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(57) A small-sized flow amount measurement appa-
ratus or the like which suppresses harmonics over the
conventional level. The flow amount measurement ap-
paratus includes: a housing configured to accommodate
a sensor for detecting a flow amount of a substance for
measurement; a radiation conductor electrically connect-
ed to a feeding circuit on a first circuit board to radiate a

high-frequency signal as a radio wave; an electrically
conducting member electrically connected to the feeding
circuit; and a high-frequency isolation circuit being inter-
posed between the feeding circuit and the electrically
conducting member and electrically isolating the feeding
circuit from the electrically conducting member with re-
spect to the high-frequency signal.
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Description

[TECHNICAL FIELD]

[0001] The present invention relates to a flow amount
measurement apparatus, and more particularly to a flow
amount measurement apparatus for measuring the flow
amount of a substance for measurement.

[BACKGROUND ART]

[0002] In the recent years, automatic meter reading
systems which measure used amounts of gas, electricity,
tap water, or the like with a flow amount measurement
apparatus that is installed in a premises such as a house
have come into use, this measurement data being col-
lected via wireless communications. In such automatic
meter reading systems, flow amount measurement ap-
paratuses in small size are required from the standpoint
of installment ease, etc.
[0003] As such a flow amount measurement appara-
tus, Patent Document 1 proposes a gas meter having a
wireless adapter slave unit attached on its surface, for
example. Since wireless equipment is internalized, it
must be designed according to a predetermined wireless
standard. One problem with such wireless designs is how
to suppress harmonics.
[0004] Patent Document 2 proposes a method for solv-
ing this problem. Specifically, in constructing a band-pass
filter by connecting resonant circuits via transmission
lines in order to obtain a broad passband, Patent Docu-
ment 2 reduces spurious response associated with serial
resonance of the transmission lines. As a result, a band-
pass filter having low spurious characteristics across a
broad band is obtained.

[CITATION LIST]

[PATENT LITERATURE]

[0005]

[Patent Document 1] Japanese Laid-Open Patent
Publication No. 10-313212
[Patent Document 2] Japanese Laid-Open Patent
Publication No. 2009-278347

[SUMMARY OF INVENTION]

[TECHNICAL PROBLEM]

[0006] However, the approach of the conventional
technique, where harmonics are suppressed by using a
filter in the output line, may not be able to provide an
adequate solution depending on the frequency. For ex-
ample, when the transmission frequency is low, the fre-
quency interval between the desired signal and any har-
monic will be narrow, which presents a technological dif-

ficulty in designing a filter that sufficient attenuates only
the harmonics while minimizing passage losses in the
transmission frequency band. In the case of using a com-
munications method with a low transmission frequency,
selective suppression of the harmonics presents a major
challenge.
[0007] The present invention has been made in order
to solve the aforementioned problems, and an objective
thereof is to provide a small-sized flow amount measure-
ment apparatus which provides better suppression of
harmonics associated with wireless communications.

[SOLUTION TO PROBLEM]

[0008] A flow amount measurement apparatus accord-
ing to an exemplary embodiment of the present invention
includes: a housing configured to accommodate a sensor
for detecting a flow amount of a substance for measure-
ment; a radiation conductor electrically connected to a
feeding circuit on a first circuit board to radiate a high-
frequency signal as a radio wave; an electrically conduct-
ing member electrically connected to the feeding circuit;
and a high-frequency isolation circuit being interposed
between the feeding circuit and the electrically conduct-
ing member and electrically isolating the feeding circuit
from the electrically conducting member with respect to
the high-frequency signal.
[0009] The high-frequency isolation circuit may include
a parallel resonant circuit whose impedance increases
in resonance with the high-frequency signal and a har-
monic signal thereof.
[0010] The high-frequency isolation circuit may include
a filter circuit configured to attenuate the high-frequency
signal and the harmonic signal thereof.
[0011] The high-frequency signal may be a signal hav-
ing a frequency of 500MHz or less.
[0012] The high-frequency signal may further be a sig-
nal having a frequency from 100 to 500 MHz.
[0013] The high-frequency signal may be a signal hav-
ing a frequency of 169MHz.
[0014] The high-frequency isolation circuit may atten-
uate a 3rd harmonic of the high-frequency signal.
[0015] The high-frequency isolation circuit may further
attenuate a 5th harmonic of the high-frequency signal.
[0016] The electrically conducting member may be an
integrated circuit on a second circuit board distinct from
the first circuit board.
[0017] The electrically conducting member may be a
battery for supplying power to the feeding circuit.
[0018] The housing may be made of an electrically con-
ductive material, and the flow amount measurement ap-
paratus may further include a connection member elec-
trically connecting a second circuit board distinct from
the first circuit board to the housing.
[0019] A wireless device according to an illustrative
embodiment of the present invention is a wireless device
attached to a flow amount measurement apparatus to
output data of a flow amount measured by the flow
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amount measurement apparatus as a radio wave of a
high-frequency signal, the wireless device comprising: a
radiation conductor electrically connected to a feeding
circuit on a first circuit board to radiate a high-frequency
signal as a radio wave; an electrically conducting mem-
ber electrically connected to the feeding circuit; and a
high-frequency isolation circuit being interposed be-
tween the feeding circuit and the electrically conducting
member and electrically isolating the feeding circuit from
the electrically conducting member with respect to the
high-frequency signal.
[0020] These general and specific aspects may be im-
plemented using a system, a method, and a computer
program, and any combination of systems, methods, and
computer programs.

[ADVANTAGEOUS EFFECTS OF INVENTION]

[0021] The present invention attains the effect of being
able to provide a small-sized flow amount measurement
apparatus having the above-described construction, with
suppressed harmonics.
[0022] The aforementioned and other objectives, fea-
tures, and advantages of the present invention will be
apparent from the following detailed description of pref-
erable embodiments, with reference to the accompany-
ing figures.

[BRIEF DESCRIPTION OF DRAWINGS]

[0023]

[FIG. 1] A front view showing a flow amount meas-
urement apparatus according to an illustrative em-
bodiment of the present invention.
[FIG. 2] A side view showing a flow amount meas-
urement apparatus according to an illustrative em-
bodiment of the present invention.
[FIG. 3] A schematic diagram showing the internal
construction of a flow amount measurement appa-
ratus according to an illustrative embodiment of the
present invention as seen through from the front.
[FIG. 4] A schematic diagram showing the internal
construction of a flow amount measurement appa-
ratus according to an illustrative embodiment of the
present invention as seen through a side face.
[FIG. 5] A diagram showing a parallel resonant circuit
as an example construction of high-frequency isola-
tion circuits 80 and 81.
[FIG. 6] A diagram showing the construction of a flow
amount measurement apparatus 2 having a radia-
tion conductor 41 which extends over to above a
battery 60.
[FIG. 7] A schematic diagram showing the internal
construction of a flow amount measurement appa-
ratus 3 according to an illustrative embodiment of
the present invention as seen through a side face.
[FIG. 8] A schematic diagram showing the internal

construction of a flow amount measurement appa-
ratus 4 according to an illustrative embodiment of
the present invention as seen through from the front.
[FIG. 9] A schematic diagram showing the internal
construction of the flow amount measurement appa-
ratus 4 according to an illustrative embodiment of
the present invention as seen through a side face.
[FIG. 10] A schematic diagram showing the internal
construction of a flow amount measurement appa-
ratus 5 according to an illustrative embodiment of
the present invention as seen through from the front.

[DESCRIPTION OF EMBODIMENTS]

[0024] The findings forming the basis of the present
invention are as follows.
[0025] The conventional techniques would be valid
when utilizing relatively high transmission frequencies.
For example, given the frequency which is used for mo-
bile phones (800 MHz), it has been easy to suppress the
3rd harmonic (2.4 GHz) and the 5th harmonic (4 GHz),
which have relatively large presence as noises. The rea-
son is that the frequency bands of these harmonics are
very distant from the desired 800 MHz, and also that not
such extensive noise reduction is needed. Such a band-
pass filter is relatively easy to design.
[0026] However, these have been inadequate when
using a relatively low transmission frequency (e.g., a fre-
quency from 100 to 500 MHz, lower than the aforemen-
tioned 800 MHz). To be more specific, in wireless com-
munications where a frequency of 169 MHz is used for
the desired signal, the 3rd harmonic (508 MHz) and the
5th harmonic (847 MHz), which have relatively large pres-
ence, cannot be considered as sufficiently distant from
the desired signal. Furthermore, there is a possibility that
a wireless standard or regulation may come into force
stipulating that the 3rd harmonic and the 5th harmonic
must be strongly suppressed. Under such additional con-
ditions, a band-pass filter having very steep cut-off char-
acteristics will be needed in order to pass signals in a
narrow band which includes the frequency of the desired
signal, while cutting off signals in any other frequency
band. Realizing such a band-pass filter may present tech-
nological and/or cost problems.
[0027] Note that the aforementioned 169 MHz is an
example. As the frequency of the desired signal becomes
increasingly lower than 800 MHz, its harmonics will be-
come closer to the desired signal, thus causing the afore-
mentioned problem. For example, when the frequency
of the desired signal is in a range of 500 MHz or less (or
at least in a range from 100 to 500 MHz), its harmonics
cannot be considered as sufficiently distant from the de-
sired signal, possibly resulting in the aforementioned
problem.
[0028] Through their research, the inventors have de-
veloped a wireless communications device which suffi-
ciently attenuates nothing but the harmonics while min-
imizing passage losses in the transmission frequency
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band, even in the case where the frequency intervals
between the desired signal and the harmonics are rela-
tively narrow. The wireless communications device is ap-
plicable to a small-sized flow amount measurement ap-
paratus.
[0029] The present invention relates to a flow amount
measurement apparatus. The flow amount measure-
ment apparatus includes: a housing being made of an
electrically conductive material and accommodating a
sensor for detecting a flow amount of a substance for
measurement; a radiation conductor for radiating a radio
wave of a high-frequency signal; a circuit board on which
is incorporated a feeding circuit being electrically con-
nected to the radiation conductor and supplying to the
radiation conductor a high-frequency power to form the
high-frequency signal; an electrically conducting mem-
ber electrically connected to the feeding circuit; and a
high-frequency isolation circuit being interposed be-
tween the feeding circuit and the electrically conducting
member and electrically isolating the feeding circuit from
the electrically conducting member with respect to the
high-frequency signal and a harmonic signal thereof.
[0030] In the flow amount measurement apparatus, the
high-frequency isolation circuit may include a parallel res-
onant circuit whose impedance increases in resonance
with the high-frequency signal, and/or a filter for attenu-
ating the high-frequency signal.
[0031] In the flow amount measurement apparatus, the
high-frequency isolation circuit may include a photocou-
pler for electrically insulating the feeding circuit from the
electrically conducting member.
[0032] Hereinafter, embodiments of the present inven-
tion will be specifically described with reference to the
figures.
[0033] Hereinafter, identical or corresponding ele-
ments will be denoted by the same reference numeral
throughout the figures, and any redundant description
thereof will be omitted.
[0034] For convenience of description, "front", "rear",
"top", "bottom", "right", "left" are defined as shown in each
figure. That is, the direction in which a case 20 is located
relative to a housing 10 is defined as "front", and the
opposite of this is defined as "rear". Then, "right" and
"left" are defined regarding the front. Furthermore, the
upper and lower directions along the vertical direction
are defined as "top" and "bottom", respectively.

(Embodiment 1)

[0035] FIG. 1 is a front view showing a flow amount
measurement apparatus 1 according to Embodiment 1.
FIG. 2 is a side view showing the flow amount measure-
ment apparatus 1. FIG. 3 is a schematic diagram showing
the internal construction of the flow amount measure-
ment apparatus 1 as seen through from the front. FIG. 4
is a schematic diagram showing the internal construction
of the flow amount measurement apparatus 1 as seen
through from the side.

[0036] For example, the flow amount measurement
apparatus 1 is an apparatus which sends data that is
detected by a sensor 21 to a computer of a supplier of
gas, electricity, tap water, or the like, via wireless com-
munications.
[0037] The flow amount measurement apparatus 1 in-
cludes a housing 10 which accommodates the sensor 21
for measuring a flow amount of a fluid, as well as a case
20 which accommodates the construction for controlling
the operation of the sensor 21 and sending data that has
been detected by the sensor 21 to the exterior.
[0038] The housing 10 is made of an electrically con-
ductive material, for example. Examples of the electrical-
ly conductive material include metals such as aluminum
and stainless steels, and electrically conductive resins.
[0039] The housing 10 substantially has a rectangular
solid shape, with two conduits 30 being connected to its
upper face for allowing a substance for measurement to
flow in or flow out. The sensor 21 is accommodated in
the housing 10. The flow amount of the substance for
measurement which has flowed into the housing 10
through the flow-in conduit 30 is detected by the sensor
21, and thereafter the substance for measurement flows
out to the exterior through the flow-out conduit 30. Ex-
amples of the substance for measurement include gas,
tap water, and electricity.
[0040] The case 20, which is made of an electrically
non-conductive material, is provided on the frontal wall
face of the housing 10. Examples of the electrically non-
conductive material include electrically insulative resins,
e.g., polypropylene and ABS.
[0041] The case 20 has a rectangular solid shape with
a smaller thickness dimension, i.e., along the front-rear
direction, than its top-bottom dimension and right-left di-
mension. The case 20 is fixed to the housing 10 with nuts
or the like.
[0042] A display section 22 is provided on the front face
of the case 20. On the display section 22, the flow amount
of the substance for measurement which has been de-
tected by the sensor 21 and the like are to be displayed.
[0043] In this interior space, the case 20 accommo-
dates a radiation conductor 40, a wireless communica-
tions circuit board 50, a measurement circuit board 70,
a battery 60, high-frequency isolation circuits 80 and 81,
and interconnects 90 and 91. All construction within the
case 20 except the measurement circuit board 70 may
be regarded as a wireless device 25 that is detachable
from the flow amount measurement apparatus 1. In other
words, such a wireless device 25 accommodates the fol-
lowing: the radiation conductor 40, the wireless commu-
nications circuit board 50, the measurement circuit board
70, the battery 60, the high-frequency isolation circuits
80 and 81, and the interconnects 90 and 91. When the
wireless device 25 is attached to the flow amount meas-
urement apparatus 1, a wireless function is introduced
in the flow amount measurement apparatus 1. The fol-
lowing description will not make particular mention of the
wireless device 25. However, the description of any con-
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stituent element below that may pertain to the wireless
device 25 (including the description of Embodiment 2 and
variants) should also be cited as description concerning
the wireless device 25.
[0044] The measurement circuit board 70 includes an
integrated circuit in which a program is implemented. The
integrated circuit includes a signal generation circuit
which generates a signal to be transmitted based on a
detected signal from the sensor 21. As this integrated
circuit operates in accordance with the program, the flow
amount of the substance for measurement such as gas
or tap water is acquired based on the detected value from
the sensor 21. There is no particular limitation as to the
method of acquiring the measurement value. For exam-
ple, when the target of measurement is a gas, any known
method e.g., a membrane type or an ultrasonic type, may
adopted. A program which is necessary for calculating
the measurement value based on this adopted measure-
ment method may be implemented in the integrated cir-
cuit.
[0045] A transmission circuit, a reception circuit, a
matching circuit, and the like are incorporated on the wire-
less communications circuit board 50. The transmission
circuit is a circuit for modulating the data for transmission
into a high-frequency signal, and sending it via wireless
communications. The reception circuit is a circuit for de-
modulating the signal received through wireless commu-
nications to acquire it as data. The matching circuit is a
circuit which establishes matching between the radiation
conductor 40 and the transmission circuit and reception
circuit.
[0046] On the wireless communications circuit board
50, an integrated circuit including a feeding circuit is fur-
ther incorporated. The feeding circuit is a circuit which is
electrically connected to the radiation conductor 40 for
supplying to the radiation conductor 40 the high-frequen-
cy signal that has been modulated by the transmission
circuit. The interconnect 90 allows the integrated circuit
including the feeding circuit to be electrically connected
to the integrated circuit of the measurement circuit board
70, via the high-frequency isolation circuit 80. Then, the
integrated circuit incorporated on the wireless communi-
cations circuit board 50 provides a potential for the radi-
ation conductor 40 in accordance with the measurement
data from the integrated circuit on the measurement cir-
cuit board 70, thereby transmitting a high-frequency sig-
nal representing the measurement data.
[0047] In the description of the embodiments of the
present invention, the "high-frequency signal" to be sent
or received by utilizing the radiation conductor 40 refers
to a signal from 100 to 500 MHz, and more specifically
to a signal of 169 MHz. In the present specification, a
high-frequency signal to be sent or received may be re-
ferred to as a "desired signal" (desired wave).
[0048] The battery 60 is a power source which supplies
power to the electronic parts and the like which are
mounted on the wireless communications circuit board
50. Among others, the battery 60 is electrically connected

to the wireless communications circuit board 50 through
the interconnect 91, via the high-frequency isolation cir-
cuit 81. Thus, power which is supplied from the battery
60 is converted into a high-frequency power through the
feeding circuit on the wireless communications circuit
board 50, and supplied to the radiation conductor 40.
[0049] The radiation conductor 40 may radiate the
high-frequency signal having been modulated by the
transmission circuit as a radio wave, or receive an exter-
nal radio wave (high-frequency signal) and pass it to the
reception circuit, which then demodulates it. The radia-
tion conductor 40 according to the present embodiment
has a thin bar shape, and is made of an electrically con-
ductive material such as copper. The length of the radi-
ation conductor 40 is set to λ/4 or λ /2, where λ is the
wavelength of the high-frequency signal constituting a
radio signal. At a feed point, the base end of the radiation
conductor 40 is connected to an output section (feeding
terminal) of the wireless communications circuit board
50. The radiation conductor 40 is bent so as to spread
within the interior space of the case 20, such that the
radiation conductor 40 is as far away from the housing
10 as possible and that portions of the radiation conductor
40 are not close to one another as much as possible.
[0050] In the flow amount measurement apparatus 1
of the above construction, the substance for measure-
ment flows through the conduit 30, and the sensor 21
detects the flow amount of the substance for measure-
ment. Based on the detected value from the sensor 21,
the integrated circuit on the measurement circuit board
70 measures the flow amount of the substance for meas-
urement. In accordance with the measurement value
from the integrated circuit on the measurement circuit
board 70, the integrated circuit on the wireless commu-
nications circuit board 50 generates a high-frequency sig-
nal, and supplies this to the radiation conductor 40. An
electric field is created between the radiation conductor
40 and the housing 10 (and the conduit 30) that serves
as ground, this electric field changing in accordance with
the high-frequency signal provided. The change in the
electric field is the radio wave which is radiated from the
radiation conductor 40.
[0051] The flow amount measurement apparatus 1 in-
cludes electrically conducting members as well as the
high-frequency isolation circuits 80 and 81. An electrically
conducting member is any member that is accommodat-
ed in the case 20 and is electrically connected with the
wireless communications circuit board 50. Examples of
electrically conducting members include the battery 60,
circuits other than the feeding circuit, and circuit boards
such as the measurement circuit board 70 and a valve
control circuit board.
[0052] The high-frequency isolation circuits 80 and 81
are circuits for electrically insulating (isolating) integrated
circuit (feeding circuit) from the electrically conducting
members, with respect to the high-frequency signal that
is supplied from the wireless communications circuit
board 50 to the radiation conductor 40. As each high-
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frequency isolation circuit, a parallel resonant circuit
whose impedance increases in resonance with a trans-
mission frequency which is radiated from the radiation
conductor 40 as well as harmonic signals thereof, and/or
a filter circuit which attenuates this frequency is used.
[0053] For example, FIG. 5 shows a parallel resonant
circuit as an example construction of the high-frequency
isolation circuits 80 and 81. This parallel resonant circuit
is composed of LC circuits 101 and 102 being connected
in series. In the LC circuit 101, a coil 101a and a capacitor
101b are connected in parallel. In the LC circuit 102, a
coil 102a and a capacitor 102b are connected in parallel.
[0054] In the present embodiment, the LC circuit 101
attenuates the 3rd harmonic of the desired signal, where-
as the LC circuit 102 attenuates the 5th harmonic of the
desired signal. In wireless communications where a fre-
quency of 169 MHz is used for the desired signal, the 3rd

harmonic is 508 MHz, and the 5th harmonic is 847 MHz.
Note that the circuit construction shown in the figure may
be used to attenuate the frequency of the desired signal
(169 MHz), or a further parallel resonant circuit as shown
in FIG. 5 may be provided in order to attenuate the fre-
quency of the desired signal.
[0055] The inductance of the coil 101a and the elec-
trostatic capacitance of the capacitor 101b in the LC cir-
cuit 101, and the inductance of the coil 102a and the
electrostatic capacitance of the capacitor 102b in the LC
circuit 102, are to be determined in accordance with the
frequency of the desired signal.
[0056] Although the present embodiment illustrates
that the 3rd harmonic and the 5th harmonic are attenuat-
ed, this is an example. Depending on the frequency to
be attenuated, only a certain harmonic may be attenuat-
ed, or a plurality of harmonics including the 3rd and 5th

harmonics may be attenuated. With the example con-
struction of FIG. 5, those skilled in the art would be able
to determine the inductance and electrostatic capaci-
tance in each LC circuit and the number of LC circuits to
be connected in series, once the frequency or frequen-
cies to be attenuate are identified.
[0057] The high-frequency isolation circuits 80 and 81
are interposed between the wireless communications cir-
cuit board 50 and the aforementioned electrically con-
ducting members. Specifically, the high-frequency isola-
tion circuits 80 and 81 are designed so as to have an
increased impedance with respect to the transmission
frequency used and its harmonics, and to provide elec-
trical separation at those frequencies.
[0058] Consequently, even if a secondary emission oc-
curs due to an intensive input signal which is radiated
from the radiation conductor 40 such that a signal having
an input signal component is induced in any electrically
conducting member, the high-frequency isolation circuits
80 and 81 provide electrical separation at the relevant
frequency or frequencies, so that the input signal com-
ponent return to the wireless communications circuit
board 50. As a result, the harmonic levels of the trans-
mission signal that is generated from the radiation con-

ductor 40 can be suppressed.
[0059] While it is commonplace to provide high-fre-
quency isolation circuits around circuits which perform
communications, the present embodiment provides the
high-frequency isolation circuits 80 and 81 also for ele-
ments which do not perform wireless communications,
e.g., the battery 60 and the measurement circuit board
70. This is to take into account a secondary emission that
is caused in the metal case of the battery 60, which in
itself is an electrically conducting member, by the radio
waves radiated from the radiation conductor 40. Such
construction is particularly effective in the case where
the radiation conductor 41 needs to extend for reasons
such as the wavelength of the desired signal.
[0060] For example, FIG. 6 shows the construction of
a flow amount measurement apparatus 2 having a radi-
ation conductor 41 which extends over to above a battery
60. The radiation conductor 41 is longer than the radiation
conductor 40 in FIG. 3. Since the radiation conductor 41
is located above the battery 60, the radio wave radiated
from the radiation conductor 41 causes a stronger sec-
ondary emission at the metal case of the battery 60. How-
ever, noise emission can be reduced by providing the
high-frequency isolation circuit 81 to cut off the harmon-
ics.
[0061] Other than the battery 60 and the measurement
circuit board 70, such a high-frequency isolation circuit
may be interposed if any problematic electrically con-
ducting member exists for the radiation conductor 40
such that a signal having an input signal component may
be induced therein and possibly return to the wireless
communications circuit board 50.
[0062] Another effect attained by the above construc-
tion is that the wireless communications circuit board 50,
which is electrically separated at the relevant frequency
or frequencies by the high-frequency isolation circuits
from any electrically conducting member that is connect-
ed via the high-frequency isolation circuits, remarkably
reduces the influences of any impedance change in elec-
trically conducting members on the antenna matching of
the radiation conductor 40. This permits a design free
from the influences of manufacturing variations (varia-
tions in the impedance of the substrate or battery and in
the interconnect length), and allows for efficient devel-
opment and stable manufacturing with a reduced pro-
duction yield.

(Embodiment 2)

[0063] When the radiation conductor 40 has a large
wireless output, a signal which is radiated from the radi-
ation conductor 40 and being radiated onto the wireless
communications circuit board 50 and the measurement
circuit board 70 causes harmonic noise (spurious noise)
to be radiated from the wireless communications circuit
board 50 and the measurement circuit board 70, thereby
failing to satisfy standards concerning noise emission.
[0064] Accordingly, the present embodiment illus-
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trates a construction which reconciles improvement in
antenna gain characteristics and reduction in harmonic
noise emission, even under a particularly large wireless
output.
[0065] Note that the wireless output being large en-
compasses the case where the output power is about 1
watt, for example.
[0066] FIG. 7 is a schematic diagram showing the in-
ternal construction of a flow amount measurement ap-
paratus 3 according to Embodiment 2 as seen through
from the side. Among the constituent elements shown in
FIG. 7, those which are identical to the constituent ele-
ments that have been described in FIG. 1 to FIG. 4 will
be denoted by the same numerals, and their descriptions
will be cited.
[0067] Embodiment 2 relates to a flow amount meas-
urement apparatus which, in addition to the construction
which has been described in Embodiment 1, includes a
connection cable 100 for the measurement circuit board
which electrically connects the housing 10 to the meas-
urement circuit board 70, and a connection cable 110 for
the wireless communications circuit board which electri-
cally connects the housing 10 to the wireless communi-
cations circuit board 50. More specifically, the present
embodiment relates to a flow amount measurement ap-
paratus which includes the high-frequency isolation cir-
cuit according to Embodiment 1 plus the cables (electrical
conductors) for electrically connecting the housing to the
circuit boards.
[0068] The connection cable 100 for the measurement
circuit board has one end connected to the ground of the
measurement circuit board 70 and another end connect-
ed to the housing 10. In order to allow the other end of
the connection cable 100 for the measurement circuit
board to be connected to the housing 10, an aperture is
provided in the case 20, and a protrusion is provided on
the housing 10. Then, the housing 10 and the case 20
are fixed so that the protrusion penetrates the aperture,
and that the other end of the connection cable 100 for
the measurement circuit board is in contact with the pro-
trusion. Sealing is provided around the aperture so that
the interior of the case 20 is closed.
[0069] The connection cable 100 for the measurement
circuit board is made of an electrically conductive mate-
rial such as copper, aluminum, or iron.
[0070] As the position to connect the connection cable
100 for the measurement circuit board to the measure-
ment circuit board 70, a position is preferably selected
which is as distant from the radiation conductor 40 on
the substrate as possible and which is considered to pro-
vide a high grounding effect. For example, a position
which is considered to provide a high grounding effect
may be, when given a ground pattern on the measure-
ment circuit board 70 which is divided by circuit elements
and the like into a plurality of divisions, a position within
one division that has as broad a geometric area as pos-
sible. A "ground pattern" means, among interconnects
of a copper foil on the measurement circuit board 70, for

example, any interconnect that is set to the ground. On
the other hand, "as broad a geometric area as possible"
may be any relatively broad geometric area among a
plurality of divisions having various geometric areas, and
in one instance may be the broadest geometric area.
Maximum effects can be obtained by connecting the con-
nection cable 100 for the measurement circuit board at
such positions on the measurement circuit board 70.
[0071] Any meter other than an electricity meter, e.g.,
a gas meter or a water meter, is driven by a battery (such
as the battery 60), and thus usually there is no need to
electrically connect the measurement circuit board 70 to
the housing 10. However, when the measurement circuit
board 70 is adjacent to the radiation conductor 40, the
measurement circuit board 70 may operate as an anten-
na to generate spurious noises. This will increase the
noise generation level, such that standards concerning
the noise generation level may no longer be satisfied.
[0072] However, by electrically connecting the meas-
urement circuit board 70 to the housing 10 as in the
present embodiment, the measurement circuit board 70
is prevented from operating as an antenna, thus making
it possible to reduce the undesired signals which are gen-
erated as noises from the interior of the case 20. Unde-
sired signals of the highest level in this case are, usually,
the 3rd harmonic and 5th harmonic of the desired signal.
[0073] Note that such undesired signals would not be
problematic in mobile phones, which similarly conduct
wireless communications. The reason is that the radio
wave frequency of a mobile phone is in the 800 MHz
band at the lowest, so that the 3rd harmonic (2.4 GHz)
and the 5th harmonic (4 GHz) thereof are distant in fre-
quency band from 800 MHz, and thus is subject to only
lenient requirements of communications standards con-
cerning noise removal.
[0074] Note that a gas meter itself, as one flow amount
measurement apparatus that is contemplated in the
present specification, does not inherently have a wired
communications function. Even if GND of the meter con-
troller substrate is electrically connected to the case,
surge voltage from lightning will never make its way onto
any communications signal lines that are on the sub-
strate; thus, the controller substrate will not be destroyed
by extrinsic noises such as lightning surge.
[0075] The connection cable 110 for the wireless com-
munications circuit board has one end connected to the
ground of the wireless communications circuit board 50
and another end connected to the housing 10. The tech-
nique of connecting the other end of the connection cable
110 for the wireless communications circuit board to the
housing 10 may be similar to the technique of connecting
the other end of the connection cable 100 for the meas-
urement circuit board to the housing 10, or, alternatively,
the other end of the connection cable 100 for the meas-
urement circuit board may be connected to a screw that
penetrates through the housing 10 and the case 20 for
fixing the housing 10 and the case 20.
[0076] Although there is more than one screw that fix
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the housing 10 and the case 20, the screw that is the
closest to the wireless communications circuit board 50
(i.e., a screw located in a lower portion of the case 20 in
the present embodiment) is desirably used for the con-
nection. The connection cable 110 for the wireless com-
munications circuit board is made of an electrically con-
ductive material such as copper, aluminum, or iron, for
example.
[0077] Although FIG. 7 illustrates the radiation conduc-
tor 40 as an inverted L antenna, the radiation conductor
40 may be composed of other linear conducting ele-
ments. Examples of linear conducting elements include
loop antennas and meander line antennas.
[0078] Moreover, the radiation conductor 40 may not
be a linear conducting element. For example, a planar
conducting element such as a planar inverted L antenna,
a linear inverted L antenna, or a planar dipole antenna,
may be used as the radiation conductor 40. Moreover, a
metal foil on a circuit board may be used for the connec-
tion cable 110 for the wireless communications circuit
board and the radiation conductor 40.
[0079] In all above embodiments, the connection cable
110 for the wireless communications circuit board and a
screw are used as connecting portions that electrically
connect the wireless communications circuit board 50 to
the housing 10. However, this construction is only an
example. It suffices if the connecting portion functions to
electrically connect the wireless communications circuit
board 50 to the housing 10, and those skilled in the art
will be able to adopt various specific constructions that
realizes such a function. For example, a resin case of
the same outer shape as that of the case 20 may be
adopted. In this case, a face of the resin case that borders
on the housing 10 has an aperture. A projection of the
metal case 201 is fitted in this aperture of the resin case.
Then, the connection cable 100 for the measurement cir-
cuit board is electrically connected to this projection of
the metal housing, while the opposite end of the connec-
tion cable 100 of the measurement circuit board is elec-
trically connected to the ground of the wireless commu-
nications circuit board 50. At this time, sealing is provided
around the aperture so that the interior of the resin case
is closed.
[0080] Coupling of the radiation conductor 40 to the
output section of the wireless communications circuit
board 50 and coupling of the ground of the wireless com-
munications circuit board 50 to the connection cable 110
for the wireless communications circuit board are
achieved with solder. However, the method of coupling
is not limited thereto, so long as these are electrically
coupled. For example, they may be coupled via a screw,
a connector, or the like.
[0081] In all of the above embodiments, an ultrasonic
type gas meter (USM) may be used as the flow amount
measurement apparatus. In this case, the housing 10
has a small size. Therefore, the effective length of the
antenna can be increased by varying the shape of the
housing 10, thereby improving the antenna gain. Alter-

natively, the housing 10 being small makes it possible to
secure a large distance between the radiation conductor
40 and the housing 10 (ground), whereby a gain improve-
ment can be expected.
[0082] Thus, a flow amount measurement apparatus
according to the present invention is useful for reconciling
a high radiated radio wave intensity and a reduced un-
desired signal level, in a small-sized flow amount meas-
urement apparatus which is designed for improved an-
tenna characteristics over the conventional techniques.
[0083] The present embodiment illustrates a flow
amount measurement apparatus including the high-fre-
quency isolation circuits 80 and 81 and further electrical
conductors connecting the substrates to the housing.
However, even without the high-frequency isolation cir-
cuits 80 and 81, it is possible to reconcile a high radiated
radio wave intensity and a reduced undesired signal lev-
el.
[0084] For example, FIG. 8 is a schematic diagram
showing the internal construction of a flow amount meas-
urement apparatus 4 lacking high-frequency isolation cir-
cuits, as seen through from the front. FIG. 9 is a schematic
diagram showing the internal construction of the flow
amount measurement apparatus 4 as seen through from
the side.
[0085] Moreover, by shaping the radiation conductor
40 so as to be distant from the measurement circuit board
70 as much as possible, the harmonic noises radiated
from the measurement circuit board 70 can be alleviated.
For example, FIG. 10 is a schematic diagram showing
the construction of a flow amount measurement appara-
tus 5 according to a variant of the present embodiment.
In the flow amount measurement apparatus 5, the radi-
ation conductor 40 is worked into a shape that avoids the
measurement circuit board 70. Note that, in addition to
being distant from the measurement circuit board 70, it
is also preferable for the radiation conductor 40 to be
formed so that portions of the radiation conductor 40 are
not close to one another.
[0086] The above description should be interpreted as
illustrative only, and is rather provided in order to teach
those skilled in the art of the best aspects in which to
carry out the present invention. Substantial modifications
in the specific structure and/or functions thereof would
be possible without departing from the spirit of the inven-
tion.

[INDUSTRIAL APPLICABILITY]

[0087] Thus, a flow amount measurement apparatus
according to the present invention is useful as a small-
sized flow amount measurement apparatus having a
means for suppressing harmonics as compared to the
conventional techniques.

[REFERENCE SIGNS LIST]

[0088]

13 14 



EP 2 806 498 A1

9

5

10

15

20

25

30

35

40

45

50

55

1 - 5 flow amount measurement apparatus
10 housing
20 case
21 sensor
22 display section
30 conduit
40 radiation conductor
50 wireless communications circuit board (circuit

board)
60 battery
70 measurement circuit board (circuit board)
80, 81 high-frequency isolation circuit
90, 91 interconnect (lead)

Claims

1. A flow amount measurement apparatus comprising:

a housing configured to accommodate a sensor
for detecting a flow amount of a substance for
measurement;
a radiation conductor electrically connected to
a feeding circuit on a first circuit board to radiate
a high-frequency signal as a radio wave;
an electrically conducting member electrically
connected to the feeding circuit; and
a high-frequency isolation circuit being inter-
posed between the feeding circuit and the elec-
trically conducting member and electrically iso-
lating the feeding circuit from the electrically con-
ducting member with respect to the high-fre-
quency signal.

2. The flow amount measurement apparatus of claim
1, wherein the high-frequency isolation circuit in-
cludes a parallel resonant circuit whose impedance
increases in resonance with the high-frequency sig-
nal and a harmonic signal thereof.

3. The flow amount measurement apparatus of claim
2, wherein the high-frequency isolation circuit in-
cludes a filter circuit configured to attenuate the high-
frequency signal and the harmonic signal thereof.

4. The flow amount measurement apparatus of any of
claims 1 to 3, wherein the high-frequency signal is a
signal having a frequency of 500 MHz or less.

5. The flow amount measurement apparatus of claim
4, wherein the high-frequency signal is a signal hav-
ing a frequency from 100 to 500 MHz.

6. The flow amount measurement apparatus of claim
5, wherein the high-frequency signal is a signal hav-
ing a frequency of 169MHz.

7. The flow amount measurement apparatus of claim

5 or 6, wherein the high-frequency isolation circuit
attenuates a 3rd harmonic of the high-frequency sig-
nal.

8. The flow amount measurement apparatus of claim
7, wherein the high-frequency isolation circuit further
attenuates a 5th harmonic of the high-frequency sig-
nal.

9. The flow amount measurement apparatus of any of
claims 1 to 8, wherein the electrically conducting
member is an integrated circuit on a second circuit
board distinct from the first circuit board.

10. The flow amount measurement apparatus of any of
claims 1 to 8, wherein the electrically conducting
member is a battery for supplying power to the feed-
ing circuit.

11. The flow amount measurement apparatus of any of
claims 1 to 10, wherein,
the housing is made of an electrically conductive ma-
terial, the flow amount measurement apparatus
comprising
a connection member electrically connecting a sec-
ond circuit board distinct from the first circuit board
to the housing.

12. A wireless device attached to a flow amount meas-
urement apparatus to output data of a flow amount
measured by the flow amount measurement appa-
ratus as a radio wave of a high-frequency signal, the
wireless device comprising:

a radiation conductor electrically connected to
a feeding circuit on a first circuit board to radiate
a high-frequency signal as a radio wave;
an electrically conducting member electrically
connected to the feeding circuit; and
a high-frequency isolation circuit being inter-
posed between the feeding circuit and the elec-
trically conducting member and electrically iso-
lating the feeding circuit from the electrically con-
ducting member with respect to the high-fre-
quency signal.
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