installed. A broken line
virtually shows the sound leading pipe 52 inside the sound leading portion 50 not at an actual position so that it can be
understood intuitively. Fig. 13(b1) and Fig. 13(b6) are a front view and a rear view of the sound leading portion 50. Fig.
13(b2) to Fig. 13(b5) are sectional views of the sound leading portion 50.
[0117] Fig. 13(b1) is a front view of the sound leading portion 50 when seen in the positive direction of the y-axis from
the left side in the figure. By placing the y-axis on the center line of the columnar sound leading portion 50, the sound
leading pipe 51 is located in the third quadrant on the xz plane, and the sound leading pipe 52 is located in the second
quadrant on the xz plane.
[0118] Fig. 13(b2) is a sectional view at the position shown by B-B’ in Fig. 13(a). The path of the sound leading pipe
51 is seen in the third quadrant on the xz plane, the path through which the sound leading pipe 51 advances from the
entrance on the front in the positive direction of the y-axis is seen in the second quadrant, and the path through which
the sound leading pipe 52 returns in the negative direction of the y-axis is seen in the first quadrant. Moreover, in the
fourth quadrant on the xz plane, the path through which the sound leading pipe 52 advances in the positive direction of
the y-axis toward the exit on the rear face on the right side in Fig. 13(a).
[0119] Fig. 13(b3) is a sectional view at the position shown by C-C’ in Fig. 13(a). The sound leading pipe 52 is shown
to expand from the second quadrant to the first quadrant on the xz plane and to bend in the x-axis direction so as to
connect the path passing through the second quadrant and the first quadrant.
[0120] Fig. 13(b4) is a sectional view at the position shown by D-D’ in Fig. 13(a). At this position, the sound leading
pipe 52 expanding from the second quadrant to the first quadrant on the xz plane in the sectional view at the position
shown by C-C’ is not seen, and it is understood that the sound leading pipe 52 does not penetrate to the rear face on
the right side of the sound leading portion 50 at the position where the sound leading pipe 52 expands from the second
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quadrant to the first quadrant on the xz plane.
[0121] Fig. 13(b5) is a sectional view at the position shown by A-A’ in Fig. 13(a). The sound leading pipe 52 is shown
to expand from the first quadrant to the fourth quadrant on the xz plan and to bend in the z-axis direction so as to connect
the path passing through the first quadrant and the fourth quadrant. After reaching the path passing through the fourth
quadrant, the sound leading pipe 52 advances in the positive direction of the y-axis again and then, the section seen in
Fig. 13(b2) is seen again.
[0122] Finally, the sound leading pipe 52 reaches the rear face on the right side of the columnar sound leading portion
50. At this time, when the sound leading portion 50 is viewed in the negative direction of the y-axis from the right side
in the figure, the rear face of the Fig. 13(b6) is seen. Changing the viewing direction to the opposite side where the
direction of the x-axis is different, the sound leading pipe 51 is present in the third quadrant on the xz plane, while the
sound leading pipe 52 is present in the fourth quadrant.
[0123] The sound leading portion 50 is made by molding or cutting hard plastic, metal and the like in several members
and by assembling them.
[0124] The sound wave enters the sound leading portion 50 from the left side through each of the two sound leading
pipes and passes therethrough to the right side of the sound leading portion 50.
[0125] Since the first sound leading pipe 51 has a linear shape, the length is equal to that of the sound leading portion
50. The second sound leading pipe 52 in this embodiment is folded twice inside the sound leading portion 50 and its
whole length is a length obtained by adding twice the length of a folded portion 53 to the length of the sound leading
portion 50.
[0126] Similarly to the embodiment 1, in order to have the difference in length of the two sound leading pipes of 28.3
mm, it is only necessary to set the length of the folded portion 53 to 14.2 mm. If the length of the sound leading portion
50 is 16 mm, for example, a folded portion 53 having the length of 14.2 mm can be housed inside.
[0127] If it is desired that the length of the sound leading portion 50 is shorter than 16 mm, the lengths of the sound
leading portion 50 and the folded portion 53 may be made shorter and instead, the number of folding times may be
increased to 4 times, for example.
[0128] Fig. 14 shows a cubic structure of the sound leading portion 50 having the sound leading pipe 52 folded 4 times
as a schematic diagram. This is a schematic sectional view provisionally expanded on a plane so that the cubic folded
structure of the sound leading pipe 52 can be understood easily.
[0129] In this case, the object can be achieved by setting the length of the folded portion 53 to 7.1 mm and the length
of the sound leading portion 50 to 10 mm, for example. According to this, the difference in length of the two sound leading
pipes is approximately 28.3 mm, and the same frequency characteristics can be obtained.
[0130] Thus, the difference in length between the path passing through the first sound leading pipe 51 and the path
passing through the second sound leading pipe 52 becomes the half wavelength of the sound wave with 6 kHz, a trough
is generated at the position around the frequency of 6 kHz in the frequency characteristics, and acoustic damping can
be realized.
[0131] The advantages of this embodiment 2 are shown in Fig. 15 similarly to the embodiment 1. Detailed description
will be omitted to avoid duplication.

Claims

1. A sound-isolating earphone (10) comprising:

an electro-acoustic transducer (2) adapted to generate a sound wave; and
a sound emitting port (15) adapted to be inserted into an external auditory canal entrance (7); and
a sound leading portion (4) adapted to transfer the sound wave generated from the electro-acoustic transducer
(2) to the sound emitting port (15); the sound leading portion (4) being formed of a double cylindrical member
comprising a first cylindrical member (41) on the outside and a second cylindrical member (42) on the inside; and
a helical groove being formed in an outer periphery of the second cylindrical member (42) fitted in the inside of
the first cylindrical member (41); and
a first sound leading pipe (43) being a linear path forming an inner peripheral face of the second cylindrical
member (42), and a second sound leading pipe (44) being a path constituted by an inner peripheral face of the
first cylindrical member (41) and the helical groove formed in the outer periphery of the second cylindrical
member (42).

2. A sound-isolating earphone (10) comprising:

an electro-acoustic transducer (2) adapted to generate a sound wave; and
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a sound emitting port (15) adapted to be inserted into an external auditory canal entrance (7); and
a columnar sound leading portion (50) comprising a first and a second sound leading pipe (51, 52) and a center
line; a y-axis being placed on the center line directed from the electro-acoustic transducer (2) to the sound
emitting port (15); wherein:

the first sound leading pipe (51) is adapted to connect the electro-acoustic transducer (2) and the sound
emitting port (15) to each other by a linear path; and
the second sound leading pipe (52) is adapted to connect the electro-acoustic transducer (2) and the sound
emitting port (15) to each other by a folded path in the sound leading portion (50), wherein said folded path
advances (522) parallel to the center line in positive direction of the y-axis, returns (524) parallel to the
center line in negative-direction of the y-axis and advances (526) again parallel to the center line in positive
direction of the y-axis to the sound emitting port (15).

3. The sound-isolating earphone (10) according to claim 1 or 2, wherein the path length difference between the two
sound leading pipes is approximately 28.3 mm.

Patentansprüche

1. Ein schallisolierender Kopfhörer (10) mit:

einem elektroakustischen Schallgeber (2), der angepasst ist, um eine Schallwelle zu erzeugen; und
einer schallabstrahlenden Öffnung (15), die angepasst ist, um in einen externen Gehörgangeingang (7) einge-
führt zu werden; und
einem schallführenden Teil (4), der angepasst ist, um die Schallwelle, die von dem elektroakustischen Schall-
geber (2) erzeugt wird, zur schallabstrahlenden Öffnung (15) zu übertragen; wobei der schallführende Teil (4)
aus einem doppelzylindrischen Bauteil, das ein erstes zylindrisches Bauteil (41) auf der Außenseite und ein
zweites zylindrisches Bauteil (42) auf der Innenseite umfasst, gebildet ist; und
einer schraubenförmigen Nut, die in einer äußeren Mantelfläche des zweiten zylindrischen Bauteils (42) aus-
gebildet ist und in das Innere des ersten zylindrischen Bauteils (41) eingepasst ist; und
einer ersten schallführenden Leitung (43), die einen linearen Pfad darstellt, der eine innere Mantelfläche des
zweiten zylindrischen Bauteils bildet, und einer zweiten schallführenden Leitung (44), die einen Pfad darstellt,
der durch eine innere Mantelfläche des ersten zylindrischen Bauteils (41) gebildet wird und der schraubenför-
migen Nut, die in einer äußeren Mantelfläche des zweiten zylindrischen Bauteils (42) ausgebildet ist.

2. Ein schallisolierender Kopfhörer (10) mit:

einem elektroakustischen Schallgeber (2), der angepasst ist, um eine Schallwelle zu erzeugen; und
einer schallabstrahlenden Öffnung (15), die angepasst ist, um in einen externen Gehörgangeingang (7) einge-
führt zu werden; und
einem säulenförmigen, schallführenden Teil (50), der eine erste und eine zweite schallführende Leitung (51,
52) und eine Mittellinie umfasst; wobei eine y-Achse auf der Mittellinie platziert ist, die vom elektroakustischen
Schallgeber (2) auf die schallabstrahlende Öffnung (15) gerichtet ist; wobei:

die erste schallführende Leitung (51) angepasst ist, um den elektroakustischen Schallgeber (2) und die
schallabstrahlende Öffnung (15) über einen linearen Pfad miteinander zu verbinden; und
die zweite schallführende Leitung (52) angepasst ist, um den elektroakustischen Schallgeber (2) und die
schallabstrahlende Öffnung (15) durch einen gefalteten Pfad im schallführenden Teil (50) miteinander zu
verbinden, wobei der gefaltete Pfad (522) parallel zur Mittellinie in positiver Richtung auf der y-Achse nach
vorne verläuft, parallel zur Mittellinie in negativer Richtung der y-Achse zurückkehrt (524) und wieder parallel
zur Mittellinie in positiver Richtung auf der y-Achse zum schallabstrahlenden Öffnung (15) nach vorne
verläuft.

3. Der schallisolierende Kopfhörer (10) gemäß Anspruch 1 oder 2, wobei die Pfadlängendifferenz zwischen den beiden
schallführenden Leitungen ungefähr 28,3 mm beträgt.
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Revendications

1. Écouteur insonorisant (10) comprenant :

un transducteur électro-acoustique (2) conçu pour générer une onde sonore ; et
un orifice d’émission sonore (15) conçu pour être inséré dans une entrée de canal auditif externe (7); et
une partie de guidage du son (4) conçue pour transférer l’onde sonore générée par le transducteur électro-
acoustique (2) à l’orifice d’émission sonore (15) ; la partie de guidage du son (4) étant formée d’un double
élément cylindrique comprenant un premier élément cylindrique (41) prévu sur l’extérieur et un second élément
cylindrique (42) prévu sur l’intérieur; et
une rainure hélicoïdale étant formée dans une périphérie extérieure du second élément cylindrique (42) ajusté
à l’intérieur du premier élément cylindrique (41); et
un premier tuyau de guidage du son (43) étant une voie linéaire formant une face périphérique intérieure du
second élément cylindrique (42) et un second tuyau de guidage du son (44) étant une voie constituée par une
face périphérique intérieure du premier élément cylindrique (41) et la rainure hélicoïdale formée dans la péri-
phérie extérieure du second élément cylindrique (42).

2. Écouteur insonorisant (10) comprenant:

un transducteur électro-acoustique (2) conçu pour générer une onde sonore; et
un orifice d’émission sonore (15) conçu pour être inséré dans une entrée de canal auditif externe (7); et
une partie de guidage du son (50) colonnaire comprenant un premier et un second tuyau de guidage du son
(51, 52) et une ligne centrale; un axe y étant placé sur la ligne centrale allant du transducteur électro-acoustique
(2) vers l’orifice d’émission sonore (15); dans lequel:

le premier tuyau de guidage du son (51) est conçu pour relier entre eux le transducteur électro-acoustique
(2) et l’orifice d’émission sonore (15) par une voie linéaire; et
le second tuyau de guidage du son (52) est conçu pour relier entre eux le transducteur électro-acoustique
(2) et l’orifice d’émission sonore (15) par le biais d’une voie pliée dans la partie de guidage du son (50),
dans laquelle ladite voie pliée avance (522) parallèlement à la ligne centrale dans la direction positive de
l’axe y, recule (524) parallèlement à la ligne centrale dans la direction négative de l’axe y et avance (526)
de nouveau parallèlement à la ligne centrale dans la direction positive de l’axe y en direction de l’orifice
d’émission sonore (15).

3. Écouteur insonorisant (10) selon la revendication 1 ou 2, dans lequel la différence de longueur de voie entre les
deux tuyaux de guidage du son est approximativement de 28,3 mm.
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