
Method for Closing Fluid Passage, and Water Hammerless
Valve  Device and Water Hammerless Closing Device Used
in the Method Field of the Invention [0001] The
present invention is concerned with improvements in a
water  hammer prevention system in which the water
hammer effect is completely  prevented when urgently
or promptly closing a fluid passage. The present
invention is particularly concerned with a method for
closing the fluid  passage that is capable of urgently
or promptly closing the water passage  without causing
the occurrence of the water hammer effect irrespective
of  the fluid pressure involved. The present invention
is also concerned with  a water hammerless valve
device, and a water hammerless closing device,  used
in the method for closing the fluid passage.
Background of the Invention [0002] It is well known
that when a passage in which a fluid, such as  water
or the like, passes through is abruptly closed, there
occurs the  so-called "water hammer." The "water
hammer' is a pressure effect  manifested by the fluid
in the passage under these conditions in which the
pressure inside the passage vibratingly rises upstream
of the place or point  where the passage is closed
abruptly. [0003] When a water hammer is created,
various problems, such as  breakdown of devices or
instruments connected to the fluid passage, are
caused by the vibrating rise of the internal pressure
in the upstream side  passage. 1 [0004] Therefore,
various techniques have been developed to prevent  



water hammer. However, these techniques basically
address the water  hammer effect by (1) making the
time for closing the fluid passage long (i.e.,  so
closing of the fluid passage is not so abrupt), or (2)
by having the  vibrating pressure generated inside the
passage released to the outside by  opening a bypass
passage, or (3) by absorbing the water hammer using a
separately installed accumulator. The method by which
the time for  closing the passage is lengthened is
undesirably time-consuming with the  result that this
method can not be applied to situations where there is
the  need of urgent (or rapid) closing of the fluid
passage. On the other hand,  the other two methods for
avoiding the water hammer necessarily involve
attachments to the fluid passage, which adds cost to
building a system and  to practicing a method for
closing a fluid passage without generating a  water
hammer. The added costs for these attachments is too
high. [0005] The water hammer related problems
discussed above have  arisen previously in industrial
fields where the fluid flowing in the passage
involved a relatively great flow rate. In recent
years, however, avoiding  the water hammer effect has
become desirable even in fields where the  fluid moves
with a small flow rate. For example, in the fields of
wet type  oxide film treatment of silicon in the
semiconductor manufacturing industry,  or wafer
cleaning apparatus development, or the development of
chemical  liquid supply systems and in the field of
medicine production, prevention of  water hammer
generation during urgent (or prompt) closure of the
fluid  supply passage has been strongly required in
order to maintain the facilities 2 of production,
upgrade the product quality, and reduce the
opening/closing  



time of valves in accordance with increased frequency
of valve  opening/closing. [0006] Examples of prior
art devices and methods employed for  addressing the
problem of the generation of a water hammer include:
(a)  Patent Document 1 Toku-Kai-Hei No. 7-190235,
which describes a valve  control device; (b) Patent
Document 2 Toku-Kai No. 2000-10602, which  describes a
PID control method and its controller; and (c) Patent
Document  3 Toku-Kai No. 2002-295705, which describes
a motor-operated valve for  preventing water hammer,
and its controlling method. Object of the Invention
[0007] It is an object of the present invention to
provide a method for  closing a fluid passage, and a
water hammerless valve device and a  hammerless
closing device used in the method which can solve the
afore-mentioned problems of the conventional water
hammer prevention  techniques. In other words, it is
an object of the present invention to avoid  the
disadvantages of the prior art methods, which are (1)
methods in which  the time for closing the fluid
passage is relatively long and can not fully  cope
with the needs for urgent or prompt closure of the
fluid passage, and  (2) methods which seek to absorb,
or release, the vibrating pressure of the  water
hammer by the installation of expensive attachments.
[0008] It is also an object of the present invention
to provide a method  for closing a fluid passage, and
a water hammerless valve device and a 3 hammerless
closing device used in the method for closing the
fluid  passage that can urgently (or promptly) close
the fluid passage in an  



extremely short period of time (for example, less than
1000 m sec), without causing the water hammer effect,
by closing a valve installed in the fluid  passage in
a multi-step operation. [0009] It is also an object of
the present invention to provide a method  for closing
a fluid passage, and a water hammerless valve device
and a  water hammerless closing device used in the
method for closing a fluid  passage that can promptly
and surely close the fluid passage without  causing
the water hammer. wherein the conditions for closing
the valve  without causing the water hammer are
determined in advance by actually  conducting valve
closing tests so that the actuator of the valve body
is  operated by an electro-pneumatic conversion device
storing the above  mentioned valve-closing conditions.
Brief Summary of the Invention [0010] The present
invention provides a method for closing the valve of
a fluid passage by employing a multi-step operation in
which (i) the valve  body of the passage closing valve
is permitted to promptly move to a  predetermined
position short of full closure of the valve body, and
then, (ii)  the valve body is permitted to move to the
valve closing position after a  short lapse of time.
In developing the present invention, the inventors
have also conducted a number of analysis tests on the
mechanism of  occurrence of the water hammer by using
the present closing method. 4 [0011] The inventors of
the present invention have unexpectedly  discovered,
as a result of the afore-mentioned tests, that the
water hammer  can be prevented by permitting the valve
body to stop at a position within a  



specific range in the first step of closing the valve.
[0012] The present invention has been constructed on
the basis of the  afore-mentioned findings. The
present invention, in accordance with a  first
embodiment, relates to a method for closing a fluid
passage with a  nearly constant internal pressure in
the pipe passage by using an actuator  operated-type
valve installed in the fluid passage, wherein, first,
(a) a valve  body is moved in the valve closing
direction by increasing or decreasing the  driving
input to the afore-mentioned actuator to a
predetermined value, and  then (b) the above mentioned
driving input to the actuator is further  increased or
decreased to fully close the valve after the driving
input to the  actuator is maintained at the
afore-mentioned value for a short period of  time,
thus making it possible to close the fluid passage
while causing no  water hammer. [0013] The present
invention, in accordance with a second embodiment,
relates to a method for closing a fluid passage with a
nearly constant  internal pressure in the pipe passage
by an actuator operated-type valve  installed in the
fluid passage, wherein, first, (a) a valve body is
moved in the  valve closing direction by increasing or
decreasing the driving input to the  afore-mentioned
actuator to maintain a valve stroke in the
neighborhood of  a predetermined value, and then (b)
the driving input to the actuator is  further
increased or decreased to fully close the valve after
the valve stroke 5 is maintained at the aforementioned
predetermined value for a short period  of time, thus
making it possible to close the fluid passage without
causing a  water hammer. 



[0014] The present invention, in accordance with a
third embodiment,  relates to a method for closing a
fluid passage with a non-constant fluid  pressure by
using an actuator operated-type valve installed in the
passage,  wherein, firs, (a) a valve body is moved in
the valve closing direction by  increasing or
decreasing the driving input to the afore-mentioned
actuator  to maintain a valve stroke in the
neighborhood of a predetermined value,  and then (b)
the driving input to the actuator is further increased
or  decreased to fully close the valve after the valve
stroke is maintained in the  neighborhood of the
predetermined value for a short period of time, thus
making it possible to urgently close the passage
without causing a water  hammer. [0015] The present
invention, in accordance with a fourth embodiment,
relates to a method for closing a fluid passage in
accordance with either the  first, second or third
embodiments of the invention, wherein the valve is a
normally closed-type pneumatic diaphragm valve or a
constant volume and  normally closed-type pneumatic
diaphragm valve whose valve inside  volume remains
unchanged at the time when the valve is in operation.
[0016] The present invention, in accordance with a
fifth embodiment,  relates to a method for closing a
fluid passage in accordance with either the  first,
second, third or fourth embodiments of the present
invention, wherein  the time needed to close the valve
is set to be extremely short, and a rise 6 value of
the pressure of the fluid passage is permitted to be
within 10% of  the pressure value shown before the
valve is closed. [0017] The present invention, in
accordance with a sixth embodiment,  



relates to a water hammerless valve device for closing
a fluid passage that  includes: (a) a valve body, (b)
an actuator for driving the valve body, (b) an
automatic driving force controller for adjusting the
driving force to be  inputted to the actuator, (c) a
valve stroke detector for detecting a valve  stroke of
the valve body, and (d) a control circuit to which a
valve  opening/closing command signal S, a valve
stroke detection signal Sp and  valve stroke setting
signal SG are inputted and from which a driving force
controlling signal SR is outputted to the
afore-mentioned automatic driving  force controller so
that the valve body is completely closed by the
actuator  after the valve stroke of the valve body is
maintained at a set value for a  short period of time.
[0018] The present invention, in accordance with a
seventh  embodiment, relates to a water hammerless
valve device in accordance  with the sixth embodiment,
wherein the valve body is a diaphragm-type  valve, and
the actuator is a pneumatically operated-type
actuator. [0019] The present invention, in accordance
with an eighth embodiment,  relates to a water
hammerless valve device in accordance with either the
sixth embodiment or the seventh embodiment, wherein
the valve body is a  normally closed-type
diaphragm-type valve, and furthermore, the time
needed for fully closing the valve is set extremely
short by the control  circuit. 7 [0020] The present
invention, in accordance with a ninth embodiment,
relates to a water hammerless fluid passage closing
device that includes:  a water hammerless valve device
provided with a valve body, an actuator  



for driving the valve body, an automatic driving force
controller for adjusting  the driving force to be
inputted to the actuator, a valve stroke detector for
detecting a valve stroke of the valve body, and a
control circuit to which a  valve opening/closing
command signal S, a valve stroke detection signal  Sp
and a valve stroke setting signal SG are inputted and
from which a  driving force signal SR is outputted to
the afore-mentioned automatic  driving force
controller so that the valve body is completely closed
by the  actuator after the valve stroke of the valve
body is maintained at a set value  for a short period
of time; a pressure detection sensor for detecting the
fluid  pressure in the primary side passage; and a
computing/storage device  provided with a comparison
circuit to which a pressure detection signal P1  for
the internal pressure in the fluid passage from the
afore-mentioned  pressure detection sensor, a closing
time detection signal T from the  closing time
detection sensor, an allowable pressure rise valve
setting  signal PM and a closing time setting signal
TS are inputted and in which the  comparison between
the afore-mentioned detection signal P1 and the
allowable pressure rise valve setting signal PM and
further the comparison  between the closing time
detection signal T and the closing time setting
signal TS are effected, a storage circuit for storing
the data relating to the  relation between the
pressure rise value and the stroke setting value
corresponding to closing time, and a computing circuit
for selecting the 8 most suitable stroke setting value
for the allowable pressure rise value  setting signal
PM and the closing time setting signal TS out of the
comparison results in the comparison circuit. 



[0021] The present invention, in accordance with a
tenth embodiment,  relates to a device in accordance
with the ninth embodiment, wherein the  control
circuit of the water hammerless valve device is so
constructed that  the closing time setting signal TS
is inputted into the control circuit so that  the time
for closing the fluid passage can be controlled by
adjusting the  operation speed of the actuator at the
time of the valve closing operation.  [0022] The
present invention, in accordance with an eleventh
embodiment, relates to a water hammerless closing
device that includes:  (a) a valve body; (b) an
actuator for driving the valve body, (c) a vibration
sensor removably secured to the pipe passage on the
upstream side of the  valve; (d) an electro-pneumatic
conversion control device to which a valve
opening/closing command signal is inputted and which
controls an actuator  operating pressure Pa to be
inputted to the actuator by the control signal Sc
stored in the data storage unit in advance; and (e) a
computing control  device provided with a comparison
computing circuit to which a vibration  detection
signal Pr from the afore-mentioned vibration sensor, a
step  pressure setting signal Ps to be supplied to the
actuator, a holding time  setting signal Is for
maintaining the step pressure, and an allowable upper
limit vibration setting signal Prm are inputted and
which makes a  comparison between the afore-mentioned
vibration detection signal Pr and  the allowable upper
limit vibration pressure setting signal Prm for
modifying 9 the step pressure setting signal Ps such
that the control signal Sc  comprising the
afore-mentioned holding time setting signal Ts and the
modified step pressure setting signal Ps is outputted
to the data storage  



unit of the afore-mentioned electro-pneumatic
conversion control device.  [0023] The present
invention, in accordance with a twelfth embodiment,
relates to a device in accordance with the eleventh
embodiment, wherein  the computing control device
comprises a step pressure setting circuit, a  holding
time setting circuit, an allowable upper limit
vibration pressure  setting circuit, a vibration
pressure detection circuit, and a comparison
computing circuit, and the step pressure setting
signal Ps is modified and  raised in the event that
the vibration detection signal Pr indicated
immediately after the actuator operating pressure is
changed in a step  manner exceeds the allowable upper
limit vibration pressure setting signal  Prm, while
the step pressure setting signal Ps is modified and
lowered in  the event that the vibration detection
signal Pr indicated immediately after  the actuator
operating pressure is brought to zero from the
intermediate  step operating pressure exceeds the
allowable upper limit vibration  pressure setting
signal Prm. [0024] The present invention, in
accordance with a thirteenth  embodiment, relates to a
device in accordance with the eleventh  embodiment,
wherein the electro-pneumatic conversion control
device  comprises a data storage unit to store the
control signal Sc from the  computing control device,
a signal conversion unit and an  electro-pneumatic
conversion unit, wherein an actuator operating
pressure 10 control signal Se and an actuator
operating pressure Pa are outputted from  the signal
conversion unit and the electro-pneumatic conversion
unit  respectively on the basis of the control signal
Sc' for no water hammer  



stored in the data storage unit in advance. [0025] The
present invention, in accordance with a fourteenth
embodiment, relates to a water hammerless closing
device that includes:  (a) an actuator operated-type
valve installed in a fluid passage, (b) an
electro-pneumatic conversion device to supply a 2-step
actuator operating  pressure Pa to the actuator
operated type valve, (c) a vibration sensor  removably
secured to the pipe passage on the upstream side of
the  afore-mentioned actuator operated type valve, and
(d) a tuning box to  which a vibration detection
signal Pr detected by the vibration sensor is
inputted and which outputs a control signal Sc to the
electro-pneumatic  conversion device to control the
level of a step operating pressure Ps' of  the
afore-mentioned 2-step actuator operating pressure Pa
so that the  electro-pneumatic conversion device is
permitted to output, by adjusting  the control signal
Sc, the 2-step actuator operating pressure Pa with the
step operating signal Ps' capable of bringing the
vibration detection signal  Pr to near-zero. [0026]
The present invention, in accordance with a fifteenth
embodiment, relates to a method for closing a fluid
passage, wherein (a) a  vibration sensor is removably
provided on the upstream side of an actuator  operated
type valve installed in the fluid passage, (b) a
vibration detection  signal Pr from the vibration
sensor is inputted to a tuning box, and (c) a 11
control signal Sc from the tuning box is inputted to
an electro-pneumatic  conversion device so that a
2-step actuator operating pressure Pa  generated in
the electro-pneumatic conversion device by the  



afore-mentioned control signal Sc is supplied to the
actuator for closing the  actuator operated type valve
in a 2-step operation, wherein the relative  relation
between the 2-step actuator operated pressure Pa to be
supplied  to the actuator and the vibration detection
signal Pr is checked in the tuning  box, and (d) a
step operating pressure Ps' is raised in the event
that  vibration is generated at the time when the
actuator operating pressure Pa  is lowered in the
first step, while the step operating pressure Ps' is
lowered in the event that vibration is generated at
the time when the  actuator operating pressure Pa is
lowered in the second step so that a  plural number of
adjustments by raising or lowering the afore-mentioned
step operating pressure Ps' are repeated to obtain the
step operating  pressure Ps' of the 2-step operating
pressure Pa which can bring the  vibration detection
signal Pr to near-zero, thereby closing the
afore-mentioned actuator operated-type valve on the
basis of the data of  the control signal Sc provided
at the time when the 2-step operating  pressure Pa
with the step operation pressure Ps,' capable of
bringing the  generation of vibration to near-zero, is
outputted from the  electro-pneumatic conversion
device. [0027] The present invention, in accordance
with a sixteenth  embodiment, relates to a method to
close a fluid passage, wherein (a) a  vibration sensor
is removably provided on the upstream side of an
actuator 12 operated valve installed in the fluid
passage, (b) a vibration detection signal  Pr from the
vibration sensor is inputted to a tuning box, and (c)
a control  signal Sc from the tuning box is inputted
to an electro-pneumatic  



conversion device so that a 2-step actuator operating
pressure Pa  generated at the electro-pneumatic
conversion device by the  afore-mentioned control
signal Sc is supplied to the actuator for closing the
actuator operated type valve in a 2 step operation,
wherein the relative  relation between the 2-step
actuator operating pressure Pa and the  vibration
detection signal Pr is checked in the tuning box, and
(d) a step  operating pressure Ps' is lowered in the
event that vibration is generated  at the time when
the actuator operation pressure Pa is raised in the
first  step, while the step operating pressure Ps' is
raised in the event that  vibration is generated at
the time when the actuator operating pressure Pa  is
raised in the second step so that a plural number of
adjustments by  raising or lowering the
afore-mentioned step operating pressure Ps' are
repeated to obtain the step operating pressure Ps' of
the 2-step operating  pressure Pa which can bring the
vibration detection signal Pr to near-zero,  thereby
closing the afore-mentioned actuator operated-type
valve on the  basis of the data of the control signal
Sc provided at the time when the  2-step operating
pressure Pa with the step operating pressure Ps,'
capable of bringing the generation of the said
vibration to near-zero, is  outputted from the
electro-pneumatic conversion device. [0028] The
present invention, in accordance with a seventeenth
embodiment, relates to a method in accordance with
either the fifteenth 13 embodiment or the sixteenth
embodiment, wherein the vibration sensor  and the
tuning box are allowed to be removed after the data of
the control  signal Sc for outputting the 2-step
operating pressure Pa capable of  



bringing the generation of vibration to near-zero has
been inputted to the  storage device of the
electro-pneumatic conversion device. [0029] The
present invention, in accordance with an eighteenth
embodiment, relates to a method in accordance with
either the fifteenth  embodiment or the sixteenth
embodiment, wherein the vibration sensor is  located
within 1000 mm upstream of the location where the
actuator  operated-type valve is provided. [0030] The
present invention, in accordance with a nineteenth
embodiment, relates to a method in accordance with
either the fifteenth  embodiment or the sixteenth
embodiment, wherein the step operating  pressure
holding time t of the 2-step operating pressure Pa is
set at less  than I second. [0031] Further objects,
features and advantages of the present  invention will
become apparent from the Detailed Description of
Illustrative  Embodiments, which follows, when
considered together with the attached  drawings. Brief
Description of Drawings [0032] Figure 1 is a circuit
diagram of the testing device used for  detecting the
occurrence of water hammer in the fluid passage. 14
[0033] Figure 2 is a schematic diagram to show an
electro-pneumatic  conversion device used for the
testing device, wherein (a) is a basic block  diagram
and (b) is a block diagram. [0034] Figure 3 is a
diagram to illustrate the relation between an input
gf/C 2 



signal I (input voltage V) and an output pressure Pa
(k M - G) in the  electro-pneumatic conversion device
5 of Figure 1. [0035] Figure 4 is a diagram
illustrating how the internal pressure P1 in  the pipe
passage Ll upstream of a valve changes in the
multi-step type  valve closing with the internal
pressure P1 in the pipe passage Ll being  kept
constant when the pressure Pa for driving the actuator
is changed  gf/C 2 wherein (a) illustrates the case
where Pa is closed from 5k m -G directly  to Okg, (b)
illustrates the case where Pa is lowered from 5kgf/c
M2 - G to  1.9kgf/c m2 - G and then to 0, (c)
illustrates the case where Pa is lowered in  steps
from 5~1.66- 0 kgf/c m - G, (d) illustrates the case
where Pa is  lowered in steps from 5-1.65-0 kgf/c rd -
G, (e) illustrates the case where  Pa is lowered in
steps from 5-1.62-0 kgf/c M' - G, and (f) illustrates
the  case where Pa is lowered in steps from 5-1.50-0.
[0036] Figure 5 is a diagram illustrating the
relationship between the  driving pressure Pa to the
actuator and the pressure rise AP1 in the  multi-step
type closing where the internal pressure P1 of the
pipe passage  is kept constant. [0037] Figure 6 is a
diagram illustrating how a valve stroke LG  changes in
the multi-step type closing, with the internal
pressure in the  passage P1 being kept constant, when
the driving pressure Pa supplied to 15 the actuator is
changed wherein (a) illustrates the case where Pa is
changed from 5kgfIc rd - G (full opening) to 0 (full
closing), (b) illustrates the f/C 2 



case where Pa is changed from 5kgf/c M' - G (full
opening) to 1.9kg M  G (intermediate opening) and then
to 0 (full closing), (c) illustrates the case f/C 2
where Pa is changed in steps from 5-1.66-0 kg M - G,
(d) illustrates the  case where Pa is changed in steps
from 5~1.65-0 kgf/c M2 - G, (e)  illustrates the case
where Pa is changed in steps from 5~1.62~O kgf/c ri~ -
G, and (f) illustrates the case where Pa is changed in
steps from 5- 1.50-0 kgf/c n? - G. [0038] Figure 7 is
a diagram illustrating the relationship between the
valve stroke LG (mm) and the pressure rise AP1 in the
pipe passage Ll  during multi-step type closing where
the internal pressure P1 in the pipe  passage is kept
constant. [0039] Figure 8 is a diagram illustrating
how the internal pressure PI in  the pipe passage
changes in the multi-step type closing (i.e.,
Pa=5~1.65- Okgf/c rd - G) where the tank pressure
(i.e., the internal pressure P1 in the  pipe passage)
is changed, wherein (a) illustrates the case where the
tank  internal pressure P1 =3kgfIc rd - G, (b)
illustrates the case where P1 =2 kgf/c  ry~ - G and
(c) illustrates the case where P1 =1 kgf/c ry? - Q and
(d) illustrates  the case where P1 =3kgf/c m - G.
[0040] Figure 9 is a diagram illustrating the
relationship between the  actuator driving pressure Pa
and the valve stroke AG in the Figure 8 tests,
wherein (a) illustrates the case where the tank
internal pressure PT is 16 3kgf/c rT? - G, (b)
illustrates the case where PT=2 kgf/c M' - G, and (c)
illustrates the case where PT=I kgf/c M' - G. 



[0041] Figure 10 is a diagram illustrating the
relationship between the  tank internal pressure PT
and the actuator operating pressure Pa, which  can
prevent the water hammer effect where the valve is
subjected to the  multi-step type closing. [0042]
Figure 11 is a diagram illustrating the relationship
between the  valve stroke AG and pressure rise AP I in
the pipe passage with the  tank pressure PT being a
parameter where the valve is subjected to the
multi-step type closing. [0043] Figure 12 is an
enlarged/expanded view of an important portion  of
Figure 11. [0044] Figure 13 is a whole block schematic
diagram of a water  hammerless valve device in
accordance with the present invention.  [0045] Figure
14 is a whole block schematic diagram of a first
embodiment of the device for water-hammerless closing
of the fluid  passage in accordance with the present
invention. [0046] Figure 15 is a whole block schematic
diagram of a second  embodiment of the device for
water-hammerless closing of the fluid  passage in
accordance with the present invention. [0047] Figure
16 provides explanatory drawings to illustrate control
of  the actuator operating pressure Pa in Figure 16
(a), and an example of the  generation of vibration,
provided in Figure 16 (b), in the water hammerless
device of Figure 15. 17 [0048] Figure 17 is a whole
system diagram schematically illustrating  the water
hammerless closing device in accordance with a third  



embodiment of the present invention. [0049] Figure 18
is a schematic drawing of the PC screen display of a
tuning box provided in accordance with certain
embodiments of the present  invention. [0050] Figure
19 is a block schematic diagram of an
electro-pneumatic  conversion device in accordance
with the present invention. [0051] Figure 20 is a flow
chart of the auto-tuning operation employed in
accordance with certain embodiments of the present
invention. [0052] Figure 21 provides an explanatory
drawing to illustrate the  relationship between the
driving pressure Pa and generation of vibration in
the auto-tuning operation. [0053] Figure 22 is a
diagram illustrating the relationship between the
step pressure holding time t for the step-type driving
pressure Pa and the  pressure rise value AP. List of
Reference Characters and Numerals [0054] PT designates
the internal pressure of a water tank.  [0055] Ll
designates a pipe passage upstream of a valve.  [0056]
P1 designates an internal pressure in the pipe
passage.  [0057] P a designates an actuator operating
pressure. 10058] Pao designates an air supply
pressure.  [0059] LG designates a valve stroke. 18
[0060]S [0061]SG [0062]SR 



[0063]Sp [0064]1 [0065]2 [0066]3 [0067]4 [0068]4a
[0069]5 [0070]6 [0071]7 [0072]8 [0073]10 [0074]11
[0075]12 designates a valve opening/closing command
signal.  designates a valve stroke setting signal.
designates a driving force controlling signal.
designates a valve stroke detection signal.
designates a water tank. designates a source for
pressurizing the water tank.  designates a pressure
sensor. designates a valve.  designates an actuator.
designates an electro-pneumatic conversion device.
designates a valve driving gas source. designates a
signal generator.  



designates a storage oscilloscope.  designates a valve
body.  designates an actuator. designates an automatic
driving force controller (i.e., an automatic pressure
controller). [0076]13 [0077]14 detector). 15 [0078]
[0079]16 [0080]17 device. designates a control
circuit. designates a valve stroke detector (i.e., a
position  designates a computing/storage unit.
designates a computing control device. designates an
electro-pneumatic conversion control 19 [0081] 18
designates a vibration sensor.  [0082] 19 designates a
tuning box. [0083] 20 designates an electro-pneumatic
conversion device.  [0084] TC designates a closing
time detection sensor. [0085] T designates a closing
time detection signal.  [0086] TS designates a closing
time setting signal.  



[0087] P1 designates a pressure detection signal.
[0088] PM designates an allowable pressure rise value
setting signal.  [0089] Pr designates a vibration
detection signal. [0090] Prm designates an allowable
upper limit vibration pressure  setting signal. [0091]
Ps designates a step pressure setting signal. [0092]
Is designates a signal for setting the time for
maintaining step  pressure (a closing time setting
signal). [0093] Sc designates a control signal. [0094]
t designates time for maintaining step pressure, and
[0095] Ps' designates Step operating pressure.
Detailed Explanation of the Invention [0096] The
apparatus and methods of the present invention pertain
to a  water hammerless valve device for closing a
fluid passage and various  methods for closing a fluid
passage. The apparatus and method  embodiment, in
accordance with the present invention, are described
with  reference to the attached Figures wherein like
parts are designated by like 20 character references.
Prior to describing the invention, a brief description
of the observations and principles applied in the
development of the  invention follows. Investigation
and Observations Pertaining to Flow in Flow Passage
[0097] In order to investigate how a water hammer is
caused or  generated in the moisture, or water, supply
lines for semiconductor  manufacturing equipment, the
inventors have studied and observed  



pressure changes in the flow passage, which occur when
the flow passage is switched from the full opening
state to the full closing state by employing  a
pneumatic (i.e., air pressure operated) diaphragm
valve. In this  disclosure, the "full opening state"
is the state of the flow passage where  flow in the
flow passage is free and without impediment, such as
when a  valve in the flow passage is fully open, and
the "full closing state" is the  state of the flow
passage where flow in the flow passage is zero, such
as  occurs when a valve in the flow passage is fully
closed. Also, the  inventors have studied and observed
pressure changes in the flow  passage when the flow
passage is in an "intermediate state," which is the
state of the flow passage that is intermediate between
the full opening state  and the full closing state
such as occurs when a valve in the flow passage  is
partially closed and therefore partially open. (0098]
Figure 1 is a circuit diagram of the testing device
used for  investigating the pressure changes that
occur when a valve in a flow  passage is switched
between the full opening state to the full closing
state, 21 with or without an intermediate state (also
referred to as the "intermediate  opening state"). As
shown in Figure 1, the testing device includes a water
tank 1, a source 2 of a fluid for pressurizing the
water tank, a pressure  sensor 3, a valve 4, an
electro-pneumatic conversion device 5, a valve
driving gas source 6, a signal generator 7 and a
storage oscilloscope 8. In  particular, the source 2
is connected to the water tank 1 so as to provide
fluid for pressurizing the water tank. The pressure
sensor 3 is connected  to sense the pressure in the
flow passage upstream of valve 4. The valve  



is connected to and controlled by the
electro-pneumatic conversion device  5, which receives
signal input I from signal generator 7. The
electro-pneumatic conversion device 5 is powered by
the valve driving gas  source 6. The storage
oscillascope is connected to receive signal
information from pressure sensor 3 and to receive
signal input pertaining to  the state of the
electro-pneumatic conversion device 5. [0099] The
water tank 1 is provided with the capacity of 30
liters and is  of a hermetically sealed structure that
is used to store about 25 liters of  liquid (i.e.,
water of 25C) therein. The water tank is 1 is
pressurized by  N2, a fluid from the pressurization
source 2, and the pressure is adjustable  within the
range of 100 -- 300KpaG. The pressure sensor 3 is
capable of  detecting water or moisture pressure
upstream of the valve 4 with high  sensitivity. A
diffusion semiconductor-type pressure sensor is
employed in  the test device. [0100] A diaphragm-type
pneumatic valve is used as the valve 4, and  the
specifications thereof areas follows: (i) fluid inlet
pressure 0.1 MPa, 22 (ii) fluid outlet pressure
0.3MPa, (iii) fluid temperature 10-1009C and CV  value
0.27, (iv) operating air pressure 0.3-0.6MPa, (v)
materials of the  parts contacting the liquid (i.e.,
PTFE for a valve body and PTFE for a  diaphragm), and
(vi) an inside diameter of the passage is 4mm. In
other  words, the valve 4 is a pneumatic diaphragm
valve that is normally in the  fully closed state, and
has a valve body made of synthetic resin. The
diaphragm valve body is urged, by the elastic force of
springs (not shown),  to normally rest on the valve
seat so that the valve 4 is maintained in the  



closed state (i.e., the fully closing state). An
actuator 4a, connected to  valve 4, is operated when
pneumatic pressure for operation is supplied by  the
electro-pneumatic conversion device 5 with the result
that the  diaphragm valve body of valve 4 is moved
away from the valve seat and  maintained in the opened
state (i.e., either the fully opening state or in an
intermediate opening state). [0101] Accordingly, when
the pneumatic diaphragm valve of the  normally
closed-type is to be closed, it is necessary to reduce
the  pneumatic pressure for operation supplied by the
electro-pneumatic  conversion device 5 to the actuator
4a for opening the valve 4. [0102] A person of
ordinary skill in the art will recognize that it is
within  the scope of the present invention to employ a
normally opened-type  pneumatic diaphragm valve to
replace the afore-mentioned normally  closed-type
pneumatic diaphragm valve. In the case where such a
substitution is made, the valve 4 is closed by raising
the pneumatic  pressure supplied to the actuator 4a
because the valve 4 is constructed so 23 that the
diaphragm valve body is urged, by the elastic force of
springs (not  shown), to not normally rest on the
valve seat, which means the valve is  maintained in
the opened state (i.e., the fully opening state).
[0103] Thus, the electro-pneurnatic conversion device
5 is used to  supply a driving pressure (i.e., air
pressure) to the actuator 4a of valve 4,  wherein the
driving pressure corresponds to an input signal
directing ( or  setting) the degree of opening of the
valve. In other words, the  electro-pneumatic
conversion device 5 provides the driving pressure used



to set the state of the valve 4, such as the fully
opening state, the fully  closing state, or some
intermediate opening state. In the test device of
Figure 1, an electro-pneurnatic conversion device 5 of
the construction  illustrated in Figure 2 is used.
[0104] The electro-pneumatic conversion devices shown
in Figure 2(a)  and 2(b) operate as follows. When the
input signal I is inputted to a  control circuit A, an
air supply electromagnetic valve B opens so that some
portion of the pressure C, which is provided by the
valve driving gas source  6, is supplied to the
actuator 4a for the valve 4. This portion of pressure
C,  supplied to actuator 4a, is provided as an output
pressure Pa or D through  the air supply
electromagnetic valve B. The output pressure Pa, orD,
is  also fed back to the control circuit A through the
pressure sensor E, and  correction operations are
effected until the output pressure Pa, or D,
corresponding to the input signal I is reached. In
Figure 2, F designates  an exhaust electromagnetic
valve, G is an exhaust, H is a power source,  and J is
an output signal to correspond to the input signal 1.
The output 24 signal J (or the input signal 1) is
inputted as an input voltage to a storage
oscilloscope 8 as explained below. [0105] Figure 3 is
a diagram illustrating the linear relationship between
the input signal I (i.e., input voltage V to the
afore-mentioned  electro-pneumatic conversion device
5) and the output pressure Pa (or D).  In accordance
with the above description of a normally closed-type
pneumatic diaphragm valve, the valve 4 is maintained
in the fully opened  state at the input voltage 5V
(i.e., corresponding to the operating pneumatic  



pressure P= about 5kgf1c n~ - G). [0106] A compressor
is employed as the air source, i.e., valve driving
gas source 6, for operating the valve 4. Thus, the
compressor is used as  gas source 6 to supply air with
the prescribed pressure to electro-pneumatic
conversion device 5. And, the signal generator 7
generates the input signal I that is inputted into the
electro-pneumatic  conversion device 5. In other
words, input signal I is a desired voltage  output
outputted by the signal generator 7 to the
electro-pneumatic  conversion device 5 as the input
signal 1. [0107] In addition, the detection pressure
signal PI (i.e., voltage V),  generated by the
pressure sensor 3 sensing the pressure in the upstream
side pipe passage L1, and the input signal I (i.e.,
input voltage V) inputted  to the electro-pneumatic
conversion device 5 are both inputted to the  storage
oscilloscope 8 so it is possible to observe and record
changes of  the pressure P1 in the passage Ll and the
input signal I (i.e., input voltage 25 V), and the
like. A storage oscilloscope 8 whose time-axis is
graduated in  500m sec/1 is employed in the test
device shown in Figure 1  [0108] Referring again to
Figure 1, the pressure PT inside the water  tank 1 is
maintained at a set value of 3kgfIc rif- G, and the
air pressure Pa of  5kgfIc M' - G is supplied to the
actuator 4a to fully open the valve 4. in this  case,
the inside diameter of the pipe passage L1, between
the valve 4 and  the water tank 1, was constructed to
be 4.0mm with the length of about  2.5m, and a water
flow rate Q through this pipe passage Ll was about
3.45  liters/min. 



[0109] Next, changes of the internal pressure PI in
the upstream side of  the pipe passage Ll were
observed, using the oscilloscope 8, when the air
pressure Pa supplied to the actuator 4a for the valve
4 was changed as f/C 2 follows, i.e., (a) 5kg M - G
(full opening)-Okgf/c M' - G (full closing), (b) 5  k
f/C 2 g M - G (full opening)-1.9 (intermediate
opening)~O (full closing), (c) 5  kgf/c m' - G (full
opening)-1.66 (intermediate opening)-O (full closing),
(d)  5 kgf/c rd - G (full opening)-1.65 (intermediate
opening)-O (full closing),  (e) 5 kgf/c nf-G (full
opening)~1.62 (intermediate opening)-O (full closing),
and (f) 5 kgf/c M' - G (full opening)-1.50
(intermediate opening)-O (full  closing). [01101
Figure 4 shows the results observed due to the
investigation.  As apparent from Figure 4 (a) to (f),
fluctuations in the amplitude of  gf/C 2 pressure P1,
with the maximum of 9. 1 5k M - G, were shown as
illustrated in Figure 4(a) when the valve 4 was fully
closed through the  one-step closing process of 5kgf/c
M' - G (full opening)-O (full closing). 26 Under the
conditions used in Figure 4 (a), a water hammer occurs
during  closure of the valve 4. [0111] On the other
hand, when the air supply pressure Pa was  gf/C 2
changed in the following multi-step manner, i.e., 5 k
M - G (full opening)  f/C 2 



~11.65 kg M - G (intermediate opening)-O (full
closing) as shown in  Figure 4(d), almost no
fluctuation in the pressure P1 was caused in the pipe
passagel-1. In other words, by employing the
multi-step closing  procedure in accordance with
Figure 4(d), the complete prevention of the
occurrence of a water hammer resulted, which was
unexpected. [0112] On the other hand, when the air
supply pressure Pa was f/C 2 changed in the multi-step
manner of 5 kg M - G (full opening)~1.50 kgf/c f/C 2
rd - G (intermediate opening)-O kg m - G (full
closing) as shown in Figure  4(f), there were
fluctuations generated in the pressure P1 in the pipe
passage Ll with the maximum amplitude of 2.90 kgf/c M'
- G. In other  words, under the conditions illustrated
in Figure 4(f), a small water hammer  still occurred.
[0113] These test results indicate that when the valve
4 is switched from  the full opening state to the full
closing state, the occurrence of a water  hammer can
be completely prevented by going through the
multi-step  closing process where the air pressure Pa
for operating the actuator 4a is  changed from 5V
(full opening)-1.65V (the valve opening degree of
0.072mm/1.93mmxl 00=3.73%)~O (full closing), which
corresponds to  closing the valve 4 from the full
opening state to the full closing state. In  other
words, it is observed that, when the internal pressure
P1 in the pipe 27 passage Ll is kept constant, then
(1) the fluid passage can be closed in  about 500-1000
msec without causing a water hammer due to quickly  



closing the valve 4 from the state of full opening to
the state of a partial  opening, (i.e., to a certain
degree of the valve opening) and then finally to  the
state of full closing after a short lapse of time, and
(2) the water hammer  is not necessarily prevented by
using a multi-step closing process in the  event that
the intermediate stoppage position of the valve body
(i.e., the  degree of the partial opening of the valve
body) is not equal to a certain  critical value,(
i.e., is greater or smaller than the critical value).
[0114] Figure 5 is a diagram indicating how the
internal pressure P1 in  the pipe passage Ll rises
when the tests were repeated in which the valve  4 was
switched from the full opening state to the full
closing state under the  same conditions as those in
Figure 4. In any of the tests, it was found that  when
the internal pressure P1 in the pipe passage Ll is
constant (3kgf/c 2 M - G), the rise of the internal
pressure is near-zero if the air pressure Pa  supplied
to the actuator, at which the valve body is stopped
and held for  effecting the first step of operation,
is about 1.65 kgf/c rd - G).' [0115] Figure 6
illustrates the relationship between pressure Pa
supplied to the actuator 4a and the valve stroke
z~,G(mm) in tests  corresponding to those in Figure 4.
The test conditions are as follows: (a)  the internal
pressure P1 in the pipe passage LI=3kgf/c rd-G
(constant) and  (b) the flow rate Q=3.45 liters/min
(constant) where the valve 4 is closed by  the
multi-step type closing process. 28 [0116] The valve
stroke LG (mm) is measured using a potentiometer,  and
is defined to be an amount of distance that the valve
shaft moves to  



press the diaphragm valve body from above from the
full closing position to  the valve opening direction.
[0117] As apparent from Figure 6 (a) to (f), when the
air pressure Pa  supplied to the actuator 4a is 1.9
kgf/c d - G, the valve stroke LG is 0.782  mm, and
when Pa isl.66 kgf/c n~ - G, LG is 0.108 mm.
Furthermore,  gf/C 2 when Pa is 1.65 k M - G, AG is
0.072 mm. [0118] Also, as is apparent from Figure
6(d), the occurrence of water  hammer becomes
near-zero in the event that the valve stroke z~'G is
0.072mm (i.e., the valve opening degree: 0.072/1. 93x
100=3.73%). That  is, with the multi-step type closing
process effected under the condition that  the
internal pressure P1 in the pipe passage Ll is
constant, a water  hammer occurs if the valve opening
degree LG is not equal to the about  0.072 mm, (i.e.,
is sufficiently larger or smaller than 0.072 mm).
[0119] Figure 7 is a diagram illustrating the actually
measured values of  the valve stroke LG and the
pressure rise LP1 in the pipe passage Ll  where the
pressure Pa supplied to the actuator 4a is changed
under the  same conditions as those provided in Figure
6. It is observed that the  occurrence of the water
hammer is near-zero in any case where the
intermediate position, wherein the valve body is first
stopped and held for  the first step of the closing
operation, is at the valve stroke LG of about  0.07
mm. 29 [0120] Next, tests were conducted using the
test device in Figure 1 to  investigate water hammer
prevention under the condition that the internal  



pressure PT of the water tank 1 is changed. Figure 8
(a) to (c) shows the  results of these tests. Figure
8(a) indicates that no vibrating rise of the  internal
pressure P1 in the pipe passage Ll is generated during
the  multi-step type closing of the valve when the
pressure Pa supplied to the  actuator was changed as
follows: 5 kgf/c rd-1.65 kgf/c M2-0 kgf/c M2,  under
the condition that the internal pressure PT of the
tank was 3kgf/c n~ - G. On the other hand, as apparent
from the arrows A illustrated in  Figure 8 (b) and
Figure 8 (c), there are seen some fluctuations in the
internal pressure P1 in the pipe passage when the
internal pressure PT of  the tank is changed (i.e.,
the internal pressure is set at 2 kgf/c M' - G and I
k gf/C 2 M - G, respectively). [0121] Figure 9 shows
the valve strokes, measured by the  potentiometer at
the time of the tests performed in Figure 8, where the
f/C 2 pressure Pa for operating the actuator 4a was
1.65kg M - G. As shown  in Figure 9, the valve stroke
AG changes under the fluid (water) pressure  applied
to the diaphragm valve body of the valve 4 even when
the pressure  gf/C 2 applied to the actuator 4a is the
same (1.65k M - G). As a result, the  vibrating
fluctuations in the internal pressure in the pipe
passage Ll occur  as indicated by the arrows A in
Figure 8 (b) and (c). [0122] Figure 10 is a diagram
illustrating the relationship between the  internal
pressure PT of the tank and the pressure Pa for
operating the  actuator 4a, which can be used in the
multi-step closing procedure to 



30 prevent the fluctuations of the internal pressure
P1 in the pipe passage L1.  The curve A3 shows the
relationship between PT and Pa when the internal
pressure PT is 3kgf/c M' G. The curve A2 and the curve
Al show the f/C 2 relationship wherein PT 2 kg M - G
and PT = I kgf/c m'- G, respectively.  It is clear
from the curves A3, A2, and All of Figure 10 that the
range of the  pressure Pa for the actuator, capable of
preventing a water hammer, varies  greatly depending
on the internal pressure PT of the tank. [0123] As is
apparent from the test results shown in Figure 5 and
Figure  7, in the event that the internal pressure PT
of the tank is nearly constant so  that the internal
pressure P1 in the pipe passage Ll is nearly constant,
then  the high speed closing of the pipe passage Ll is
effected, within a time  period of about 500-1000
msec, by the multi-step type closing method, in
accordance with the present invention, which can
regulate the pressure Pa  supplied to operate the
actuator 4a of the valve 4 while almost completely
preventing a water hammer. More specifically, this
effect is observed  when the normally closed-type,
pneumatically operated diaphragm valve is  subjected
to the multi-step closing process, (i.e., Pa=5kgf/c
ry? - G~  1.65kgf/c rd - G-0), in accordance with the
present invention. [0124] However, in the event that
the internal pressure PT of the tank  (and
correspondingly, the internal pressure P1 in the pipe
passage L1)  fluctuates, as is apparent from Figure
10, it is difficult for the multi-step type  closing
method of the present invention to completely prevent
the water  hammer effect by only controlling the air
pressure Pa supplied to the  



actuator4a. Accordingly, the present inventors
conducted a number of 31 the multi-step type closing
tests in which the valve stroke AG of the valve  4 is
the controlled variable, instead of controlling the
pressure Pa supplied  to the actuator 4a, with the
internal pressure PT of the tank being another
explored parameter. The testing device used in these
tests is almost the  same as that shown in the Figure
1 except that a potentiometer is added for  measuring
the valve stroke AG of the valve 4. [01251 Figure 11
illustrates the relationship between the valve stroke
'L  G of valve 4 and the pressure rise AP1 in the pipe
passage L1 indicated  when the valve 4 was subjected
to the multi-step type closing process of  the present
invention, where the tank internal pressure is a test
parameter.  Figure 12 is an enlarged and expanded view
of a major portion of Figure 11.  In Figure 11 and
Figure 12, curves A3, A3' show the relationship in
which  gf/C 2 the tank internal pressure PT=3k M - G
is tested, while curves A2, A2' f/C 2 and All, Al'
show the relations in which PT=2kg M - G and PT= 1
kgf/c  2 M - G, respectively. [0126] As is apparent
from Figure 12, in the event that the multi-step  type
closing process of the present invention is performed
by the valve 4 by  means of controlling the valve
stroke AG, it is possible to rapidly close the  valve
4 within a short period of time, of about 500-800
msec, from the full  opening state to the full closing
state without causing a water hammer.  



This result is achieved, irrespective as to whether
the internal pressure P1  inside the passage Ll is
great or small, in such a manner that when the  valve
stroke AG reaches between 0.07-0.08mm, the valve
closing  operation is stopped for a short period of
time thereby holding the valve in a 32 partially
closed state, and thereafter is resumed for effecting
the full closure of the valve 4. The Water Hammerless
Valve Device [0127] Figure 13 is a whole block diagram
of the water hammerless  valve device, according to
the present invention, which was constructed  based on
the test results compiled in Figure 11, and Figure 12,
and the like.  As shown in Figure 13, the water
hammerless valve device includes a  valve body 10 of a
valve, an actuator 11, an automatic driving force
controller 12, a control circuit 13, and a valve
stroke detector 14. In  particular, the valve body 10
is connected to the actuator 11, which  operates the
valve body 10 in the same manner as actuator 4a is
connected to operate the valve 4. The automatic
driving force controller  12 is connected to receive a
signal SIR from control circuit 13 and to provide
actuating operating pressure Pa to the actuator 11.
The valve stroke  detector 14 is disposed to measure
the valve stroke LG and to send an  input signal SP to
the control circuit 13. For the purposes of this
disclosure, the term "water hammerless valve device"
refers to any valve  device that operates to close the
valve body in a multi-step closing  procedure so as to
prevent the generation of a water hammer during
closing. 



[0128] The valve body 10 of the water hammerless valve
device, of the  present invention, is installed in the
pipe passage L1. In this embodiment,  a valve body 10
equipped with a diaphragm valve is employed. Persons
33 of ordinary skill in the art will recognize that it
is within the scope of the  present invention to
employ a valve body 10 that can be of any suitable
type. For example, the valve body 10 can also be
constructed as a disc  valve body of a disc valve. In
addition, persons of ordinary skill in the art  will
appreciate that in the non-limiting illustrative
embodiment, described in  detail as follows, a
diaphragm valve, having the valve seat of 4.00mm in
the  inside diameter, is employed for the valve
provided with the valve body 10.  However, the size of
the valve can be freely chosen in the range of 1OA to
100A. [0129] The actuator 11 is a driving part for the
valve body 10. Actuator  11 includes spring 11 a,
piston 11 b and shaft 11 c. In this embodiment of  the
invention, a pneumatic cylinder is used as actuator
11. In particular,  the valve body 10 is closed (i.e.,
in the full closing state) when the piston 11 b is
urged downward by spring 11 a, while the valve body 10
is opened  (i.e., in the full opening state or in the
partial opening state) when the piston  11 b is pushed
upward against an elastic force of the spring 11 a by
the  driving pressure Pa supplied from the automatic
driving force controller 12.  In this illustrative
embodiment, in accordance with the present invention,
a  pneumatic cylinder is employed as the actuator 11;
however, persons of  ordinary skill in the art should
recognize that other types of actuators, such  as the
hydraulic cylinder-type actuator or the electric
(i.e., solenoid, motor  



or piezo-electric element) type actuator can be
employed as too as the  actuator 11. 34 [0130] In this
illustrative embodiment of the present invention, the
normally closed-type valve, such as valve 4, is
employed; however, a valve  4 of the normally
opened-type can alternatively be employed too.
Furthermore, in the present embodiment, the valve is
closed by means of  increasing the driving pressure Pa
supplied to the actuator 11. However,  the valve can
be of the type so constructed that it is closed by
means of  reducing the driving pressure Pa supplied to
the actuator 11. [0131] In the illustrative embodiment
shown in Figure 13, the driving  force supplied to the
actuator 11 is adjusted by the automatic driving force
controller 12. The automatic driving force controller
used in this  embodiment is constructed so that the
air pressure Pao supplied from a  pressurization
source, such as a compressor (not illustrated) and the
like, is  controlled to the prescribed pressure Pa so
that air pressurized to the  pressure Pa is supplied
to the actuator 11. Persons of ordinary skill in the
art would realize that the automatic driving force
controller 12 is an electric  output controller when
an electric power driven-type actuator is used as the
actuator 11. [0132] In the water hammerless device
shown in Figure 13, there are a  number of signals
inputted into the control circuit 13. These inputs
include  (a) a detection signal Sp, for the valve
stroke LG, generated by the valve  stroke detector 14,
(b) an opening/closing command signal S sent by a
valve operator to the valve body 10, (c) a setting
signal SG for setting the  



intermediate stoppage position (i.e., that is, the
controlled valve stroke L  G) in the multi-step type
closing operation, and the like. From the control 35
circuit 13, a pressure control signal SR, which
outputs the controlled  pressure Pa required to give
the prescribed valve stroke LG, is outputted  to the
automatic driving force controller 12. In particular,
the valve stroke  detection signal SP from the valve
stroke detector 14, and the setting signal  SG for
setting the intermediate stoppage position, are
compared with each  other in the control circuit 13 so
that the air pressure Pa supplied to the  actuator 11
is adjusted so as to bring a difference between
signals SIP and  SG to nil. Although the control
circuit 13 and the automatic driving force  controller
12 are illustrated separately in Figure 13, it is
within the scope of  the present invention to
integrate the control circuit and the automatic
driving force controller into a single integrated
component. [0133] With further reference to Figure 13,
in the normal state of the  water hammerless valve
device, the air pressure Pa of a prescribed  pressure
value (for example, 5kgf/ c M' - G) is supplied from
the automatic  driving force controller 12 to the
actuator 11, thus pushing the piston 11 b  upward
against the spring 11 a so that the valve body 10 is
fully opened (i.e.,  in the full opening state). Now,
in the state of an emergency, when a valve  closing
command signal S is inputted to the control circuit 13
the valve  body 10 is urgently closed using the
so-called multi-step closing operation  of the present
invention. Under these circumstances, the air pressure
Pa  supplied to the actuator 11 is instantly lowered
to the given pressure value  (for example, 1.65kgf/c
rd - G) by the valve stroke setting signal SG, thereby



permitting the elastic force of the spring 11 a to
lower the piston 11 b so that  the valve body (not
illustrated in detail) connected to the shaft 11 c is
36 lowered to such an extent that a prescribed valve
stroke LG is reached.  And then, the valve body is
stopped and held for a short period of time (for
example, 300-500m sec). [0134] When the valve body 10
is operated by the actuator 11, the  stroke detection
signal SP from the valve stroke detector 14 is
inputted to  the control circuit 13. The stroke
detection signal SP, and the valve stroke  setting
signal SG, are compared with each other for the
purpose of  adjusting the control air pressure Pa so
that the valve stroke LG of the  valve body 10 is
brought to a prescribed position in 100-200 msec, and
heldthere. After the valve shaft 11c has been halted
for a short period of  time (300-500 msec), at the
position which permits the valve stroke Z~SG to  take
the prescribed position, the valve shaft 11 c is
lowered instantly to the  valve full closing position
by lowering the air pressure Pa to 0 using the
automatic driving force controller 12. [0135] With
this operation, in accordance with the multi-step
closing  process of the present invention, the valve
body 10 can be fully closed,  without causing a water
hammer, by taking about 300 to 1000 msec for the  full
closure of the water hammerless valve device (i.e., in
this embodiment  the valve is constructed to
correspond to the diameter of the pipe passage:  4mm).
In this illustrative, non-limiting embodiment of the
present  invention, operation has been explained
mainly with respect to the case  where a
diaphragm-type pneumatically operated valve, having
the valve  



seat of 4.00mm in the inside diameter, is used.
However, persons of  ordinary skill in the art should
realize that the present invention can be 37 applied
to bigger types of valves (for example, valves of size
25A to I OOA),  such as glove valves or disc valves.
[0136] Figure 14 illustrates a basic block diagram of
a water  hammerless closing device of the fluid
passage, in accordance with  another embodiment the
present invention. The water hammerless  closing
device shown in Figure 14 is distinguished from the
water  hammerless valve device shown in Figure 13 in
that the closing device  includes two additional
controlled elements, (i.e., a valve closing time T and
an allowable pressure rise value PM). In other words,
a water hammerless  closing device, in accordance with
the present invention includes (a) a  water hammerless
valve device as shown in Figure 13, (b) a primary side
pressure detection sensor PC, (c) a detection sensor
TC for detecting the  valve closing time, and (d) a
computing/storage circuit 15 to which the  detected
values P1 and T are inputted.. [0137] As shown in
Figure 14, the computing/storage circuit 15 is
connected to send the setting signal SG to control
circuit 13 and to receive  a detect time T signal from
detection sensor TC. The computing/storage  circuit 15
is also connected to receive pressure detection signal
P1 from  primary side pressure detection sensor PC,
which is connected to detect  the internal pressure P1
in the fluid passage L1. [0138] Furthermore, a closing
time setting signal TS is also inputted to  the
control circuit 13 of the water hammerless valve
device and to the  



computing/storage circuit 15. The operation speed of
the actuator 11 (that  is, the state of application of
operation pressure Pa to the actuator 11) is 38
controlled by adjusting an output state of the driving
force control signal SR  outputted to the automatic
driving force controller 12 from the control circuit
13, thereby adjusting the time taken while moving the
valve body 10 from  the full opening state the valve
body 10 to the full closing state. Of course,  the
time setting signal TS is used to determine the
driving force control  signal SR. [0139] The valve
closing time detection sensor TC is attached to the
actuator 11 to detect time T from the start of the
operation of the valve shaft  11 c (i.e.,
corresponding to opening the valve) to the stop of the
operation  (i.e., corresponding to closing the valve)
so that time T, as detected by the  detection sensor
TC, is inputted to the computing/storage circuit 15.
The  pressure detection sensor PC is installed at the
primary side fluid passage  Ll and inputs the detected
value P1 of the fluid pressure to the
computing/storage circuit 15. [01401 The
computing/storage device 15 is provided with (i) a
pressure  comparison circuit, (ii) a time comparison
circuit, (iii) a computing circuit  and (iv) a storage
circuit. Comparison between the allowable pressure
rise value setting signal PM and the pressure
detection signal PI is  effected at the pressure
comparison circuit of the computing/storage circuit
15, while comparison between the closing time setting
signal TS and the  closing time detection signal T is
effeGted at the time comparison circuit of  the co
mputi ng/sto rage circuit 15. 



[01411 Inthe storage circuit of the computing/storage
circuit15, there  are stored a large amount of data
relating to the relation between the stroke 39 setting
value and the pressure rise value of the valve body 10
as is actually  measured in advance of operation of
the valve body, in which the closing  time T is a
parameter. [0142] Furthermore, in the event that the
pressure detection signal P1  exceeds the allowable
pressure rise value setting signal PM, depending  upon
whether or not the closing time T exceeds the closing
time setting  signal TS, the computing circuit of the
computing/storage circuit 15 selects  certain data
relating to the pressure rise value and the stroke
setting value  stored in the storage circuit, wherein
in this selected data the closing time T  stored in
the storage circuit is shorter than, but closest to,
the closing time  setting signal TS. In particular,
the computing circuit selects out of the  data the
stroke setting signal SG corresponding to which
pressure  detection value P1 is less than the
allowable pressure rise value setting  signal PM, and
then inputs this stroke setting signal SG to the
control circuit  13. [0143] The minimum value of the
closing time setting signal TS is limited  by the
operation characteristics of the valve body 10, or of
the actuator 11.  Normally, the minimum value of the
closing time setting signal TS is set at  the value of
1-3 sec. However, the closing time setting signal TS
for the  valve body 10 is selected as long as possible
within the allowable range.  This selection is made
because the longer the closing time, the less likely a
water hammer is to occur. 



[0144] When the water hammerless closing device is
used, the closing  time setting signal TS and
allowable pressure rise value setting signal PM 40 are
inputted into the computing/storage circuit 15 so that
an appropriate  stroke setting signal SG is retrieved
and outputted from the storage circuit  of the
computing/storage device 15, and inputted to the
control circuit 13.  [0145] When the fluid passage L1
is to be closed, the valve opening/closing command
signal S is inputted, from a switch or other like
control device, to the control circuit 13, thereby
switching the valve body 10  from the full opening
state to the full closing state. At this time, if the
internal pressure P1 of the primary side passage
vibrates due to the  occurrence of water hammer, the
pressure detection signal P1 is fed back  from the
pressure detection sensor PC and compared with the
allowable  pressure rise value setting signal. If the
pressure detection signal P1 is  found to exceed the
allowable pressure rise setting value PM, a new stroke
setting signal SG is selected by the computing
circuit, and is inputted to the  control circuit 13.
[0146] As a result of the operation of the
computing/storage circuit 15 as  described above, the
stem 11 c of the valve body 10 is immediately returned
to a new stroke position so that the pressure rise
caused by the afore-mentioned water hammer is brought
to the value lower than the  allowable maximum
pressure rise value PM when the valve body 10
undergoes the next opening/closing operation. [0147]
Figure 15 and Figure 16 illustrate a basic
construction of a  second embodiment of the water
hammerless closing device in accordance  



with the present invention. This second embodiment of
the water  hammerless closing device is utilized
mainly when it is difficult to attach 41 the pressure
detector Pc to the existing upstream side passage L1,
or when  it is difficult to attach the valve stroke
detector (i.e., the position detector) to  the valve
body 10, which distinguishes this second embodiment of
the  water hammerless closing device from the first
embodiment shown in  Figure 14. [0148] With reference
to Figure 15 and Figure 16, the water  hammerless
closing device, in accordance with the second
embodiment,  includes (a) a combination-type of valve
body 10, in which the valve stroke  detector 13 is
removed from the water hammerless valve device shown
in  Figure 13, (b) the actuator 11, (c) an
electro-pneumatic conversion control  device 17, (d)
the computing control device 16, which is capable of
stepwise switching of the of actuator operation
pressure Pa and of  controlling the pressure holding
time Ts after the stepwise switching, and  (e) a
vibration sensor 18 removably secured to the upstream
side passage  L1. The vibration sensor 18 is secured
to the upstream side passage L1  so that stepwise
switching (i.e., switching to Ps (step pressure: Ps)
from Pa  max shown in Figure 16(a)) of the actuator
operating pressure Pa, applied  to the actuator 11 for
the valve body 10, and the holding time Ts for the
step  pressure Ps can be appropriately selected so as
to make it possible to  determine, and memorize in
advance, the closing conditions of the valve  body 10
that permit water hammerless closing. [0149] In other
words, as shown in Figure 15 and Figure 16, the  



computing control device 16, the electro-pneumatic
conversion control  device 17, the vibration sensor
18, the valve driving gas source 6, the valve 42 body
10, and the actuator 11 are all components of the
water hammerless  closing device embodiment shown in
these Figures. The valve driving gas  source 6 is
connected to provide driving pressure Pao to the
electro-pneumatic conversion unit 17c of the
electro-pneumatic conversion  control device 17.
Driving pressure Pao (about 0.6 MPa in this
embodiment) from the valve driving gas source 6 is
converted to the  stepwise operating pressure Pa, as
shown in Figure 16(a), by means of the
electro-pneumatic conversion device 17, then the
stepwise operating  pressure Pa is applied to the
actuator 11. [0150] The actuator operating pressure Pa
applied to the actuator 11,  and the holding time Ts
for the operating pressure Pa, are controlled in a
manner described below by a control signal Sc arising
from the computing  control device 16. The control
signal Sc has been obtained, in advance of  the
instant valve closing operation, on the basis of the
closing operation  tests previously performed on the
valve body 10 in each upstream side pipe  passage L1.
In addition, the vibration sensor 18 and the computing
control device 16 are removed from the upstream side
pipe passage Ll  upon completion of the selection, or
determination, of the control signal Sc  obtained by
performing the closing operation tests on the valve
body 10.  [0151] More specifically, the computing
control device 16 is provided  with (a) a setting
circuit 16a for setting the step pressure Ps, (b) a
setting  circuit 16b for the pressure holding time
setting signal, (c) a setting circuit  



16c for determining the allowable upper limit
vibration pressure setting  signal Prm, (d) a pipe
passage vibration pressure detection circuit 16d, and
43 (e)a comparison computing circuit 16e. Furthermore,
signal input that is  input into the computing control
device 16 includes (i) a vibration detection  signal
Pr, caused by changes of the internal pressure P1 at
the time of  closing the valve body 10 and as detected
by the vibration sensor 18, (ii) a  step pressure
setting signal Ps, (iii) a step pressure holding time
setting  signal Ts, and (iv) an allowable upper limit
vibration pressure setting signal  Prm. In accordance
with the present invention, Ps, Ts and P are selected,
and then Ps is modified based on the vibration
detection signal Pr until  water hammerless closing of
the valve body 10 is achieved. [01521 To achieve this
result, the vibration detection signal Pr and the
allowable upper limit vibration pressure setting
signal Prm are compared at  the comparison computing
circuit 16e of the computing control device 16.  In
the event that a difference is found between these two
signals, the step  pressure setting signal Ps is
modified as will be explained below so that a
modified control signal Sc, including the modified
step pressure setting  signal Ps and the holding time
setting signal Ts, is inputted to a data  storage unit
of the electro-pneumatic conversion control device 17.
This  modified control signal Sc is inputted into the
data storage unit 17a, which  inputs a signal Sc'to
the signal conversion unit 17b, which inputs a signal
Se to electro-pneumatic conversion unit 17c, which
then supplies a  modified actuator operating pressure
Pa to the actuator 11. [0153] The electro-pneumatic
conversion control device 17 is provided  



with a data storage unit 17a, a signal conversion unit
17b (such as signal  generator 7), and an
electro-pneumatic conversion unit 17c (such as an 44
electro-pneumatic conversion device 5). The actuator
operating pressure  Pa, to be supplied to the actuator
11, is switched in a stepwise manner as  shown in
Figure 16(a) by inputting the actuator operating
control signal Se  from the signal conversion unit 17b
to the electro-pneumatic conversion  unit 17c. As
shown in Figure 15, the valve opening/closing command
signal S and the switching signal So, dealing with the
type (NO: normally  opened-type valve or NC: normally
closed-type valve) of the valve body 10  are inputted
to the electro-pneumatic conversion control device 17.
[0154] Referring again to Figures 15 and 16, first,
the vibration sensor  18 is fixed in the pipe passage
LI. Then, the step pressure setting signal  Ps, the
step pressure holding time setting signal Ts, and the
allowable  upper limit vibrating pressure setting
signal Prm are appropriately inputted  to the
computing control device 16. Likewise, the valve body
switching  signal So and the actuator operating fluid
supply pressure Pao for the  electro-pneumatic
conversion control device 17 are appropriately set and
inputted. Thereafter, the valve opening/closing
command signal S is  inputted to effectuate supply of
the actuator operating pressure Pa, as  shown in
Figure 16 for example, to the actuator 11 for the
valve body 10.  [0155] Now, the stepwise closing
operation of the valve body 10 is  explained as
follows with reference to Figure 16(a). At the time
TI,the  fluid passage of the valve body 10 is
partially closed and is brought to the  intermediate
closure when the actuator operating pressure Pa is
lowered  



from Pa max to Ps. Furthermore, at the time T2, when
the set holding  time Ts has elapsed, the valve body
10 is completely closed by bringing the 45 actuator
operating pressure Pa to zero. In the meantime, if the
internal  pressure P1 of the pipe passage Ll is
changed due to the occurrence of  water hammer (See,
for example curves Al and A2 in Figure 16(b)), the
change is detected by the vibration sensor 18 such
that the vibration  detection signal Pr is inputted to
the computing control device 16. [0156] As part of the
operation of the water hammerless closing device  of
Figure 15, the detection signal Pr and the allowable
upper limit vibrating  pressure setting signal Prm are
compared at the computing control device  16. The step
pressure setting signal Ps is subsequently modified
and  slightly lowered in the case where, although the
vibration does not occur or  falls within an allowable
range at the position of Al (i.e., at time t1), the
vibration exceeds the allowable value Prm at the
position of A2 (i.e., at time  t2). Then, the modified
step pressure setting signal Ps, and the holding  time
setting signal Ts for the signal Ps, are outputted
together as the control  signal Sc from the computing
control device 16 to the electro-pneumatic  conversion
control device 17 so that the same closing operation
tests on  the valve body 10 are repeated thereafter.
[0157] On the other hand, in the case where the
vibration occurring at  the position of Al (i.e., at
time t1) exceeds the allowable upper limit  vibrating
pressure setting signal Prm, the setting signal Ps is
modified and  slightly raised. Under these
circumstances, the appropriately modified  setting
signal is outputted as the modified control signal Sc
from the  



computing control device 16 to the electro-pneumatic
conversion control 46 device 17 so that the same
closing operation tests on the valve body 10 are
repeated thereafter. [0158] By repeating the operation
tests as explained above, the  intermediate operating
pressure Ps (i.e., the step pressure setting signal
Ps) for the actuator 11 required to achieve water
hammerless closing of the  pipe passage LI, which is
equipped with the vibration sensor 18, is  selected
with respect to the prescribed step pressure holding
time setting  signal Ts (i.e., valve closing time Ts).
This selection is made so the control  signal Sc
selected corresponds to the most suitable step
pressure setting  signal Ps for causing no water
hammer and to the holding time setting time  Ts for
the signal Ps stored in the data storage unit 17a of
the  electro-pneumatic conversion control device 17.
In this way, effective  closing of the pipe passage Ll
is conducted thereafter by controlling the  actuator
operating pressure Pa on the basis of the stored
control signal Sc.  [0159] In the embodiment shown in
Figure 15 and Figure 16, the  actuator operating
pressure Pa is switched and controlled in 2 steps.
However, it is within the scope of the present
invention to operate the valve  body 10 of the water
hammerless closing device of the present invention so
that it can be switched from the full opening state to
the full closing state,  and vice versa, in 3 steps or
4 steps when necessary. In addition, while  the step
holding time setting signal Ts is normally set at
about 0.5 to 1  second, it has been observed that the
shorter the time Ts becomes, the  more difficult it
will be to find the necessary conditions for effecting
a water  



hammerless closing. However, it is within the scope of
the present 47 invention to utilize a holding time
setting signal Ts that is shorter than 0.5 to  1
second. [01601 Figure 17 illustrates a third
embodiment, in accordance with the  present invention,
for the method to close the fluid passage, and the
water  hammerless closing device used in the method.
As shown in Figure 17,  another water hammerless
closing device constructed, in accordance with  the
present invention, includes the pipe passage L1, the
valve body 10, the  air actuator 11, the vibration
sensor 18, the tuning box 19, and the
electro-pneumatic conversion device 20. The water
hammerless closing  device of the embodiment shown in
Figure 17 is nearly the same as that of  the
embodiment shown in Fig. 15. [0161] However, in the
embodiment shown in Figure 17, there is the  tuning
box 19 to which the vibration detection signal Pr,
from the vibration  sensor 18 installed upstream of
the valve body 10, is outputted as a  feedback signal.
Tuning box 19 detects the occurrence of a water
hammer by using the feedback signal Pr and outputs the
actuator operating  pressure control signal Sc to the
electro-pneumatic conversion device 20.  Using this
construction, another water hammerless closing device,
for  optimizing the 2-step actuator operating pressure
Pa to be supplied to the  air actuator 11, is
provided. Specifically, as stated below, the optimal
values of the step operating pressure Ps' of the
actuator operating  pressure Pa illustrated in Fig.
21, and the step operating pressure holding  time t,
are computed so that the control signal Sc for
outputting such an  



actuator operating pressure Pa from the
electro-pneumatic conversion 48 device 20 to the
actuator 11 is outputted to the electro-pneumatic
conversion device 20. [0162] Furthermore, the tuning
box 19 is provided with a switch for  switching over
the control signal Sc, in accordance with the
operation type  (N.O., i.e. Normally Opened Type or
N.C., i.e. Normally Closed Type), of  the air actuator
11 of the valve body 10. [01631 Figure 18 illustrates
an illustrative, non-limiting example of the  screen
display of a personal computer, which forms a major
portion of the  tuning box 19. Displayed on the screen
of this personal computer are: (a)  the state of
opening/closing of the valve body 10, (b) the actuator
operating  pressure Pa to the air actuator 11, (c) the
state of vibration of the pipe  passage L1, (c) the
step operating pressure Ps' and pipe vibration values,
(d) the condition setting for auto-tuning, (e) the
condition setting for manual  opening/closing, (f) the
operation type of the valve body 10, and the like.
[0164] The electro-pneumatic conversion device 20 of
the water  hammerless closing device of Figure 17 is a
combination of the signal  converter and the
electro-pneumatic converter, and includes, as shown in
Figure 19, (i) an air supply electromagnetic valve B,
(ii) an air discharge  electromagnetic valve F, (iii)
a pressure sensor E, and (iv) a control circuit A.
The conversion device 20 is almost the same as the one
shown in Figure  2(a) and (b), at least with regard to
the basic construction, For example,  an air pressure
not less than 0.6 MPa is supplied to the air supply
electromagnetic valve B, and the air pressure of 0
to-0.5 MPa is outputted 



49 to the air actuator 11 as the actuator operating
pressure control pressure  Pa. [0165] On the other
hand, the control circuit A of the electro-pneumatic
conversion device 20 is provided with a substrate At,
an external  input/output interface Ao, and other
components, and the external  input/output interface
Ao is provided with 2 connectors Ac and Ad. A  supply
power source (DC24 or 12V), an opening/closing signal
I (voltage  input or no-voltage input) and a pressure
monitor (0-5DCV - 0-981 KpaG)  are connected to the
connector Ad while the tuning box 19 is connected to
the connector Ac. Thus, connector Ac is connected to
receive the control  signal Sc. [0166] Figure 20
illustrates the performance flow of the steps of the
auto-tuning method used by the water hammerless
closing device shown in  Figure 17. Figure 21
illustrates the relative relations between the
actuator  operating pressure Pa supplied to the air
actuator 11 and the occurrence of  vibration. As in
the case illustrated by Figure 16, a 2-step actuator
operating pressure is applied as the actuator
operating pressure Pa  employed in the method outlined
in Figure 20. [0167] Referring to Figure 20 and to
Figure 17, the vibration sensor 18  is fixed at the
predetermined position of the pipe passage Ll (i.e.,
within  about 1000 mm upstream of the valve body 10,
and preferably at the  position of about 100 to 1000
mm upstream thereof), and the tuning box 19  and the
electro-pneumatic conversion device 20 are set
respectively. 50 



[0168] Next, with the water hammerless closing device
ready for  operation, the auto-tuning start signal is
inputted in Step S1. Then, in Step  S2, the valve is
kept in the state of full opening for about 2 seconds,
and  then, in Step S3, the 2-step actuator operating
pressure Pa is applied for  controlling the valve. In
this case, the holding time t of the step operating
pressure Ps' is set at 0.5-1 sec as will be stated
later. [0169] Vibration occurring in the pipe passage
L1, due to the closing of  the valve body 10, is
detected and confirmed by the vibration detection
signal Pr from the vibration sensor 18 in Step S4.
Subsequently, the  auto-tuning algorithm has a branch
point where it is checked whether the  vibration
occurs at the point A, or the point B, in Figure 21.
Checking for  vibration at point A is Step S5 and
checking for vibration at point B is Step  S6. In the
event that vibration occurs at point A, the step
operating  pressure Ps' of the actuator operating
pressure Pa is increased in Step S7.  On the other
hand, in the event that vibration occurs at point B,
then the  step operating pressure Ps' is decreased in
Step S8. [0170] Through the repetition (i.e., normally
2 or 3 times to 15 times) of  the closing control of
the valve body 10, the actuator operating pressure Pa
having the most suitable step operating pressure Ps'
for causing no  vibration is eventually obtained. The
control signal Sc outputting the  2-step actuator
operating pressure Pa obtained by auto-tuning, and
which  is capable of the complete prevention of
vibration during closing, is inputted  to the
electro-pneumatic device 20 for closing the valve body
10. In  addition, the operating pressure holding time
t, of the 2-step actuator 51 



operating pressure Pa to be supplied at the time of
auto-tuning, is  preferably as short as possible. When
employing the pneumatic actuator  11, it is desirable
to make time t shorter than 1 sec. [0171] With
reference to Figure 20 and Figure 21, the following
comments are made assuming that a normally closed-type
pneumatic  diaphragm valve is used in the water
hammerless closing device to close  the valve body,
which is placed in the opened state by supplying an
actuator operating pressure Pa. In other words, it is
possible to effect the  water hammerless closing of a
normally closed-type pneumatic diaphragm  valve by
decreasing the actuator operating pressure in two
steps. It is,  however, possible that a normally
opened-type pneumatic diaphragm valve  can be used to
effect the water hammerless closing by raising the
actuator  operating pressure Pa in two steps. In this
case, the step operating  pressure Ps' of the actuator
operating pressure Pa is adjusted oppositely  to the
case of the normally closed-type pneumatic diaphragm
valve. That  is, the step operating pressure Ps' is
lowered if vibration occurs when the  first step
actuator operating pressure Pa rise is effected and
the step  operating pressure Ps' is raised if the
vibration occurs when the second  step actuator
operating pressure Pa rise is effected. 10172] Figure
22 illustrates the relationship between the step
operation  holding time t and the pressure rise value
LP (MPaG) of the fluid lines in  which 3 types of pipe
passages, with the fluid line pressures of 0.098 MPa,
0. 198 MPa and 0.294 MPa, respectively, are closed
using the 2-step  operating pressure Pa of 0.490
MPaG-0.19 MPaG-O MPaG with the 52 



pneumatic valve (1 9.05mm) whose inner volume does not
change at the  valve opening/closing time. It is shown
by Figure 22 that the pressure rise  ,LP can be
brought to near-zero if the step operation holding
time t  exceeds 1 second, while the pressure rise LP
will be great if the step  operation holding time t is
less than 0.5 second. [0173] Thus, when the
auto-tuning operation is completed and the  control
signal Sc capable of water-hammerless-closing the pipe
passage L  is obtained (that is, the control signal Sc
for outputting the 2-step actuator  operation pressure
Pa for achieving water-hammerless-closing is
obtained),  the data on the control signal Sc (that
is, corresponding to the operating  pressure Pa) is
transmitted to the electro-pneumatic conversion device
20  and is separately stored. Then, the auto-tuning
box 19 and the vibration  sensor 18 are removed from
the water hammerless closing device. In the  event
that the rapid closure of the valve body 10 is
required, the data on the  control signal Sc,
previously obtained in advance by auto-tuning, is
utilized  so that the 2-step actuator working pressure
Pa capable of providing water  hammerless closing is
outputted from the electro-pneumatic conversion
device 20 to the actuator 11 of the valve body 10.
[0174] In the embodiment shown in Figure 17, when the
auto-tuning  operation is completed and the actuator
operating pressure Pa (i.e., the  step operating
pressure Ps' and its holding time t) has been
determined,  the data on the operating pressure Pa is
transmitted to the electro-pneumatic conversion device
20. Then, the vibration sensor 18  and the tuning box
19 are completely removed from the water hammerless 53



closing device. However, it is within the scope of the
present invention to  construct the tuning box 19 so
that it is made small in size and integrated  with the
electro-pneumatic conversion device 20. In this case,
the tuning  box 19 is not removed because it forms a
portion of the integrated tuning
box/electro-pneumatic conversion device structure.
Feasibility of Industrial Use [0175] The present
invention is applicable not only to the supply pipes
for water, steam, liquid and the like for industrial
use, but the present  invention is also applicable to
the supply pipes for household water/hot  water, the
supply pipes for fluids (liquids) used in the
semiconductor  manufacturing plants, chemical and
other industrial plants and the like. In  particular,
the present invention is applicable to the chamber
apparatus,  and wafer cleaning devices, used in
semiconductor manufacturing and in  various types of
etching devices. Effects of the Invention [0176]
According to the present invention, in the event that
the fluid  pressure is constant, the valve body is
moved to, and at once held at, a  predetermined
position for a short time in the initial valve opening
operation  by holding the driving force to the
actuator at a set value, or by holding the  valve
stroke LG of the valve at a prescribed position, by
adjusting the  driving force to the actuator.
Thereafter, the valve body is moved to a full  closing
position. As a result, the fluid passage can be safely
closed in an 54 extremely short of period time (for
example, 300-1000 m sec) without  causing a water
hammer by setting the value of the afore-mentioned
driving  



force, or the value of the valve stroke AG of the
valve, within a suitable  range. [0177] Furthermore,
in accordance with the present invention, in the
event that the fluid pressure fluctuates, a method is
employed in which (a)  the valve stroke AG is an
element to control, (b) the valve closing  operation
is halted for a short period of time when the valve
stroke reaches  the AG in the range previously set in
advance, which causes no water  hammer effect at the
valve closing time, and then (c) the valve body is
moved from the position having the valve stroke LG to
the valve closing  position (i.e., the valve stroke OG
= 0). As a result, the fluid passage is  sure to be
emergently-closed without causing a water hammer,
regardless  of the materials or structure of the valve
body. [0178] Furthermore, in accordance with the
present invention, the valve  is closed by the valve
closing operation in which the valve stroke AG of  the
valve body is detected and fed back to the control
circuit so that the  valve stroke AG can reach a
predetermined value, promptly and  accurately, at the
time when the valve body is closed. Subsequently, the
valve is moved swiftly from the point of the set valve
stroke AG to a full  closing position. As a result of
the operation of the structure described  above, it is
possible to close the fluid passage in an extremely
short period  of time without causing a water hammer
although the device is simple in 55 the structure,
thereby solving all the problems caused by the
vibration  pressure rise inside the fluid passage.
[0179] Also, in accordance with the present invention,
the pressure  



detection value P1 detected by the pressure detection
sensor PC and the  closing time detection signal T
detected by the closing time detection  sensor TC of
the valve body 10 are fed back to the
computing/storage  device 15 so that the stroke
setting signal SG, to be inputted to the control
circuit 13 of the water hammerless valve device, is
controlled and brought  to the optimum stroke setting
signal in the set closing time. As a result, in  the
event that the passage internal pressure exceeds the
allowable  pressure rise value at the time when the
passage is closed, the stroke  setting signal SG is
automatically modified to the optimum value, thus
completely preventing an expected water hammer to be
caused in the  future by exceeding the allowable
maximum pressure rise value at the time  of closing of
the fluid passage. [0180] Furthermore, in accordance
with the present invention, the  vibration sensor 18
is removably attached to the pipe passage L1, and the
vibration detection signal Pr detected by the
vibration sensor 18 is fed back  to the computing
control device 16 so that the actuator operating
pressure  Pa applied to the actuator 11 of the valve
body 10 is controlled through the  electro-pneumatic
conversion control device 17, thereby effecting the
water  hammerless closing method. As a result, water
hammerless valve closing  is achieved without the
stroke position detection device being installed in
the valve body 10, or without the pressure detector
being installed in the 56 pipe passage L1. Upon
obtaining the conditions for the optimum water
hammerless valve closing (that is, the conditions to
control the actuator  operating pressure Pa
corresponding to water hammerless closing) for the  



targeted pipe passage L1, the vibration sensor 18 and
the computing  control device 16 can be removed and
applied to another pipe passage,  thus making the
device economically advantageous. [0181] Furthermore,
in accordance with the present invention, the
vibration sensor 18 is installed in the neighborhood
of the valve body 10 in  the pipe line passage which
is put to actual operation, and the valve body  10 is
actually operated for opening and closing by applying
the predetermined 2-step actuator operating pressure
Pa to the actuator 11 of  the valve body 10 from the
electro-pneumatic conversion device 20 so that  the
optimum value of the step operating pressure Ps' of
the 2-step actuator operating pressure Pa is selected
on the basis of the actual  operation of the valve
body 10. At the same time, the selected actuator
operating pressure Pa is stored in the storage device
of the  electro-pneumatic conversion device 20. As a
result, urgent closing of the  valve body 10 can be
achieved accurately and promptly by the employing
actuator operating pressure Pa from the
electro-pneumatic conversion  device 20 without
causing a water hammer in the fluid passage. [0182] In
addition, the selection and setting (i.e., tuning) of
the  afore-mentioned 2-step actuator operating
pressure Pa can be completed  with ease by actually
operating the valve body 10 five or six times.
Furthermore, the actuator operating pressure Pa having
a suitable step 57 operating pressure Ps' is applied
to the actuator 11 so that the amplitude  value of the
pressure vibration can be brought to a value lower
than the  value for the first actual closing of the
valve body 10. This makes it  



possible to accurately obtain the optimum value of the
afore-mentioned  actuator operating pressure Pa in
advance, without adversely affecting the  pipe
passage, [0183] Furthermore, by utilizing a personal
computer, the selection and  setting (tuning) of the
afore-mentioned 2-step actuator operating pressure  Pa
can be effected promptly with extreme ease, and also
the water  hammerless closing device can be
manufactured at low cost. [0184] While the present
invention has been described with reference to
certain illustrative embodiments, one of ordinary
skill in the art will  recognize that additions,
deletions, substitutions, modifications and
improvements can be made while remaining within the
spirit and scope of the present invention as defined
by the appended claims. 58 The invention claimed is:
1. Method for closing a fluid passage with a nearly
constant internal  pressure in the pipe passage by an
actuator operated type valve installed in  the passage
wherein first, the valve body is moved in the valve
closing  direction by increasing or decreasing the
driving input to the  afore-mentioned actuator to a
predetermined value, and then, after the  driving
input to the actuator is maintained at the
afore-mentioned value for  a short time, the driving
input is further increased or decreased so that the
valve is brought to a fully closed state, thus making
it possible to close the  passage without causing
water hammer. 2. Method for closing a fluid passage
with a nearly constant internal  pressure in the pipe
passage by an actuator operated type valve installed
in  



the passage wherein first, the valve body is moved in
the valve closing  direction by increasing or
decreasing the driving input to the  afore-mentioned
actuator to bring the valve stroke to close to a
predetermined value, and then, after the valve stroke
is maintained at the  afore-mentioned predetermined
value for a short, the driving input to the  actuator
is further increased or decreased so that the valve is
brought to a  fully closed state, thus making it
possible to close the fluid passage without  causing
water hammer. 59 3. Method for closing a fluid passage
having a non-constant pipe passage  internal pressure
by an actuator operated type valve installed in the
fluid  passage wherein first, the valve body is moved
in the valve closing  direction by increasing or
decreasing the driving input to the  afore-mentioned
actuator to bring a valve stroke to close to a
predetermined value, and then, after the valve stroke
is maintained at the  afore-mentioned predetermined
value for a short time, the driving input to  the
actuator is further increased or decreased so that the
valve is brought  to a fully closed state, thus making
it possible to close the fluid passage  without
causing the water hammer. 4. Method for closing a
fluid passage as claimed in Claim 1, Claim 2 or  Claim
3 wherein the valve is a normally closed type
pneumatic diaphragm  valve or a constant volume and
normally closed type pneumatic diaphragm  valve whose
inside volume remains unchanged at the time when the
valve  is in operation. 5. Method for closing a fluid
passage as claimed in Claim 1, Claim 2,  



Claim 3 or Claim 4 wherein the time needed to close
the valve is set to be  extremely short, and a rise
value of the pressure of the fluid passage is
permitted to be within 10% of the pressure value shown
before the valve is  closed. 60 6. Water hammerless
valve device for closing a fluid passage comprising  a
valve body, an actuator for driving the valve body, an
automatic driving  force controller for adjusting the
driving force to be inputted to the actuator,  a valve
stroke detector for detecting the valve stroke of the
valve body, and  a control circuit to which a valve
opening/closing command signal S, a  valve stroke
detection signal Sp and a valve stroke setting signal
SG are  inputted and from which a driving force
controlling signal SR is outputted to  the
afore-mentioned automatic driving force controller so
that the valve  body is completely closed by the
actuator after the valve stroke of the valve  body is
maintained at the set value for a short period of
time. 7. Water hammerless valve device as claimed in
Claim 6 wherein the  valve body is a diaphragm type
valve and the actuator is a pneumatically  operated
type actuator. 8. Water hammerless valve device as
claimed in Claim 6 or Claim 7  wherein the valve body
is a normally closed type diaphragm type valve, the
actuator is an air pressure driven type actuator, and
the time needed for  fully closing the valve is set to
be extremely short in the control circuit. 9. Water
hammerless closing device for a fluid passage
comprising: a water hammerless valve device provided
with a valve body, an actuator  for driving the valve
body, an actuator driving force controller for
adjusting  



the driving force to be inputted to the actuator, a
valve stroke detector for 61 detecting a valve stroke
of the valve body, and a control circuit to which a
valve opening/closing command signal S, a valve stroke
detection signal  Sp and a valve stroke setting signal
SG are inputted and from which a  driving force
controlling signal SR is outputted to the
afore-mentioned  automatic driving force controller so
that the valve body is completely  closed by the
actuator after the valve stroke of the vale body is
maintained  at a set value for a short period of time;
a pressure detection sensor for detecting the fluid
pressure in the  primary side passage; and a
computing/storage device provided with a comparison
circuit to  which a pressure detection signal P1
detecting the internal pressure in the  fluid passage
and coming from the afore-mentioned pressure detection
sensor, a closing time detection signal T from the
closing time detection  sensor, an allowable pressure
rise valve setting signal PM and a closing  time
setting signal Ts are inputted, and in which the
comparison between  the afore-mentioned pressure
detection signal P1 and the allowable  pressure rise
valve setting signal PM and further the comparison
between  the closing time detection signal T and the
closing time setting signal TS  are effected, a
storage circuit for holding the data relating to the
relation  between the pressure rise value and the
stroke setting value corresponding  to the closing
time, and a computing circuit for selecting the most
suitable  stroke setting value for the allowable
pressure rise value setting signal PM  and the closing
time setting signal TS out of the comparison results
in the  



comparison circuit. 62 10. Water hammerless closing
device for the fluid passage as claimed in  Claim 9
wherein the control circuit of the water hammerless
valve device is  so constructed that the closing time
setting signal TS is inputted into the  control
circuit so that the time for closing the fluid passage
can be  controlled by adjusting the operation speed of
the actuator at the time the  valve is closed. 11.
Water hammerless closing device comprising a valve
body; an  actuator for driving the valve body; a
vibration sensor removably secured to  the pipe
passage on the upstream side of the valve; an
electro-pneumatic  conversion control device to which
a valve opening/closing command  signal is inputted
and which controls an actuator operating pressure Pa
to  be inputted to the actuator by the control signal
Sc stored in the data  storage unit in advance; and a
computing control device provided with a  comparison
computing circuit to which a vibration detecting
signal Pr from  the afore-mentioned vibration sensor,
a step pressure setting signal Ps to  be supplied to
the actuator, a holding time setting signal Ts for
maintaining  the step pressure, and an allowable upper
limit vibration setting signal Prm  are inputted and
which makes a comparison between the afore-mentioned
vibration detection signal Pr and the allowable upper
limit vibration  pressure setting signal Prm for
modifying the afore-mentioned step  pressure setting
signal Ps such that the control signal Sc composed of
the  afore-mentioned holding time setting signal Ts
and the modified step 63 



pressure setting signal Ps are outputted to the data
storage unit of the  afore-mentioned electro-pneumatic
conversion control device. 12. Water hammerless
closing device as claimed in Claim 11 wherein the
computing control device comprises a step pressure
setting circuit, a  holding time setting circuit, an
allowable upper limit vibration setting circuit,  a
vibration pressure detection circuit and a comparison
computing circuit,  and the step pressure signal Ps is
modified and raised in the event that the  vibration
detection signal Pr indicated immediately after the
actuator  operating pressure is changed in a step
manner exceeds the allowable  upper limit vibration
pressure setting signal Prm, while the step pressure
setting signal Ps is modified and lowered in the event
that the vibration  detection signal Pr indicated
immediately after the actuator operating  pressure is
brought to zero from the intermediate step operating
pressure  exceeds the allowable upper limit vibration
pressure setting signal Prm. 13. Water hammerless
closing device as claimed in Claim 11, wherein the
electro-pneumatic conversion control device comprises
a data storage unit  to store the control signal Sc
from the computing control device, a signal
conversion unit and an electro-pneumatic conversion
unit, wherein an  actuator operating pressure control
signal Se and an actuator operating  pressure Pa are
outputted from the signal conversion unit and the
electro-pneumatic conversion unit respectively on the
basis of the control  signal Sc' for no water hammer
stored in the data storage unit in advance. 64 14.
Water hammerless closing device comprising an actuator
operated  type valve installed in a fluid passage, an
electro-pneumatic conversion  



device to supply a 2-step actuator operating pressure
Pa to the actuator  operated type valve, a vibration
sensor removably secured to the pipe  passage on the
upstream side of the afore-mentioned actuator operated
type valve, and a tuning box to which a vibration
detection signal Pr  detected by the vibration sensor
is inputted and which outputs a control  signal Sc to
the electro-pneumatic conversion device to control the
level of  a step operating pressure Ps' of the
afore-mentioned 2-step actuator  operating pressure Pa
so that the electro-pneumatic conversion device is
permitted to output, by adjusting the control signal
Sc, the 2-step actuator  operating pressure Pa with
the step operating pressure Ps' permitted to  bringing
the vibration detection signal Pr to near zero. 15.
Method for closing a fluid passage wherein a vibration
sensor is  removably provided on the upstream side of
an actuator operated type  valve installed in the
fluid passage, a vibration detection signal Pr from
the  vibration sensor is inputted to a tuning box and
a control signal Sc from the  tuning box is inputted
to an electro-pneumatic conversion device so that a
2-step actuator operating pressure Pa generated in the
electro-pneumatic  conversion device by the
afore-mentioned control signal Sc is supplied to  the
actuator for closing the actuator operated type valve
in the 2-step  operation, wherein the relative
relation between the 2-step actuator 65 operating
pressure Pa and the vibration signal Pr is checked in
the tuning  box, and a step operating pressure Ps' is
raised in the event that vibration  is generated at
the time when the actuator operating pressure Pa is
lowered in the first step while the step operation
pressure Ps' is lowered in  



the event that vibration is generated at the time when
the actuator  operating pressure Ps is lowered in the
second step so that a plural number  of adjustments by
raising or lowering the afore-mentioned stepped
operating pressure Ps' are repeated to obtain the step
operating pressure  Ps' of the 2-step operating
pressure Pa which can bring the vibration  detection
signal Pr to near-zero, thereby closing the
afore-mentioned  actuator operated type valve on the
basis of the data of the control signal  Sc provided
at the time when the 2-step operating pressure Pa with
the  step operating pressure Ps' capable of bringing
the generation of vibration  to near-zero is outputted
from the electro-pneumatic conversion device. 16.
Method for closing a fluid passage, wherein a
vibration sensor is  removably provided on the
upstream side of an actuator operated valve  installed
in the fluid passage, a vibration detection signal Pr
from the  vibration sensor is inputted to a tuning box
and a control signal Sc from the  tuning box is
inputted to an electro-pneumatic conversion device so
that a  2-step actuator operating pressure Pa
generated at the electro-pneumatic  conversion device
by the afore-mentioned control signal Sc is supplied
to  the actuator for closing the actuator operated
type valve in a 2-step  operation, wherein the
relative relation between the 2-step actuator 66
operating pressure Pa and the vibration detection
signal Pr is checked in  the tuning box, and a step
operating pressure Ps' is lowered in the event  that
vibration is generated at the time when the actuator
operating pressure  Pa is raised in the first step
while the step operating pressure Ps' is raised  in
the event that vibration is generated at the time when
the actuator  



operating pressure Pa is raised in the second step so
that a plural number  of adjustments by raising or
lowering the afore-mentioned step operating  pressure
Ps' are repeated to obtain the step operating pressure
Ps' of the  2-step operating pressure Pa which can
bring the vibration detection signal  Pr to near-zero,
thereby closing the afore-mentioned actuator operated
type valve on the basis of the data of the control
signal Sc provided at the  time when the 2-step
operating pressure Pa with the step operating
pressure Ps' capable of bringing the generation of
vibration to near-zero is  outputted from the
electro-pneumatic conversion device. 17. Method for
closing a fluid passage as claimed in Claim 15 or
Claim 16  wherein the vibration sensor and the tuning
box are allowed to be removed  after the data of the
control signal Sc for outputting the 2-step operating
pressure Pa capable of bringing the generation of
vibration to near-zero  has been inputted to the
storage device of the electro-pneumatic  conversion
device. 67 18. Method for closing a fluid passage as
claimed in Claim 15 or Claim 16  wherein the vibration
sensor is located within 1000mm upstream of the
location where the actuator operated type valve is
installed. 19. Method for closing a fluid passage as
claimed in Claim 15 or Claim 16  wherein the stepped
operating pressure holding time t of the 2-step
operating pressure Pa is set at less than 1 second. 68




