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Description

Technical Field

[0001] The present invention relates to an ultrasonic
transducer (transmitter/receiver) which transmits and re-
ceives an ultrasonic pulse, and an ultrasonic flow meter
including the ultrasonic transducer.

Background Art

[0002] Conventionally, it is known that a damping
member (vibration suppression member) suppresses an
undesired vibration in a piezoelectric element, in an ul-
trasonic transducer which transmits and receives an ul-
trasonic wave by using the piezoelectric element. For
example, in an ultrasonic sensor 73 disclosed in Patent
Literature 1, as shown in Fig. 7, an acoustic matching
layer 71 is fastened to one of surfaces of a piezoelectric
element 70. A tubular case 72 is fastened to the acoustic
matching layer 71 so as to surround the piezoelectric
element 70. An elastic resin 74 is filled in the tubular case
72 such that the piezoelectric element 70 is buried in the
elastic resin 74.

Citation List

Patent Literature

[0003] Patent Literature 1: Japanese-Laid Open Pat-
ent Application Publication No. Hei. 10-224895

Summary of Invention

Technical Problem

[0004] In the above described ultrasonic sensor 73, a
mechanical vibration generated in the piezoelectric ele-
ment 70 propagates (travels) to the acoustic matching
layer 71 and is radiated as an ultrasonic wave from the
acoustic matching layer 71. However, this mechanical
vibration is also transmitted from the piezoelectric ele-
ment 70 to the elastic resin 74 and propagates there-
through. Then, the mechanical vibration is reflected on
the end surface of the elastic resin 74 and is amplified
by interference, which causes a reverberant noise and a
propagation noise to be generated. These noises cause
the ultrasonic sensor 73 to become incapable of radiating
the ultrasonic wave with a high accuracy.
[0005] The interference can be prevented by setting
the thickness of the elastic resin 74 larger so that the
reflected mechanical vibration is attenuated. However,
in this case, the size of the ultrasonic sensor 73 increases
US4011473 describes an ultrasonic transducer with
sound conducting material surrounding an ceramic disc,
which acts as ultrasonic emitter. The sound conducting
material also fills a space having a thickness approxi-
mately equal to one wavelength of the emitted signal,

under the ceramic disc, to act as damping member.
[0006] The present invention is directed to solving the
above described problem associated with the art, and an
object of the present invention is to provide a small ultra-
sonic transducer which is capable of accurately radiating
an ultrasonic pulse, and an ultrasonic flow meter includ-
ing the ultrasonic transducer.

Solution to Problem

[0007] To solve the above mentioned problem, accord-
ing to the present invention, there is provided an ultra-
sonic transducer according to claim 1 and according to
claim 2.

Advantageous Effects of Invention

[0008] The present invention is configured as de-
scribed above, and has advantages that it becomes pos-
sible to provide a small ultrasonic transducer which is
capable of accurately radiating an ultrasonic pulse, and
an ultrasonic flow meter including the small ultrasonic
transducer.
[0009] The above and further objects, features, and
advantages of the invention will more fully be apparent
from the following detailed description with accompany-
ing drawings.

Brief Description of Drawings

[0010]

Fig. 1 is a cross-sectional view showing an ultrasonic
flow meter according to Embodiment 1 of the present
invention.
Fig. 2 is a cross-sectional view showing a state in
which an ultrasonic transducer of the ultrasonic flow
meter of Fig. 1 is mounted to a fluid passage mem-
ber.
Fig. 3 is a graph schematically showing the relation
between the thickness of a back surface load section
of the ultrasonic transducer of Fig. 2 and the intensity
of an ultrasonic wave.
Fig. 4 is a cross-sectional view showing a state in
which an ultrasonic transducer according to Embod-
iment 2 of the present invention is mounted to the
fluid passage member.
Fig. 5 is a cross-sectional view showing a state in
which an ultrasonic transducer according to Embod-
iment 3 of the present invention is mounted to the
fluid passage member.
Fig. 6 is a cross-sectional view showing a state in
which an ultrasonic transducer according to Embod-
iment 4 of the present invention is mounted to the
fluid passage member.
Fig. 7 is a cross-sectional view showing a conven-
tional ultrasonic sensor.
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Description of Embodiment

[0011] According to the present invention, described
further as the first aspect, there is provided an ultrasonic
transducer comprising: a metal plate; an acoustic match-
ing member fastened to one of surfaces of the metal
plate, a piezoelectric substrate which is fastened to the
other surface of the metal plate and generates a vibration,
the piezoelectric substrate including a pair of electrodes,
and a piezoelectric section sandwiched between the pair
of electrodes, one of the pair of electrodes being electri-
cally connected to the metal plate; and and an insulating
damping member (insulating vibration suppression
member) covering a back surface of the piezoelectric
substrate which surface is on an opposite side of a sur-
face fastened to the metal plate; wherein a thickness of
the insulating damping member is set to a length which
is n/2 of a wavelength of the vibration propagating
through the insulating damping member, n being an in-
teger.
[0012] According to the present invention, described
further as the second aspect, there is provided an ultra-
sonic transducer comprising: a metal plate; an acoustic
matching member fastened to one of surfaces of the met-
al plate; a piezoelectric substrate which is fastened to
the other surface of the metal plate and generates a vi-
bration, the piezoelectric substrate including a pair of
electrodes, and a piezoelectric section sandwiched be-
tween the pair of electrodes, one of the pair of electrodes
being electrically connected to the metal plate; and an
insulating damping member covering a back surface of
the piezoelectric substrate which surface is on an oppo-
site side of a surface fastened to the metal plate; and a
support section which is in contact with a back surface
of the insulating damping member which surface is on
an opposite side of a surface covering the piezoelectric
substrate, the support section having a higher density
than the piezoelectric substrate; wherein a thickness of
the insulating damping member is set to a length which
is (2n - 1)/4 of a wavelength of the vibration propagating
through the insulating damping member, n being an in-
teger.
[0013] According to a third aspect of the present inven-
tion, in the ultrasonic transducer according to the first or
second aspect, the metal plate may have a flat plate
shape.
[0014] According to a fourth aspect of the present in-
vention, in the ultrasonic transducer according to the first
or second aspect, the metal plate may have a flanged
container shape including a tubular side wall, a top por-
tion covering an opening at one end of the side wall, and
a flanged portion protruding outward from the other end
of the side wall; wherein the acoustic matching member
may be fastened to one of surfaces of the top portion;
the piezoelectric substrate may be fastened to the other
surface of the top portion, in an inner space of the side
wall; and the insulating damping member covers a sur-
face of the piezoelectric substrate which surface is on an

opposite side of a surface fastened to the top portion.
[0015] According to a fifth aspect of the present inven-
tion, in the ultrasonic transducer according to any one of
the first to fourth aspects, the insulating damping member
may unitarily cover the back surface of the piezoelectric
substrate, a side surface of the piezoelectric substrate;
and a portion of the metal plate which portion is other
than a portion fastened to the acoustic matching member
and a portion fastened to the piezoelectric substrate.
[0016] According to a sixth aspect of the present in-
vention, there is provided an ultrasonic flow meter com-
prising: a pair of ultrasonic transducers according to any
one of the first to fifth aspects, which mutually transmit
and receive an ultrasonic pulse; a fluid passage member
to which the pair of ultrasonic transducers are mounted
such that the ultrasonic transducers are apart from each
other; a transit time measuring section for measuring time
for which the ultrasonic pulse propagates between the
pair of ultrasonic transducers; and a calculation section
for calculating a flow of a measurement target fluid based
on the time measured by the transit time measuring sec-
tion.

(Embodiment 1)

(Configuration of ultrasonic flow meter)

[0017] Fig. 1 is a cross-sectional view schematically
showing an ultrasonic flow meter 100 to which ultrasonic
transducers 5, 6 are mounted. As shown in Fig. 1, the
ultrasonic flow meter 100 is a device which measures
the flow of a measurement target fluid flowing through a
fluid passage, and mounted to a fluid passage member
3. The fluid passage member 3 is formed of, for example,
a cylindrical pipe, and has an opening 1 at one end thereof
and an opening 2 at the other end thereof. The inner
space of the fluid passage member 3 is used as a fluid
passage, which communicates with the opening 1 and
the opening 2. The fluid passage member 3 also has an
opening 4 at one side and an opening 4 at the other side
which penetrate the pipe wall thereof. For example, each
of the openings 4 protrudes outward relative to the fluid
passage member 3 and has a cylindrical inner space.
The opening 4 at one side is provided to be closer to the
opening 1, while the opening 4 at the other side is pro-
vided to be closer to the opening 2 such that these open-
ings 4 face each other. Because of this, the center axes
of the openings 4 conform to each other and are inclined
at an angle θ with respect to the center axis of the fluid
passage member 3.
[0018] The pair of ultrasonic transducers 5, 6 are in
contact with and fastened to the fluid passage member
3 in positions at which they mutually transmit and receive
the ultrasonic pulse. That is, the ultrasonic transducer 5
is mounted to the opening 4 at one side, while the ultra-
sonic transducer 6 is mounted to the opening 4 at the
other side. The pair of ultrasonic transducers 5, 6 are
placed such that the acoustic matching members 15 face
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each other and the radiation surfaces of the acoustic
matching members 15 are perpendicular to the center
axes of the openings 4. In this structure, each of the pair
of ultrasonic transducers 5, 6 transmits the ultrasonic
pulse along the center axes of the openings 4, i.e., in an
inclined direction at an angle θ with respect to the center
axis of the fluid passage member 3. Also, each of the
pair of ultrasonic transducers 5, 6 receives the ultrasonic
pulse which enters the ultrasonic transducer 5, 6, along
the center axes of the openings 4, i.e., in the inclined
direction at the angle θ with respect to the fluid passage
member 3.
[0019] An ultrasonic wave transit (propagation) time
measuring section (hereinafter will be referred to as "tran-
sit time measuring section") 7, and a calculation section
8 are constituted by a controller such as a microcomputer.
The microcomputer includes a processor section such
as a CPU, and a storage section such as ROM and RAM.
The transit time measuring section 7 and the calculation
section 8 may be constituted by a single controller, or
different controllers.
[0020] The transit time measuring section 7 measures
time for which the ultrasonic pulse propagates (travels)
between the pair of ultrasonic transducers 5, 6. The cal-
culation section 8 calculates the flow of a measurement
target fluid based on the time measured by the transit
time measuring section 7.

(Configuration of ultrasonic transducer)

[0021] Fig. 2 is a cross-sectional view showing the ul-
trasonic transducer 5 according to Embodiment 1. Since
the configuration of the ultrasonic transducer 6 is identical
to that of the ultrasonic transducer 5, it will not be de-
scribed. As shown in Fig. 2, the ultrasonic transducer 5
includes a piezoelectric substrate 17, an acoustic match-
ing member 15, a metal plate 16, two lead wires 18, and
an insulating damping member 11.
[0022] The piezoelectric substrate 17 is an element
which is expanded and contracted in a thickness direction
in response to a voltage applied thereto so that it converts
an electric vibration into a mechanical vibration. The pi-
ezoelectric substrate 17 has a columnar shape such as
a rectangular parallelepiped shape or a cylindrical shape.
In the present embodiment, the piezoelectric substrate
17 has, for example, a rectangular parallelepiped shape
of a short length. The piezoelectric substrate 17 includes
a pair of electrodes, and a piezoelectric section sand-
wiched between these electrodes in the thickness direc-
tion. As the material of the piezoelectric section of the
piezoelectric substrate 17, a material which exhibits a
piezoelectric characteristic, for example, barium titanate,
lead zirconate titanate, etc., are suitably used. One of
the electrodes of the piezoelectric substrate 17 is joined
to the metal plate 16 by an adhesive or an electrically
conductive material such as a conductive paste. The oth-
er of the electrodes of the piezoelectric substrate 17 is
joined to one of the lead wires 18 by an electrically con-

ductive material such as a conductive paste or solder.
[0023] The acoustic matching member 15 is an ele-
ment for matching an acoustic impedance of the piezo-
electric substrate 17 with an acoustic impedance of the
measurement target fluid to radiate as an ultrasonic pulse
the mechanical vibration generated in the piezoelectric
substrate 17 to the measurement target fluid. For exam-
ple, the acoustic matching member 15 has a cylindrical
shape. The thickness of the acoustic matching member
15 is set to, for example, a length of 1/4 of a wavelength
λ of the mechanical vibration propagating through the
acoustic matching member 15. The acoustic matching
member 15 is configured such that a thermoset resin is
filled into spaces of hollow spherical glasses and cured,
or a ceramic porous member is provided with an acoustic
film on its sound wave radiation surface.
[0024] The metal plate 16 is a flat plate supporting the
acoustic matching member 15 and the piezoelectric sub-
strate 17. The metal plate 16 has, for example, a disc
shape. The metal plate 16 is made of an electrically con-
ductive material, for example, metal such as iron, stain-
less, brass, copper, aluminum, nickel-plated steel plate,
etc.. The acoustic matching member 15 is fastened to
one of the main surfaces of the metal plate 16, while the
piezoelectric substrate 17 is fastened to the other main
surface of the metal plate 16. The metal plate 16 is greater
in size than the acoustic matching member 15 and the
piezoelectric substrate 17 in a direction perpendicular to
the thickness direction. Because of this, the outer periph-
eral portion of the metal plate 16 protrudes from the
acoustic matching member 15 and the piezoelectric sub-
strate 17 in the direction perpendicular to the thickness
direction of the acoustic matching member 15 and the
piezoelectric substrate 17. The other lead wire 18 is con-
nected to the other main surface of the outer peripheral
portion by solder, or the like. The metal plate 16 is elec-
trically connected to one of the electrodes of the piezo-
electric substrate 17 by ohmic contact by means of an
electrically conductive material. This allows one of the
electrodes of the piezoelectric substrate 17 to be electri-
cally connected to the other lead wire 18 via the metal
plate 16.
[0025] One of the two lead wires 18 connects the other
electrode of the piezoelectric substrate 17 to the transit
time measuring section 7 (Fig. 1). The other lead wire 18
connects one of the electrodes of the piezoelectric sub-
strate 17 to the transit time measuring section 7 via the
metal plate 16. These are connected together, via the
electrically conductive material such as solder or the con-
ductive paste.
[0026] The insulating damping member 11 unitarily
covers the outer peripheral portion of the metal plate 16,
the outer surface of the piezoelectric substrate 17, and
the two lead wires 18. The term "unitarily" means that the
insulating damping member 11 is a single member
formed of a continuous material. The outer peripheral
portion of the metal plate 16 specifically includes a portion
of the metal plate 16 which is other than the portion fas-
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tened to the acoustic matching member 15, and the por-
tion fastened to the piezoelectric substrate 17. The outer
surface of the piezoelectric substrate 17 specifically in-
cludes a surface (back surface) which is on an opposite
side of the surface joined to the metal plate 16, and a
side surface between the joined surface and the back
surface. The thickness M of the insulating damping mem-
ber 11 (back surface load section 20) covering the back
surface of the piezoelectric substrate 17, is set to a length
of 1/2 of the wavelength λ of the mechanical vibration
propagating (travelling) through the insulating damping
member 11. The back surface load section 20 may cover
an entire or a part of the back surface of the piezoelectric
substrate 17.
[0027] The insulating damping member 11 is formed
of a thermoplastic resin which is low in glass transition
point, for example, thermoplastic elastomer material or
a crystalline polyester. As examples of the thermoplastic
elastomer material, there are styrene elastomer, olefin
elastomer, polyester elastomer, etc.. The glass-transition
point of the thermoplastic resin is preferably equal to or
lower than, for example, - 30 degrees C which is a lowest
temperature in the flow measurement of the measure-
ment target fluid, for example, - 50 degrees to - 90 de-
grees. This allows the insulating damping member 11 to
have a rubber elasticity and perform a vibration damping
(suppressing) function during the flow measurement. Al-
so, the melting point of the thermoplastic resin is prefer-
ably equal to or higher than 80 degrees C which is a
highest temperature in the flow measurement, for exam-
ple, 100 to 200 degrees C. Young’s modulus of the ther-
moplastic resin is, for example, 0.1 to 1.0GPa, in a range
of the lowest temperature to the highest temperature in
the flow measurement. This allows the insulating damp-
ing member 11 to well absorb a vibration generated in
the metal plate 16 and the piezoelectric substrate 17,
during the flow measurement.

(Mounting of ultrasonic transducer)

[0028] As shown in Fig. 2, the ultrasonic transducer 5
is pressingly fastened to the fluid passage member 3 by
means of an annular mounting member 12. In this state,
the surface of the outer peripheral portion of the metal
plate 16, which surface is closer to the acoustic matching
member 15, contacts a contact surface 10a of the fluid
passage member 3 via the insulating damping member
11. In addition, the end surface of the metal plate 16
contacts a contact surface 10b of the fluid passage mem-
ber 3 via the insulating damping member 11. Further-
more, the surface of the outer peripheral portion of the
metal plate 16 which surface is closer to the piezoelectric
substrate 17 contacts the mounting member 12 via the
insulating damping member 11. Therefore, the ultrasonic
transducer 5 is fastened to fluid passage member 3 via
the insulating damping member 11.

(Operation of ultrasonic flow meter)

[0029] In a case where the ultrasonic transducer 5
transmits the ultrasonic pulse, as shown in Figs. 1 and
2, the transit time measuring section 7 applies an electric
(voltage) signal to the piezoelectric substrate 17 of the
ultrasonic transducer 5 via the lead wire 18. This electric
signal is formed by a square wave with a frequency which
is close to a resonant frequency of the piezoelectric sub-
strate 17. Therefore, the piezoelectric substrate 17 con-
verts the electric signal into the mechanical vibration, and
vibrates in the thickness direction. The mechanical vibra-
tion is applied from the piezoelectric substrate 17 to the
acoustic matching member 15 via the metal plate 16. The
acoustic matching member 15 resonates with the piezo-
electric substrate 17. Thereby, the amplitude of the me-
chanical vibration is increased, and the mechanical vi-
bration is radiated as the ultrasonic pulse from the radi-
ation surface of the acoustic matching member 15.
[0030] As shown Fig. 1, the ultrasonic pulse radiated
from the ultrasonic transducer 5 propagates through a
path L1 and reaches the acoustic matching member 15
of the ultrasonic transducer 6. This ultrasonic pulse me-
chanically vibrates the piezoelectric substrate 17 via the
acoustic matching member 15. Then, the piezoelectric
substrate 17 converts this mechanical vibration into the
electric signal and outputs the electric signal to the transit
time measuring section 7. The transit time measuring
section 7 derives transit (propagation) time t1 of the ul-
trasonic pulse based on a difference between time at
which the electric signal is output to the piezoelectric sub-
strate 17 of the ultrasonic transducer 5 and time at which
the electric signal is input from the piezoelectric substrate
17 of the ultrasonic transducer 6.
[0031] Next, the ultrasonic pulse is transmitted from
the ultrasonic transducer 6, propagates through a path
L2, and is received by the ultrasonic transducer 5. Then,
the transit time measuring section 7 derives transit (prop-
agation) time t2 of the ultrasonic pulse based on a differ-
ence between time at which the electric signal is output
to the piezoelectric substrate 17 of the ultrasonic trans-
ducer 6 and time at which the electric signal is input from
the piezoelectric substrate 17 of the ultrasonic transducer
5. This case is similar to the above case where the ultra-
sonic transducer 5 transmits the ultrasonic pulse, and
will not be described repeatedly. The order in which the
ultrasonic pulse is transmitted may be reversed in such
a way that the ultrasonic transducer 6 firstly transmits the
ultrasonic pulse, and then the ultrasonic transducer 5
transmits the ultrasonic pulse.
[0032] Then, the calculation section 8 calculates the
flow (rate) of the measurement target fluid based on the
transit time t1 and the transit time t2 of the ultrasonic
pulse which are found by the transit time measuring sec-
tion 7. Specifically, in the fluid passage of the fluid pas-
sage member 3, the measurement target fluid flows at a
flow velocity V from the opening 1 to the opening 2. The
center axis of the opening 4 is inclined at the angle θ with
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respect to the center axis of fluid passage member 3. For
this reason, the transit time t1 of the ultrasonic pulse prop-
agating (travelling) through the path L1 at the speed C
is different from the transit time t2 of the ultrasonic pulse
propagating through the path L2 at the speed C. The
distance of the path L1 and the path L2 is a distance L
between the ultrasonic transducer 5 and the ultrasonic
transducer 6. The angle θ is the angle formed between
the direction in which the measurement target fluid flows
(center axis of fluid passage member 3) and the direction
in which the ultrasonic pulse propagates (center axis of
the opening 4).
[0033] The transit time t1 of the ultrasonic pulse trans-
mitted from the ultrasonic transducer 5 to the ultrasonic
transducer 6 along the path L1 is represented by the fol-
lowing formula (1):

[0034] The transit time t2 of the ultrasonic pulse trans-
mitted from the ultrasonic transducer 6 to the ultrasonic
transducer 5 along the path L2 is represented by the fol-
lowing formula (2):

[0035] From the formula (1) and the formula (2), the
flow velocity V of the measurement target fluid is derived,
which is represented by the following formula (3):

[0036] The distance L of the path L1 and the path L2
of the ultrasonic pulse and the angle θ formed between
the direction in which the measurement target fluid flows
and the direction in which the ultrasonic pulse propa-
gates, are known. The transit time t1 and the transit time
t2 of the ultrasonic pulse are measured by the transit time
measuring section 7. From these, the calculation section
8 can derive the flow velocity V of the measurement target
fluid based on the formula (3). Furthermore, the calcula-
tion section 8 can derive the flow Q, by multiplying the
flow velocity V by a cross-sectional area S of the fluid
passage member 3 and a compensation coefficient K.

(Function, advantage)

[0037] As shown in Fig. 2, the mechanical vibration
generated in the piezoelectric substrate 17 is transmitted
to the acoustic matching member 15 via the metal plate
16, and radiated as the ultrasonic pulse from the radiation
surface of the acoustic matching member 15. Concur-
rently, the mechanical vibration generated in the piezo-
electric substrate 17 is transmitted to the back surface

load section 20 and travels toward the surface (back sur-
face of the back surface load section 20) which surface
is on an opposite side of the surface joined to the piezo-
electric substrate 17. Then, the mechanical vibration is
reflected on the back surface of the back surface load
section 20 and returned to the surface joined to the pie-
zoelectric substrate 17.
[0038] When the reflected mechanical vibration reach-
es the surface joined to the piezoelectric substrate 17, a
part of this mechanical vibration propagates (travels) to
inside of the piezoelectric substrate 17. The remaining
mechanical vibration is reflected again on the surface
joined to the piezoelectric substrate 17, and propagates
through the back surface load section 20 toward the back
surface. If the mechanical vibration propagating through
the back surface load section 20 toward the back surface
interferes with the mechanical vibration travelling from
the piezoelectric substrate 17 to the back surface load
section 20, and its amplitude is increased, it would be
difficult for an ultrasonic flow meter 100 to accurately
measure the flow of the measurement target fluid.
[0039] Specifically, for example, if the piezoelectric
substrate 17 or the like continues to vibrate due to the
amplified mechanical vibration after the ultrasonic trans-
ducer 5 radiates the ultrasonic pulse, a reverberant noise
may be generated. Because of this, when the ultrasonic
transducer 5 radiates the ultrasonic pulse next, the re-
verberant noise affects the mechanical vibration propa-
gating through the piezoelectric substrate 17 and/or the
acoustic matching member 15. This may lead to a situ-
ation in which the ultrasonic transducer 5 cannot accu-
rately radiate the mechanical vibration as the ultrasonic
pulse.
[0040] If the mechanical vibration amplified at the ul-
trasonic transducer 5 propagates to the ultrasonic trans-
ducer 6 through the fluid passage member 3 and the like,
a propagation noise may be generated. Because of this,
when the ultrasonic transducer 6 radiates the ultrasonic
pulse, the propagation noise affects the mechanical vi-
bration propagating through the piezoelectric substrate
17 and/or the acoustic matching member 15. This may
lead to a situation in which the ultrasonic transducer 6
cannot accurately radiate the mechanical vibration as the
ultrasonic pulse.
[0041] The case where the ultrasonic transducer 5
transmits the ultrasonic pulse, and the ultrasonic trans-
ducer 6 receives this ultrasonic pulse has been described
so far. The same occurs when the relation between the
ultrasonic transducer 5 and the ultrasonic transducer 6
is reversed.
[0042] Since the thickness M of the back surface load
section 20 is set to λ/2, the effects which may be produced
by the reverberant noise and the propagation noise can
be suppressed. As a result, as shown in Fig. 3, without
increasing the size of the ultrasonic transducers 5, 6, it
becomes possible to prevent a reduction of the intensity
of the ultrasonic pulse. Fig. 3 is a graph schematically
showing the relationship between the back surface load
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section (thickness) and the intensity of the ultrasonic
pulse. The back surface load section (thickness) indi-
cates the thickness M of the back surface load section
20 of the ultrasonic transducer 5, 6. The intensity of the
ultrasonic pulse indicates the magnitude of the ultrasonic
pulse radiated from the ultrasonic transducer 5, 6.
[0043] Specifically, as shown in Fig. 2, the back surface
load section 20 is placed such that its one of surfaces
(surface joined to the piezoelectric substrate 17) is in
contact with the piezoelectric substrate 17, and the other
surface (back surface) is in contact with air. Therefore,
the piezoelectric substrate 17, the back surface load sec-
tion 20, and air are arranged in this order, and the density
of these decreases in this order. Therefore, an acoustic
impedance defined by a product of the density and the
sound velocity decreases in this order, as well.
[0044] In the above relation of the acoustic impedance,
the phase of the mechanical vibration (propagation vi-
bration) propagating through the back surface load sec-
tion 20 shifts by half-wave, when it is reflected on the
surface joined to the piezoelectric substrate 17. On the
other hand, the phase of the propagation vibration does
not shift when it is reflected on the back surface of the
back surface load section 20. Therefore, as can be seen
from the following formula (12), the amplitude of the prop-
agation vibration becomes smallest due to the interfer-
ence, when the thickness M of the back surface load
section 20 is an integral multiple of the half-wave (λ/2).
In the formula (12), n indicates an integer and λ indicates
the wavelength of the mechanical vibration propagating
through the back surface load section 20.

[0045] As can be seen from the formula (12), in a case
where the thickness M of the back surface load section
20 is an integral multiple of the half-wave, the effects of
the propagation vibration (reverberant noise and propa-
gation noise) can be suppressed. Therefore, as shown
in Fig. 3, it becomes possible to avoid a situation in which
the intensity of the ultrasonic pulse radiated from the ul-
trasonic transducer 5, 6 is reduced due to the effect of
the propagation vibration. In this way, the high intensity
of the ultrasonic pulse can be ensured.
[0046] In particular, in the case of n = 1 in the formula
(12), the thickness M of the back surface load section 20
can be made smallest while reducing the magnitude of
the mechanical vibration propagating through the back
surface load section 20. From this, when the thickness
M of the back surface load section 20 is λ/2, the size of
the ultrasonic transducer 5, 6 can be reduced to a small-
est one, and the high intensity of the ultrasonic pulse can
be ensured.
[0047] Instead of λ/2, the thickness M of the back sur-
face load section 20 may be set to a length which satisfies
the formula (12). In this case, the thickness M is larger

than that in the case of λ/2. Note that this thickness M is
smaller than the thickness which allows the propagation
vibration to be attenuated. This can reduce the size of
the ultrasonic transducer 5, 6. Also, regarding the inten-
sity of the ultrasonic pulse, the advantages which are
similar to those in the case of λ/2, can be attained, when
the thickness M of the back surface load section 20 is
set to a length which is other than λ/2 and satisfies the
formula (12).
[0048] In a case where the thickness M of the back
surface load section 20 satisfies the formula (13) as il-
lustrated below, the mechanical vibration (propagation
vibration) which propagates through the back surface
load section 20 is amplified due to the interference.
Therefore, when the thickness M satisfies the formula
(13), as shown in Fig. 3, the intensity of the ultrasonic
pulse radiated from the ultrasonic transducer 5, 6 is re-
duced due to the propagation vibration. On the other
hand, as the thickness M is increased, the propagation
vibration is attenuated, and therefore the intensity of the
ultrasonic pulse is increased as shown in Fig. 3. However,
as the thickness M is increased, the size of the ultrasonic
transducer 5, 6 is increased.

[0049] In a case where the back surface load section
20 is capable of well attenuating the propagation vibra-
tion, the propagation vibration in the back surface load
section 20 can be reduced, even when the thickness M
of the back surface load section 20 is set smaller than
λ/2. In this case, since the back surface load section 20
is thinned, the size of the ultrasonic transducer 5, 6 can
be further reduced.
[0050] The insulating damping member 11 is unitarily
formed over the metal plate 16 and the piezoelectric sub-
strate 17. This can omit mounting of the insulating damp-
ing member 11. As a result, a productivity of the ultrasonic
transducer 5, 6 is high.
[0051] Since the metal plate 16 is higher in dimension
accuracy than a resin plate is, the ultrasonic transducer
5, 6 can be mounted to the fluid passage member 3 with
a higher accuracy. This makes it possible to reduce a
loss in transmission/reception of the ultrasonic pulse dur-
ing the flow measurement. As a result, highly-accurate
flow measurement can be implemented.

(Embodiment 2)

[0052] Although the flat metal plate 16 is used in the
ultrasonic transducer 5, 6 of Embodiment 1, a metal plate
31 of a flanged container shape is used as the metal plate
in an ultrasonic transducer 30 of Embodiment 2. Fig. 4
is a cross-sectional view showing the ultrasonic trans-
ducer 30 according to Embodiment 2.
[0053] As shown in Fig. 4, the metal plate 31 has a
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flanged container shape, including a side wall 33, a top
portion 32, and a flanged portion 34. The side wall 3 has
a cylindrical shape. One end of the side wall 3 is con-
nected to the top portion 32, while the other end thereof
is connected to the flanged portion 34. The top portion
32 has a disc shape, and covers the opening at one end
of the side wall 33. The flanged portion 34 has an annular
shape, and extends radially outward from the side wall
33.
[0054] In the metal plate 31, the acoustic matching
member 15 is fastened to the top surface of the top portion
32, and the piezoelectric substrate 17 is fastened to the
back surface of the top portion 32. The inner diameter of
the side wall 33 is greater than the length of the piezoe-
lectric substrate 17. Therefore, the piezoelectric sub-
strate 17 is located in the inner space of the tubular side
wall 33, and a gap 35 is formed between the piezoelectric
substrate 17 and the inner surface of the side wall 33.
[0055] The metal plate 31 may be manufactured by a
deep-drawing process, using an electrically conductive
material, for example, a metal material such as iron, stain-
less, brass, copper, aluminum, or nickel-plated steel
plate. Because of this, the top portion 32 of the metal
plate 31 is electrically connected to the electrode of the
piezoelectric substrate 17 by ohmic contact using an
electrically conductive material. The flanged portion 34
of the metal plate 31 is connected to the lead wire 18 by
an electrically conductive material such as solder. This
allows the electrode of the piezoelectric substrate 17 and
the lead wire 18 to be electrically connected to each other
via the metal plate 31.
[0056] The insulating damping member 11 unitarily
covers the outer surface of the side wall 33 of the metal
plate 31, the flanged portion 34 of the metal plate 31, the
gap 35 formed between the piezoelectric substrate 17
and the inner surface of the side wall 33, the back surface
of the piezoelectric substrate 17, and the two lead wires
18. The thickness M of the insulating damping member
11 (back surface load section 20) covering the back sur-
face of the piezoelectric substrate 17, is set to a length
of 1/2 of the wavelength λ of the mechanical vibration
generated in the piezoelectric substrate 17 and propa-
gating through the insulating damping member 11. The
back surface load section 20 may cover an entire or a
part of the back surface of the piezoelectric substrate 17.
[0057] In the ultrasonic transducer 30 configured as
described above, the acoustic matching member 15 is
located closer to the opening 4, and the ultrasonic trans-
ducer 3 is pressingly fastened to the fluid passage mem-
ber 3 by the annular mounting member 12. In this struc-
ture, the surface of the flanged portion 34 of the metal
plate 31 which surface is closer to the acoustic matching
member 15, is in contact with the contact surface 10a of
the fluid passage member 3 via the insulating damping
member 11. In addition, the end surface of the flanged
portion 34 of the metal plate 31 is in contact with the
contact surface 10b of the fluid passage member 3 via
the insulating damping member 11. Furthermore, the sur-

face of the flanged portion 34 of the metal plate 31, which
surface is closer to the piezoelectric substrate 17, is in
contact with the mounting member 12 via the insulating
damping member 11. This allows each ultrasonic trans-
ducer 30 to be fastened to the fluid passage member 3
via the insulating damping member 11.
[0058] In accordance with the above described config-
uration, the thickness M of the back surface load section
20, is set to a length of 1/2 or n/2 of the wavelength λ of
the mechanical vibration propagating through the back
surface load section 20. Therefore, the same advantages
as those of Embodiment 1 can be achieved.

(Embodiment 3)

[0059] In the ultrasonic transducer 5, 6 of Embodiment
1, the outer peripheral portion of the metal plate 16 is
fastened by using the annular mounting member 12. In
contrast, as shown in Fig. 5, in the ultrasonic transducer
5, 6 of Embodiment 3, the outer peripheral portion of the
metal plate 16 and the piezoelectric substrate 17 are fas-
tened by a mounting member 112 of a flanged container
shape. Fig. 5 is a cross-sectional of the ultrasonic trans-
ducer 5 according to Embodiment 3. The configuration
of the ultrasonic transducer 6 is similar to that of the ul-
trasonic transducer 5, and therefore will not be described
repeatedly.
[0060] As shown in Fig. 5, the mounting member 112
has a flanged container shape including the outer periph-
eral portion, a support section 112a and a mounting sec-
tion. The outer peripheral portion has a cross-section with
a rectangular tube shape for the piezoelectric substrate
17 of a rectangular parallelepiped shape of a short length.
The support section 112a has a rectangular flat plate
shape for the piezoelectric substrate 17 of a rectangular
parallelepiped shape of a short length, and covers the
opening at one end of the outer peripheral portion. The
mounting section has an annular shape, and extends ra-
dially outward from the other end of the outer peripheral
portion. The mounting member 112 is formed of metal
such as aluminum.
[0061] The mounting section of the mounting member
112 is mounted to the fluid passage member 3 in such a
manner that the outer peripheral portion of the metal plate
16 of the ultrasonic transducer 5 is pressed onto the fluid
passage member 3 by the mounting section of the mount-
ing member 112. This allows the ultrasonic transducer 5
to be fastened to the fluid passage member 3. The inner
surface of the support section 112a is in contact with the
back surface of the back surface load section 20, and
the support section 112a supports the piezoelectric sub-
strate 17 via the back surface load section 20. This allows
the support section 112a to protect the piezoelectric sub-
strate 17.
[0062] In this case, the piezoelectric substrate 17, the
back surface load section 20, and the support section
112a of the mounting member 112 are stacked together
in this order. Since the piezoelectric substrate 17 and the
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support section 112a are higher in density than the back
surface load section 20 is, the piezoelectric substrate 17
and the support section 112a are higher in acoustic im-
pedance than the back surface load section 20 is.
[0063] In the above relation of the acoustic impedance,
the phase of the mechanical vibration (propagation vi-
bration) propagating through the back surface load sec-
tion 20 shifts by half-wave, when it is reflected on the
surface joined to the piezoelectric substrate 17, and when
it is reflected on the back surface of the back surface load
section 20. Therefore, when the following formula (14) is
satisfied, the amplitude of the propagation vibration be-
comes smallest due to the interference. In the formula
(14), n indicates an integer, and λ indicates the wave-
length of the mechanical vibration propagating through
the back surface load section 20.

[0064] In a case where the thickness M of the back
surface load section 20 satisfies the formula (14), the
effects of the propagation vibration (reverberant noise
and propagation noise) can be suppressed. Therefore,
it becomes possible to avoid a situation in which the in-
tensity of the ultrasonic pulse radiated from the ultrasonic
transducer 5, 6 is reduced due to the effect of the prop-
agation vibration. In this way, the high intensity of the
ultrasonic pulse can be ensured.
[0065] In particular, in the case of n = 1 in the formula
(14), the thickness M of the back surface load section 20
can be made smallest while reducing the magnitude of
the mechanical vibration propagating through the back
surface load section 20. From this, when the thickness
M of the back surface load section 20 is λ/4, the size of
the ultrasonic transducer 5, 6 can be reduced to a small-
est one, and the high intensity of the ultrasonic pulse can
be ensured.
[0066] Instead of λ/4, the thickness M of the back sur-
face load section 20 may be set to a length which satisfies
the formula (14). In this case, the thickness M is larger
than that in the case of λ/4. Note that the thickness M is
smaller than the thickness which allows the propagation
vibration to be attenuated. This can reduce the size of
the ultrasonic transducer 5, 6. Also, regarding the inten-
sity of the ultrasonic pulse, the advantages which are
similar to those in the case of λ/4, can be attained, when
the thickness M of the back surface load section 20 is
set to a length which is other than λ/4 and satisfies the
formula (14).
[0067] In a case where the back surface load section
20 is capable of well attenuating the propagation vibra-
tion, the propagation vibration in the back surface load
section 20 can be reduced, even when the thickness M
of the back surface load section 20 is set smaller than
λ/4. In this case, since the back surface load section 20
is thinned, the size of the ultrasonic transducer 5, 6 can

be further reduced.

(Embodiment 4)

[0068] In the ultrasonic transducer 30 of Embodiment
2, the flanged portion 34 of the metal plate 31 is fastened
by the annular mounting member 12. In contrast, in the
ultrasonic transducer 30 of Embodiment 4, as shown in
Fig. 6, the flange portion 34 and the piezoelectric sub-
strate 17 are fastened by using a flat plate mounting
member 212. Fig. 6 is a cross-sectional view of the ul-
trasonic transducer 30 according to Embodiment 4.
[0069] As shown in Fig. 6, the mounting member 212
has a flat plate shape for covering the flanged portion 34
of the metal plate 31 and the piezoelectric substrate 17.
In a case where the piezoelectric substrate 17 protrudes
toward the back side farther than the flanged portion 34,
the support section 212a of the mounting member 212
is recessed from the outer peripheral portion according
to the amount of the protruding portion. The mounting
member 112 is formed of metal such as aluminum.
[0070] The outer peripheral portion of the mounting
member 212 is mounted to the fluid passage member 3
in such a manner that the flanged portion 34 of the metal
plate 31 is pressed onto the fluid passage member 3.
This allows the ultrasonic transducer 30 to be fastened
to the fluid passage member 3. The surface of the support
section 212a of the mounting member 212 is in contact
with the back surface of the back surface load section
20, and the support section 212a supports the piezoe-
lectric substrate 17 via the back surface load section 20.
This allows the support section 212a to protect the pie-
zoelectric substrate 17.
[0071] In this case, the piezoelectric substrate 17, the
back surface load section 20, and the mounting member
212 are stacked together in this order. Since the piezo-
electric substrate 17 and the mounting member 212 are
higher in density than the back surface load section 20
is, the piezoelectric substrate 17 and the mounting mem-
ber 212 are higher in acoustic impedance than the back
surface load section 20 is.
[0072] As in the case of Embodiment 3, the propaga-
tion vibration is reflected on the surface of the back sur-
face load section 20 which surface is joined to the pie-
zoelectric substrate 17, and on the back surface of the
back surface load section 20, while changing the phase.
When the thickness M of the back surface load section
20 satisfies the formula (14), the propagation vibration in
the back surface load section 20 becomes smallest, and
the reverberant noise and the propagation noise can be
reduced. This enables the ultrasonic transducer 30 to
radiate the ultrasonic pulse with a high accuracy while
suppressing the effects of the noise without increasing
the size.
[0073] Instead of λ/4, the thickness M of the back sur-
face load section 20 may be set to a length which satisfies
the formula (14). In this case, the thickness M is larger
than that in the case of λ/4. Note that the thickness M is
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smaller than the thickness which allows the propagation
vibration to be attenuated.
[0074] This can reduce the size of the ultrasonic trans-
ducer 5, 6. Also, regarding the intensity of the ultrasonic
pulse, the advantages which are similar to those in the
case of λ/4, can be attained, when the thickness M of the
back surface load section 20 is set to a length which is
other than λ/4 and satisfies the formula (14).
[0075] In a case where the back surface load section
20 is capable of well attenuating the propagation vibra-
tion, the propagation vibration in the back surface load
section 20 can be reduced even when the thickness M
of the back surface load section 20 is set smaller than
λ/4. In this case, since the back surface load section 20
is thinned, the size of the ultrasonic transducer 30 can
be further reduced.
[0076] The above described embodiments may be
combined with each other so long as they do not exclude
each other.
[0077] Numerous modifications and alternative em-
bodiments of the invention will be apparent to those
skilled in the art in view of the foregoing description. Ac-
cordingly, the description is to be construed as illustrative
only, and is provided for the purpose of teaching those
skilled in the art the best mode of carrying out the inven-
tion.

Industrial Applicability

[0078] An ultrasonic transducer and an ultrasonic flow
meter including the ultrasonic transducer of the present
invention are useful as a small-sized ultrasonic transduc-
er which is capable of radiating an ultrasonic pulse with
a higher accuracy than in a conventional example, an
ultrasonic flow meter including the ultrasonic transducer,
etc.,

Reference Signs List

[0079]

3 fluid passage member
5, 6, 30 ultrasonic transducer
7 ultrasonic wave transit time measuring sec-

tion (transit time measuring section)
8 calculation section
11 insulating damping member
15 acoustic matching member
16 metal plate
17 piezoelectric substrate
20 back surface load section (insulating damp-

ing member)
31 metal plate
32 top portion
33 side wall
34 flanged portion
100 ultrasonic flow meter
112a support section

212a support section

Claims

1. An ultrasonic transducer (5, 6, 30) comprising:

a metal plate (16, 31);
an acoustic matching member (15) fastened to
one of surfaces of the metal plate;
a piezoelectric substrate (17) which is fastened
to the other surface of the metal plate and gen-
erates a vibration, the piezoelectric substrate in-
cluding a pair of electrodes, and a piezoelectric
section sandwiched between the pair of elec-
trodes, one of the pair of electrodes being elec-
trically connected to the metal plate; and
an insulating damping member (11) covering a
back surface of the piezoelectric substrate
which surface is on an opposite side of a surface
fastened to the metal plate;
wherein a thickness of the insulating damping
member is set to a length which is n/2 of a wave-
length of the vibration propagating through the
insulating damping member, n being an integer.

2. An ultrasonic transducer (5, 6, 30) comprising:

a metal plate (16, 31);
an acoustic matching member (15) fastened to
one of surfaces of the metal plate;
a piezoelectric substrate (17) which is fastened
to the other surface of the metal plate and gen-
erates a vibration, the piezoelectric substrate in-
cluding a pair of electrodes, and a piezoelectric
section sandwiched between the pair of elec-
trodes, one of the pair of electrodes being elec-
trically connected to the metal plate;
an insulating damping member (11) covering a
back surface of the piezoelectric substrate
which surface is on an opposite side of a surface
fastened to the metal plate; and
a support section (112a, 212a) which is in con-
tact with a back surface of the insulating damp-
ing member which surface is on an opposite side
of a surface covering the piezoelectric substrate,
the support section having a higher density than
the piezoelectric substrate;
wherein a thickness of the insulating damping
member is set to a length which is (2n - 1)/4 of
a wavelength of the vibration propagating
through the insulating damping member, n being
an integer.

3. The ultrasonic transducer according to claim 1 or 2,
wherein the metal plate has a flat plate shape.

4. The ultrasonic transducer according to claim 1 or 2,
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wherein the metal plate has a flanged container
shape including a tubular side wall (33), a top
portion (32) covering an opening at one end of
the side wall, and a flanged portion (34) protrud-
ing outward from the other end of the side wall;
wherein the acoustic matching member is fas-
tened to one of surfaces of the top portion;
the piezoelectric substrate is fastened to the oth-
er surface of the top portion, in an inner space
of the side wall; and
the insulating damping member covers a back
surface of the piezoelectric substrate which sur-
face is on an opposite side of a surface fastened
to the top portion.

5. The ultrasonic transducer according to any one of
claims 1 to 4,
wherein the insulating damping member unitarily
covers the back surface of the piezoelectric sub-
strate, a side wall of the piezoelectric substrate, and
a portion of the metal plate which portion is other
than a portion fastened to the acoustic matching
member and a portion fastened to the piezoelectric
substrate.

6. An ultrasonic flow meter (100) comprising:

a pair of ultrasonic transducers according to any
one of claims 1 to 5, which mutually transmit and
receive an ultrasonic pulse;
a fluid passage member (3) to which the pair of
ultrasonic transducers are mounted such that
the ultrasonic transducers are apart from each
other;
a transit time measuring section (7) for measur-
ing time for which the ultrasonic pulse propa-
gates between the pair of ultrasonic transduc-
ers; and
a calculation section (8) for calculating a flow of
a measurement target fluid based on the time
measured by the transit time measuring section.

Patentansprüche

1. Ultraschallsignalwandler (5, 6, 30), enthaltend:

eine Metallplatte (16, 31);
ein akustisches Abstimmglied (15), das an einer
von mehreren Oberflächen der Metallplatte be-
festigt ist;
ein piezoelektrisches Substrat (17), das an der
anderen Oberfläche der Metallplatte befestigt ist
und eine Vibration erzeugt, wobei das piezoe-
lektrische Substrat ein Paar Elektroden und ei-
nen sandwichförmig von dem Paar Elektroden
umgebenen piezoelektrischen Abschnitt ent-
hält, wobei eine von dem Paar Elektroden elek-

trisch mit der Metallplatte verbunden ist; und
ein isolierendes Dämpfungsglied (11), das eine
rückseitige Fläche des piezoelektrischen Sub-
strats bedeckt, die auf einer einer mit der Me-
tallplatte verbundenen Oberfläche gegenüber-
liegenden Seite liegt;
wobei eine Dicke des isolierenden Dämpfungs-
glieds auf eine Länge bemessen ist, die n/2 einer
Wellenlänge der sich durch das isolierende
Dämpfungsglied fortpflanzenden Vibration ist,
wobei n ganzzahlig ist.

2. Ultraschallsignalwandler (5, 6, 30), enthaltend:

eine Metallplatte (16, 31);
ein akustisches Abgleichglied (15), das mit einer
von mehreren Oberflächen der Metallplatte ver-
bunden ist;
ein piezoelektrisches Substrat (17), das an der
anderen Oberfläche der Metallplatte befestigt ist
und eine Vibration erzeugt, wobei das piezoe-
lektrische Substrat ein Paar Elektroden und ei-
nen sandwichförmig von dem Paar Elektroden
umgebenen piezoelektrischen Abschnitt ent-
hält, wobei eine von dem Paar Elektroden elek-
trisch mit der Metallplatte verbunden ist;
ein isolierendes Dämpfungsglied (11) das eine
rückseitige Oberfläche des piezoelektrischen
Substrats bedeckt, die auf einer einer mit der
Metallplatte verbundenen Oberfläche gegenü-
berliegenden Seite liegt; und
einen Stützabschnitt (112a, 212a), der in Kon-
takt mit einer rückseitigen Oberfläche des iso-
lierenden Dämpfungsglieds steht, die auf einer
einer das piezoelektrische Substrat bedecken-
den Oberfläche gegenüberliegenden Seite liegt,
wobei der Stützabschnitt eine höhere Dichte als
das piezoelektrische Substrat aufweist;
wobei eine Dicke des isolierenden Dämpfungs-
glieds auf eine Länge bemessen ist, die (2n-1/4)
einer sich durch das isolierende Dämpfungs-
glied fortpflanzenden Vibration ist, wobei n
ganzzahlig ist.

3. Ultraschallsignalwandler gemäß Anspruch 1 oder 2,
bei dem die Metallplatte eine flache Plattengestalt
hat.

4. Ultraschallsignalwandler gemäß Anspruch 1 oder 2,
bei dem die Metallplatte eine flanschförmige Behäl-
tergestalt hat, die eine röhrenförmige Seitenwand
(33), einen eine Öffnung an einem Ende der Seiten-
wand bedeckenden oberen Abschnitt (32) und einen
Flanschabschnitt (34), der von dem anderen Ende
der Seitenwand nach außen vorsteht, enthält;
wobei das akustische Abgleichglied mit einer von
mehreren Oberflächen des oberen Abschnitts ver-
bunden ist;
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das piezoelektrische Substrat mit an der anderen
Oberfläche des oberen Abschnitts in einem Innen-
raum der Seitenwand verbunden ist; und
das isolierende Dämpfungsglied eine rückseitige
Oberfläche des piezoelektrischen Substrats, die auf
einer einer mit dem oberen Abschnitt verbundenen
Oberfläche gegenüberliegenden Seite liegt, be-
deckt.

5. Ultraschallsignalwandler gemäß irgendeinem der
Ansprüche 1 bis 4,
bei dem das isolierende Dämpfungsglied die rück-
seitige Oberfläche des piezoelektrischen Substrats,
eine Seitenwand des piezoelektrischen Substrats
und einen Abschnitt der Metallplatte, der sich von
einem mit dem akustischen Abgleichglied befestig-
ten Abschnitt und ein einem an dem piezoelektri-
schen Substrat befestigten Abschnitt unterscheidet,
einheitlich bedeckt.

6. Ultraschalldurchflussmessgerät (100), enthaltend:

ein Paar Ultraschallsignalwandler gemäß ir-
gendeinem der Ansprüche 1 bis 5, die gegen-
seitig einen Ultraschallpuls übertragen und
empfangen;
ein Fluidpassageglied (3), an dem das Paar Ul-
traschallsignalwandler montiert ist, so dass die
Ultraschallsignalwandler voneinander beab-
standet sind;
einen Durchgangszeitmessabschnitt (7) zum
Messen der Zeit, die der Ultraschallpuls zwi-
schen dem Paar Ultraschallsignalwandler sich
ausbreitet; und
einen Rechenabschnitt (8) zum Messen eines
Flusses eines Messzielfluids basierend auf der
von dem Durchgangszeitmessabschnitt gemes-
senen Zeitpunkt.

Revendications

1. Transducteur ultrasonique (5, 6, 30), comprenant :

une plaque métallique (16, 31) ;
un élément d’adaptation acoustique (15) fixé à
une de surfaces de la plaque métallique ;
un substrat piézoélectrique (17) qui est fixé à
l’autre surface de la plaque métallique et génère
une vibration, le substrat piézoélectrique in-
cluant une paire d’électrodes, et une section pié-
zoélectrique prise en sandwich entre la paire
d’électrodes, une de la paire d’électrodes étant
électriquement connectée à la plaque
métallique ; et
un élément d’amortissement isolant (11) cou-
vrant une surface arrière du substrat piézoélec-
trique, laquelle surface est sur un côté opposé

d’une surface fixée à la plaque métallique ;
dans lequel une épaisseur de l’élément d’amor-
tissement isolant est réglée à une longueur qui
est n/2 d’une longueur d’onde de la vibration se
propageant à travers l’élément d’amortissement
isolant, n étant un nombre entier relatif.

2. Transducteur ultrasonique (5, 6, 30), comprenant :

une plaque métallique (16, 31) ;
un élément d’adaptation acoustique (15) fixé à
une de surfaces de la plaque métallique ;
un substrat piézoélectrique (17) qui est fixé à
l’autre surface de la plaque métallique et génère
une vibration, le substrat piézoélectrique in-
cluant une paire d’électrodes, et une section pié-
zoélectrique prise en sandwich entre la paire
d’électrodes, une de la paire d’électrodes étant
électriquement connectée à la plaque
métallique ;
un élément d’amortissement isolant (11) cou-
vrant une surface arrière du substrat piézoélec-
trique, laquelle surface est sur un côté opposé
d’une surface fixée à la plaque métallique ; et
une section de support (112a, 212a) qui est en
contact avec une surface arrière de l’élément
d’amortissement isolant, laquelle surface est sur
un côté opposé d’une surface couvrant le subs-
trat piézoélectrique, la section de support ayant
une densité supérieure à celle du substrat
piézoélectrique ;
dans lequel une épaisseur de l’élément d’amor-
tissement isolant est réglée à une longueur qui
est (2n-1)/4 d’une longueur d’onde de la vibra-
tion se propageant à travers l’élément d’amor-
tissement isolant, n étant un nombre entier re-
latif.

3. Transducteur ultrasonique selon la revendication 1
ou 2,
dans lequel la plaque métallique a une forme de pla-
que plate.

4. Transducteur ultrasonique selon la revendication 1
ou 2,
dans lequel la plaque métallique a une forme de con-
tenant à bride incluant une paroi latérale tubulaire
(33), une partie supérieure (32) couvrant une ouver-
ture à une extrémité de la paroi latérale, et une partie
à bride (34) faisant saillie vers l’extérieur à partir de
l’autre extrémité de la paroi latérale ;
dans lequel l’élément d’adaptation acoustique est
fixé à une de surfaces de la partie supérieure ;
le substrat piézoélectrique est fixé à l’autre surface
de la partie supérieure, dans un espace intérieur de
la paroi latérale ; et
l’élément d’amortissement isolant couvre une surfa-
ce arrière du substrat piézoélectrique, laquelle sur-
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face est sur un côté opposé d’une surface fixée à la
partie supérieure.

5. Transducteur ultrasonique selon l’une quelconque
des revendications 1 à 4,
dans lequel l’élément d’amortissement isolant cou-
vre de façon unitaire la surface arrière du substrat
piézoélectrique, une paroi latérale du substrat pié-
zoélectrique, et une partie de la plaque métallique,
laquelle partie est autre qu’une partie fixée à l’élé-
ment d’adaptation acoustique, et une partie fixée au
substrat piézoélectrique.

6. Débitmètre ultrasonique (100), comprenant :

une paire de transducteurs ultrasoniques selon
l’une quelconque des revendications 1 à 5, qui
mutuellement transmettent et reçoivent une im-
pulsion ultrasonique ;
un élément de passage de fluide (3) sur lequel
la paire de transducteurs ultrasoniques sont
montés de telle sorte que les transducteurs ul-
trasoniques soient éloignés l’un de l’autre ;
une section de mesure de temps de transit (7)
pour mesurer une temps pendant lequel l’impul-
sion ultrasonique se propage entre la paire de
transducteurs ultrasoniques ; et
une section de calcul (8) pour calculer un débit
d’un fluide cible de mesure sur la base du temps
mesuré par la section de mesure de temps de
transit.
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