
DESCRIPTION CORIOLIS FLOW RATE METER Technical field
The present invention relates to a Coriolis flowmeter
that  is used to obtain the mass flow rate and/or
density of a measurement  fluid detecting a phase
difference and/or vibration frequency  proportional to
Coriolis forces acting on a flow tube. Background Art
In a Coriolis flowmeter, a tube through which a fluid
to be  measured flows is supported at one end or both
ends thereof, and  vibration is applied to a portion
of the tube around the supporting  point in a
direction vertical to the flowing direction of the
tube  (hereinafter, a tube to which vibration is
applied is referred to  as a flow tube) . The Coriolis
flowmeter is a mass flowmeter, which  utilizes the
fact that the Coriolis forces applied to the flow tube
when vibration is thus applied thereto, are
proportional to a mass  flow rate. The Coriolis
flowmeter, which is well known, is roughly  classified
into two types in terms of flow tube structure: a
straight  tube type and a bent tube type. In a
Coriolis flowmeter of the straight tube type, when
vibration is applied to a straight tube, whose both
ends are supported,  in a direction vertical to the
straight-tube center portion axis, 1 a difference in
displacement due to the Coriolis forces is generated
between the support portions and the central portion
of the straight  



tube, that is, a phase difference signal is obtained,
and, based  on this phase difference signal, the mass
flow rate is detected.  The straight tube type
Coriolis flowmeter, thus constructed has  a simple,
compact, and solid structure. On the other hand, there
arises a problem in that it is difficult to achieve
high detection  sensitivity. In contrast, the bent
tube type Coriolis flowmeter is superior  to the
straight tube type Coriolis flowmeter from a view
point that  it allows selection of a shape for
effectively obtaining the Coriolis  forces . In fact,
it is capable of performing mass flow rate detection
with high sensitivity. Known examples of the bent tube
type Coriolis  flowmeter include one equipped with a
single flow tube (see, for  example, JP 04-55250 A),
one equipped with two flow tubes arranged  in parallel
(see, for example, Japanese Patent 2939242), and one
equipped with a single flow tube in a looped state
(see, for example,  JP 05-69453 A). Incidentally, as a
driving means for driving the flow tube,  a
combination of a coil and a magnet is generally
employed. Regarding  the mounting of the coil and the
magnet, it is desirable to mount  them at positions
not offset with respect to the vibrating direction  of
the flow tube from the viewpoint of minimizing the
positional  deviation between the coil and the magnet.
In view of this, Japanese 2 Patent 2939242 discloses a
construction in which two flow tubes  arranged in
parallel are mounted so as to hold a coil and a magnet



between them. Thus, a design is adopted in which the
distance between  the two flow tubes opposed to each
other is at least large enough  to enable the coil and
the magnet to be held therebetween. In the case of a
Coriolis flowmeter in which two flow tubes
respectively exist in planes parallel to each other
andwhich exhibits  a large caliber or high f low tube
rigidity, it is necessary to enhance  the power of the
driving means, so that it is necessary to hold  a
large driving means between the two flow tubes. Thus,
a design  is adopted inwhich the distance between the
f low tubes is of necessity  large even at the fixing
end portions constituting the roots of  the flow
tubes. However, an increase in the above-mentioned
distance at the  fixing end portions involves the
following problem: it leads to  a deficiency in
rigidity at the fixing end portions, with the result
that vibration leakage is likely to occur (The flow
tubes undergo  bending vibration to cause vibration
leakage). On the other hand, in the construction as
disclosed in JP  05-69453 B, in which a single flow
tube is looped, another problem  is involved: as shown
in Figs. 11 and 12, it is necessary for a  bent tube
portion 101 to exist between a first curved tube
portion  102 and a second curved tube portion 103. If
such a sharp bending  is to be effected,
themanufacture is rather difficult and, further,
there is a problem in terms of the resistance to
pressure of thehe tubes. 



Disclosure of the Invention The present invention has
been made in view of the above problems  in the prior
art. It is an object of the present invention to
provide  a Coriolis flowmeter which involves minimum
positional deviation  and is not susceptible to
vibration leakage, and which is easy to  manufacture
and provides high durability. To attain the object of
the present invention, according to  the present
invention, there is provided, as shown in Fig. 1
illustrative of its basic construction, a Coriolis
flowmeter 11  including: a measurement flow tube 1
including first and second  curved tube portions 2 and
3, the first curved tube portion 2 having  a first
inlet portion 4 through which a measurement fluid
flows  in and a first outlet portion 5 through which
the measurement fluid  flows out, the second curved
tube portion 3 having a second inlet  portion 6
through which the measurement fluid flows in and a
second  outlet portion V through which the measurement
fluid flows out;  and a fixing member 8, which is
situated in a middle position of  the flow tube 1 as
seen in plan view and to which the first inlet
portion 4, the second inlet portion 6, the first
outlet portion  5, and the second outlet portion 7 are
fixed, the Coriolis flowmeter  11 being used to obtain
at least one of a mass flow rate and a density  of the
measurement fluid through detection of at least one of
a  phase difference and a vibration frequency
proportional to the  Coriolis forces acting on the
first and second curved tube portions  



2 and 3 by vibrating the first and second curved tube
portions 2  and 3 with the first and second curved
tube portions 2 and 3 being  opposed to each other,
wherein, the first inlet portion 4, the second  inlet
portion 6, the first outlet portion 5, and the second
outlet  portion 7 are fixed to the fixing member 8
such that: their tube  axes are arranged in the same
plane, the first inlet portion 4 and  the second inlet
portion 6 being arranged in a non-parallel state  such
that a distance therebetween increases with increasing
departure from the fixing member 8; and that the first
outlet portion  5 and the second outlet portion 7 are
arranged in a non-parallel  state such that a distance
therebetween increases with increasing  departure from
the fixing member 8, the first and second inlet
portions  4 and 6 and the first and second outlet
portions 5 and 7 being fixed  so as to be arranged
symmetrically, and wherein a distance between
respective driven portions 10 of the first and second
curved tube  portions 2 and 3 is smaller than a
distance between respective portions  thereof
(connecting portions 16a) continuous with the driven
portions 10. Further, to attain the object of the
present invention, there  is provided, as shown in
Fig. 1, a Coriolis flowmeter 11 including:  a
measurement flow tube 1 including first and second
curved tube 5 portions 2 and 3, the first curved tube
portion 2 having a first  inlet portion 4 through
which a measurement fluid flows in and a  first outlet
portion 5 through which the measurement fluid flows  



out, the second curved tube portion 3 having a second
inlet portion  6 through which the measurement fluid
flows in and a second outlet  portion 7 through which
the measurement fluid flows out; a fixing  member 8
situated in a middle position of the flow tube 1 as
seen  in plan view and to which the first inlet
portion 4, the second  inlet portion 6, the first
outlet portion 5, and the second outlet  portion 7 are
fixed; and a connecting tube portion 9 provided
between  the first outlet portion 5 and the second
inlet portion 6 and  connecting the first outlet
portion 5 and the second inlet portion  6, the
Coriolis flowmeter 11 being used to obtain at least
one of  a mass flow rate and a density of the
measurement fluid through  detection of at least one
of a phase difference and a vibration  frequency
proportional to the Coriolis forces acting on the
first  and second curved tube portions 2 and 3 by
vibrating the first and  second curved tube portions 2
and 3 with the first and second curved  tube portions
2 and 3 being opposed to each other, wherein the first
inlet portion 4, the second inlet portion 6, the f
irst outlet portion  5, and the second outlet portion
7 are fixed to the fixing member  8 such that: the
first inlet portion 4 and the second inlet portion  6
are arranged in a non-parallel state such that a
distance  therebetween increases with increasing
departure from the fixing  member 8; and that the
first outlet portion 5 and the second outlet  portion
7 are arranged in a non-parallel state such that a
distance  therebetween increases with increasing
departure from the fixing  



member 8, the first and second inlet portions 4 and 6
and the first  and second outlet portions 5 and 7
being arranged symmetrically,  wherein the first
outlet portion 5, the second inlet portion 6,  and the
connecting tube portion 9 are arranged such that their
tube  axes are in a straight line, and wherein a
distance between respective  driven portions 10 of the
first and second curved tube portions  2 and 3 is
smaller than a distance between respective portions
thereof  (connecting portions 16a) continuous with the
driven portions 10. Further, to attain the object of
the present invention, in  the Coriolis flowmeter, the
portions (connecting portions 16a)  continuous with
the driven portion 10 of the first curved tube portion
2 and the first inlet portion 4 and the first outlet
portion 5 are  formed and arranged so as to be
parallel to each other, and the  portions (connecting
portions 16a) continuous with the driven  portion 10
of the second curved tube portion 3 and the second
inlet  portion 6 and the second outlet portion 7 are
formed and arranged  so as to be parallel to each
other. Further, to attain the object of the present
invention, in  the Coriolis flowmeter, the
fixingmember 8 is formed substantially  in one of a
circular configuration and an arcuate configuration
in plan view.  Further, to attain the object of the
present invention, in  the Coriolis flowmeter, the
fixing member is formed in a wall-like  configuration.



Due to this construction, when the first curved tube
portion  2 and the second curved tube portion 3 are
vibrated while opposed  to each other (In the state
shown in Fig. 1, a repulsive action  is generated in
the driving means; in the case of an attracting
action, the directions of the arrows in Fig. 1 are
reversed) , the  fixing member 8, to which the first
inlet portion 4, the second  inlet portion 6, the
first outlet portion 5, and the second outlet  portion
7 are fixed, receives at each fixing portion a
torsional  stress due to a torsional vibration
converted from a bending  vibration. However, as shown
in Fig. 1, the first inlet portion 4 and  the second
inlet portion 6 are not parallel to each other, and
the  first outlet portion 5 and the second outlet
portion 7 are not parallel  to each other, either.
Further, the first and second inlet portions  4 and 6
and the first and second outlet portions 5 and 7 are
in  symmetrical positional relationships. Thus, when
the first curved  tube portion 2 and the second curved
tube portion 3 are vibrated  while opposed to each
other, the torsional stress due to the first  inlet
portion 4 and the second outlet portion 7 is canceled
by these  two, and the torsional stress due to the
second inlet portion 6  and the first outlet portion 5
is also canceled by these two. As  a result,
substantially no vibration is generated in the fixing
member 8, and the loads applied to the first inlet
portion 4, the  second inlet portion 6, the first
outlet portion 5, and the second  



outlet portion 7 are reduced. Accordingly, in the
present invention, even if the rigidity  of the fixing
member 8 is low, and if the mass is small, it is
possible  to effectively restrain vibration leakage.
Further, as shown in  Fig. 1, the first outlet portion
5, the second inlet portion 6,  and the connecting
tube portion 9 are arranged continuously in a
straight line, so that, according to the present
invention, it is  possible to enhance the productivity
and durability of a Coriolis  flowmeter. Further, the
distance between the driven portions 10 is small,  so
that, according to the present invention, it is
possible to minimize  the positional deviation of the
driving means in these driven portions 10. According
to a first aspect of the present, it is possible  to
provide a Coriolis flowmeter which involves minimum
positional  deviation and which is not subject to
vibration leakage. According to the present invention,
it is possible to provide  a Coriolis flowmeter which
involves minimum positional deviation  and is not
subject to vibration leakage, and which is easy to
manufacture and provides high durability. According to
the present invention, it is possible to provide  a
Coriolis flowmeter in which the manufacture of the
first and second  curved tube portions is further
facilitated. According to the present invention as
claimed in Claim 4,  



uniform fixation is possible in the flow tube
circumferential  direction, so that it is possible to
provide a Coriolis flowmeter  which is still less
subject to vibration leakage. According to the present
invention, it is possible to achieve  a reduction in
the weight and cost of a Coriolis flowmeter. Brief
Description of the Drawings Fig. 1 is a schematic view
of a Coriolis flowmeter according  to an embodiment of
the present invention, showing the basic  construction
of a main portion of the Coriolis flowmeter; Fig. 2 is
a longitudinal sectional view of the central portion
(including the casing) of the Coriolis flowmeter of
Fig. 1;  Figs. 3A and 3B are diagrams for comparing
conventional Coriolis flowmeters with that of the
present invention, of which  Fig. 3A shows the type in
which the inlet portions and the outlet  portions are
directed upwards as seen in the drawing, and Fig. 3B
shows the type in which the inlet portions and the
outlet portions  are directed horizontally as seen in
the drawing; Figs. 4A through 4D are diagrams showing
a first embodiment  of the present invention, of which
Fig. 4A is a main portion front  view, Fig. 4B is a
sectional view taken along the line Al-Al of 10 Fig.
4A, Fig. 4C is a sectional view taken along the line
Bl-Bl  of Fig. 4A, and Fig. 4D is a side view of Fig.
4A; Figs. 5A through 5D are diagrams showing a second
embodiment  of the present invention, of which Fig. 5A
is a main portion front  



view, Fig. 5B is a sectional view taken along the line
A2-A2 of  Fig. 5A, Fig. 5C is a sectional view taken
along the line B2-B2  of Fig. 5A, and Fig. 5D is a
side view of Fig. 5A; Figs. 6A through 6D are diagrams
showing a third embodiment  of the present invention,
of which Fig. 6A is a main portion front  view, Fig.
6B is a sectional view taken along the line A3-A3 of
Fig. 6A, Fig. 6C is a sectional view taken along the
line B3-B3  of Fig. 6A, and Fig. 6D is a side view of
Fig. 6A; Figs. 7A through 7D are diagrams showing a
fourth embodiment  of the present invention, of which
Fig. 7A is a main portion front  view, Fig. 7B is a
sectional view taken along the line A4-A4 of  Fig. 7A,
Fig. 7C is a sectional view taken along the line B4-B4
of Fig. 7A, and Fig. 7D is a side view of Fig. 7A;
Figs. 8A through BD are diagrams showing a fifth
embodiment  of the present invention, of which Fig. BA
is a main portion front  view, Fig. 8B is a sectional
view taken along the line A5-A5 of  Fig. 8A, Fig. 8C
is a sectional view taken along the line 85-B5  of
Fig. 8A, and Fig. 8D is a side view of Fig. 8A; Figs.
9A through 9D are diagrams showing a sixth embodiment
of the present invention, of which Fig. 9A is a main
portion front 11 view, Fig. 9B is a sectional view
taken along the line A6-A6 of  Fig. 9A, Fig. 9C is a
sectional view taken along the line B6-B6  of Fig. 9A,
and Fig. 9D is a side view of Fig. 9A; Figs. 10A
through 10D are explanatory views showing another  



example of the fixing member, of which Fig. 10A is a
front view  of a Coriolis flowmeter, Fig. 10B is a
sectional view taken along  the line A7-A7 of Fig.
10A, Fig. 10C is a sectional view taken along  the
line B7-B7 of Fig. 10A, and Fig. 10D is a side view of
Fig.  1OA; Fig. 11 is a perspective view of the flow
tubes of a conventional  Coriolis flowmeter; and Fig.
12 is a plan view of the flow tubes of Fig. 11. Best
Mode for Carrying Out the Invention In the following,
the present invention will be described with
reference to the drawings. Fig. 1 is a schematic view
of a Coriolis flowmeter according  to an embodiment of
the present invention, showing the basic  construction
of a main portion of the Coriolis flowmeter. Fig. 2
is a longitudinal sectional view of the central
portion (including  the casing) of the Coriolis
flowmeter of Fig. 1. In Figs. 1 and 2, a Coriolis
flowmeter 11 according to the  present invention
includes a casing 12, a single flow tube 1
accommodated in the casing 12, a drive device 13, a
sensor portion 12 (not shown) having a pair of
vibration detecting sensors 14 and  a temperature
sensor (not shown), a signal computation processing
portion (not shown) for performing computation
processing on mass  flow rate, etc. based on a signal
from the sensor portion, and an  excitation circuit
portion (not shown) for exciting the drive device  



13. In the following, these components will be
described. The casing 12 has a structure resistant to
bending and torsion.  Further, the casing 12 is formed
in a size large enough to accommodate  the flow tube
1, with a fixing member 8 for fixing the flow tube  1
in position being mounted thereto. Further, the casing
12 is so  formed as to be capable of protecting the
main portion of the flowmeter  including the flow tube
1. The casing 12 is filled with an inert  gas, such as
argon gas. Due to the filling with the inert gas,
condensation on the flow tube 1, etc. is prevented.
The casing 12 is mounted to the fixingmember 8 by an
appropriate  means. The fixing member 8 is formed in a
circular configuration  in plan view. Although
desirable, it is not always necessary for  the fixing
member 8 to be of a circular configuration in plan
view.  For example, it may be formed as a fixing
member of a rectangular  configuration in plan view
or, as shown in Figs. 10A through 10D,  it may be
formed as arcuate fixing members 8 " of a Coriolis
flowmeter  1". Further, in this embodiment, the fixing
member 8 is formed as  a wall member defining an inner
space. The flow tube 1 consists of a single looped
measurement conduit 13 (It is always not necessary for
the flow tube 1 to consist of a  single looped
conduit, as described in detail below with reference
to a sixth embodiment of the present invention), and
includes a  f irst curved tube portion 2 and a second
curved tube portion 3 arranged  so as to be opposed to
each other, and a connecting tube portion  



9 connecting the first curved tube portion 2 and the
second curved  tube portion 3 to each other. Assuming
that the arrow line P and  the arrow line Q in Fig. 1
respectively indicate the vertical direction  and the
horizontal direction, the first curved tube portion 2
and  the second curved tube portion 3 are formed
substantially in an  elliptical configuration, with
both being elongated in the  horizontal direction. The
first curved tube portion 2 has a first inlet portion
4  through which measurement fluid flows in and a
first outlet portion  5 through which measurement f
luid f lows out. The second curved tube  portion 3 has
a second inlet portion 6 through which measurement  f
luid f lows in and a second outlet portion 7 through
which measurement  fluid flows out. The connecting
tube portion 9 is provided between  the first outlet
portion 5 and the second inlet portion 6. In other
words, the connecting tube portion 9 is provided for
the purpose  of connecting the f irst outlet portion 5
and the second inlet portion  6 to each other. The f
irst outlet portion 5, the second inlet portion  6,
and the connecting tube portion 9 are formed and
arranged such  that they are continuously connected
together in a straight line, 14 in other words, that
the axes of the three tubes are in a straight line.
The first inlet portion 4, the second inlet portion 6,
the  first outlet portion 5, and the second outlet
portion 7 are fixed  to the fixing member 8. The first
inlet portion 4 and the second  



inlet portion 6 are fixed and arranged in a
non-parallel state such  that the distance between
them increases as they depart from the  fixingmember8.
Similarly, the first outlet portion 5 and the second
outlet portion 7 are fixed and arranged in a
non-parallel state  such that the distance between
them increases as they depart from  the fixing member
8. Further, the first and second inlet portions  4 and
6 and the first and second outlet portions 5 and 7 are
fixed  and arranged so as to be in symmetrical
positional relationships. Here, as can be seen f rom
the drawings, the f irst inlet portion  4, the second
inlet portion 6, the first outlet portion 5, and the
second outlet portion 7 are fixed to the fixing member
8 so as to  be in the same plane; however, the way the
first inlet portion 4,  the second inlet portion 6,
the first outlet portion 5, and the  second outlet
portion 7 are fixed to the fixing member 8 is not
restricted to this. For example, the fixation to the
fixing member  8 may also be effected such that the
first inlet portion 4 and the  second outlet portion 7
are in the same plane and that the first  outlet
portion 5 and the second inlet portion 6 are in the
same  plane. 15 A terminal 4a of the first inlet
portion 4 is led to the exterior  in order to allow
inflow of measurement fluid. Further, like the
terminal 4a, the terminal 7a of the second outlet
portion 7 is led  to the exterior in order to allow
outflow of measurement fluid.  The terminal 4a and the
terminal 7a are led out so as to be perpendicular  



to the arrow line P of Fig. 1 and as to extend in
opposite directions.  Measurement fluid flowing in
through the terminal 4a of the first  curved tube
portion 4 passes through the first curved tube portion
2, the connecting tube portion 9, and the second
curved tube portion  3 before flowing out through the
terminal 7a of the second outlet  portion 7 (As for
the flow of the measurement fluid, see the arrows  in
Fig. 1). The first curved tube portion 2 has, in
addition to the first  inlet portion 4 and the first
outlet portion 5, substantially arcuate  curved
portions 15 and a straight apex portion 16. Similarly,
the  second curved tube portion 3 has, in addition to
the second inlet  portion 6 and the second outlet
portion 7, substantially arcuate  curved portions 15
and another straight apex portion 16. The apex
portions 16 are formed in a substantially U-shaped
configuration  so as to be back to back in plan view.
That is, formed in each apex  portion 16 are a driven
portion 10 and connecting portions 16a.  The
connecting portions 16a are formed on either side of
the driven  portion 10. The connecting portions 16a
are formed as portions  connecting the driven portion
10 with the curved portions 15. The 16 driven portions
10 are formed and arranged such that the distance
between them is smaller than the distance between the
curved portions  15. The connecting portions 16a of
the first curved tube portion  2 are formed so as to
be parallel to the first inlet portion 4 and  



the first outlet portion S. Similarly, the connecting
portions 16a  of the second curved tube portion 3 are
formed so as to be parallel  to the second inlet
portion 6 and the second outlet portion 7. It  goes
without saying that this formation helps to facilitate
the  production of the curved portion 15. The driven
portion 10 of the first curved tube portion 2 and  the
driven portion 10 of the second curved tube portion 3
are arranged  in parallel with a gap therebetween
large enough to hold a relative  small driving device
13. Similarly, the curved portions 15 of the  first
curved tube portion 2 and the curved portions 15 of
the second  curved tube portion 3 are arranged with a
gap therebetween large  enough to hold the vibration
detecting sensors 14. The first inlet  portion 4 and
the second inlet portion 6 are formed and arranged
such that the distance therebetween is large at the
position  corresponding to the curved portions 15 and
that the distance  therebetween is small at the
position corresponding to the fixing  member 8.
Similarly, the first outlet portion 5 and the second
outlet  portion 7 are formed and arranged such that
the distance therebetween  is large at the position
corresponding to the curved portions 15 17 and that
the distance therebetween is small at the position
corresponding to the fixing member 8. Since the
distance between the first inlet portion 4 and the
second inlet portion 6 is small at the fixing member
8, vibration  leakage does not easily occur. Further,
as described below, a  



structure is adopted which cancels torsional stress.
Substantially  no vibration is generated in the fixing
member B. Further, since  the distance between the
driven portions 10 is small, the positional  deviation
generated in the driving device 13 is minimum.
Further,  also in the vibration detecting sensors 14,
the positional deviation  is minimum. The material of
the flow tube 1 is one usually adopted in this
technical field, such as stainless steel, hastelloy,
or titanium  alloy. The driving device 13 constituting
the sensor portion causes  the first curved tube
portion 2 and the second curved tube portion  3 to
vibrate while opposed to each other, and is equipped
with a  coil 17 and a magnet 18. The driving device 13
is arranged at the  center of the driven portions 10
and so as to be held between them.  In other words,
the driving device 13 is mounted at a position not
offset with respect to the vibrating direction of the
flow tube 1. The coil 17 of the driving device 13 is
mounted to one driven portion 10 of the flow tube 1 by
using a dedicated mounting tool. 18 Further, although
not particularly shown, an FPC (flexible printed
circuit) or electric wire is led out from the coil 17.
The magnet  18 of the driving device 13 is mounted to
the other driven portion  10 of the flow tube I by
using a dedicated mounting tool. When an attracting
action is generated in the driving device  



13, the magnet 18 is inserted into the coil 1'7, with
the result  that the driven portions 10 of the flow
tube 1 are brought close  to each other. In contrast,
when a repulsive action is generated,  the driven
portions 10 of the flow tube 1 are moved away from
each  other. Since the flow tube 1 is fixed to the
fixing member 8 as  described above, the driving
device 13 alternately drives the flow  tube 1 in the
rotating direction around the fixing member 8. The
vibration detecting sensors 14 constituting the sensor
portion are sensors for detecting vibration of the
flow tube 1 and  for detecting a phase difference
proportional to theCoriolis forces  acting on the flow
tube 1, and are each equipped with a coil 19
andamagnet20 (The sensors are not restricted to the
ones as described  above; they may also be
acceleration sensors, optical means, or  capacitance
type or distortion type (piezoelectric type) means as
long as, they are capable of detecting one of
displacement, velocity,  and acceleration). The
vibration detecting sensors 14 thus constructed are
arranged, for example, at positions within a range
where they are  held between the curved portions 15 of
the flow tube 1 and where 19 they can detect the phase
difference proportional to the Coriolis force. The
respective coils 19 of the vibration detecting sensors
14 are mounted to one curved portion 15 of the flow
tube 1 by using  a dedicated mounting tool. Further,
although not particularly shown,  



FPCs (flexible printed circuits) or electric wires are
led out from  the coils 19. The respective magnets 20
of the vibration detecting  sensors 14 are mounted to
the other curved portion 15 of the flow  tube 1 by
using a dedicated mounting tool. Although not
particularly shown, aboard or the like is provided
inside the Coriolis flowmeter 11 of the present
invention. Further,  connected to the board is a wire
harness led out to the exterior  of the casing 12. The
temperature sensor constituting a part of the sensor
portion serves to effect temperature compensation on
the Coriolis  flowmeter 11, and is mounted to the flow
tube 1 by an appropriate  means. More specifically, it
is mounted, for example, to the first  inlet portion
4. Further, an FPC (flexible printed circuit) or
electric wire (not shown), led out from the
temperature sensor,  is connected to the board. Wiring
and connection are effected in the signal computation
processing portion such that there are input thereto a
detection  signal from one vibration detecting sensor
14 regarding deformation  of the flow tube 1, a
detection signal from the other vibration 20 detecting
sensor 14 regarding deformation of the flow tube 1,
and  a detection signal from the temperature sensor
regarding the  temperature of the flow tube 1. In this
signal computation processing  portion, computation on
mass flow rate and density is effected based  on the
detection signals input from the sensor portion.
Further,  



in the signal computation processing portion, the mass
flow rate  and density obtained through computation
are displayed on a display  (not shown). The
excitation circuit portion includes a smoothing
portion,  a comparing portion, a target setting
portion, a variable  amplification portion, and a
drive output portion. Wiring is  effected in the
smoothing portion so that a detection signal from  one
vibration detecting sensor 14 (or the other vibration
detecting  sensor 14) may be extracted. Further, the
smoothing portion has  a function by which it can
rectify and smooth the input detection  signal and
output a DC voltage proportional to the amplitude
thereof.  The comparing portion has a function by
which it can compare the  DC voltage from the
smoothing portion with a target set voltage  output
from the target setting portion and control the gain
of the  variable amplification portion to control the
amplitude of the  resonance vibration in conformity
with the target set voltage. In the above
construction, when measurement fluid is caused  to
flow through the flow tube 1, and the driving device
13 is driven  to cause the first curved tube portion 2
and the second curved tube 21 portion 3 to vibrate
while opposed to each other, due to a difference  in
phase generated by the Coriolis force at the vibration
detecting  sensors 14, the mass f low rate is
calculated by the signal computation  processing
portion. Further, in this embodiment, the density is
also calculated from the vibration frequency. 



Here, the superiority of the Coriolis flowmeter 11 of
the  present invention to the conventional ones as
shown in Figs. 3A  and3Bwillbeclarified. InFigs.
3Aand3B, the arrow line P indicates  the vertical
direction, and the arrow line Q indicates the
horizontal  direction. In Fig. 3A, fixed to a fixing
member 31 are a first curved  tube portion 32 and a
second curved tube portion 33 constituting  a flow
tube. The f irst curved tube portion 32 and the second
curved  tube portion 33 are both formed in a
reverse-U- shaped configuration  and are arranged so
as to be opposed to each other. The plane as  defined
by the first curved tube portion 32 and the plane as
defined  by the second curved tube portion 33 are
parallel to each other.  Formed in the first curved
tube portion 32 are a first inlet portion  34 through
which measurement f luid f lows in and a f irst outlet
portion  35 through which measurement fluid flow out.
Formed in the second  curved tube portion 33 are a
second inlet portion 36 through which  measurement
fluid flows in and a second outlet portion 37 through
which measurement fluid flows out. The first inlet
portion 34, the  first outlet portion 35, the second
inlet portion 36, and the second 22 outlet portion 37
extend in the vertical direction, and are secured  to
an upper surf ace 31a of the fixing member3l so as to
be perpendicular  thereto. When, in the above
construction, driving is effected between  the apex
portions of the first curved tube portion 32 and the
second  



curved tube portion 33 to cause the first curved tube
portion 32  and the second curved tube portion 33 to
vibrate while opposed to  each other (Fig. 3A shows a
state in which a repulsive action of  the driving
device is generated; in the case of an attracting
action,  the arrows are reversed; this also applies to
Fig. 3B), bending  stresses as indicated by the arrows
in Fig. 3A are generated. The  bending stresses have
the effect of causing the fixing portions  of the
first inlet portion 34, the first outlet portion 35,
the  second inlet portion 36, and the second outlet
portion 37 to vibrate  in the vertical direction, and,
when the distance between the first  inlet portion 34
and the second inlet portion 36 and the distance
between the first outlet portion 35 and the second
outlet portion  37 are relatively large, there is a f
ear of vibration leakage occurring  due to the
above-mentioned vibration in the vertical direction.
In Fig. 3B, fixed to a fixing member 51 are a first
curved  tube portion 52 and a second curved tube
portion 53 constituting  a f low tube. The first
curved tube portion 52 and the second curved  tube
portion 53 are both formed as ellipses extending in
the horizontal  direction and arranged so as to be
opposed to each other. The plane 23 as defined by the
first curved tube portion 52 and the plane as  defined
by the second curved tube portion 53 are parallel to
each  other. The first curved tube portion 52 has a
first inlet portion  54 through which measurement
fluid f lows in and a first outlet portion  55 through
which measurement fluid flows out. The second curved  



tube portion 53 has a second inlet portion 56 through
which measurement  fluid f lows in and a second outlet
portion 57 through which measurement  f luid f lows
out. The first inlet portion 54, the first outlet
portion  55, the second inlet portion 56, and the
second outlet portion 57  extend in the horizontal
direction, and are fixed to side surfaces  51a of the
fixing member 51 so as to be perpendicular thereto. In
the above construction, when driving is effected
between  the apex portions of the first curved tube
portion 52 and the second  curved tube portion 53 to
cause the first curved tube portion 52  and the second
curved tube portion 53 to vibrate while opposed to
each other, torsional stresses as indicated by the
arrows in Fig.  3B are generated. In the type as shown
in Fig. 3B, bending vibration  is converted to
torsional vibration, with the result that torsional
stress is generated. Thus, it is to be assumed that
there occurs  no vibration leakage due to the vertical
vibration as mentioned  above. However, the torsional
stress due to the first inlet portion  54 and the
torsional stress due to the first outlet portion 55
are  torsional stresses in the same direction, and,
further, the torsional  stress due to the second inlet
portion 56 and the torsional stress 24 due to the
second outlet portion 57 are torsional stresses in the
same direction, so that there is a fear of curving
deflection being  generated in the fixing member 51.
Referring again to Fig. 1, when the first curved tube
portion  2 and the second curved tube portion 3 of the
Coriolis flowmeter  



11 of the present invention are vibrated while opposed
to each other  (Fig. 1 shows a state in which the
repulsive action of the driving  device 13 is
generated; in the case of the attracting action, the
arrows in Fig. i are reversed), there are applied, to
the fixing  member 8 to which the first inlet portion
4, the second inlet portion  6, the first outlet
portion 5, and the second outlet portion 7 are  fixed,
torsional stresses due to the torsional vibration
converted  from the bending vibration at each fixing
portion. However, as shown  in Fig. 1, the first inlet
portion 4 and the second inlet portion  6 are not
parallel to each other, and the first outlet portion S
and the second outlet portion 7 are not parallel to
each other,  either; further, the first and second
inlet portions 4 and 6 and  the first and second
outlet portions 5 and 7 are in symmetrical  positional
relationships, so that the torsional stresses due to
the f irst inlet portion 4 and the second outlet
portion 7 are canceled  therebetween, and the
torsional stresses due to the second inlet  portion 6
and the first outlet portion 5 are also canceled
therebetween.  Thus, substantially no vibration is
generated in the f ixing member 8 . 25 According to
the present invention, the load on the first inlet
portion 4, the second inlet portion 6, the first
outlet portion  5, and the second outlet portion 7 is
small. Even if the rigidity  of the fixing member 8 is
low, or if the mass is small, it is possible  to
effectively restrain vibration leakage. Further, as
shown in  



Fig. 1, the first outlet portion 5, the second inlet
portion 6,  and the connecting tube portion 9 are
arranged continuously in a  straight line, so that,
according to the present invention, it is  possible to
enhance the ease of manufacture and durability of a
Coriolis flowmeter. In addition, since the distance
between the  driven portions 10 is small, it is
possible to minimize deviation  in the positional
relationship between the driven portions 10 and  the
driving device 13. As described above, according to
the present invention, it  is possible to provide a
Coriolis flow member 11 in which the  positional
deviation of at least the driving device 13 is
minimum,  which is little subject to vibration
leakage, and which is easy  to manufacture and of high
durability. Next, more specific examples of the
configuration of the main  portion of the Coriolis
flowmeter will be described with reference  to Figs.
4A through 9D. (Example 1) In Figs. 4A through 4D, the
flow tube 1 is obtained by looping  a single
measurement flow tube, and includes the first curved
tube 26 portion 2 and the second curved tube portion 3
arranged so as to  be opposed to each other, and the
connecting tube portion 9 connecting  the first curved
tube portion 2 and the second curved tube portion  3
to each other. In the flow tube 1 shown in Figs. 4A
through 4D,  the flow tube I as described, for
example, with reference to Fig.  



1 is embodied. In the following, its construction will
be briefly  described. The first curved tube portion 2
has the first inlet portion  4 and the first outlet
portion 5. The second curved tube portion  3 has the
second inlet portion 6 and the second outlet portion
7.  The connecting tube portion 9 is provided between
the first outlet  portion 5 and the second outlet
portion 6. The first outlet portion  5, the second
inlet portion 6, and the connecting tube portion 9
are formed and arranged so as to be continuous in a
straight line. The first inlet portion 4 and the
second inlet portion 6 are  fixed to the fixing member
8 so as to be in the same plane; the  first inlet
portion 4 and the second inlet portion 6 are arranged
so as not to be parallel to each other. Like the first
inlet portion  4 and the second inlet portion 6, the
first outlet portion 5 and  the second outlet portion
7 are fixed to the fixing member 8 so  as to be in the
same plane, with the first outlet portion 5 and  the
second outlet portion 7 being arranged so as not to be
parallel  to each other. The terminal 4a of the first
inlet portion 4 and  the terminal 7a of the second
outlet portion 7 are led out such 27 that, as shown in
Fig. 4A, they are perpendicular to the arrow P  of
Fig. I and that the direction in which the measurement
fluid  flows in (terminal 4a) and the direction in
which the measurement  fluid flows out (terminal 7a)
are opposite to each other. The driving device 13 is
provided between the respective apex  



portions 16 of the first curved tube portion 2 and the
second curved  tube portion 3, that is, between the
driven portions 10. Further,  between the respective
curved portions 15 of the first curved tube  portion 2
and the second curved tube portion 3, there are
provided  the vibration detecting sensors 14. A
well-known brace bar 21 is  provided so as to be
astride the f irst inlet portion 4 and the second
inlet portion 6. Similarly, another well-known brace
bar 21 is  provided so as to be astride the first
outlet portion 5 and the  second outlet portion 7. The
brace bars 21 are spaced apart from  the fixing member
8 by a predetermined distance. The arrows in the
drawings show how the measurement fluid flows.
(Example 2) In the flow tube I shown in Figs. 5A
through 51), the lead-out  directions of the terminal
4a of the first inlet portion 4 and the  terminal 7a
of the second outlet portion 7 of the flow tube 1
shown  in Figs. 4A through 4D are changed. In the
example shown in Figs.  5A through 5D, the terminal 4a
of the first inlet portion 4 and  the terminal 7a of
the second outlet portion 7 are led out such  that, as
shown in Fig. 5A, the direction in which the
measurement 28 fluid flows in (terminal4a) and the
direction in which the measurement  fluid flows out
(terminal 7a) are the same (the vertical direction  as
indicated by the arrow P of Fig. 1) . Further, the
terminal 4a  of the first inlet portion 4 and the
terminal 7a of the second outlet  portion 7 are led
out so as to he arranged in the center line Ll  



of the first curved tube portion 2 and the second
curved tube portion  3 as shown in Fig. 5B. (Example
3) In the flow tube 1 shown in Figs. 6A through 6D,
the lead-out  directions of the terminal 4a of the
first inlet portion 4 and the  terminal 7a of the
second outlet portion 7 of the flow tube 1 shown  in
Figs. 4A through 4D are changed. In the example shown
in Figs.  6A through 6D, the terminal 4a of the first
inlet portion 4 and  the terminal 7a of the second
outlet portion 7 are led out such  that, as shown in
Fig. 6A, the direction in which the measurement  fluid
flow sin (terminal 4a) and the direction in which the
measurement  fluid flows out (terminal 7a) are the
same (the vertical direction  as indicated by the
arrow P of Fig. 1) . Further, the first curved  tube
portion 2 with the terminal 4a of the first inlet
portion 4  and the second curved tube portion 3 with
the terminal 7a of the  second outlet portion 7 cross
each other as shown in Fig. 6A, and,  in this state,
they are led out so as to be arranged in the center
line Ll of the first curved tube portion 2 and the
second curved  tube portion 3 as shown in Fig. 6B. 29
(Example 4) In the flow tube 1 shown in Figs. '7A
through 7D, the lead-out  directions of the terminal
4a of the first inlet portion 4 and the  terminal 7a
of the second outlet portion 7 of the flow tube 1
shown  in Figs. 4A through 4D are changed. In the
example shown in Figs.  



7A through 7D, the terminal 4a of the first inlet
portion 4 and  the terminal 7a of the second outlet
portion 7 are led out such  that, as shown in Fig. 7A,
the direction in which the measurement  fluid flows in
(terminal 4a) and the direction in which the
measurement  fluid flows out (terminal 7a) are the
same (the vertical direction  as indicated by the
arrow P of Fig. 1) . Further, the first curved  tube
portion 2 with the terminal 4a of the first inlet
portion 4  and the second curved tube portion 3 with
the terminal 7a of the  second outlet portion 7 are
led out so as to be arranged, while  undergoing
bending as shown in Fig. 7B, in the center line L2
perpendicular to the center line Ll of the first
curved tube portion  2 and the second curved tube
portion 3 as shown in Fig. 7B.  (Example 5) In the
flow tube 1 shown in Figs. 8A through 81), the bending
directions of the terminal 4a of the first inlet
portion 4 and the  terminal 7a of the second outlet
portion 7 of the flow tube 1 shown  in Figs. 7A
through 7D are changed. (Example 6) In Figs. 9A
through 9D, a f low tube I' includes two tube portions
30 consisting of a first curved tube portion 2' and a
second curved  tube portion 3. The first curved tube
portion 2' has a first inlet  portion 4' and a first
outlet portion S' . The second curved tube  portion 3'
has a second inlet portion 6' and a second outlet
portion -71 . 



The first inlet portion 4' and the second inlet
portion 61  are fixed to a manifold 22 of the fixing
member 81 so as to be in  the same plane with the
first inlet portion 41 and the second inlet  portion
6' being arranged so as not to be parallel to each
other.  Like the first inlet portion 41 and the second
inlet portion 6',  the first outlet portion S' and the
second outlet portion 7' are  fixed to the manifold 22
of the fixing member 8' so as to be in  the same
plane, with the first outlet portion S' and the second
outlet portion 7' being arranged so as not to be
parallel to each  other. The measurement fluid flows
into the manifold 22 of thefixing  member 8'. Further,
the measurement fluid flows out through a  manifold 23
of the fixing member 8'. In the flow tubes 1 shown in
Figs. 4A through 1 OD, the driving  device 13 is
provided between the apex portions 16, 16' of the
first  curved tube portion 2, 2' and the second curved
tube portion 3,  3', that is, between the driven
portions 10, 10'. Further, the  vibration detecting
sensors 14 are provided between the curved  portions
15, 15' of the first curved tube portion 2, 2' and the
second curved tube portion 3, 3' . The brace bar 21 is
provided to 31 the first inlet portion 4, 4' and the
second inlet portion 6, 6'  so as to be astride the
first inlet portion 4, 4' and the second  inlet
portion 6, 6' Similarly, as in the first inlet portion
4,  4' and the second inlet portion 6, 6', another
well-known brace  bar 21 is provided to the first
outlet portion 5, 5' and the second  



outlet portion 7, 7' so as to be astride the first
outlet portion  5, 5' and the second outlet portion 7,
7'. The brace bars 21 are  spaced apart from the
fixing member 8, 8' by a predetermined distance  so as
not to come into contact with the fixing member 8, 8'.
The  arrows in Figs. 4A through 10D show how the
measurement fluid flows. It goes without saying that
various modifications are possible  without departing
from the scope of the present invention. 32 CLAIMS  1.
A Coriolis flowmeter comprising: a measurement f low
tube including f irst and second curved tube
portions, the first curved tube portion having a first
inlet portion  through which a measurement f luid f
lows in and a f irst outlet portion  through which the
measurement fluid flows out, the second curved  tube
portion having a second inlet portion through which
the  measurement f luid f lows in and a second outlet
portion through which  the measurement fluid flows
out; and a f ixing member which is situated in a
middle position of the  f low tube as seen in plan
view and to which the f irst inlet portion,  the
second inlet portion, the first outlet portion, and
the second  outlet portion are fixed, the Coriolis
flowmeter being used to obtain at least one of  a mass
flow rate and a density of the measurement fluid
through  detection of at least one of a phase
difference and a vibration  frequency proportional to
the Coriolis forces acting on the first  



and second curved tube portions by vibrating the first
and second  curved tube portions with the f irst and
second curved tube portions  being opposed to each
other, wherein, the first inlet portion, the second
inlet portionf  the first outlet portion, and the
second outlet portion are fixed  to the fixing member
such that: their tube axes are arranged in  the same
plane, the f irst inlet portion and the second inlet
portion 33 being arranged in a non-parallel state such
that a distance  therebetween increases with
increasing departure from the fixing  member; and that
the first outlet portion and the second outlet
portion are arranged in a non-parallel state such that
a distance  therebetween increases with increasing
departure from the fixing  member, the first and
second inlet portions and the first and second  outlet
portions being fixed so as to be arranged
symmetrically, and wherein a distance between
respective driven portions of the  first and second
curved tube portions is smaller than a distance
between respective portions thereof continuous with
the driven  portions. 2. A Coriolis flowmeter
comprising: a measurement f low tube including first
and second curved tube  portions, the first curved
tube portion having a f irst inlet portion  through
which a measurement fluid f lows in and a f irst
outlet portion  through which the measurement fluid
flows out, the second curved  



tube portion having a second inlet portion through
which the  measurement f luid f lows in and a second
outlet portion through which  the measurement fluid
flows out; a fixing member which is situated in a
middle position of the  f low tube as seen in plan
view and to which the f irst inlet portion,  the
second inlet portion, the first outlet portion, and
the second 34 outlet portion are fixed; and a
connecting tube portion provided between the first
outlet  portion and the second inlet portion and
connecting the first outlet  portion and the second
inlet portion to each other, the Coriolis flowmeter
being used to obtain at least one of  a mass flow rate
and a density of the measurement fluid through
detection of at least one of a phase difference and a
vibration  frequency proportional to the Coriolis
forces acting on the first  and second curved tube
portions by vibrating the first and second  curved
tube portions with the first and second curved tube
portions  being opposed to each other, wherein the
first inlet portion, the second inlet portion,  the
first outlet portion, and the second outlet portion
are fixed  to the fixing member such that: the first
inlet portion and the  second inlet portion are
arranged in a non-parallel state such that  a distance
therebetween increases with increasing departure from
the fixing member; and that the first outlet portion
and the second  outlet portion are arranged in a
non-parallel state such that a  



distance therebetween increases with increasing
departure from the  fixing member, the first and
second inlet portions and the first  and second outlet
portions being arranged symmetrically, wherein the
first outlet portion, the second inlet portion,  and
the connecting tube portion are arranged such that
their tube  axes are in a straight line, and 35
wherein a distance between respective driven portions
of the  first and second curved tube portions is
smaller than a distance  between respective portions
thereof continuous with the driven  portions. 3. A
Coriolis flowmeter according to Claim 1 or 2, wherein
the portions continuous with the driven portion of the
first curved  tube portion and the first inlet portion
and the first outlet portion  are arranged in parallel
to each other, and the portions continuous  with the
driven portion of the second curved tube portion and
the  second inlet portion and the second outlet
portion are arranged  in parallel to each other. 4. A
Coriolis flowmeter according to one of Claims 1
through  3, wherein the fixing member is formed
substantially in one of a  circular configuration and
an arcuate configuration in plan view. S. A Coriolis
flowmeter according to Claim 4, wherein the fixing
member is formed in a wall-like configuration. 36 




