
EP 0 382 964 B1 Description The present invention relates to a butterfly
valve system and, more particularly, to a butterfly valve system having the
function of measuring flow rate of a fluid flowing through the butterfly
valve. The Invention is also 5   concerned with a method of measuring flow
rate with a butterfly valve, as well as a method of controlling a flow rate
with a butterfly valve. In general, a butterfly valve has a valve member
which is rotatably mounted in a main body and fixed to a valve shaft which
Is fixed rotatably to the main body. The valve shaft is operated from
outside the main body manually or by means of a pneumatic or electric
actuator so as to rotate the valve member, thus changing the 10  valve
opening. The flow rate of a fluid flowing through such a butterfly valve
can be controlled by measuring the flow rate by a measuring means and
changing the valve opening based on the measured flow rate. Such a
measurement of the flow rate Is conducted by, for example, a flowmeterwhich
is independent from the butterfly valve and Installed in the vicinity of
the butterfly valve. In this case, the flow rate measured by 15  this
flowmeter is regarded as the flow rate of the fluid flowing through the
butterfly valve. A typical flowmeter used for this purpose is a
differential pressure type flowmeter comprises an orifice provided in the
pipe in which the butterfly valve is installed, and a pressure sensor
capable of detecting the differential pressure across the orifice, i.e.,
between the upstream and downstream sides of the orifice. The flow rate is
determined from the detected differential pressure [err] and a capacity
coefficient (Cv value) which 20  is a constant value peculiar to the
orifice and determined beforehand through, for example, an experiment. As a
modification of such a differential pressure type flowmeter composed of an
orifice and a pressure sensor, in order to attain a compact construction of
the system, there is a combination system which makes use of the butterfly
valve Itself as such an orifice. Namely, such a combination system
comprises a pressure sensor capable of detecting the differential pressure
of the fluid across the butterfly valve and means for de- 25  tecting the
valve opening of the butterfly valve. A capacity coefficient (Cv value) as
a function of the valve opening peculiar to this butterfly valve is
beforehand determined through, for example, an experiment Thus, the flow
rate is determined from the detected differential pressure [err] and the
value of the capacity coefficient Cv corresponding to the detected valve
opening. This combination system is proposed in Japanese Patent Un-
examined Publication No. 62-270873. 30      Another combination system
similar to the above-mentioned combination system of a butterfly valve and
a pressure sensor is disclosed in Japanese Utility Model Unexamined
Publication No. 62-1117, which Is de- signed to measure the flow rate of a
fluid flowing through a gate valve used also as such an orifice. Thus, this
combination system comprises a pressure sensorcapable of detecting the
differential pressure acrossthe gate valve, and means for detecting the
valve lift of the gate valve. A capacity coefficient (Cv value) as a
function 35   of the valve lift peculiar to this gate valve is beforehand
determined through, for example, an experiment. Thus, the flow rate is
determined by the detected differential pressure [err] and the value of the
capacity coefficient Cv corresponding to the detected valve lift.
Flowmeters of types other than the above mentioned differential pressure
type also have been used. For instance, a system has been known in which
the valve opening of a butterfly valve disposed In a line of a con- 40
ductive fluid is controlled in accordance with the flow rate of the fluid
measured by an electromagnetic flow- meter disposed independently in the
vicinity of the butterfly valve. US 4,428,242 discloses a butterfly valve
wherein measurement of the torque applied on a valve member set at a fixed
angle to the direction of liquid flow is converted into a flow rate of the
liquid flow. In general, it has been regarded that the torque required for
rotating the valve member and for fixing the 45  same with a desired valve
opening is preferably small, because the smaller torque requires a smaller
external driving torque and, hence, a smaller actuator. The smaller torque
Is preferred also from the view point of man- euverability. From this point
of view, intense study and development have been made for the purpose of
reducing the dynamic torque applied to the valve member around the valve
shaft by the fluid flowing through the butterfly 50  valve. For instance,
the applicant has proposed, in Japanese Patent Unexamined Publication Nos.
55-142169 and 56-28355, butterfly valves equipped with seat rings capable
of reducing the external driving torque. According to the present invention
there is provided a butterfly valve system having the function of meas-
uring the flow rate of a fluid flowing through a butterfly valve,
comprising: a butterfly valve having a main body, 55        a valve shaft
in said main body; and 



a valve member on said valve shaft and mounted rotatably in said main body,
said system further comprising a valve opening detection means for
detecting the degree of valve opening of said butterfly valve, 2    EP 0
382 964 B1 a torque detection means for detecting dynamic torque applied on
said valve member about said valve shaft by said fluid, and a flow rate
computation means arranged to compute the flow rate of a fluid flowing
through the butterfly valve, as a predetermined function of said detected
valve opening and said detected dynamic torque. 5      The invention also
provides a method of measuring flow rate of fluid flowing through a
butterfly valve, hav- ing a valve member mounted on a valve shaft and
rotatable in a valve body, comprising the steps of; detecting the valve
opening of said butterfly valve, detecting dynamic torque applied to said
valve member around said valve shaft by said fluid, and determining said
flow rate as a function of said detected valve opening and said detected
dynamic tor- 10  que. Further, the invention provides a method of
controlling the flow rate of a fluid flowing through a butterfly valve,
having a valve member mounted on a valve shaft and rotatable in a valve
body, comprising the steps of: detecting the valve opening of said
butterfly valve, 15        detecting dynamic torque applied to said valve
member around said valve shaft by said fluid, determining said flow rate as
a function of said detected valve opening and said detected dynamic tor-
que, setting a desired flow rate, and changing said valve opening such that
said determined flow rate approaches said desired flow rate. 20     It has
been found thatthe flow rate of a fluid flowing through a butterfly valve
can be substantially definitely determined by the valve opening, the
dynamic torque applied to the valve member around the valve shaft by the
fluid and a characteristic peculiar to each butterfly valve, provided that
the measurement is conducted on the same fluid under the same conditions.
Consequently, in a butterfly valve of the present invention, since the
valve opening is detected by the valve 25  opening detection means, and
since the dynamic torque applied to the valve member around the valve shaft
by the fluid is detected by the torque detection means, once the
relationship of the flow rate to the valve opening and the dynamic torque
peculiar to each butterfly valve is obtained, it is possible to determine
the flow rate from the detected valve opening and the detected dynamic
torque. In general, the flow rate of a fluid flowing through a butterfly
valve is ruled by the differential pressure 30  across the butterfly valve,
i.e., between the upstream and downstream sides of the butterfly valve, and
the characteristic which is peculiar to the butterfly valve, provided that
the type of the fluid and the flow conditions are unchanged. Thus, the flow
rate Q can be expressed as the following formula (1) as a function F of
variants [err](valve opening) and AP (differential pressure). [err] The
function F is determined in accordance with factors such as the diameter of
the valve member, con- figuration of the valve member and so forth. It will
be naturally understood that the value of the function F in- creases as one
or both of the valve opening [err] and the differential pressure AP
increase. Therefore, once the function F peculiar to each butterfly valve
is determined through an experiment or through a theoretical ana- 40
lysis, the flow rate Q can be definitely determined for each butterfly
valve by measuring the valve opening [err] and the differential pressure
[err] and substituting the measured values to the predetermined function F.
The dynamic torque applied to the valve member around the valve shaft by
the fluid varies in accordance with the flow rate. A discussion will be
therefore given as to a function G of the following formula (2) which
employs the valve opening [err] and the dynamic torque T as the variances,
as an alternative or a substitution for the aforementioned function F.
[err] in order to evaluate this function, we have conducted an experiment
having the following steps i) to vii). i) To apply a desired differential
pressure [err] to the butterfly valve. 



ii) To measure the opening 0, the torque T and the flow rate Q of the fluid
flowing through the butterfly 50      valve. iii) To measure and record
changes in the torqueT and the flow rate Q caused by a change in the
differential pressure AP with the opening [err] being fixed. iv) To conduct
the same measurement and record as iii) by varying the opening [err] by a
suitable angle [err]. v) To repeatedly execute measurement and record of
the steps iii) and iv) while varying the opening [err] from 55      [err]
at an interval of AO. vi) To execute, as necessitated, steps i) to v) for
various kinds of fluids. vii) To execute steps i) to vi) for a plurality of
butterfly valves. It can be known from the result of the experiment
consisting of the steps i) to vii) that the function G prac- 3    EP 0 382
964 B1 tically comes into existence. Accordingly, the function G as the
characteristic peculiar to each butterfly valve can be determined in the
form of an experimental formula, by filling lack of data through a suitable
Interpolation method or by employing a suitable approximation expression.
Consequently, by using this peculiar function G, it is possible to
definitely determine the flow rate Q of a 5   fluid flowing through the
butterfly valve, by measuring the valve opening [err] and the dynamic
torque T, without requiring measurement of the differential pressure AR
Atheoretical explanation will be given as to the existence of the function
G and the practical determination of the function G. In general, It is
known about the butterfly valve that a functional relationship exists
between the valve 10  opening [err] and the Cv value (capacity coefficient
of the butterfly valve) which is a function of variances Q (flow rate) and
[err] (differential pressure). There also exists a functional relationship
between the valve opening [err] and the Cu value (practical torque
coefficient) which is a function of variances T (dynamic torque) and AP
(differential pressure). Thus, the Cv value and the Cu value are
respectively expressed by a function f of variants Q and [err] and 15  a
function g of variants T and AP as shown in the following formulae (3) and
(4). Cv = f (Q, AP) (3) Cu = g (T, AP) (4) Assuming that the conditions as
shown In the following formulae (5) and (6), In which the Cv value and 20
the Cu value are respectively expressed by a function ff of variant [err]
and a function gg of variant [err] are met, Cv   f f(err)  (5) Cu   g g(e)
(6) the following formula (7), in which the flow rate Q Is expressed by a
function f' of variants Cv and AP, 25  Is derived from the formulae (3) and
(5), [err] and the following formula (8), In which the pressure AP is
expressed by a function g' of variants Cu and T, is derived from the
formulae (4) and (6). [err] Then, the following formula (9), in which the
flow rate Q is expressed by a function K of variants T and [err] is derived
from the formulae (7) and (8). [err] Whereby, It can be seen that the
formula (9) thus obtained is equivalent to the formula (2): namely, the 35
function K and the function G are identical. Thus, the experiment conducted
is materially equivalent to the con- firmation of a fact that the
assumptions of the formulae (5) and (6) are practically correct and to the
determi- nation of the functions ff(err) and gg(err) in the formulae (5)
and (6). The butterfly valve of the present invention has a flow rate
computation means for computing the flow rate of a fluid as a predetermined
function of the valve opening and the dynamic torque. Such a flow rate com-
putation means can automatically output the computed flow rate. Preferably,
the butterfly valve of the present invention has an actuatorforrotating the
valve member. Such an actuator will enable the valve member to be rotated
and fixed with a torque which is much greater than that exerted by a manual
labor. 



Where the butterfly valve of the present invention has the actuator means
it is preferred that the butterfly 45  valve also has a control means at
which a desired flow rate can be externally set and which instructs the ac-
tuator to rotate the valve member such that the computed flow rate
approaches the desired flow rate. In such a case, the flow rate can be
controlled without delay through a feedback of the measured data.
Preferably, the control means is adapted such that the desired flow rate
can be set to the control means from a remote place by a remote operation
means through a suitable tele-communication means. 50      The actuator
used in the butterfly valve of the present invention is preferably an
electric actuator, a pneu- matic actuator, a diaphragm-type actuator or a
solenoid-type actuator. The torque detection means used in the butterfly
valve of the present Invention preferably includes a strain detector
provided to the valve shaft, and more preferably such a strain detector
comprises a strain gauge at- tached on the valve shaft It Is also preferred
that the valve opening detection means used in the butterfly valve of the
present in- vention includes an angle sensor connected to the valve shaft.
In such a case, the angle sensor preferably comprises a potentiometer or a
rotary encoder. 4    EP 0 382 964 B1 The butterfly valve of the present
invention can be designed either as a so-called central-type valve In which
the valve member is fixed to the valve shaft at a central axis of the valve
member, or so-called an ec- centric-type valve in which the valve member is
fixed to the valve shaft at an eccentric axis of the valve member. The
function of the valve opening and the dynamic torque used in the method of
the present invention is 5     preferably estimated through an experiment.
In such a case, the function can be estimated for any type of but- terfly
valves. The estimation of the function through the experiment may be based
on an assumption that a linear pro- portional relationship exists between
the dynamic torque and the flow rate when the valve opening is fixed. In
such a case, the experiment and the estimation can be simplified. 10
The method of the Invention for determining the flow rate may employ a
chart which shows the flow rate values in relation to the valve opening and
the dynamic torque. Such a chart is preferably obtained through an
experiment. The determination of the flow rate In the measuring method of
the present Invention can be performed rapidly and easily when a suitable
computer is used. 15     It is also preferred that the butterfly valve is
controlled such that the flow rate determined by the measuring method of
the present invention approaches the desired flow rate which can be
externally set. In such a case, a rapid control of the flow rate can be
realized through a feedback of the measured data. The following description
is given by way of example with reference to the accompanying drawings, in
which:- 20      Fig. 1 is a partly-sectioned perspective view of a portion
of an embodiment of the butterfly valve according to the present invention;
Fig. 2 is a schematic diagram of an embodiment of the present invention;
Figs. 3 to 6 are graphs showing the functions used in the present
Invention; Fig. 7 is schematic diagram of a system used in an experiment
conducted on an embodiment of the present 25     invention; Figs. 8 and 9
are graphs showing the result of the experiment; and Figs. 10 and 11 are
graphs showing the functions derived from the results of experiment.
DESCRIPTION OF THE PREFERRED EMBODIMENTS: 30 A preferred embodiment of the
present Invention will be described with reference to the accompanying
drawings. Referring to Fig. 1 illustrating an embodiment of the butterfly
valve in accordance with the present inven- tion, the butterfly valve has a
main body 1 and a valve member 2 having an outside diameter slightly
smaller 35  than the inside diameter of the main body 1. The valve member 2
is rotatably supported in the main body 1 by means of a valve shaft 3. In
the Illustrated embodiment, the arrangement of the valve member 2 to the
valve shaft 3 is so-called central-type in which the valve member 2 is
fixed to the valve shaft 3 at the central axis 



of the valve member 2. This, however, is only illustrative and the
arrangement may be so-called eccentric type in which the valve member 2 is
fixed to the valve shaft 3 at the eccentric axis of the valve member 2. The
valve 40  shaft 3 extends through a shaft bore formed in the main body 1.
Agland packing 7 and a seal ring 8 are disposed between the valve shaft 3
and the wall of the shaft bore, in order to provide a seal therebetween
while allowing the valve shaft 3 to rotate with respect to the main body 1.
A smooth rotation of the valve shaft 3 is ensured by a shaft bearing 6. The
main body 1 of this butterfly valve is connected to a pipe 100 in a manner
known per se as shown In 45  Fig. 2. The pipe 100 is usually made of a
metal or a plastic and the diameter of the pipe 100 generally ranges
between several millimeters and several meters. Preferably, the diameter of
the pipe 100 ranges between more than 10 millimeters and several meters,
more preferably between several tens of millimeters and several me- ters.
Usually, a plurality of classes of butterfly valve having different sizes
of the main body 1 are manufactured and the size of the main body 1 of
which conforms with the pipe diameter is used. In general, a greater Inside
50  diameter of the pipe 100, the main body 1 and thus valve member 2, a
greater dynamic torque as a signal Is applied to the valve member 2 around
the valve shaft 3 by the fluid. Therefore, the precision of the flow rate
measurement is increased more easily when the inside diameters of the pipe
100 and the main body 1 are greater. Conversely, the dynamic torque as the
signal becomes smaller as the size of the main body 1, i.e., the size of
the valve member 2, becomes smaller, thus, In order to enhance the
precision of the measurement, 55  therefore, It is preferred to reduce the
levels of noises such as electric noises. A higher degree of conformity
between the inside diameter of the pipe 100 and the inside diameter of the
main body 1 reduces any turbulency of flow of the fluid which is generated
at the juncture between the pipe 100 and the main body 1. In such a case,
the state of the flow of fluid coming into the main body 1 more closely
approximates the state of laminar    EP 0 382 964 B1 flow. This feature is
advantageous particularly in the measurement of large flow rates. In the
illustrated embodiment, since the outside diameter of the valve member 2 Is
slightly smaller than the inside diameter of the main body 1, the flow
passage is not completely shut off even when the valve opening is 0[err].
The butterfly valve of the invention, however, may have a seat ring or an
"O" ring made of rubber, Teflon 5   [Trade name] or metal etc. on the inner
peripheral surface of the main body 1 so as to be contacted by the
peripheral edge of the valve member 2 thereby to completely shut off the
flow of the fluid when the valve open- ing is 0[err]. The arrangement also
may be such that another butterfly valve or another kind of valve which can
completely close the flow passage is disposed in the pipe 100 in series to
the butterfly valve of the present Invention. 10     An actuator 11 shown
in Fig. 2 is operatively connected to one end 9 of the valve shaft 3 in a
manner known per se. The actuator 11 is capable of rotating the valve shaft
3 so as to cause the valve member 2 to rotate about the axis of the valve
shaft 3. The actuator 11 is also capable of fixing the valve shaft 3 and,
hence, the valve member 2 at a predetermined angle, thus determining the
valve opening of the butterfly valve. Various types of actuators such as an
electric actuator, a pneumatic actuator, a diaphragm actuator and a
solenoid- 15  type actuator can be used as the actuator 11. The use of the
actuator 11 is not essential. Namely, the butterfly valve of the Invention
may be constructed such that the valve shaft 3 is rotated manually. A
strain detector 12 capable of detecting a minute twist of the valve shaft 3
is provided on the valve shaft 3. A known strain gauge is preferably used
as the strain detector 12. The amount of twist detected by the strain
detector 12 is delivered to a torque converter 13 which converts the
detected amount of the twist into the dy- 20  namic torque which acts on
the valve member 2 tending to rotate the valve member 2 about the axis of
the valve shaft 3, and outputs the thus determined value of dynamic torque.
The strain detector 12 and the torque converter 13 In combination provide a
torque detection means 14. Various other torque detectors can be used as
the means for detecting the dynamic torque applied to the valve member 2
around the valve shaft 3 by the fluid. It is therefore possible to use an
optimum dynamic torque de- 25  tector taking into account both the
measurement precision and the cost. In order to prevent the bending strain
generated in the valve shaft 3 from being included in the signal ob- tained
from the stain detector 12 which is Intended for detecting the twist of the
valve shaft 3, there are two shaft bearings 6 on each side of the strain
detector 12 so as to prevent the bending strain from being trans- mitted to
the strain detector 12. It is preferred that the position of the strain
detector 12 on the valve shaft 3 30  is determined such that the dynamic
torque applied to the valve member 2 is more directly transmitted to the 



strain detector 12. From this point of view, the strain detector 12 is
disposed on a portion of the valve shaft 3 which is comparatively close to
the valve member 2 across the shaft bearings 6 and the gland packing 7.
Such an arrangement enhances the precision of detection of the dynamic
torque applied to the valve member 2. The rotation of the valve shaft 3 is
transmitted to a potentiometer 15 as an angle sensor, through a gear 35  10
formed on the outer peripheral surface of the valve shaft 3 and a gear 4
meshing with the gear 10. Thus, the potentiometer 15 is capable of
delivering a signal indicative of the amount of rotation of the valve shaft
3 to a valve opening converter 16 which converts this signal into the
degree of the valve opening of the butterfly valve. In this embodiment, the
gear ratio between the gear 4 and the gear 10 is so selected that the angle
of 40  rotation of the valve shaft 3 is amplified by the factor of two,
thus enabling a higher precision of detection of the valve opening. Thus,
the gear 10, gear 4, potentiometer 15 and the valve opening converter 16 in
combination provide a valve opening detection means 17. The potentiometer
15 may be incorporated in the actuator 11. It is also pos- sible to arrange
such that the rotation of the valve shaft3 is transmitted to a separate
potentiometer 15 through 45  other gears incorporated in the actuator 11.
The use of the potentiometer 15 is not exclusive. For instance, the valve
opening detection means 17 may have a rotary encoder which is connected to
the gear4 or 10 and which is capable of directly or indirectly meas- uring
the rotation angle of the valve shaft 3 in terms of the number of the teeth
of the gear 4 or 10. The valve opening detection means 17 may be installed
on a portion of the valve shaft 3 which is on the opposite side 50  of the
valve member 2 with respect to the torque detection means 14. The described
constructions of the valve opening detection means 17 is only illustrative
and various other known arrangements are usable as the valve opening
detection means 17. The construction of the butterfly valve of the present
invention is shown in the form of a schematic diagram in Fig. 2. According
to the present invention, it is possible to determine the flow rate of a
fluid flowing through the 55  butterfly valve from the dynamic torque Tm
output from the torque detection means 14 and the valve opening [err]
output from the valve opening detection means 17. The simplest way of
determination is to substitute the torque Tm and the opening [err] to the
formula (2) which expresses the flow rate Q as a function G of the dynamic
torque T and the valve opening [err] which is 6    EP 0 382 964 B1 peculiar
to each butterfly valve and which can be determined beforehand. [err] This
operation can be done without difficulty by means of, for example, a
desk-top calculator, so that the flow rate Qm can be definitely determined
in accordance with the measured values of the torque Tm and the opening
[err]. Alternatively, a chart showing the values of the flow rate Q in
relation to the torque T and the open- ing [err] is prepared beforehand, so
that the flow rate Qm is located on this chart In accordance with the
measured values of the torque Tm and the opening Om. It is thus possible to
determined flow rate by the combination of the torque detection means 14
and the valve opening detection means 17 and thus to use the valve member 2
and valve shaft 1 as a sensor for measuring the flow rate. In this
embodiment, the torque Tm derived from the torque detection means 14 and
the opening [err] derived from the valve opening detection means 17 are
input to the flow-rate computation means 18. The flow rate computation
means 18 includes a memory device 19 which is capable of storing the
aforementioned function G of the formula (2) which is peculiar to each
butterfly valve and which can be determined beforehand. The flow rate
computation means 18 also includes an arithmetic operation device 20 which
computes the value of the function G of the formula (2) using the measured
values of the torque Tm and the opening [err]. Thus, the flow rate
computation means 18 computes and outputs the flow rate Qm upon receipt of
the measured values of the torque Tm and the opening [err]. It is possible
to add a correction to the result of the computation by use of the formula
(2) for the purpose of compensation for any deviation attributable to a
change In temperature 20  or changes in the factors such as the viscosity
and the specific gravity of the fluid. Such a correction can be executed
without difficulty by storing necessary correction data In the memory
device 19. The factors such as the temperature t, viscosity [err] and the
specific gravity gr may be input to the flow rate computation means 18 as
externally settable parameters. It is also possible to arrange such that
these factors are automatically 



input to the flow rate computation means 18 from a thermometer, a
viscometer and a gravimeter which are 25  suitably disposed In the flow
passage near the butterfly valve. The factors such as the temperature t,
viscosity [err] and the specific gravity gr may be employed as variances of
a function G', rather than the parameters for correction. In such a case,
it is necessary to determine the function G'as shown by the following
formula (10). [err] Determination of the function G' through an experiment
is possible although a greater number of steps is 30  required for the
experiment as compared with the case of determination of the function G. By
storing this function G' In the flow rate computation means 18, it is
possible to obtain a butterfly valve having a function for measuring the
flow rate under a variety of conditions. Thus, the butterfly valve of this
embodiment can be applied to a variety of types of liquids such as water,
alcohol, lubrication oil, fuel oil, pet- roleum and so forth. The butterfly
valve also is applicable to various gases such air, combustion gas, fuel
gas, 35  steam and so forth, provided that the precision of the torque
detection means is enhanced. In the illustrated embodiment, the flow rate
Qm output from the flow rate computation means 18 is input to the control
means 21 in which a desired flow rate Qd Is set externally. The external
setting of the flow rate Qd may be conducted by a known remote operation
means through a suitable tele-communication device or may be done at the
site of the butterfly valve. The control means 21 operates to compute the
difference be- 40  tween the flow rate Qm and the flow rate Qd and delivers
an instruction to the actuator 11 so as to cause the actuator 11 to rotate
the valve member 2 in such a direction as to reduce the difference. A
description will be given of the operation of this embodiment The butterfly
valve is disposed in a portion of the pipe 100 through which a fluid to be
controlled flows. The fluid such as water, oil or the like flows through
the pipe 100 at a flow rate which is determined by the differential
pressure of the fluid across the butterfly 45  valve and the degree of the
valve opening of the butterfly valve. In this embodiment, the valve opening
is variable between 0[err] and 90[err] The valve opening of 0[err] means
that the valve member has been rotated to the position of the minimum
opening so that the fluid is allowed to flow only through a minute gap
leftbetween the valve member2 and the main body 1. Conversely, the valve
opening of 90[err] means the state in which the valve is fully opened so
that the differential pressure of the fluid across 50  the butterfly valve
is minimized. It is assumed here that the fluid is flowing through the
butterfly valve which is set at a desired valve opening. The valve opening
detection means 17 detects the valve opening and delivers the same as the
opening [err]. Meanwhile, the torque detection means 14 detects the dynamic
torque which Is produced by the fluid and which acts on the valve member 2
so as to tend to rotate the valve member 2 about the axis of the valve
shaft 3 and delivers the thus detected torque as the torque Tm. Upon
receipt of the opening 55  [err] and the torque Tm, the flow rate
computation means 18 executes the computation of the function G of the
formula (2) or the function G' of the formula (10) so as to determine the
flow rate Qm corresponding to the opening [err][ and the torque Tm, and
delivers this flow rate Qrn to the control means 21. Upon receipt of the
flow rate Qm, the control means 21 operates to determine any difference
between the flow rate Qm and the 7    EP 0 382 964 B1 desired flow rate Qd
which is externally set and, if there is any difference, delivers an
instruction to the actuator 11 so as to enable the actuator 11 to actuate
the valve shaft 3 in such a direction as to reduce the difference. Thus,
the instruction given by the control means 21 to the actuator 11 is sorted
into the following three types: a) Instruction for increasing the valve
opening is given when the condition of Qd > Qm is met. 5       b)
instruction for reducing the valve opening is given when the condition of
Qd < Qm is met. c) No instruction is given when the condition of Qd = Qm is
met. Thus, the described embodiment employs a closed feedback loop which
enables the actuator 11 to operate in such a manner as to cause the
measured flow rate Qm to infinitely approach the desired flow rate Qd. The
instruction delivered by the control means 21 to the actuator 11 is ceased
when the measured value 10  of the flow rate Qm has become equal to the
flow rate Qd as a result of operation of the actuator 11, so that the
actuator 11 stops to operate so as to fix the valve member 2, thereby
allowing the instant flow rate Qm to be maintained. Any change in the
pressure at the upstream side and/or the downstream side of the butterfly
valve causes the flow rate Qm to be changed, even after the coincidence
between the measured flow rate Qm and the flow rate Qd has been achieved.
However, the above-mentioned closed feedback loop enables 15  the valve
opening to be varied without delay to recover the flow rate Qm coinciding
with the flow rate Qd. 



As will be understood from the foregoing description, in the illustrated
embodiment, the valve member 2 itself functions both as a sensor for
producing a flow rate information and a restriction member which restricts
the flow of the fluid in accordance with the thus obtained flow rate
information. Thus, the measurement of the flow rate can be conducted
directly and at a high degree of precision without suffering from any error
which 20   may otherwise be caused by spacing between the sensor and the
butterfly valve and by a delay of time. A description will be given
hereinunder of the manner of setting of the function G used in this
embodiment. The function F appearing in the formula (1) is well known and
the following formula (11) is used as a practical form of the function F.
where,                 [err] [err] in the formula (11), [err] represents a
correction coefficient employed for the purpose of compensation for a
change in the result of measurement caused by a change in factors such as
specific gravity, viscosity and tem- 30  perature of the fluid. Thus, the
flow rate Q is in proportion to the root of the differential pressure
[err], if the opening [err] is fixed, and the proportion constant is [err[
x Cv, as can be seen from the formula (11). Examples of the relationships
expressed by the formulae (11) and (5) are shown in Figs. 3 and 4, respec-
tively. The illustrated embodiment assumes the relationship expressed by
the formula (11). This embodiment also assumes the condition of the
following formula (12) as to the relationship between the torque T, the
opening 35   [err] and the differential pressure AP. 40
[err] In formula (11), [err] represents a correction coefficient employed
for the purpose of compensation for a change in the result of measurement
caused by a change In factors such as specific gravity, viscosity and tem-
perature of the fluid. Thus, the torque T is in proportion to the root of
the differential pressure [err], if the opening [err] is fixed, and the
proportion constant is [err] as can be seen from the formula (12). 45
Examples of the relationships expressed by the formulae (12) and (6) are
shown in Figs. 5 and 6, respec- tively. The following formula (13) is
obtained by eliminating the term of the differential pressure [err] from
the for- mulas (11) and (12). [err] where, Cv = ff(err) and Cu  gg (err).
The formula (13) means that, if the opening [err\ is fixed, the flow rate Q
is proportional to the torque T and the proportion constant is (err) x
(Cv/Cu). It is therefore possible to determine the function G(err) by
deter- mining, through an experiment, values of ff(err) and gg(9) with
varying the opening [err]. 55           An example of the experiment
suitably employed for the determination of the values of ff[err] and
gg(err) will be described hereinafter.    EP 0 382 964 b1 A. System and
instruments Used in Experiment The system and instruments in the following
TABLE are employed in the experiment. Bearings 6 are used for supporting
the valve shaft 3. The inside diameter of the valve casing 1 is determined
to be 2 mm greater 5   than the outside diameter of the valve member 2.
Fig. 7 shows the outline of the apparatus. A pressure gauge 22 is capable
of measuring the fluid pressure P1 at the upstream side of the butterfly
valve 27, while a differ- ential pressure meter 23 measures the pressure
difference AP across the butterfly valve 27. The flow rate Q of the fluid
flowing through the butterfly valve 27 is measured by an electromagnetic
flowmeter 24. The fluid is supplied by a fluid supply device 25 to the
butterfly valve 27, as well as to a bypass valve 26 which capable 10 of
changing its opening degree for the purpose of setting a desired flow rate
through the butterfly valve 27. TABLE        SYSTEM AND MAJOR INSTRUMENTS
USED IN EXPERIMENT Names of Instruments           Principal Specifications
20                          Valve casing 1   Nominal diameter 150 am
Butterfly            Valve member 2   Outside diameter 148 mm valve 27
Central type 25                          Actuator 11        Output torque
20 Kg-m Strain detector  Sampling frequency 10 KHz 



Precision 0.5 percent Torque 30                          Torque transdu-
Analog output type cer for 3K Valve                        Precision 0.1
percent Sensor    opening   Potentiometer            Analog output 35
Differ-   Differential       Precision 0.1 percent ential    pressure
measur- Analog output pressure  ing device Flow rate  Electromagnetic
Precision 0.02 percent 40                          flowmeter
Analog output Consecutive A/D            comparison con-  12 bit, [err]
input converter      version type 45                          A/D converter
D/A            Current output converter      type D/A          12 bit, 4020
mA output converter 50 Control/Recording  16-bit personal  Memory 1M byte
RAM device              computer           Recording medium: hard disk 55
B. Measuring Method The values of the torque T, differential pressure AP,
pressure P1 and the flow rate Q are measured for each 9    EP 0 382 964 B1
unit opening [err] of the butterfly valve 27, while controlling the degrees
of the opening [err] of the bypass valve 26 and the opening of the
butterfly valve 27 by means of a D/A converter. The measurement is
conducted under the following conditions: sampling frequency 200 Hz; sample
number 200 samples/sec; Interval of setting of the opening [err] 0.2 mA;
range of setting of the opening [err] 20mA to 4mA, interval of setting of
the bypass valve 5   opening 1mA; and range of setting of the bypass valve
opening 20 mA to 10 mA. Water maintained at a normal temperature is used as
the fluid. The measurement Is executed by sequen- tialily executing the
following steps (a) to (g). (a) To set the valve opening of the bypass
valve 26 (b) To set the opening [err] of the butterfly valve 27 10     (c)
To measure the torque T, the differential pressure[err] the flow rate Q,
the pressure P1 and the opening [err] of the butterfly valve (d) To record
the measured data (e) To repeat steps (b) to (d) 80 times (f) To execute
the process from the step (a) after 80 executions of steps (b) to (d) 15
(g) To repeat step (a) for a predetermined time, thus completing the whole
process. C. Results of Experiment The Cv and Cu values in relation to the
measured opening Om, obtained as results of the experiment, are 20  shown
in Figs. 8 and 9, respectively. In these Figures, discrete dots represent
the values obtained through the experiment. In this embodiment, the
function ff(err) of a formula (14) and the function gg(err) of a formula
(15) are determined, respectively, by applying four-degree approximate
expression and five-degree approximate expression, respectively, to the
values of these discrete dots. [err] 25        where, A4: -9.146 x 10-5 A3:
1.531 x 10-2 A2: -4.746 x 10-1 



A1: 1.242 x 10 A0: 0.000 [err] [err] 40     The functions ff(err) and
gg(err) are respectively shown in Figs. 10 and 11. Thus, in the illustrated
embodiment, the Cv and Cu values are determined as follows for any opening
[err] as follows.                                       [err] Therefore,
the flow rate Q can be computed from the measured opening [err] and the
measured torque T from the formula (13), without requiring measurement of
the differential pressure AP, insofar as this butterfly valve 27 or a
butterfly valve of the same design as this valve is concerned. Although the
four-degree approximate expression and the five-degree approximate
expression are used 50  in the described embodiment, these use of these
approximate expressions is not exclusive. For instance, the following
formulae (16) and (17), which are approximate expressions of order n, can
be used in place of the formulae (14) and (15). 55 n [err] 10    EP 0 382
964 B1 where [err] represents a coefficient of an order j [err] where B1
represents a coefficient of an order j It is also possible to use known
approximate expressions in place of the formulae (16) and (17). The con- 10
ditions of the experimentsuch as the sampling frequency, interval of
setting of the opening [err] and/orthe Interval of setting of the bypass
valve opening are preferably varied in accordance with the demanded
measuring pre- cision. Although the conditions of the formulae (11) and
(12) are assumed in this embodiment such assumption is not essential.
Namely, the function F(err) and H(err) may be determined in accordance with
an exper- rs  imental formula from the flow rate Q, the opening [err], the
differential pressure [err] and the torque T. It is to be noted that the
function G(err) may be determined as an experimental formula directly from
the results of the experiment although in the described embodiment the
function G(err) is determined after the determination of the functions
ff(err) and gg(err). It Is also possible to form a chart showing the values
of the flow rate Q in relation to the opening [err] and the 20  torque T
from the experiment result, with the portions between discrete dots
interpolated with a suitable inter- polation formula, so that the flow rate
Q can be read on the chart in accordance with the measured values of the
opening [err] and the torque T. All these methods for determining the flow
rate Q can be performed quickly by making use of a computer. As has been
described, the butterfly valve of the present invention has a valve opening
detection means 25  capable of detecting the degree of the valve opening of
the butterfly valve and a torque detection means ca- pable of detecting the
dynamic torque produced by the flow of the fluid acting on the valve member
around the axis of the valve shaft. Therefore, by determining beforehand a
relationship between the flow rate and the values of the valve opening and
the dynamic torque peculiar to the butterfly valve, it is possible to
determine the flow rate from the measured values of the valve opening and
the dynamic torque. Thus, in the butterfly 30  valve of the present
invention, the valve member has not only a function for restricting the
flow of the fluid but also a function for sensing the flow rate. It is
therefore possible to directly measure the flow rate of the fluid passing
through the butterfly valve without error which may otherwise be caused due
to a positional difference and time delay when the flow rate is measured by
a separate flowmeter. The higher precision of measurement of the flow rate
thus attained ensures higher speed and precision of the control of the flow
rate conducted in 35  accordance with the flow rate information. The flow
rate measurement which does not rely upon conductivity of the fluid enables
the butterfly valve to be used in controlling the flow rate of a
non-conductive fluid such as an oil. In addition, the control of the flow
rate of the fluid can be done without disposing any flowmeter in the flow
passage other than the butterfly valve. 



Many widely different embodiments of the present invention may be
constructed without departing from 40  the spirit and scope of the present
invention. It should be understood that the present invention is not
limited to the specific embodiments described in this specification, except
as defined in the appended claims. Claims 45 1.  Abutterflyvalve system
having the function of measuring theflowrate of afluid flowing through a
butterfly valve. comprising: a butterfly valve having: a main body (1). a
valve shaft (3) in said main body (1); and 50            a valve member (2)
on said valve shaft (3) and mounted rotatably in said main body (1), said
system further comprising a valve opening detection means (17) for
detecting the degree of valve opening of said butterfly valve, a torque
detection means (14) for detecting dynamic torque applied on said valve
member (2) about 55      said valve shaft (3) by said fluid, and a flow
rate computation means (18) arranged to compute the flow rate of a fluid
flowing through the butterfly valve, as a predetermined function of said
detected valve opening and said detected dynamic torque. 11    where A1
represents a coefficient of an order j n [err] where [err] represents a
coefficient of an order j It is also possible to use known approximate
expressions in place of the formulae (16) and (17). The con- 10 ditions of
the experiment such as the sampling frequency, interval of setting of the
opening [err] and/or the interval of setting of the bypass valve opening
are preferably varied in accordance with the demanded measuring pre-
cision. Although the conditions of the formulae (11) and (12) are assumed
in this embodiment, such assumption Is not essential. Namely, the function
F([err] and H(err) may be determined in accordance with an exper- 15
imental formula from the flow rate Q, the opening [err], the differential
pressure AP and the torque T. It is to be noted that the function G(err)
may be determined as an experimental formula directly from the results of
the experiment, although in the described embodiment the function G(err) is
determined after the determination of the functions ff(err) and gg(err). It
is also possible to form a chart showing the values of the flow rate Q in
relation to the opening [err] and the zo  torque T from the experiment
result, with the portions between discrete dots interpolated with a
suitable Inter- polation formula, so that the flow rate Q can be read on
the chart In accordance with the measured values of the opening[err] and
the torque T. All these methods for determining the flow rate Q can be
performed quickly by making use of a computer. As has been described, the
butterfly valve of the present invention has a valve opening detection
means 25  capable of detecting the degree of the valve opening of the
butterfly valve and a torque detection means ca- pable of detecting the
dynamic torque produced by the flow of the fluid acting on the valve member
around the axis of the valve shaft. Therefore, by determining beforehand a
relationship between the flow rate and the values of the valve opening and
the dynamic torque peculiar to the butterfly valve, it is possible to
determine the flow rate from the measured values of the valve opening and
the dynamic torque. Thus, in the butterfly 30  valve of the present
invention, the valve member has not only a function for restricting the
flow of the fluid but also a function for sensing the flow rate. It is
therefore possible to directly measure the flow rate of the fluid passing
through the butterfly valve without error which may otherwise be caused due
to a positional difference and time delay when the flow rate is measured by
a separate flowmeter. The higher precision of measurement of the flow rate
thus attained ensures higher speed and precision of the control of the flow
rate conducted in 35  accordance with the flow rate information. The flow
rate measurement which does not rely upon conductivity of the fluid enables
the butterfly valve to be used In controlling the flow rate of a
non-conductive fluid such as an oil. In addition, the control of the flow
rate of the fluid can be done without disposing any flowmeter In 



the flow passage other than the butterfly valve. Many widely different
embodiments of the present invention may be constructed without departing
from 40  the spirit and scope of the present invention. It should be
understood that the present invention is not limited to the specific
embodiments described in this specification, except as defined in the
appended claims. Claims 45 1. Abutterflyvalve system having the function of
measuring the flow rate ofafluid flowing through a butterfly valve,
comprising: a butterfly valve having: a main body (1), a valve shaft (3) in
said main body (1); and 50            a valve member (2) on said valve
shaft (3) and mounted rotatably in said main body (1), said system further
comprising a valve opening detection means (17) for detecting the degree of
valve opening of said butterfly valve, a torque detection means (14) for
detecting dynamic torque applied on said valve member (2) about 55
said valve shaft (3) by said fluid, and a flow rate computation means (18)
arranged to compute the flow rate of a fluid flowing through the butterfly
valve, as a predetermined function of said detected valve opening and said
detected dynamic torque. 11    EP 0 382 964 B1                   * C   L
M   S * 2. A butterfly valve according to claim 1, further comprising an
actuator (11) connected to said valve shaft (3) for rotating said valve
member (2). 3.  A butterfly valve according to claim 2, in which said
actuator (11) is an electric actuator, a pneumatic ac- 5      tuator, a
diaphragm-type actuator or a solenoid-type actuator. 4.  A butterfly valve
according to claim 2orclaim 3, furthercomprising a control means (21)
atwhich a desired flow rate can be externally set and which instructs said
actuator (11) to rotate said valve member (2) such that said computed flow
rate approaches said desired flow rate. 5. A butterfly valve according to
claim 4, including means whereby said desired flow rate can be set at said
control means (21) from a remote place by a remote operation means through
a tele-communication means. 6.  A butterfly valve according to any
preceding claim, in which said torque detection means (14) includes a
strain detector (12) provided to said valve shaft (3). 7.  A butterfly
valve according to any preceding claim, in which said valve opening
detection means (17) in- cludes an angle sensor connected to said valve
shaft (3). 20  8.  A butterfly valve according to claim 7, in which said
angle sensor comprises a potentiometer (15) or a rotary encoder connected
to said valve shaft (3). 9.  A method of measuring flow rate of fluid
flowing through a butterfly valve, having a valve member (2) mounted on a
valve shaft (3) and rotatable in a valve body (1), comprising the steps of;
25            detecting the valve opening of said butterfly valve,
detecting dynamic torque applied to said valve member around said valve
shaft by said fluid, and determining said flow rate as a function of said
detected valve opening and said detected dynamic torque. 30  10. Amethod
according to claim 10, in which said function is estimated byobtaining
inadvance the relation- ship between said flow rate and said valve opening
and said dynamic torque through experiment. 11. A method according to claim
10, In which said function is estimated on the assumption that said flow
rate Is proportional to said dynamic torque when said valve opening is
unchanged. 35  12. A method according to claim 9, 10 or 11, in which said
flow rate is determined from a chart which shows a relationship between
said flow rate and said valve opening and said dynamic torque. 13. A method
of controlling the flow rate of a fluid flowing through a butterfly valve,
having a valve member (2) mounted on a valve shaft (3) and rotatable In a
valve body (1), characterised by the steps of: 40            detecting the
valve opening of said butterfly valve, 



detecting dynamic torque applied to said valve member around said valve
shaft by said fluid, determining said flow rate as a function of said
detected valve opening and said detected dynamic torque, setting a desired
flow rate, and 45            changing said valve opening such that said
determined flow rate approaches said desired flow rate. PatentansprOche 50
1.  Drosselventilsystem, das die Funktion zum Messen der Str6mungsrate
eines Flulds aufwelst, das durch das Drosselventil filelt, mit elnem
Drosselventil, das aufweist: eanen Hauptk6rper (1), eine Ventilwelle (3) In
diesem Hauptkdrper (1); und ein Ventilglied (2) auf der Ventllwelle (39),
die drehbar in diesem Hauptkorper (1) angeordnet Ist, 55            wobel
das System welter aufweist: eine Ventil6ffnungsermittlungseinrichtung (17)
zur Ermittlung desVentiliffnungsgrades des Dros- selventils, 12    * C   L
M   S EP0382964B1 sine Drehmomentermittlungseinrichtung (14) zur Ermittlung
des dynamischen Drehmoments, das an dieses Ventilgiled (2) um die
Ventilwelle (3) durch das Fluid angelegt wird, und elne
Str5mungsraten-Berechnungseinrichtung (18), die dazu angeordnet ist, um die
Strdmungs- rate eines Fluids, das durch das Drosselventil flieBt, als
vorgegebene Funktion der ermittelten Ventll6ff- 5       nung und des
ermittelten dynamischen Drehmoments zu berechnen. 2.  Drosselventil nach
Anspruch 1, das weiter ein Stelglied (11) aufweist, das mit der Ventilwelle
(3) verbun- den ist, um das Ventiglied (2) zu verdrehen. 0   3.
Drosselvenfil nach Anspruch 2, wobel das Steliglied (11) sin elektrisches
Steliglied, sin pneumatisches Steliglied, sin membranartiges Steliglied
oder sin Solenold-Steliglied ist. 4.  Drosselventil nach Anspruch 2 oder 3,
das welter eine Steuereinrichtung (21) aufweist, in welcher esne gewunschte
Str8mungsrate extern eingestellt werden kann und welche das StelIglied (11)
instrulert, das Ventilglied (2) so zu verdrehen, daM die berechnete
Stromungsrate sich der gewunschten Str6mungsrate nfihert. 5.  Drosselventil
nach Anspruch 4, das welter sine Einrichtung aufweist, wodurch die
gewflnschte Str6- mungsrate in der Steuereinrichtung (21) von elnem
entfernten Ort aus durch eine Fernbedlenungseln- richtung Ober eine
Telekommunikationseinrichtung eingestellt werden kann. 20 6.  Drosselventil
nach einem der vorhergehenden Ansprfche, be! der die
Drehmomentermittlungselnrich- tung (14) sinen Dehnungsdetektor (12)
aufwelst, der an der Ventilwelle (3) vorgesehen ist. 7.  Drosselventil nach
einem der vorhergehenden Anspruche, be! dem die
Ventil6ffnungsermittlungseinrdch- 26      tung (17) elnen Winkelsensor
aufweist, der mit der Ventliwelle (3) verbunden ist 8.  Drosselventil nach
Anspruch 7, be! dem derWinkelsensorein Potentiometer (15) oder enen
Drehcodierer aufweist, der mit der Ventilwelle (3) verbunden ist. 30  9-
Verfahren zur Messung derStrdmungsrate sines Fluids, das durch sin
Drosselventil flielt, mit elnem Ven- tilglied (2), das auf einer
Ventl~welle (3) befestigt und in einem Ventillkarper (1) verdrehbar ist,
das die fol- genden Schritte aufweist: Ermittein der Ventiloffnung des
Drosselventils, Ermittein des dynamischen Drehmoments, das an das
Ventiglied um die Ventilwelle herum durch 35      das Fluid angelegt wird,
und Ermitteln der Str6mungsrate als Funktion der ermittelten Ventilffnung
und des ermittelten dyna- mischen Drehmoments. 10. Verfahren nach Anspruch
9, be! dem die Funktion durch vorherige Gewinnung der Beziehung zwischen 40
der Str6mungsrate und der Ventll~ffnung und des dynamischen Drehmoments
durch sin Experiment ab- geschatzt wird. 11. Verfahren nach Anspruch 10,
bei dem die Funktion durch die Annahme abgeschatzt wird, dal die Str8- 



mungsrate proportional zum dynamischen Drehmoment Ist, wenn die
Ventil6ffnung unverandert Ist. 45  12. Verfahren nach Anspruch 9, 10 oder
11, be! dem die Stromungsrate aus einern Diagramm bestlmmt wird, das die
Beziehung zwischen der Str~mungsrate und der Ventillffnung und des
dynamischen Drehmo- ments zeigt. 13. Verfahren zur Steuerung der
Stromungsrate sines Fluids, des durch sin Drosselventi flielt, das sin Ven-
50      tilglied (2) aufweist, des auf einer Ventilwelle (3) befestlgt und
in einem Ventilkorper (1) drehbar ist, go- kennzelchnet durch die folgenden
Schritte: Ermittlung der Ventlo~ffnung des Drosselventils, Ermittlung des
dynamischen Drehmoments, das an das Ventilglied um die Ventilwelle herum
durch das Fluid angelegt wird, 5S            Bestimmung der Str~mungsrate
als Funktion der ermittelten Ventiloffnung und des ermittelten dy-
narnischen Drehmornments, Einstellung elner gewfunschten Str6mungsrate, und
Anderung der Ventil6ffnung so, daBl die ermittelte Str6mungsrate sich der
gewiinschten Str- 13    mungsratb nffhert. Revendlcatlons i   5 1. Systeme
de vanne papillon ayant pour fonction de mesurer le dbbit d'un fluide qui
s'ecoule au travers d'une vanne papillon, comprenant: une vanne papillon
comportant: un corps principal (1); 10           un arbre de vanne (3) dens
ledit corps principal (1 3; et un bl6ment de vanne (2) sur ledit arbre de
vanne (3) et monte a rotation dens ledit corps principal (1), ledit systeme
comprenant en outre: un moyen de d6tection d'ouverture de vanne (17)
permettant de d6tecter le degr6 d'ouverture de 15      vanne de ladit vanne
papillon; un moyen de detection de couple (14) permettant de d6tecter un
couple dynamique appllqu6 sur ledit 6lement de vanne (2) autour dudit arbre
de vanne (3) par ledit fluide ; et un moyen de calcul de debit (18) agence
pour calculer le debit d'un fluide qui s'ecoule au travers de la vanne
papillon en tant que fonction pred terminee de ladite ouverture de vanne
d6tectbe et dudit 20      couple dynamique d6tect6. 2. Vanne papillon selon
la revendication 1, comprenant en outre un actlonneur (11) connect6 audit
arbre de vanne (3) pour faire tourner ledit el6ment de vanne (2). 25  3.
Vanne papillon selon la revendicatlon 2, dans laquelle ledit actlonneur
(11) est un actionneur 6lectrique, un actionneur pneumatique, un actionneur
du type dlaphragme ou un actionneur du type solenoTde. 4. Vanne papillon
selon la revendication 2 ou 3, comprenant en outre un moyen (21) au niveau
duquel un d6bit souhait6 peut etre btabli de faon externe et qui donne
instruction audit actionneur (11) de faire tour- ner ledit element de vanne
(2) de tello sorte quo ledit debit calcule s'approche dudit debit souhalte.
30 5. Vanne papllon selon la revendication 4, incluant un moyen par lequel
ledit debit souhait6 pout Otre btabl au niveau dudit moyen de command. (21)
depuis un endrolt elolgn6 A l'alde d'un moyen de commando a distance par
l'intermediaire d'un moyen de telecommunication. 35  6. Vanne papillon
selon l'une quelconque des revendicatlons precbdentes, dans laquelle ledit
moyen de de- tection de couple (14) inclut un capteur de contrainte (12)
pr6vu sur ledit arbre de vanne (3). 7. Vanne papillon selon l'une
quelconque des revendicatlons precedentes, dans laquelle ledit moyen de de-
tection d'ouverture de vanne (17) inclut un capteur d'angle connecte audit
arbre de vanne (3). 40 4 8. Vanne papillon selon la revendication 7, dens
laquelle ledit capteur d'angle comprend un potentiometre (15) ou un codeur
tournant connecte audit arbre de vanne (3). 9. Proc6de de mesure d'un debit
de fluid. qui s'ecoule au travers d'une vanne papillon, comportant un 61e- 



45      ment de vanne (2) monte sur un arbre de vanne et pouvant tourner
dens un corps de vanne (1), compre- nant les etapes de: detection de
l'ouverture de vanne de ladite vanne papillon; d~tection d'un couple
dynamique applique audit element de vanne autour dudit arbre de vanne par
ledit fluide ; et 50           dbtermination dudit debit en tant quo
fonction de ladite ouverture de vanne detect6e et dudit couple dynamique
dbtect6. 10. Procede selon la revendication 9, dens lequel laditefonction
eatestimee en obtenant a l'avance la relation qul lie ledit debit et ladite
ouverture de vanne ainsi quo ledit couple dynamique de fagon experimentale.
55  11. Procede selon la revendication 10, dens lequel ladite fonction est
estimee moyennant Ia supposition consistent en ce que ledit d~bit est
proportionnel audit couple dynamique lorsque ladite ouverture de van- ne
est inchangee. 14    EP 0 382 964 BI 12. Proc6d6 selon 1a revendication 9,
10 ou 11, dans lequel ledit debit est d6termin6 a partir d'un abaque qui
d6crit une relation liant ledit debit et ladite ouverture de vanne ainsi
que ledit couple dynamique. 13. Proc6d6 de commande du d~bbt d'un fluide
qui s'ecoule au travers d'une vanne papillon comportant un 5       6l6ment
de vanne (2) mont6 sur un arbre de vanne (3) et pouvant tourner dans un
corps de vanne (1), caracterise par les 6tapes de: d6tection de l'ouverture
de vanne de ladite vanne papillon; d6tection d'un couple dynamique appliiqu
audit el6ment de vanne autour dudit arbre de vanne par ledit flulde; 10
d6termlnation dudit debit en tant quo fonction de ladite ouverture de vanne
detectee et dudit couple dynamique d6tecte; 6tablissement dun deblt souhait
; et modif ication de ladite ouverture de vanne de telle sorte que ledit
debit d6termine s'approche dudit d6bit souhalte. 15 20 25 30 35 40 45 50 55


