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Description

Technical Field

[0001] The present invention relates to a flow meter device of a fluid which measures the flow of the fluid such as gas
and water, by using an ultrasonic wave.

Background Art

[0002] As a conventional typical example of such a flow meter device of the fluid, there is a flow meter device shown
in Fig. 11 (e.g., see Patent Literature 1).
[0003] This flow meter device includes a first ultrasonic transducer 32 attached to a fluid passage 31 through which
the fluid flows, a second ultrasonic transducer 33 attached to the fluid passage 31, a switching means 34 which performs
switching between transmission and reception of the first ultrasonic transducer 32 and the second ultrasonic transducer
33, a transmission means 35 which activates the first ultrasonic transducer 32 and the second ultrasonic transducer 33,
an amplification means 36 which amplifies a signal which has been received by the ultrasonic transducer at a reception
side and has passed through the switching means 34 to a predetermined amplitude level, and a reference voltage
comparison means 37 which compares the voltage of the received signal which has been amplified by the amplification
means 36 to a reference voltage.
[0004] As shown in Fig. 12, the reference voltage comparison means 37 compares the amplified received signal A to
the reference voltage, and outputs a signal C from a timing c at which the magnitude relation between the amplified
received signal A and the reference voltage is inverted to a zero cross point a that comes first after the timing c, and a
determination means 38 outputs a signal D to a repeating means 39 at the zero cross point a.
[0005] The repeating means 39 counts the signal received from the determination means 38 at preset number of
times, and outputs the signal received from the determination means 38 to a control means 42. A time measuring means
40 measures time for which the repeating means 39 has counted the preset number of times. A flow rate calculation
means 41 calculates a flow rate based on the time measured by the time measuring means 40.
[0006] The control means 42 is configured to control the operation of the transmission means 35 based on the flow
rate calculated by the flow rate calculation means 41 and output to the control means 42 and the signal output from the
repeating means 39.
[0007] In this configuration, the control means 42 causes the transmission means 35 to operate and the ultrasonic
transducer 32 to transmit an ultrasonic signal. Then, the ultrasonic signal propagates (travels) through the flow and is
received by the second ultrasonic transducer 33. The ultrasonic signal is amplified by the amplification means 36, and
then processed by the reference voltage comparison means 37 and the determination means 38. Then, the ultrasonic
signal is input to the control means 42 through the repeating means 39. The above described operation is repeated
preset n times, and the time measuring means 40 measures the time for the repeated operation.
[0008] The same operation is performed while performing switching between transmission and reception of the first
ultrasonic transducer 32 and the second ultrasonic transducer 33, by the switching means 34. Transit time (propagation
time) for which the ultrasonic signal propagates through a measurement target fluid from an upstream side to a down-
stream side (this direction will be referred to as a forward flow direction), and transit time for which the ultrasonic signal
propagates through the measurement target fluid from the downstream side to the upstream side (this direction will be
referred to as a reverse flow direction) are respectively measured, the flow velocity of the measurement target fluid is
derived, and a flow rate Q is derived according to a formula (1).
[0009] When the effective distance between the ultrasonic transducers in a flow direction is L, measurement time that
takes for the ultrasonic signal to propagate from the upstream side to the downstream side n times is t1, measurement
time that takes for the ultrasonic signal to propagate from the downstream side to the upstream side n times is t2, the
flow velocity of the measurement target fluid is v, the cross-sectional area of the fluid passage is S, and the angle formed
between the propagation path of the ultrasonic wave between the ultrasonic transducers and the flow of the measurement
target fluid is (ϕ, the flow rate Q of the measurement target fluid is represented by the following formula:

[0010] Actually, the flow rate is calculated by multiplying the formula 1 by a coefficient corresponding to the flow rate.
[0011] The gain of the amplification means 36 is adjusted so that the signal received by the ultrasonic transducer at
the reception side has a constant amplitude. The gain is adjusted so that the peak voltage value of the received signal
falls within a predetermined voltage range.
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[0012] The above described flow meter device of the fluid is electrically activated by batteries, and required to reduce
electric power consumption. It is considered that in this conventional flow meter device of the fluid, a reference voltage
is newly set (e.g., see Patent Literature 2).
[0013] JP2012026822 A discloses an ultrasonic flow meter using two ultrasonic transducers and a reference voltage
setting means.

Citation List

Patent Literature

[0014]

Patent Literature 1: Japanese Laid-Open Patent Application Publication No. 2003-106882
Patent Literature 2: Japanese Patent Publication No. 4572546

Summary of Invention

Technical Problem

[0015] An object of the present invention is to provide a flow meter device of a fluid which is capable of setting a
reference voltage quickly and accurately, maintaining the reference voltage at an optimal voltage value, and reducing
electric power consumption while dealing with different gas kinds.

Solution to Problem

[0016] According to the present invention, there is provided a flow meter device of a fluid comprising: a first transducer
and a second transducer which are provided in a fluid pipe and configured to transmit and receive an ultrasonic signal;
a transmission means configured to activate the first and second transducers; a switching means configured to perform
switching between transmission and reception of the first and second transducers; an amplification means configured
to amplify a received signal of each of the first and second transducers; a time measuring means configured to measure
cumulative time of transit time that takes for the ultrasonic signal to be transmitted and received repeatedly; a calculation
means configured to calculate a flow velocity or a flow rate based on time measured by the time measuring means; a
reference voltage comparison means configured to compare a voltage of the received signal which is output from the
amplification means to a reference voltage and outputs a signal at a time point when a magnitude relation of the voltage
of the received signal and the reference voltage is inverted; a determination means configured to output a signal at a
time point when the determination means determines a negative zero cross point at which the voltage of the received
signal which is output from the amplification means changes from a positive value to a negative value, the negative zero
cross point coming first after the determination means receives the signal output from the reference voltage comparison
means; a time difference measuring means configured to measure time difference between a time point when the signal
is output from the transmission means and a time point when the signal is output from the determination means; a
reference voltage setting means configured to change the reference voltage from a minimum voltage in a set range to
a maximum voltage in the set range, to recognize as a plurality of peak voltages, inflection points of the time difference
measured by the time difference measuring means when the reference voltage is changed from the minimum voltage
to the maximum voltage, and to set the reference voltage to a voltage corresponding to a specified ratio value between
a first peak voltage and a second peak voltage which are arbitrarily chosen from among the plurality of peak voltages,
when a ratio value between the first peak voltage and the second peak voltage becomes the specified ratio value; a
time difference storage means configured to store the time difference measured by the time difference measuring means
when the reference voltage is set; a peak voltage storage means configured to store the first peak voltage and the
second peak voltage of the reference voltage setting means; and a new reference voltage setting means configured to
change the reference voltage from a voltage which is close to the first peak voltage in the set range to a voltage which
is close to the second peak voltage in the set range, to newly recognize as the first peak voltage and the second peak
voltage, inflection points of the time difference measured by the time difference measuring means when the reference
voltage is changed, and to set the reference voltage to a voltage corresponding to a specified ratio value between the
first peak voltage and the second peak voltage which are newly recognized; wherein the new reference voltage setting
means is configured to newly set the reference voltage when a difference between the time difference measured by the
time difference measuring means after the reference voltage is set and the time difference stored in the time difference
storage means is equal to or larger than a predetermined value.
[0017] The flow meter device can also be used for a flow rate measurement method of the fluid.
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Advantageous Effects of Invention

[0018] In accordance with the present invention, it is possible to provide a flow meter device of a fluid which is capable
of setting a reference voltage quickly and accurately, maintaining the reference voltage at an optimal voltage value, and
reducing electric power consumption while dealing with different gas kinds.

Brief Description of Drawings

[0019]

Fig. 1 is a block diagram of a flow meter device of a fluid according to Embodiment 1.
Fig. 2 is a view for explaining the operation of the flow meter device.
Fig. 3 is a flowchart showing a method of adjusting a gain in initial setting of the flow meter device.
Fig. 4 is a flowchart showing a method of adjusting the gain in updating of the flow meter device.
Fig. 5 is a view for explaining a method of detecting the peak voltages of the waves of a received wave while changing
a reference voltage.
Fig. 6 is a view for explaining peak voltage ratios among the waves of the received wave.
Fig. 7 is a view showing a comparison of a set voltage range of gain adjustment between the initial setting and the
updating in the flow meter device.
Fig. 8 is a block diagram of a flow meter device of a fluid according to Embodiment 2.
Fig. 9 is a flowchart showing a method of adjusting the gain in the updating of the flow meter device.
Fig. 10 is a block diagram of a flow meter device of a fluid according to Embodiment 3.
Fig. 11 is a block diagram of a conventional flow meter device of a fluid.
Fig. 12 is a view for explaining the operation of the conventional flow meter device of the fluid.
Fig. 13 is a view for explaining the operation of an amplification means of the conventional flow meter device of the fluid.

Description of Embodiments

[0020] The inventors intensively studied to provide a flow meter device of a fluid which is capable of setting a reference
voltage quickly and accurately, maintaining the reference voltage at an optimal voltage value, and reducing electric
power consumption while dealing with different gas kinds. As a result, the inventors found out the followings.
[0021] First of all, regarding the configuration disclosed in Patent Literature 1, the inventors conceived that the following
configuration is used.
[0022] Fig. 13 is a view showing the relation between amplified received signals and set voltages. While repeating the
measurement the number of times set in the repeating means 39, the number of times the peak voltage value of the
received signal falls below the lower limit of a predetermined voltage range like a received signal b indicated by a dotted
line of Fig. 13 and the number of times the peak voltage value of the received signal exceeds the upper limit of the
predetermined voltage range like a received signal c indicated by a dotted line of Fig. 13, are counted, and the gain
used at next flow rate measurement is adjusted based on the magnitude relation between the number of times the peak
voltage value falls below the lower limit and the number of times the peak voltage exceeds the upper limit.
[0023] For example, in a case where the number of times the peak voltage value falls below the lower limit is more
than the number of times the peak voltage value exceeds the upper limit, the gain is increased so that the peak voltage
value falls within a range between the upper limit and the lower limit of the predetermined voltage range, like a received
signal a indicated by a solid line of Fig. 13.
[0024] The reference voltage of the reference voltage comparison means 37 which is compared to the voltage of the
received signal amplified by the amplification means 36 is to define the position of the zero cross point detected by the
determination means 38. In the example of Fig. 13, the reference voltage is set to a mid voltage between the peak
voltage of the second wave of the received signal and the peak voltage of the third wave of the received signal so that
the determination means 38 detects the zero cross point a of the third wave of the received signal. With this setting,
even if the peak voltage of the second wave of the received signal increases and/or the peak voltage of the third wave
of the received signal decreases, for some reasons or other, a margin can be provided for both of these cases, and
hence the determination means 38 can steadily detect the zero cross point a of the third wave.
[0025] In the conventional flow meter device of the fluid, as a method of setting the reference voltage to be compared
to the received signal amplified to the predetermined amplification level, by the reference voltage comparison means
37, a method of setting the reference voltage by resistive voltage division using a fixed resistor and a semi-fixed resistor
have been frequently employed. However, this method has a drawback that long time is taken to set the reference
voltage and the semi-fixed resistor is likely to be adjusted erroneously, because the semi-fixed resistor is manually
adjusted while monitoring the reference voltage so as to generate the specified voltage.
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[0026] In addition, in some cases, the adjusted position may change due to a change which progresses over years,
a mechanical vibration, a thermal impact, etc., after the adjustment. Because of this, the conventional method has a
problem that when the sensitivities of the ultrasonic transducers change due to a temperature change, a flow rate change,
and/or a change in the ultrasonic transducers which progresses over years, and other reasons, it is necessary to newly
set the reference voltage.
[0027] Furthermore, in the conventional flow meter device of the fluid, the reference voltage is adjusted in the middle
of the flow rate measurement, and therefore the timing, frequency and the like of the adjustment significantly affect the
flow rate measurement. Besides, since the reference voltage is adjusted while changing the voltage, processing is
increased, so that frequent adjustment accelerates battery wasting.
[0028] Moreover, depending on the gas kind, the characteristics and changes in the voltages are different. Therefore,
depending on the gas kind, the number of times the reference voltage is adjusted may be increased.
[0029] To solve the above described problems, in a flow meter device of a fluid of the present invention, a reference
voltage setting means changes a reference voltage from a voltage which is close to each of a first peak voltage and a
second peak voltage which are pre-stored, newly recognizes the positions of peak voltages, and sets the reference
voltage based on the peak voltages.
[0030] In addition, the reference voltage setting means sets an optimal reference voltage corresponding to each gas
kind in such a manner that a reference voltage value is set with a ratio corresponding to the characteristic of the gas
kind by changing the ratio between the peak voltages based on measurement time. This makes it possible to reduce
the number of times the reference voltage is newly adjusted.
[0031] In the above described manner, the reference voltage set by the reference voltage setting means is set to a
mid voltage between two peak voltages corresponding to adjacent two particular waves of the received wave of the
ultrasonic signal. The flow meter device of the fluid is able to quickly perform the setting operation of the reference
voltage which allows a time difference measured by a time difference measuring means to be optimal without human
intervention, and continue to keep the reference voltage at an optimal voltage value.
[0032] According to a first aspect of the present invention, there is provided a flow meter device of a fluid comprising:
a first transducer and a second transducer which are provided in a fluid pipe and configured to transmit and receive an
ultrasonic signal; a transmission means configured to activate the first and second transducers; a switching means
configured to perform switching between transmission and reception of the first and second transducers; an amplification
means configured to amplify a received signal of each of the first and second transducers; a time measuring means
configured to measure cumulative time of transit time that takes for the ultrasonic signal to be transmitted and received
repeatedly; a calculation means configured to calculate a flow velocity or a flow rate based on time measured by the
time measuring means; a reference voltage comparison means configured to compare a voltage of the received signal
which is output from the amplification means to a reference voltage and outputs a signal at a time point when a magnitude
relation of the voltage of the received signal and the reference voltage is inverted; a determination means configured to
output a signal at a time point when the determination means determines a negative zero cross point at which the voltage
of the received signal which is output from the amplification means changes from a positive value to a negative value,
the negative zero cross point coming first after the determination means receives the signal output from the reference
voltage comparison means; a time difference measuring means configured to measure time difference between a time
point when the signal is output from the transmission means and a time point when the signal is output from the deter-
mination means; a reference voltage setting means configured to change the reference voltage from a minimum voltage
in a set range to a maximum voltage in the set range, to recognize as a plurality of peak voltages, inflection points of
the time difference measured by the time difference measuring means when the reference voltage is changed from the
minimum voltage to the maximum voltage, and to set the reference voltage to a voltage corresponding to a specified
ratio value between a first peak voltage and a second peak voltage which are arbitrarily chosen from among the plurality
of peak voltages, when a ratio value between the first peak voltage and the second peak voltage becomes the specified
ratio value; a time difference storage means configured to store the time difference measured by the time difference
measuring means when the reference voltage is set; a peak voltage storage means configured to store the first peak
voltage and the second peak voltage of the reference voltage setting means; and a new reference voltage setting means
configured to change the reference voltage from a voltage which is close to the first peak voltage in the set range to a
voltage which is close to the second peak voltage in the set range, to newly recognize as the first peak voltage and the
second peak voltage, inflection points of the time difference measured by the time difference measuring means when
the reference voltage is changed, and to set the reference voltage to a voltage corresponding to a specified ratio value
between the first peak voltage and the second peak voltage which are newly recognized; wherein the new reference
voltage setting means is configured to newly set the reference voltage when a difference between the time difference
measured by the time difference measuring means after the reference voltage is set and the time difference stored in
the time difference storage means is equal to or larger than a predetermined value. In this configuration, it becomes
possible to provide the flow meter device of the fluid which is capable of setting the reference voltage quickly and
accurately such that the reference voltage is very steady with respect to a change in the received signal of the ultrasonic
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wave.
[0033] According to a second aspect of the present invention, the flow meter device of the fluid according to the first
aspect, comprises a voltage ratio determination means configured to decide a relation of the ratio value between the
first peak voltage and the second peak voltage value in the new reference voltage setting means, based on the time
difference stored in the time difference storage means. In this configuration, by changing the ratio value based on the
time difference stored in the time difference storage means, the ratio corresponding to the characteristics of the fluid
can be set. As a result, steady measurement can be implemented.
[0034] According to a third aspect of the present invention, the flow meter device of the fluid according to the first or
second aspect, comprises a temperature measuring means configured to measure a temperature; wherein the reference
voltage is adjusted when the temperature measured by the temperature measuring means is changed by a specified
value or larger. In this configuration, since the reference voltage is also adjusted based on a change in the characteristic
due to a temperature change, a steady reference voltage can be set.
[0035] According to a fourth aspect of the present invention, in the flow meter device of the fluid according to any one
of the first to third aspects, the reference voltage setting means is configured to change the reference voltage after an
amplification degree of the amplification means is adjusted. In this configuration, the new voltage setting means limits
the set range of the reference voltage to a range between the peak voltages of particular waves in a case where the
reference voltage is set to a value between the particular waves of the received wave in the adjustment of the amplification
degree of the flow meter device of the fluid. Therefore, even when the magnitude relation between the reference voltage
and the peak voltages is changed due to a change in the received signal of the ultrasonic wave in the middle of the flow
rate measurement, the reference voltage can be newly set after the amplification degree is adjusted. Thus, the flow
meter device of the fluid is able to maintain the reference voltage at an optimal voltage value.
[0036] According to a fifth aspect of the present invention, the flow meter device of the fluid according to any one of
the first to fourth aspects, comprises a time difference storage means configured to derive the time difference stored in
the time difference storage means based on the cumulative time of the time measuring means. In this configuration,
since the measurement time can be derived based on the average value, the determination as to the fluid can be
performed accurately.
[0037] Hereinafter, the embodiments of the present embodiment will be described with reference to the drawings. The
present invention is not limited to the embodiments.

(Embodiment 1)

[0038] Fig. 1 is a block diagram of a flow meter device of a fluid according to Embodiment 1. Figs. 2 and 5 are views
for explaining the operation of the flow meter device of the fluid of Embodiment 1. Figs. 3 and 4 are flowcharts showing
the operation of the flow meter device of the fluid of Embodiment 1.
[0039] Referring to Fig. 1, a first ultrasonic transducer 2 (first transducer) which transmits an ultrasonic wave and a
second ultrasonic transducer 3 (second transducer) which receives the ultrasonic wave are placed in the intermediate
portion of a fluid passage 1 such that the propagation path of the ultrasonic wave form an angle ϕ with respect to a flow
direction.
[0040] The fluid passage 1 may be, for example, a fluid passage having a rectangular passage cross-section. The
fluid is not particularly limited, and may be, for example, gas such as fuel gas.
[0041] An activation signal output from a transmission means 5 is sent to the first ultrasonic transducer 2 or the second
ultrasonic transducer 3 which is chosen as a transmission side by a switching means 4. An amplification means 6
amplifies the signal received by the first ultrasonic transducer 2 or the second ultrasonic transducer 3 which is chosen
as a reception side by the switching means 4, by a gain corresponding to a command output from the control means
12. A reference voltage comparison means 7 compares the amplified signal to a reference voltage and outputs a signal.
[0042] The switching means 4, the transmission means 5, the amplification means 6, the reference voltage comparison
means 7, and the control means 12 may be each constituted by, for example, a logic IC.
[0043] A determination means 8 determines the arrival time of the ultrasonic wave from the output of the reference
voltage comparison means 7 and the received signal amplified by the amplification means 6. A repeating means 9 counts
the signal of the determination means 8 and outputs a signal to the control means 12 repeatedly preset number of times.
A time measuring means 10 measures time for which the repeating means 9 counts the signal the preset number of
times. A flow rate calculation means (calculation means) 11 detects the flow velocity of the fluid based on the time
measured by the time measuring means 10, and further calculates the flow rate in view of the size of a pipe, a flow state,
etc..
[0044] The determination means 8, the repeating means 9, the time measuring means 10, and the flow rate calculation
means (calculation means) 11 may be each constituted by, for example, a logic IC.
[0045] The control means 12 receives the signal from the flow rate calculation means 11 and the signal from the
repeating means 9, and controls the operation of the transmission means 5 and the operation of the amplification means
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6. A time difference measuring means 13 measures a time difference between the output of the transmission means 5
and the output of the determination means 8. A reference voltage setting means 14 sets the reference voltage of the
reference voltage comparison means 7, and sets a mid voltage between the peak voltage of the third wave of the received
signal and the peak voltage of the fourth wave of the received signal, with a specified voltage ratio. A time difference
storage means 15 stores the time difference measured by the time difference measuring means 13 after the reference
voltage setting means 14 has set the reference voltage.
[0046] The time difference measuring means 13, the reference voltage setting means 14 and the time difference
storage means 15 may be each constituted by, for example, a logic IC.
[0047] A peak voltage storage means 16 stores the peak voltage of the second wave of the received signal and the
peak voltage of the third wave of the received signal, which have been used in the reference voltage setting means 14.
Anew reference voltage setting means 17 newly sets the reference voltage when the time reference in the time difference
storage means 15 is equal to or larger than a predetermined value.
[0048] The peak voltage storage means 16 may be constituted by, for example, a logic IC.
[0049] The new reference voltage setting means 17 may be constituted by, for example, a logic IC.
[0050] Hereinafter, the operation and advantages of the flow meter device of the fluid configured as described above
will be described.
[0051] Initially, the control means 12 initiates the operation as follows, in a manufacturing step dedicated mode in
manufacturing steps in response to a command input for mode shifting (not shown).
[0052] After a power is ON, the control means 12 sets a temporary reference voltage to adjust a gain (step 1 of Fig.
3). As shown in Fig. 2, the gain is adjusted and set so that for example, the peak voltage value of a fifth wave which is
the maximum amplitude of the received wave reaches a specified voltage value. At this time, the reference voltage may
be any voltage so long as the reference voltage is higher than the peak voltage of the first wave and lower than the peak
voltage of the fifth wave.
[0053] During the gain adjustment, the reference voltage is fixed. This is intended to prevent a situation in which due
to a change in the reference voltage, the reference voltage becomes equal to or higher than the peak voltage of the fifth
wave or becomes equal to or lower than the peak voltage of the first wave, and the reference voltage comparison means
7 and the determination means 8 fail to operate correctly.
[0054] The gain adjustment of the flow meter device of the fluid may be similar to that of the conventional example,
and will not be described repeatedly, in the present embodiment.
[0055] Initially, the gain is adjusted so that the signal received by the second ultrasonic transducer 3 as the reception
side has a constant amplitude (step S2). Then, the reference voltage setting means 14 sets the reference voltage to a
minimum voltage in a set range (step 3).
[0056] After the reference voltage setting means 14 sets the reference voltage to the minimum voltage, the control
means 12 sets the number of times of repeating of the repeating means 9 to one and causes the transmission means
5 to operate and the first ultrasonic transducer 2 to transmit an ultrasonic signal (step S4).
[0057] The ultrasonic signal transmitted from the first ultrasonic transducer 2 propagates (travels) through the flow of
the fluid passage 1, is received by the second ultrasonic transducer 3, is amplified by the amplification means 6, and
then is output to the reference voltage comparison means 7 and to the determination means 8.
[0058] Fig. 2 shows the amplified received signal. As shown in Fig. 2, receiving a signal E output from the transmission
means 5 which is time measuring start timing, the time difference measuring means 13 starts to measuring time (step
5). The reference voltage comparison means 7 compares the output (received signal A) of the amplification means 6 to
the reference voltage (step 6 of Fig. 3). At the time point (timing c) when the magnitude relation between the received
signal A and the reference voltage is inverted, the reference voltage comparison means 7 outputs a signal C to the time
difference measuring means 13 and to the determination means 8.
[0059] The determination means 8 determines a negative zero cross point a which comes first after the timing C, at
which the sign of the signal output from the amplification means 6 changes from a positive value to a negative value,
as a point at which the ultrasonic wave arrives (step S7), and outputs a signal D to the repeating means 9 and to the
time difference measuring means 13.
[0060] Receiving the signal D output from the determination means 8, the time difference measuring means 13 finishes
measuring time (step S8), and outputs a measurement time difference Td (i.e., time that passes from start of transmission
of the ultrasonic wave to the zero cross point c) to the reference voltage setting means 14.
[0061] The reference voltage setting means 14 increases the reference voltage by one control unit (e.g., 2mV) in a
variable range of the reference voltage (step 9).
[0062] Since the number of times of repeating set in the repeating means 9 is one, the control means 12 receives the
signal indicating that the repeating operation is finished, from the repeating means 9, and newly causes the transmission
means 5 to operate and the first ultrasonic transducer 2 to transmit the ultrasonic signal.
[0063] The above described operation is repeated until the reference voltage setting means 14 sets the reference
voltage to a maximum voltage in the set range.
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[0064] In a state in which the reference voltage setting means 14 has set the reference voltage to the maximum voltage,
there exist a plurality of inflection points at which the time difference measured by the time difference measuring means
13 is significantly changed, for a period during which the reference voltage setting means 14 changes the reference
voltage from the minimum voltage in the set range to the maximum voltage in the set range.
[0065] The existence of the plurality of inflection points will be described with reference to Figs. 5 and 6. Fig. 5 is a
view showing the reference voltage in the case where the reference voltage setting means 14 changes the reference
voltage from the minimum voltage in the set range to the maximum voltage in the set range, and the time (hereinafter
this time will be referred to as time A) that passes from the time point (i.e., timing c) when the reference voltage comparison
means 7 outputs the signal C to the zero cross point a.
[0066] When the reference voltage lies close to the peak voltage (peak p1, p2, p3, ... in Fig. 6), the time A is minimum
(Tp1, Tp2, Tp3, ... corresponding to p1, p2, p3, ...) and its value is equal to about 1/4 (500ns in a case where an activation
frequency is 500KHz) of the cycle of the ultrasonic wave.
[0067] When the reference voltage is increased in the state in which the reference voltage lies close to the peak
voltage, and exceeds the peak voltage of each wave, the time A is rapidly increased and emerges as the inflection point
(Tp1, Tp2, Tp3, ... as minimum time of time A) of the time A, as shown in Fig. 5. As shown in Fig. 5, the time A is changed
1.3 times or larger at each inflection point.
[0068] For example, in a case where the reference voltage is changed from one which is close to the peak voltage p2
of the second wave (does not exceed p2) and exceeds the peak voltage p2 of the second wave, the inflection point
becomes Tp2. This means that the reference voltage corresponding to the inflection point of the time difference is the
voltage which is close to the peak voltage of each wave of the received signal.
[0069] From an experiment, it was confirmed that each of the ratios among these peak voltages is a substantially
constant value irrespective of the fluid passage and sensors. For example, as shown in Fig. 6, the ratio between the
peak voltage p1 of the first wave and the peak voltage p2 of the second wave, i.e., p2/p1 6 2.5, the ratio between the
peak voltage p2 of the second wave and the peak voltage p3 of the third wave, i.e., p3/p2 6 1.8, and the ratio between
the peak voltage p3 of the third wave and the peak voltage p4 of the fourth wave, i.e., p4/p3 6 1.3.
[0070] Since each of the ratios among these peak voltages of the waves is the substantially constant value as described
above, the respective waves of the received wave can be recognized. Specifically, a particular peak voltage in which
the ratio between this particular peak voltage and a peak voltage which emerges just before this particular peak voltage
(the peak voltage which emerges just before this particular peak voltage and is lower than this particular peak voltage),
is about 2.5 times, is the peak voltage of the second wave, while a particular peak voltage in which the ratio between
this particular peak voltage and a peak voltage which emerges just before this particular peak voltage, is about 1.8 times,
is the peak voltage of the third wave.
[0071] The reference voltage setting means 14 confirms the ratio between the peak voltages as described above,
recognizes the peak voltages of particular waves (second wave and third wave) of the received wave, based on the
corresponding peak voltage ratio, and sets the reference voltage to Vref derived using this specified peak voltage ratio
between the particular waves (second wave and third wave) (step 11 of Fig. 3).
[0072] Then, the time difference storage means 15 stores the time difference measured by the time difference meas-
uring means 13 after the reference voltage setting means 14 has set the reference voltage to Vref derived using the
specified ratio between the peak voltages of the particular waves (second wave and third wave), and the reference
voltage setting means stores the peak voltage (in the set range of the reference voltage) of the second wave and the
peak voltage (in the set range of the reference voltage) of the third wave (step 12). Thus, the manufacturing step dedicated
mode is terminated.
[0073] Since the peak voltage of the second wave and the peak voltage of the third wave are stored, the settable
range of the reference voltage in which the point (e.g., negative zero cross point a of the third wave of Fig. 2) at which
the arrival time of the ultrasonic signal in the manufacturing steps can be detected, is stored.
[0074] The purpose for setting the reference voltage to a mid voltage between the peak voltage of the second wave
and the peak voltage of the third wave is as follows. The setting of the reference voltage in a reference voltage range
(range from the peak voltage of the second wave to the peak voltage of the third wave in Fig. 6) which is broadest in
peak voltage width follows that the reference voltage is set in a range in which the peak voltage difference between the
waves of the received signal is largest. For example, in the example of Fig. 5, when the reference voltage is set to Vref
derived using the specified ratio between the peak voltage of the second wave and the peak voltage of the third wave,
a large margin is allowed to be set between the reference voltage and each of the peak voltage of the second wave and
the peak voltage of the third wave. The specified ratio between the peak voltage of the second wave and the peak
voltage of the third wave is expressed as (Vref - P2): (P3 - Vref). For example, Vref is set so that this ratio is 55: 45.
Therefore, even when the voltage of the received signal is varied, the determination means 8 can very steadily detect
the arrival time of the received signal of the ultrasonic wave. Alternatively, the measurement may be performed using
the peak voltage of the third wave and the peak voltage of the fourth wave. In this case, the reference voltage range is
narrowed, but the slope at the zero cross point a is steep, which enables the measurement with a higher accuracy.
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[0075] After the reference voltage is set in the manufacturing steps, the control means 12 shifts to the normal mode,
in response to a command input for mode shifting (not shown) in a place in which the flow meter device of the fluid is
installed. Thereafter, when a power is ON, the flow meter device of the fluid initiates its operation as follows.
[0076] Now, with reference to Fig. 4, a description will be given of the operation of the new reference voltage setting
means 17 which is performed to newly set the reference voltage in a case where the value measured by the time
difference measuring means 13 exceeds a predetermined time in the middle of the flow rate measurement or in a case
where the difference between the value measured by the time difference measuring means 13 and the value stored in
the time difference storage means 15 is equal to or greater than a predetermined value, after the gain was initially
adjusted so that the signal received by the ultrasonic transducer as the reception side had a constant amplitude (this
operation may be omitted if the gain was already adjusted in the flow rate measurement) (step 21 of Fig. 4).
[0077] Upon the start of the operation, the new reference voltage setting means 17 sets the reference voltage to a
voltage which is close to the peak voltage of the second wave which is stored, and the control means 12 causes the
transmission means 5 to operate and the first ultrasonic transducer 2 to transmit an ultrasonic signal (step 22), and
updates the peak voltage of the second wave, using a voltage in which the time difference measured by the time difference
measuring means 13 is rapidly increased (step 23, step 24). In the same manner, the new reference voltage setting
means 17 sets the reference voltage to a voltage which is close to the peak voltage of the third wave, and updates the
peak voltage of the third wave (step 25, step 26, step27).
[0078] Fig. 7 shows a voltage measurement range in updating of the reference voltage. As can be seen from Fig. 7,
the voltage measurement range from a minimum voltage to a maximum voltage in the updating of the reference voltage
at the time point when the flow meter device is installed, is much less than the voltage measurement range from a
minimum voltage to a maximum voltage in the initial setting in the manufacturing steps.
[0079] The new reference voltage setting means 17 newly finds the voltage with the specified ratio from the peak
voltage of the second wave and the peak voltage of the third wave, and thereby sets the reference voltage, and the time
stored in the time difference storage means is updated (step 28). After that, the control means 12 shifts to a flow measuring
process and a flow rate calculation process.
[0080] In brief, when conditions such as characteristics of a measurement target fluid and components of the flow
meter device, etc., do not change after the time difference was stored in the time difference storage means 15 at the
time of manufacturing, the relation between the reference voltage and the received wave which has been subjected to
the gain adjustment is not varied, so that the time difference stored in the time difference storage means 15 should
coincide with the time difference in the flow rate measurement. However, if the two time differences are different by a
specified value or larger for some reasons or other, then the reference voltage is newly set.
[0081] As described above, when the reference voltage is newly set, the reference voltage is changed from the voltage
which is close to the peak voltage of the third wave and the peak voltage of the fourth wave and the peak voltages are
newly recognized. This makes it possible to reduce adjustment time, and newly set the reference voltage in a short time
without interrupting the flow rate measurement in the middle of the flow rate measurement.
[0082] In summary, in the flow meter device of the fluid of the present embodiment, the reference voltage setting
means changes the reference voltage from the minimum voltage to the maximum voltage, recognizes the peak voltages
of the waves of the received wave from the plurality of inflection points at which the time difference measured by the
time difference measuring means when the reference voltage is changed from the minimum voltage to the maximum
voltage, is significantly changed, and automatically sets the reference voltage to an arbitrary point between the peak
voltages of the particular two waves based on the peak voltage ratio, while when the reference voltage is newly set, the
reference voltage is changed from the voltage which is close to the peak voltages of the particular two waves, and the
peak voltages are newly recognized. This makes it possible to reduce adjustment time, and newly set the reference
voltage in a short time without interrupting the flow rate measurement in the middle of the flow rate measurement.
[0083] Therefore, the flow meter device of the fluid is able to quickly set the reference voltage without human inter-
vention, newly set the reference voltage in a short time and with less electric power consumption in the middle of the
flow rate measurement after the reference voltage is set, and thus keep the reference voltage at an optimal one.

(Embodiment 2)

[0084] Next, Embodiment 2 will be described with reference to Figs. 8 and 9.
[0085] Fig. 8 is a block diagram of Embodiment 2. Fig. 9 is a flowchart showing the operation performed when the
reference voltage is newly set.
[0086] Embodiment 2 is different from Embodiment 1 in that the flow meter device of the fluid of Embodiment 2 includes
a voltage ratio determination means 18 which sets in the new reference voltage setting means 17 a specified ratio with
reference to a table which is preset or stored, based on the time difference measured by the time difference measuring
means 13 in the example of Fig. 9.
[0087] The voltage ratio determination means 18 may be constituted by, for example, a logic IC.
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[0088] The voltage ratio determination means 18 sets the specified ratio in the new reference voltage setting means
17 so that, for example, the reference voltage is set to a voltage of 50% of a voltage between the peak voltages when
the time difference measured by the time difference measuring means 13 is equal to or larger than 200 ms and set to a
voltage of 75% of a voltage between the peak voltages when the time difference measured by the time difference
measuring means 13 is less than 200 m.

(Embodiment 3)

[0089] Next, Embodiment 3 will be described with reference to Fig. 10.
[0090] Embodiment 3 is different from Embodiment 1 and Embodiment 2 in that the flow meter device of the fluid of
Embodiment 3 includes a temperature measuring means 19.
[0091] The time difference storage means 15 stores as the time difference an average value obtained by dividing
cumulative time in the time measuring means 10 by the number of times of repeating. The voltage ratio determination
means 18 can use this average value.
[0092] The control means causes the temperature measuring means 19 to measure a temperature on a regular basis,
and commands the new reference voltage setting means 17 to perform new determination operation when the temperature
is equal to or higher than a predetermined temperature.
[0093] The temperature measuring means 19 may be constituted by, for example, a logic IC.
[0094] As described above, in the present embodiment, also, the flow meter device of the fluid is able to quickly set
the reference voltage without human intervention, and keep the reference voltage at an optimal one during the flow rate
measurement after the reference voltage is set. In addition, since the peak voltages can be stored and updated using
the voltages which are close to the peak voltages, the time can be reduced, and the reference voltage can be updated
in the middle of the flow rate measurement. Therefore, the flow meter device of the fluid is able to perform the flow rate
measurement with a high accuracy as a system.
[0095] Moreover, a storage medium contains programs for executing the operation of the flow meter device of the
fluid of the present embodiment. This can flexibly deal with changes in the specified ratios used in the control means
12 and the reference voltage setting means 14, the set values of the number of times of repeating used in the repeating
means 9, etc., a replacement of the ultrasonic transducers, changes in the ultrasonic transducers which progress over
time, etc..
[0096] Numeral improvements and alternative embodiments of the present invention will be conceived by those skilled
in the art in view of the foregoing description. Accordingly, 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 invention.

Industrial Applicability

[0097] As described above, a flow meter device of a fluid of the present invention is able to quickly and accurately set
a reference voltage and therefore is applicable to measurement of the flow velocity, the flow rate, and the like of a fluid
such as gas and water.

Reference Signs List

[0098]

1 fluid passage
2 first ultrasonic transducer (first transducer)
3 second ultrasonic transducer (second transducer)
4 switching means
5 transmission means
6 amplification means
7 reference voltage comparison means
8 determination means
9 repeating means
10 time measuring means
11 flow rate calculation means (calculation means)
12 control means
13 time difference measuring means
14 reference voltage setting means
15 time difference storage means
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16 peak voltage storage means
17 new reference voltage setting means
18 voltage ratio determination means
19 temperature measuring means

Claims

1. A flow meter device of a fluid comprising:

a first transducer (2) and a second transducer (3) which are provided in a fluid pipe and configured to transmit
and receive an ultrasonic signal;
a transmission means (5) configured to activate the first and second transducers (2, 3);
a switching means (4) configured to perform switching between transmission and reception of the first and
second transducers (2, 3);
an amplification means (6) configured to amplify a received signal of each of the first and second transducers
(2, 3);
a time measuring means (10) configured to measure cumulative time of transit time that takes for the ultrasonic
signal to be transmitted and received repeatedly;
a calculation means (11) configured to calculate a flow velocity and / or a flow rate based on time measured by
the time measuring means (10);
a reference voltage comparison means (7) configured to compare a voltage of the received signal which is
output from the amplification means (6) to a reference voltage and outputs a signal at a time point when a
magnitude relation of the voltage of the received signal and the reference voltage is inverted;
a determination means (8) configured to output a signal at a time point when the determination means (8)
determines a negative zero cross point at which the voltage of the received signal which is output from the
amplification means (6) changes from a positive value to a negative value, the negative zero cross point coming
first after the determination means (8) receives the signal output from the reference voltage comparison means
(7);
a time difference measuring means (13) configured to measure time difference between a time point when the
signal is output from the transmission means (5) and a time point when the signal is output from the determination
means (8);
a reference voltage setting means (14) configured to change the reference voltage from a minimum voltage in
a set range to a maximum voltage in the set range, to recognize as a plurality of peak voltages, inflection points
of the time difference measured by the time difference measuring means (13) when the reference voltage is
changed from the minimum voltage to the maximum voltage, and to set the reference voltage to a voltage
corresponding to a specified ratio value between a first peak voltage and a second peak voltage which are
arbitrarily chosen from among the plurality of peak voltages, when a ratio value between the first peak voltage
and the second peak voltage becomes the specified ratio value;
a time difference storage means (15) configured to store the time difference measured by the time difference
measuring means (13) when the reference voltage is set;
a peak voltage storage means (16) configured to store the first peak voltage and the second peak voltage of
the reference voltage setting means (14); and
a new reference voltage setting means (17) configured to change the reference voltage from a voltage which
is close to the first peak voltage in the set range to a voltage which is close to the second peak voltage in the
set range, to newly recognize as the first peak voltage and the second peak voltage, inflection points of the time
difference measured by the time difference measuring means (13) when the reference voltage is changed, and
to set the reference voltage to a voltage corresponding to a specified ratio value between the first peak voltage
and the second peak voltage which are newly recognized;
wherein the new reference voltage setting means (17) is configured to newly set the reference voltage when a
difference between the time difference measured by the time difference measuring means (13) after the reference
voltage is set and the time difference stored in the time difference storage means (15) is equal to or larger than
a predetermined value.

2. The flow meter device of the fluid according to claim 1, comprising:
a voltage ratio determination means (18) configured to decide a relation of the ratio value between the first peak
voltage and the second peak voltage in the new reference voltage setting means (17), based on the time difference
stored in the time difference storage means (15).
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3. The flow meter device of the fluid according to claim 1 or 2, comprising:
a temperature measuring means (19) configured to measure a temperature; wherein the reference voltage is adjusted
when the temperature measured by the temperature measuring means (19) is changed by a specified value or larger.

4. The flow meter device of the fluid according to any one of claims 1 to 3,
wherein the reference voltage setting means (14) is configured to change the reference voltage after an amplification
degree of the amplification means (6) is adjusted.

5. The flow meter device of the fluid according to any one of claims 1 to 4, comprising:
a time difference storage means (15) configured to derive the time difference stored in the time difference storage
means (15) based on the cumulative time of the time measuring means (10).

Patentansprüche

1. Flussmessgerät für ein Fluid, enthaltend:

einen ersten Signalwandler (2) und einen zweiten Signalwandler (3) die in einer Fluidröhre vorgesehen sind
und eingerichtet sind, ein Ultraschallsignal zu übertragen und zu empfangen;
ein Übertragungsmittel (5), das eingerichtet ist, den ersten und zweiten Signalwandler (2,3) zu aktivieren; und
ein Schaltmittel (4), das eingerichtet ist, ein Schalten zwischen Übertragung und Empfang des ersten und
zweiten Signalwandlers (2, 3) durchzuführen;
ein Verstärkungsmittel (6), das eingerichtet ist, ein empfangenes Signal von jedem des ersten und zweiten
Signalwandlers (2, 3) zu verstärken;
ein Zeitmessmittel (10), das eingerichtet ist, eine kumulative Zeit einer Durchgangszeit zu messen, die das
Ultraschallsignal benötigt wird, um wiederholt gesendet und empfangen zu werden;
ein Rechenmittel (11), das eingerichtet ist eine Flussgeschwindigkeit und/oder eine Flussrate basierend auf
einer von dem Zeitmessmittel (10) gemessenen Zeit zu berechnen;
ein Referenzspannungsvergleichsmittel (7), das eingerichtet ist, eine Spannung des empfangenen Signals, das
von dem Verstärkungsmittel (6) ausgegeben wird, mit einer Referenzspannung zu vergleichen, und das ein
Signal zu einem Zeitpunkt ausgibt, zu dem ein Größenverhältnis der Spannung des empfangenen Signals und
der Referenzspannung invertiert ist;
ein Ermittlungsmittel (8), das eingerichtet ist, ein Signal zu einem Zeitpunkt auszugeben, zu dem das Ermitt-
lungsmittel (8) einen negativen Nulldurchgangspunkt, bei dem die Spannung des empfangenen Signals, das
von dem Verstärkungsmittel (6) ausgegeben wird, sich von einem positiven Wert zu einem negativen Wert
ändert, ermittelt, wobei der negative Nulldurchgangspunkt zuerst kommt, nachdem das Ermittlungsmittel (8)
das von dem Referenzspannungsvergleichsmittel (7) ausgegebene Signal empfängt;
ein Zeitunterschiedsmessmittel (13) das eingerichtet ist, einen Zeitunterschied zwischen einem Zeitpunkt, zu
dem das Signal von dem Übertragungsmittel (5) ausgegeben wird, und einen Zeitpunkt, zu dem das Signal von
dem Ermittlungsmittel (8) ausgegeben wird, zu messen;
ein Referenzspannungseinstellmittel (14), das eingerichtet ist, die Referenzspannung von einer Minimalspan-
nung in einem eingestellten Bereich zu einer Maximalspannung in dem eingestellten Bereich zu ändern, Wen-
depunkte der von dem Zeitdifferenzmessmittel (13) gemessenen Zeitdifferenz als eine Mehrzahl von Span-
nungsspitzen zu erkennen, wenn die Referenzspannung von der Minimalspannung zu der Maximalspannung
geändert wird, und die Referenzspannung auf eine einem spezifizierten Verhältnis zwischen einer ersten Spit-
zenspannung und einer zweiten Spitzenspannung, die beliebig aus der Mehrzahl von Spitzenspannungen
ausgewählt werden, entsprechende Spannung einzustellen, wenn ein Verhältniswert zwischen der ersten Spit-
zenspannung und der zweiten Spitzenspannung der spezifizierte Verhältniswert wird;
ein Zeitunterschiedsspeichermittel (15), das eingerichtet ist, die von dem Zeitunterschiedsmessmittel (13) ge-
messene Zeitdifferenz zu speichern, wenn die Referenzspannung eingestellt ist;
ein Spitzenspannungsspeichermittel (16), das eingerichtet ist, die erste Spitzenspannung und die zweite Spit-
zenspannung des Referenzspannungseinstellmittels (14) zu speichern; und
ein Neureferenzspannungseinstellmittel (17), das eingerichtet ist, die Referenzspannung von einer Spannung
die nahe der ersten Spitzenspannung in dem eingestellten Bereich liegt, zu der Spannung, die nahe bei der
zweiten Spitzenspannung in dem eingestellten Bereich liegt, zu ändern, Wendepunkte der von dem Zeitunter-
schiedsmessmittel (13) gemessenen Zeitdifferenz als die erste Spitzenspannung und die zweite Spitzenspan-
nung neu zu erkennen, wenn die Referenzspannung geändert wird, und die Referenzspannung auf einer einem
spezifizierten Verhältniswerts zwischen der ersten Spitzenspannung und der zweiten Spitzenspannung, die
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neu erkannt werden, einzustellen;
wobei das Neureferenzspannungseinstellmittel (17) eingerichtet ist, die Referenzspannung neu einzustellen,
wenn eine Differenz zwischen der von dem Zeitunterschiedsmessmittel (13) gemessenen Zeitdifferenz, nach-
dem die Referenzspannung eingestellt worden ist, und der in dem Zeitdifferenzspeichermittel (15) gespeicherten
Zeitdifferenz größer oder gleich einem vorbestimmten Wert ist.

2. Flussmessgerät für ein Fluid gemäß Anspruch 1, enthaltend:
ein Spannungsverhältnisermittlungsmittel (18), das eingerichtet ist, ein Verhältnis des Verhältniswerts zwischen der
ersten Spitzenspannung und der zweiten Spitzenspannung in dem Neureferenzspannungseinstellmittel (17) basie-
rend auf der in dem Zeitdifferenzspeichermittel (15) gespeicherten Zeitdifferenz zu entscheiden.

3. Flussmessgerät für ein Fluid gemäß Anspruch 1 oder 2, enthaltend:

ein Temperaturmessmittel (19), das eingerichtet ist, eine Temperatur zu messen;
wobei die Referenzspannung eingestellt wird, wenn die von dem Temperaturmessmittel (19) gemessene Tem-
peratur um einen bestimmten Wert oder mehr verändert wird.

4. Flussmessgerät für ein Fluid gemäß irgendeinem der Ansprüche 1 bis 3,
bei dem das Referenzspannungseinstellmittel (14) eingerichtet ist, die Referenzspannung zu ändern, nachdem ein
Verstärkungsgrad des Verstärkungsmittels (6) eingestellt wird.

5. Flussmessgerät für ein Fluid gemäß irgendeinem der Ansprüche 1 bis 4, enthaltend
ein Zeitunterschiedsspeichermittel (15), das eingerichtet ist, die in dem Zeitdifferenzspeichermittel (15) gespeicherte
Zeitdifferenz basierend auf der kumulativen Zeit des Zeitmessmittels (10) abzuleiten.

Revendications

1. Dispositif débitmètre d’un fluide, comprenant :

un premier transducteur (2) et un second transducteur (3) qui sont prévus dans un tuyau de fluide et configurés
pour transmettre et recevoir un signal ultrasonique ;
un moyen de transmission (5) configuré pour activer les premier et second transducteurs (2, 3) ;
un moyen de permutation (4) configuré pour réaliser la permutation entre la transmission et la réception des
premier et second transducteurs (2, 3) ;
un moyen d’amplification (6) configuré pour amplifier un signal reçu de chacun des premier et second trans-
ducteurs (2, 3) ;
un moyen de mesure de temps (10) configuré pour mesurer un temps cumulatif de temps de transit qui est pris
pour que le signal ultrasonique soit transmis et reçu à plusieurs reprises ;
un moyen de calcul (11) configuré pour calculer une vitesse de débit et /ou un taux de débit sur la base du
temps mesuré par le moyen de mesure de temps (10) ;
un moyen de comparaison de tension de référence (7) configuré pour comparer une tension du signal reçu,
qui est envoyé à partir du moyen d’amplification (6), à une tension de référence et envoie un signal à un instant
auquel une relation d’amplitude de la tension du signal reçu et de la tension de référence est inversée ;
un moyen de détermination (8) configuré pour envoyer un signal à un instant auquel le moyen de détermination
(8) détermine un point de passage à zéro négatif auquel la tension du signal reçu, qui est envoyé à partir du
moyen d’amplification (6), change d’une valeur positive à une valeur négative, le point de passage à zéro négatif
arrivant en premier après que le moyen de détermination (8) reçoit le signal envoyé à partir du moyen de
comparaison de tension de référence (7) ;
un moyen de mesure de différence de temps (13) configuré pour mesurer une différence de temps entre un
instant auquel le signal est envoyé à partir du moyen de transmission (5) et un instant auquel le signal est
envoyé à partir du moyen de détermination (8) ;
un moyen de réglage de tension de référence (14) configuré pour changer la tension de référence d’une tension
minimum dans une plage de consigne à une tension maximum dans la plage de consigne, pour reconnaître,
en tant que pluralité de tensions de crête, des points d’inflexion de la différence de temps mesurée par le moyen
de mesure de différence de temps (13) lorsque la tension de référence est changée de la tension minimum à
la tension maximum, et pour régler la tension de référence à une tension correspondant à une valeur de rapport
spécifiée entre une première tension de crête et une seconde tension de crête qui sont choisies de façon
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arbitraire parmi la pluralité de tensions de crête, lorsqu’une valeur de rapport entre la première tension de crête
et la seconde tension de crête devient la valeur de rapport spécifiée ;
un moyen de stockage de différence de temps (15) configuré pour stocker la différence de temps mesurée par
le moyen de mesure de différence de temps (13) lorsque la tension de référence est réglée ;
un moyen de stockage de tension de crête (16) configuré pour stocker la première tension de crête et la seconde
tension de crête du moyen de réglage de tension de référence (14) ; et
un moyen de réglage de nouvelle tension de référence (17) configuré pour changer la tension de référence
d’une tension qui est proche de la première tension de crête dans la plage de consigne à une tension qui est
proche de la seconde tension de crête dans la plage de consigne, pour nouvellement reconnaître, en tant que
première tension de crête et seconde tension de crête, des points d’inflexion de la différence de temps mesurée
par le moyen de mesure de différence de temps (13) lorsque la tension de référence est changée, et pour régler
la tension de référence à une tension correspondant à une valeur de rapport spécifiée entre la première tension
de crête et la seconde tension de crête qui sont nouvellement reconnues ;
dans lequel le moyen de réglage de nouvelle tension de référence (17) est configuré pour nouvellement régler
la tension de référence lorsqu’une différence entre la différence de temps mesurée par le moyen de mesure
de différence de temps (13) après que la tension de référence est réglée et la différence de temps stockée dans
le moyen de stockage de différence de temps (15) est égale à ou supérieure à une valeur prédéterminée.

2. Dispositif débitmètre du fluide selon la revendication 1, comprenant :
un moyen de détermination de rapport de tension (18) configuré pour décider une relation du valeur de rapport entre
la première tension de crête et la seconde tension de crête dans le moyen de réglage de nouvelle tension de
référence (17), sur la base de la différence de temps stockée dans le moyen de stockage de différence de temps (15).

3. Dispositif débitmètre du fluide selon la revendication 1 ou 2, comprenant :

un moyen de mesure de température (19) configuré pour mesurer une température ;
dans lequel la tension de référence est ajustée lorsque la température mesurée par le moyen de mesure de
température (19) est changé selon une valeur spécifiée ou plus.

4. Dispositif débitmètre du fluide selon l’une quelconque des revendications 1 à 3,
dans lequel le moyen de réglage de tension de référence (14) est configuré pour changer la tension de référence
après qu’un degré d’amplification du moyen d’amplification (6) est ajusté.

5. Dispositif débitmètre du fluide selon l’une quelconque des revendications 1 à 4, comprenant :
un moyen de stockage de différence de temps (15) configuré pour déduire la différence de temps stockée dans le
moyen de stockage de différence de temps (15) sur la base du temps cumulatif du moyen de mesure de temps (10).
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