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water flow can be accurately adjusted. It is another object of the present
invention to State of Art                                      provide a
mixing valve provided with piezoelectric actuators which can finely and
accurately adjust The present invention relates to an automati-   5   the
mixing ratio of hot water with cold water to cally operating valve for
regulating water flow and a  produce a water of a desired temperature.
faucet which is provided with such a valve.          It is still another
object of the present invention to provide an automatically operating valve
pro- Background of Invention                           vided with
piezoelectric actuators which can be 10  assembled in a compact form and
can be mounted Conventional automatically operating valves    readily and
easily on any place. substantially comprise valves which are operated
It is a further object of the present invention to by solenoid drivers and
valves which are operated  provide an automatically operating valve
provided by power-operated motors.                         with
piezoelectric actuators which can completely Upon receiving a drive signal
or a drive output  15  close the valve by automatically or manually mov-
[err] a sensor or an operating switch, the valve   ing the valve body
toward the valve seat in case of body of such valve is moved by the
solenoid driver  emergency such as; at the time of a power failure or the
power-operated motor toward or away from   or cutting off of the
electricity, whereby the leakage a valve seat to automatically close or
open the  of water can be prevented, thereby enabling the valve.
20  saving of water. The actuator of the conventional operating         It
is a still further object of the present inven- valves, however, is either
made of the solenoid   tion to provide an automatically operating valve
driver or the power-operated motor so that high   provided with
piezoelectric actuators which can resolution cannot be achieved with
respect to the  completely close the valve by automatically moving movement
of the valve body of such conventional  25  the valve body utilizing the
biasing force of the actuator, whereby, the valve cannot accurately con-
spring and deenergizing the clamping piezoelectric - trol the water flow
although the simple opening or  elements in case of emergency such as at
the time closing of the valve can be achieved.             of
water-stoppage-mode operation power, whereby Especially, the application of
such an automati-  the leakage of water can be prevented, thereby cally
operating valve to a mixing valve for produc-  30  enabling the saving of
water. ing water of a desired temperature is almost im-      It is even a
still further object of the present possible or extremely difficult since
it requires an  invention to provide an automatically operating extremely
fine regulation of the movement of the  valve provided with piezoelectric
actuators, wherein valve body to mix hot water and cold water to     the
front tip of the plunger is formed as a separate obtain the water of a
desired temperature.    35  element from the plunger and is biased by a
spring DE - A - 2 402 085 discloses a valve which    to apply a biasing
force to the valve body, whereby employs a piezoelectric actuator. This
actuator is  even when an impulse water pressure is generated formed from a
plurality of stacked solid circular  in the water passage, only the front
tip of the plates and is arranged within a moveable body     plunger is
moved backward so that the position of which has circumferential, external
grooves which   40  piezoelectric elements relative to the plunger can
communicate with various inflow and outflow pas-  be held unchanged,
thereby the fine adjustment of sages. This valve is operated by applying a
voltage  the water flow can be acheived throughout the flow to the
piezoelectric actuator, resulting in an axial  regulating operation.
movement of the moveable body and thus a              It is even a still
further object of the present change in the way the various inflow and
outflow   45  invention to provide an automatically operating passages
communicate with each other.             valve provided with piezoelectric
actuators, wherein DE - A - 2 818 481 discloses a faucet with an  the front
tip of the plunger is squeezed to have a automatically operating mixing
valve for mixing hot  diameter smaller than the remaining part of the and
cold water which varies the proportions of hot  plunger, whereby the water
pressure which the and cold water depending on the pressure of the   so
plunger receives on the tip end of the plunger can hot water.
be minimized and the plunger can be extended or Accordingly, it is an
object of the present in-  retracted accurately by the actuation of the
piezo- vention to provide an automatically operating valve  electric
elements resulting in the fine adjustment of which can resolve the above
drawbacks of the      the water flow. conventional valves by utilizing
piezoelectric ac-  55  It is even a still further object of the present
tuators as the drive means of the valve, wherein  invention to provide a
faucet which compactly in- these piezoelectric actuators can finely
regulate the  corporates a mixing valve provided with piezoelec- opening
rate or angle of the valve whereby the    tric actuators therein so that
the faucet can be 2    
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on any part of the washroom          Fig.18A is a flow chart showing the
operational whereby the remaining space of the washroom can     sequence
for detecting the cutting off or discon- be efficiently utilized.
nection of electricity. The above objects are achieved by using an
Fig.19 is a cross-sectional elevational view of automatically operated
valve as claimed in claim 1    5   the third and fourth modifications of
the first em- The present invention also discloses a faucet   bodiment of
the automatically operating valve. provided with the above-mentioned valve
at one         Fig.20 is a flow chart showing another oper- end thereof for
enabling fine flow control and fine  ational sequence for detecting the
cutting off or temperature control of the water tapped from the
disconnection of electricity. outlet of the faucet.
10       Fig.21 is a block diagram of the control device provided with a
water stoppage function and ap- Brief Explanation of Drawings
plicable to the fifth modification of the first embodi- ment of the
automatically operating valve. Fig.1 is a cross-sectional elevational view
of      Fig.22 is a perspective view of a washbasin the automatically
operating valve for regulating wa-  15  provided with a faucet of the
second embodiment ter flow of the first embodiment of the present    of the
present invention in which an automatically invention provided with a
single-valve-body con-    operating valve for controlling water flow is
incor- struction.                                          porated. Fig.2
and Fig.3 are cross-sectional views of the    Fig.23 is a cross-sectional
view of the faucet above valve taken along the lines I - I and 11 - II of
20  showing the inner structure of the faucet. Fig.1.
Fig.24 is a cross sectional view of the above- Fig.4 and Fig.5 are
cross-sectional views of    mentioned automatically operating valve taken
modifications of piezoelectric element applicable to  along the line III -
III of Fig.23. the valve of this embodiment.
Fig.25 is a side view of the above-mentioned Fig.6 is a block diagram of
the control device   25  automatically operating valve seen from a
direction applicable to the valve of this embodiment.         of the line
IV - IV of Fig.23. Fig.7 through Fig.9 are explanatory views
Fig.26 is an explanatory view of the faucet of a showing the manner of
operation of the piezoelec-   modification of this embodiment. tric
actuator.                                          Fig.27 is a block
diagram of the control device Fig.10 is a time chart showing the voltage
30  of the faucet. application manner to respective piezoelectric ele-
Fig.28 is a cross-sectional front view of the ments.
automatic water supply system of the third embodi- Fig.11 is a
cross-sectional elevational view of  ment of the present invention provided
with an the automatically operating valve for regulating wa-  automatically
operating valve for controlling water ter flow of the first embodiment of
the present  35  flow. invention provided with a double-valve-body con-
Fig.29 is a block diagram of the control device struction.
applicable to the automatic water supply system. Fig.1 2 is an enlarged
partial view of the above- mentioned valve.
Best Mode for Carrying Out the Invention Fig.13 is a block diagram of the
control device   40 applicable to the valve of the double-valve-body
The automatic operating valve for regulating construction.
water flow and the faucet provided with such a Fig.14 is a flow chart
showing the substantial  valve are described in detail in conjunction with
operational sequence of the above-mentioned valve   attached drawings. used
as the mixing valve for mixing hot water with  45 cold water.
[First Embodiment] Fig.15 is a cross-sectional elevational view of the
first modification of the first embodiment of the  In Fig.1, the automatic
operating valve for regu- automatically operating valve.
lating water flow having a single-valve-body con- Fig.16 is a
cross-sectional elevational view of  so  struction is shown. an Improvement
of the first modification of the first  Numeral 10 indicates a box-like
casing, The embodiment of the automatically operating valve.    casing 10
is provided with a both-open-ended L- Fig.17 is a cross-sectional
elevational view of  shaped sleeve 11 on one side wall thereof and the
automatically operating valve of the second     such L-shaped sleeve 11
forms an L-shaped inflow modification of the first embodiment.          55
passage 12 therein. Fig.18 is a block diagram of the control device    The
inflow passage 12 has an outer opening applicable to the third modification
of the valve.  12a thereof communicated with a water supply tube 13, while
the inflow passage 12 has an inner 3    



EP0309886B1                       6 opening 12b thereof communicated with a
dia-          As shown in Fig.1 and Fig.2, the clamping phragm operating
chamber 14.                      piezoelectric elements e,f are produced by
concen- On the other side wall of the casing 10, a both-  trically
assembling or adhering a plurality of con- open-ended L-shaped sleeve 15 is
provided and     centric sleeve-shaped thin piezoelectric pieces with such
a sleeve 15 has an approximately symmetri-   5   adhesives around the
plunger d, wherein each pi- cal relationship with the above-mentioned
L-shaped  ezoelectric piece is provided with electrodes at the sleeve 11 by
way of a partition wall 16. In the L-  inner and outer sides thereof.
shaped sleeve 15, an outflow passage 17 is formed     Due to this
construction, when the pulse-like and the flow passage 17 has an outer
opening 17a  voltage is applied to each piezoelectric piece, the thereof
communicated with a secondary pipe 18  10  piece shrinks radially and
eventually the clamping while an inner opening 17b thereof communicated
piezoelectric elements ef made of such piezoelec- with the diaphragm
operating chamber 14.          tric pieces also shrinks radially to clamp
the plung- At the inner opening portion of the L-shaped   er d. sleeve 15,
a valve seat 19 is formed and a valve      As shown in Fig.1 and Fig.3, the
stroke piezo- body 20 made of a diaphragm is capable of com-  15  electric
element g is produced by coaxially assem- [err] into contact with the valve
seat 19 for closing  bling or adhering a plurality of concentric ring- the
inner opening  17b of the outflow passage 17   shaped thin piezoelectric
pieces with adhesives and is capable of moving away from the inner
around the plunger d, wherein each piezoelectric [err] 17b of the outflow
passage 17.           piece is provided with electrodes at the inner and
Namely, the diaphragm-made valve body 20 is  20  outer peripheries thereof.
provided with a pilot opening 1 Oa which makes the   Due to this
construction, when the pulse like outflow passage 17 to communicate with
the dia-   voltage is applied to the piezoelectric piece, the phragm
operating chamber 14 and a bleed opening   piece shrinks axially along the
plunger and the 10b which makes a diaphragm operating chamber
piezoelectric elements e,f made of such piezoelec- 14 to communicate with
the inflow passage 12.  25  tric pieces also shrink axially. On a portion
of the casing 10 which is adjacent   The piezoelectric piece may preferably
be pi- to the diaphragm operating chamber 14, a piezo-   ezoelectric
ceramics which is made of ferroelectric electric actuator A is mounted.
material of [err] perovskite-type crystal structure The piezoelectric
actuator A, as shown in Fig.1,  such as [err] comprises a cylindrical
actuator casing c which is  30  and other three composition systems
basically provided with a front wall a and a rear wall b, a  comprising
PZT. plunger d which is concentrically and axially re-  In Fig.1, h
indicates a resilient member such as ciprocably disposed in the actuator
casing c, and  a coned-disc spring which is used for biasingly three
piezoelectric elements ef,g which are con-  urging the piezoelectric
elements e,f,g toward the centrically and coaxially disposed around the
outer  35  front wall a in order to form the piezoelectric ele- periphery
of the plunger d.                       ments ef,g into an integral
assembly. In the above construction, the plunger d has      Although the
piezoelectric elements ef,g have 'he distal end thereof retractably to come
into   a circular shape, they may be formed in a rectan- contact with the
rear surface of the valve body 20  gular shape or may be made of a
plurality of and three piezoelectric elements e,f,g constitute a   40
sectors as shown in Fig.4 and Fig.5. piezoelectric element assembly B.
In Fig.1, numerals 21,22 indicate packings hav- These piezoelectric
elements ef,g are con-    ing a U-shaped cross section or Y-shaped cross
structed in such a way that they shrink when a    section for improving the
water tightness of the pulse-like voltage is applied.
piezoelectric actuator A. Namely, a pair of clamping piezoelectric ele-  45
Since the plunger d is clamped by the piezo- ments ef shrinks when the
pulse-like voltage is  electric elements e,f,g frequently and is subject to
applied and clamps the plunger d, while when the  heavy wear, the plunger d
is preferably made of a voltage is not applied, the clamping of the plunger
bar which has low linear thermal expansion ratio, d is released.
high hardness, high modulus of elasticity, high anti- The stroke
piezoelectric element g is in an   50  creep property, high abrasion
resistance and high extended condition along the plunger d when the
machining property. The ceramic-made bar may be pulse-like voltage is not
applied, while the element  used as the plunger d. g shrinks and shortens
the entire axial length there-  In Fig.6, a control device C for
controlling the of when the pulse-like voltage is applied.        operation
of the piezoelectric actuator A is shown. The plunger d is reciprocated in
an axial direc-  55  The control device C comprises a microprocessor tion
by controlling the sequence of applying volt-  r, an input interface s, an
output interface t, and a age to respective piezoelectric elements e,fg as
memory u which stores programs for driving the described later in detail.
clamping piezoelectric elements e,f and the stroke 4    
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g.                          applying a pulse-like voltage to the clamping
and To the input interface s, an actuator operating  stroke piezoelectric
elements e,f,g each of which Is button switch v is connected by way of a
drive    made of a plurality of the piezoelectric plates and circuit DC,
while to the output interface t, the piezo-  the movement of the plunger d
per pulse is so electric actuator A is connected.            5   minute,
the movement of the valve body 20, name- Voltage for activating the
piezoelectric ele-  ly the valve opening rate or angle of the valve can
ments ef,g of the piezoelectric actuator A is sup-  be finely regulated so
that the flow rate also can be plied to the elements e,f,g from a power
source PS  finely regulated. by way of the drive circuit DC.
As described above, the automatic operating The manner in which the
above-mentioned   10  valve for regulating water flow of this embodiment
automatic operating valve for regulating water flow  having a single-valve
body construction has the is operated is hereinafter explained in
conjunction  following advantages. with Fig.7 through Fig.10.
[err] Since the valve body 20 is moved by the When the operator pushes the
actuator operat-    piezoelectric actuator A, the valve body 20 can Ing
button switch v of Fig.6 which may be mounted   15    be moved forward or
backward in the order of on an operating hoard w, an output signal Is
trans-  [err]/stroke corresponding to the magnitude of mitted to the
control device C. Following this output  pulse-like voltage so that the
valve can finely signal, the control device C reads out the program
regulate the water flow. for driving the clamping piezoelectric elements ef
[err] Since the valve body 20 is moved finely by and the stroke
piezoelectric element g from the   20    the piezoelectric actuator A, a
speed reduction memory in and applies a pulse-like voltage to the   device
which is inevitable with the conventional piezoelectric elements e,f,g
through the drive cir-  valve operated by the power-operated motor cuit DC
following the above program.                becomes unnecessary so that the
valve be- Namely, as shown in Fig.7, in the first step, the  comes compact.
pulse-like voltage is not yet applied to the clamping   25  [err]  Since
the valve body 20 is made of a piezoelectric element f so that the plunger
d is held  diaphragm, the drive force necessary for moving in a clamped
condition, while the pulse-like voltage  the plunger d to actuate the valve
body 20 can is applied to the clamping piezoelectric element e  be
minimized resulting in the considerable sav- so that the element e shrinks
and the plunger d is  ing of the electricity. released from the clamped
condition.         30      [err] Since the valve body 20 is moved linearly
by Subsequently, as shown in Fig.8, the pulse-like  the piezoelectric
actuator A, a rotary movement voltage is applied to the stroke
piezoelectric ele-  -linear movement converting mechanism which ment g so
that the element g shrinks a distance     is inevitable with the
conventional valve oper- which corresponds to the magnitude of voltage of
ated by the power-operated motor becomes un- the pulse given to the element
g and the plunger d   35  necessary so that the valve becomes compact which
is clamped by the clamping piezoelectric      in this respect. element f is
also moved the same distance in the     In Fig.11 and Fig.12, the automatic
operating same direction as the element g.                  valve for
regulating water flow having a single- Then, as shown in Fig.9, the
pulse-like voltage  valve-body construction is shown. is applied to the
clamping piezoelectric element f  40  Numeral 60 indicates a cylindrical
casing. The and the element f shrinks to release the clamping  casing 60 is
provided with a pair of both-open- force from the plunger d and the
pulse-like voltage  ended sleeves 61,62 on one side wall thereof and which
has been applied to the stroke piezoelectric  such sleeves 61,62 form a
pair of inflow passages element g is ceased so that the element g elon-
63,64 respectively. gates in the direction of the arrow and the clamping
45  The inflow passages 63,64 work as a cold- piezoelectric element f also
moves in the same    water passage and a hot-water passage in a mixing
direction.                                        valve for obtaining water
of a desired temperature Fig.10 shows the manner of applying voltage to
respectively and such inflow passages 63,64 have respective piezoelectric
elements e,f,g.          outer openings 63a,64a thereof communicated with
The above operational steps are automatically  50   a cold-water supply
tube 65 and a hot-water supply repeated to make the plunger d move like an
tube 66 respectively, while the inflow passages inchworm in an order of
[err]/stroke in either a     63,64 have inner openings 63b,64b thereof
respec- forward direction or a backward direction. Accord-  tively
communicated with diaphragm  operating ingly, the opening rate or angle of
the valve body  chambers 67,68 which are formed in both ends of 20 can be
finely adjusted so that the water flow can   55  the casing 60. be
accurately regulated.                             On the other side wall of
the casing 60, a both- Namely, in the above operation, since the
open-ended T-shaped sleeve 69 is provided and movement of the valve body 20
is carried out by   such sleeve 69 forms a T-shaped outflow passage 5    
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outflow passage 70 works as a     The control device C-1 carries out the
PID mixed water passage in the mixing valve.          control based on the
deviation At between the The outflow passage 70 has an outer opening
temperatures Ts and Tm (1003) and transmits op- 70a thereof communicated
with a mixed water pipe  erating signals to the driver of the piezoelectric
71 while an inner openings 70b,70b thereof com-   5   actuators A-1,A-1
which are used for regulating the municated with the diaphragm operating
chambers   cold-water flow and the hot-water flow respectively. 67,68.
Accordingly, the valve bodies 74,75 are At the inner bifurcated opening
portions of the  opened or closed independently and the hot-water T-shaped
sleeve 69, a pair of valve seats 72,73 are  flow and the cold-water flow
are mixed at a desired formed and a pair of valve bodies 74,75 which are
10   mixing ratio. made of diaphragm are capable of coming into         In
the above operation, since the valve bodies contact with the valve seats
72,73 for closing the  74,75 are operated by the piezoelectric actuators
inner openings 70b,70b and capable of retracting  A-1,A-1, the pulse-like
voltage is applied to piezo- away from the valve seats 72,73 for opening
the   electric elements ef,g in sequence following the inner openings
70b,70b of the outflow passage 70.   15  operational steps explained in
view of Fig.7 through Namely, the diaphragm-made valve bodies        Fig.9,
thus the mixing ratio of the hot-water and the 74,75 are provided with a
pair of pilot openings  cold-water is finely or accurately adjusted to
obtain 74a,75a which make the outflow passage 70 to      the mixed water of
a desired temperature. communicate with the diaphragm operating cham-
Although, in the above embodiment, the auto- bers 67,68 and a pair of bleed
openings 74b,75b   20   matically operating valve for regulating water flow
which make the diaphragm operating chambers       is explained as the
mixing valve for mixing the 67,68 to communicate with the inflow passages
cold-water and the hot-water, the automatically op- 63,64.
erating valve for regulating water flow is applicable At both ends of the
casing 60, a pair of piezo-  to other technical fields such as a water flow
direc- electric actuators A-1,A-1 are mounted respective-  25  tion control
valve for changing the direction of ly.
water flow from one direction to the other direction The piezoelectric
actuator A-1, as shown in    by providing a single inflow passage at one
end of Fig.1 1, has approximately the same construction as  the casing and
a plurality of outflow passages at the piezoelectric actuator A which has
been ex-   the other end of the casing. plained in view of the automatic
operating valve for  30  As has been described above, the automati-
regulating water flow which is shown in Fig.1.    cally operating valve for
regulating water flow of In Fig.13, a control device C-1 for controlling
this embodiment having a double-valve-body con- the operation of the
piezoelectric actuator A-1,A-1  struction has the following advantages. is
shown. The control device C-1 substantially has  [err] Since the valve
bodies 74,75 are moved by the same construction as that of the control
device   35    the piezoelectric actuators A-1,A-1, the valve C for
controlling the operation of the piezoelectric  bodies 74,75 can be moved
forward or back- actuator A of the single-valve-body valve of Fig.1   ward
in the order of [err]/stroke corresponding to with the exception of the
following constructions.  the magnitude of the pulse-like voltage applied
Namely, to the input interface s, a temperature   to the piezoelectric
element g so that the valve sensor 80 is connected besides the actuator
opera-  40  can finely regulate the water flow. tion button v, while to the
output interface t, a pair  [err] Since the valve bodies 74,75 are moved of
the piezoelectric actuators A-1,A-1 which can be  finely by the
piezoelectric actuators A-1,A-1, a used as actuators for regulating the
cold-water flow  speed reduction device which is inevitable with and the
hot-water flow respectively are connected.  the conventional valve operated
by the power- The manner in which the above-mentioned   45     operated
motor becomes unnecessary so that automatic operating valve for regulating
water flow  the valve becomes compact. is operated to obtain the mixed
water of a desired    [err] Since the valve bodies 74,75 are made of a - -
temperature is hereinafter explained in conjunction  diaphragm, the driving
force necessary for mov- with a flow chart shown in Fig.13.
ing the plunger d to actuate the valve bodies As the first operational
step, the target tem-   50  74,75 can be minimized resulting in the consid-
perature value Ts is predetermined by manipulat-     erable saving of the
electricity necessary for ing a temperature set button on the control board
w  operating the piezoelectric actuators A-1,A-1. (1001).
[err] Since the valve bodies 74,75 are moved The temperature sensor 80
detects the tem-       linearly by the piezoelectric actuator A, a rotary
perature value Tm of the mixed water which is  55    movement-linear
movement converting mecha- produced at the outflow side of the
automatically    nism which is inevitable with the conventional operating
valve (1002) and transmits detected tem-  valve operated by the
power-operated motor perature value Tm to the control device C-1.
becomes unnecessary so that the valve be-    11               EP 0 309 886
B1                    12 



comes compact in this respect.                      The manner in which the
above-mentioned Hereinafter, several preferred modifications of
automatically operating valve for regulating water the above-mentioned
automatically operating valve  flow of this modification 1 is operated to
obtain the for regulating water flow are explained in view of  mixed water
of a desired temperature is hereinafter the attached drawings Fig.1 5
through Fig.21.  5   explained in conjunction with Fig.15. As in the case
of the automatically operating (modification 1)
valve for regulating water flow shown in Fig.13, the temperature value Tm
is fedback to the control As shown in Fig.15, the automatically operating
device C-1 and the control device C-1 carries out valve for regulating
water flow in this modification 1   10  the PID control based on the
deviation [err] between substantially has the same construction as that of
the temperature Ts and Tm and transmits operat- the automatically operating
valve for regulating wa-  ing signals to the driver of the piezoelectric
ac- ter flow of the above embodiment shown in Fig. 10  tuator A-2,A-2
respectively which are used for reg- although the construction of the
piezoelectric ac-  ulating the cold-water flow and the hot-water flow.
tuators is slightly different.                 15      Accordingly, the
valve  bodies 74,75  are Namely, in Fig.15, k indicates a spring storing
opened or closed independently and the hot-water chamber which is provided
on the outer surface of   flow and the cold-water flow are mixed at a
desired the rear wall b of the actuator casing c and a pair  mixing ratio.
of spring support plates l,m are disposed in the       In the above
operation, since the valve bodies chamber k and a compression spring p is
sand-   20  74,75 are operated by the piezoelectric actuators witched
between spring support plates l,m.          A-1,A-2, the pulse-like voltage
is applied to the The spring support plate I is integrally con-
piezoelectric elements e,f,g in sequence following nected with the plunger
d, while the spring support  the operational steps explained in view of
Fig.7 plate m is connected with a threaded shaft o which  through Fig.9,
thus the mixing ratio of the hot-water is threaded into an auxiliary wall n
attached to the   25  and the cold-water is finely or accurately adjusted
rear wall b.                                       to obtain the mixed
water of a desired temperature. Due to this construction, when the plunger
d is     Furthermore, even when the electricity is cut in an unclamped
condition, the plunger d is moved  off by accident, the plunger d is
unclamped so that to a standby position such as in a frontmost posi-  it is
moved to the frontmost position to close the tion to close the valve
completely by the biasing   30  valve completely by the biasing force of
the com- force of the compression spring p.                  pression
spring p, whereby the waste of water The biasing force of the compression
spring p   which may be caused by a continuous outflow can can be readily
adjusted by changing the gap be-     be prevented. tween the spring support
plates l,m and such           In Fig.16, an improvement on the
automatically change of gap is carried out by manipulating the   35
operating valve of this embodiment 1 is shown, threaded shaft o.
wherein the construction of the piezoelectric ac- The control device C-1
shown in Fig.13 can be   tuators A-3,A-3 is improved. also used for
controlling the operation of the auto-   In the drawing, the piezoelectric
elements e,f,g matically operating valve for regulating water flow  which
constitute the main parts of the piezoelectric in this modification 1.
40  actuator A-1,A-1 are arranged in the actuator cas- The piezoelectric
elements e,f of this modifica-  ing c such that the stroke piezoelectric
element g tion, however, are actuated completely in an op-    has the
central portion thereof attached to the inner posite manner compared to the
piezoelectric ele-   wall of the actuator casing c by means of a support
ments e,f of the above-mentioned embodiment of     bracket H and a pair of
support arms H-1, H-1. Fig.11.                                       45
The proximal ends of the support arms H-1, H- Namely, the clamping
piezoelectric elements     1 are connected to both ends of the stroke
piezo- e,f shrink when the pulse-like voltage is not applied  electric
element g and the clamping piezoelectric so that the clamping force is not
applied to the    elements ef have the proximal ends thereof con- plunger
d, while the clamping piezoelectric ele-    nected to the distal ends of
the support arms H-1, ments e,f extend when the pulse-like voltage is  50
H-1. applied to clamp the plunger d.                        In Fig.16, q
indicates brake shoes disposed Accordingly, when the pulse-like voltage is
ap-  between the distal ends of the support arms H-1,H- plied to neither
clamping piezoelectric elements e,f,  1 and the outer surface of the
plunger d and such the clamping force to the plunger d is completely
brake shoes q have sufficient friction and abrasion- released so that the
plunger d is moved to the   55  resistance to clamp the plunger d when the
pulse- frontmost position to close the valve completely by  like voltage is
applied to the piezoelectric elements the biasing force of the compression
spring p.      e,f. 7    13   EP 0 309 886 B1                            14
Due to this construction, the improvement has      The plunger d has a
circular wall 81 at the front 



the following additional advantages compared to     end thereof and an
opening 83, through which the the automatically operating valve for
regulating wa-  plunger head 82 passes, is formed at the center of ter flow
shown in Fig.15.                          the circular wall 81. [err] Since
the piezoelectric elements e,f,g are   5   The plunger head 82 consists of
a small-diam- disposed in the actuator casing c by way of the  eter portion
82a and a large-diameter portion 82b, support bracket H and the support
arms H-1,      wherein the small-diameter portion 82a passes direct contact
between the piezoelectric ele-    through the opening 82 and extends toward
the ments e,fg and the actuator casing c can be     valve bodies 74,75 and
the large-diameter portion prevented. Accordingly, the piezoelectric ele-
10  82b is slidably disposed in the plunger d. The ments ef,g can deviate
sufficiently so that the  large-diameter portion 82b is capable of coming
clamping force by the clamping piezoelectric     into contact with the
circular wall 81 of the plunger elements ef and the movable distance of the
d. stroke piezoelectric element g can be greatly       In the plunger d,
the spring p-1 is disposed enhanced. Furthermore, since the direct applica-
is  and such spring p-1 has both ends thereof sup- tion of the clamping
force and the stroke force  ported by the end faces of the large-diameter
por- to the actuator casing c can be obviated, the    tion 82b of the
plunger head d-1 and the rear wall actuator casing c can be made of light
and thin  b of the actuator casing c respectively. material so that
piezoelectric actuators A-3,A-3     Due to this construction, the plunger
head 82 is can be compactly and lightly manufactured.  20  constantly
biased in a forward direction by the [err] In this improvement, not only
the stroke     spring p-1 and the large-diameter portion 82b of
piezoelectric element g but also the clamping    the plunger head 82
biasingly comes into contact piezoelectric elements ef are produced by ad-
with the circular end wall 81 of the plunger d. hering a plurality of
concentric ring-shaped thin    To explain the manner of operation of the
piezoelectric pieces with adhesives around the   25  plunger d which has
the above construction, when plunger d, wherein each piezoelectric piece is
the plunger d extends in a forward direction, the provided with electrodes
at the inner and outer  plunger head d-1 which is biased to the circular
peripheries thereof. Accordingly, the adhering   wall 81 of the plunger d
by the spring p-1 also operation can be readily carried out resulting in
moves the same distance in a forward direction. the lowering of the
manufacturing cost of the   30   On the other hand, when the plunger d is
piezoelectric actuators A-3,A-3. Furthermore, the  retracted, the circular
wall 81 of the plunger d is peeling-off of the piezoelectric pieces can be
engaged with the large-diameter portion 82b of the also prevented.
plunger head 82 so that the plunger head 82 is The clamping piezoelectric
elements e,f shown    integrally retracted with the plunger d. in Fig.2
generate hoop stress between the piezo-  35   Furthermore, when the
application of a pulse- electric pieces so that the adhering strength of
the  like voltage to the piezoelectric elements e,fg is adhering agent is
deteriorated and the peeling off  terminated by accident such as when the
electricity of the piezoelectric piece occurs.                 is cut off,
the clamping force is released so that the plunger d and the plunger head
82 move together -- -  (modification 2)                             40  in
a forward direction due to the biasing force of the spring p-1,p-1. As
shown in Fig.17, the automatically operating     Accordingly, the valve
bodies 74,75 come into valve for regulating water flow of this modification
2  contact with the valve seat 72,73 so that the valve substantially has
the same construction as that of  can completely close the flow of the hot
water and the automatically operating valve for regulating wa-  45  the
cold water, whereby the waste of water which ter flow of the above
embodiment shown in Fig.11   may be caused by the continuousoutflow can be
although the construction of the piezoelectric ac-  prevented. tuators
A-4,A-4 is slightly different.                 Still furthermore, even when
the plunger d fur- Namely, in this modification, the plunger d is  ther
extends in a forward direction after the plunger made of a hollow
cylindrical member and a plunger  50  heads 82,82 come into contact with
the valve bod- head 82, which is biased by a spring p-1, is dis-   ies
74,75 along with the forward movement of the posed.
plunger d which is caused by the actuation of the To be more specific, in
the cylindrical actuator  piezoelectric elements e,f,g, the valve bodies
74,75 casing c which is provided with the front wall a and  receive only
the biasing force of the spring p-1,p-1 the rear wall b at both ends
thereof, the cylindrical  55   , which is far smaller than the thrust force
gen- plunger d is concentrically disposed and the plung-  erated by the
actuation of the stroke piezoelectric er d is axially and reciprocably
movable in the     element g. Accordingly, the damage on the valve casing
c.                                           bodies 74,75 by such a thrust
force can be pre-    15                 EP0309886B1
16 vented effectively.                                embodiment shown in
Fig.1 1 although the con- struction of the piezoelectric actuators A-5,A-5
is 



(modification 3)                                   slightly different.
Namely, as shown in Fig.19, each piezoelectric As shown in Fig.18, this
modification is char-   5   actuator A-5 is provided with a manual plunger
acterized in that a control device C-2 for controlling  forwarding means x
which is illustrated as a resil- the operation of a pair of piezoelectric
actuators A-  ient manual plunger forwarding button mounted on 5,A-5 is
provided with a circuit POD for detecting  the central portion of the rear
wall b. the cutting off of the electricity supplied to the     When the
manual plunger forwarding means x drive circuit DS connected to the
piezoelectric ac-  10  is pressed by a finger, the plunger forwarding
tuators A-5,A-5 so that the piezoelctric actuators A-  means x protrudes
toward the plunger d and urgin- 5,A-5 can be reliably actuated or operated
even in  gly comes into contact with the rear end surface of case of the
power failure.                         the plunger d and moves the plunger
d in a forward The control device C-2 substantially has the    direction
against the clamping force which is ap- same construction as that of the
control device C-1  15  plied on the plunger d by the clamping piezoelec-
for controlling the operation of the piezoelectric  tric elements ef.
actuator s A-1, A-1 of the double valve-body valve     Accordingly, in case
the automatically operat- of Fig.10 with the exception of the following
con-  ing valve for regulating water flow is stopped with structions.
the valve being open due to any accident such as Namely, in the control
device C-2, the circuit  20  the cutting off of electricity, the valve can
be com- POD for defecting the disconnection or the cutting  pletely closed
by pressing the manual plunger for- off of the electricity is interposed
between a power  warding means x. supply circuit 90 and the interface s of
the micro-    To explain the manner of operation of the valve processing
unit r. Furthermore, the control device  in view of the flow chart shown in
Fig.20, when the C-2 includes a back up battery BB ( a back up   25
electricity is cut off (1020), the circuit POD is condensor also being
employable ) which supplies    operated (1021) to make the piezoelectric
drive electricity to the control device C-2 and the drive  circuit DC
operate to discharge the voltage being unit DS. The circuit POD and the
battery BB are    applied to the piezoelectric elements e,f,g (1022).
operated when the electricity from  the power       Accordingly, the
piezoelectric elements ef,g are source PS is disconnected and make the
micropro-  30  turned off and the clamping piezoelectric elements cessing
unit r and the drive circuit DS operate as  ef clamp the plunger d (1023).
Subsequently, the programmed until the valve is completely closed.   valve
can be completely closed by pressing the To explain in more detail in view
of the flow   manual plunger forwarding means x (1024) (1025). chart of
Fig.18A, when the electricity is cut off   In the above operation, the
circuit POD and the (1010), the circuit POD and the battery BB are  35
drive circuit DC are also operated by the back-up operated (1011) to make
the piezoelectric drive     battery BB. circuit DC operate to discharge the
voltage being      The mounting of the plunger d to the piezo- applied to
the piezoelectric elements e,f,g (1012).  electric actuators A-4,A-4  is
carried out while the Accordingly, the clamping force of the piezoelectric
clamping piezoelectric elements e,f are being ap- elements e,f,g are
released (1013) and the plunger  40  plied with pulse-like voltage. d is
moved in a valve-closing direction, for exam- ple, by means of a spring to
clove the valve (1014)  (modification 4) and the outflow of water is
stopped (1015). In the above modification, the clamping piezo-      This
modification is, as shown in Fig.19, char- electric elements e,f are
designed to clamp the   45  acterized in that the plunger d is provided
with a plunger d when the pulse-like voltage is applied to  small-diameter
portion q-1 at the distal end thereof the elements e,f. The above-mentioned
circuit POD    so that the end surface area of the plunger d which is also
applicable to the piezoelectric actuators A-  is subject to water pressure
can he made as small 5,A-5 which are respectively provided with the      as
possible. clamping piezoelectric elements ef which are de-  50  Due to this
construction, throughout the ac- signed to clamp the plunger d when the
pulse-like  tuation of the piezoelectric actuators A-5,A-5 of the voltage
is not applied to the elements ef.         automatically operating valve
for regulating water In Fig.19, the automatically operating valve for
flow, the thrust force that the plunger d receives regulating water flow of
this modification 3 which is  from the water which is to he regulated can
be provided with such piezoelectric actuators A-5,A-5  55   minimized.
Namely, the thrust force (water pres- is disclosed and such valve
substantially has the   sure) which ill-affects the movement of the plunger
same construction as that of the automatically op-  d can be minimized so
that the movement of the erating valve for regulating water flow of the
above  piezoelectric actuators is accurately transmitted to    17
EP 0 309 886 B1                   18 the plunger d resulting in the
accurate control of    Accordingly, after the water stopping operation, the
movement of the valve bodies 74,75.            the movement of the plunger
d can be accurately controlled by the control device C-3 again. 



(modification 5)                                      Namely, after the
calibration or the water stop- 5   ping operation, when the pulse-like
voltage of de- This modification is characterized in that a wa-.  sired
pulse number which is proportional to the ter stoppage mode Is added to the
mode of opera-  opening rate of the valve is applied to the piezo- tion of
the automatically operating valve for regulat-  electric elements e,f,g ,
the valve body 20 is read- ing water flow described In the modification 2.
ily and accurately moved to a predetermined open- Namely, as shown In
Fig.21, the control device   10  valve position to carry out the
temperature control C-3 applicable to the automatically operating valve  of
the mixed water. for regulating water flow of this modification 5 in-
According to this modification, the valve body cludes a water stoppage mode
detecting circuit    20 is constantly biasingly forced toward the water SMD
and a water tapping button switch 91, a hand  stopping position and the
valve body 20 moves detecting sensor 92 and a water stoppage button   15
and closes the valve seat 19 completely when the [err] 93 are connected to
the interface s of the  clamping force is released. control device C-3.
Therefore, the modification can have the follow- Due to this constrution,
when the water tapping  ing advantages. button switch 91 is pushed, the
control device C-3    [err] The actuator is constructed or controlled makes
the power source or the drive circuit trans-  20    such that when the
drive voltage is not applied mit the pulse-like voltage to the
piezoelectric ac-  to the actuators from  the drive device, the tuators
A-6,A-6 to open the valve, wherein so long   clamping of the plunger d or
the valve body 20 as the tapping button switch 91 is continuously     is
released. Therefore, the automatically operat- held in a pushed condition,
the pulse-like voltage is  ing valve for regulating water flow can be
closed continuously applied to the piezoelectric actuators  26  by stopping
the applying of the voltage to the A-6,A-6 and when the tapping button
switch 91 is     piezoelectric actuator irrespective of the position turned
off, the supply of the pulse-like voltage to    of the valve bodies and
diaghram. the piezoelectric actuators A-6,A-6 is ceased.       [err] Since
the force applied to the valve seats Accordingly, the amount of water
tapped can       72,73 of the valve bodies 74,75 would not ex- be regulated
by setting a time for holding the   30  ceed the resilient or biasing force
of the spring tapping button switch 91 in an ON position.          p-1, the
application of an excessive force or Simultaneously, when the hand
detecting sen-     stress on the valve bodies 74,75, valve seats sor 92
detects the hand, a predetermined amount      72,73 or diaphragm can be
effectively obviated of water is tapped.
thus preventing the occurrence of damage to On the other hand, when the
detecting of the   35    these parts. hand by the hand detecting sensor 92
is termi-       [err] Since the complete water stopping position nated or a
predetermined time lapses after press-   is determined mechanically by the
biasing force ing the water tapping button switch 91 on, the       of the
spring p-1, a sensor to detect that the water stoppage mode detecting
circuit SMD in the      valve bodies reach the complete water stopping ..
control device C-3 detects the water stoppage   40   position becomes
unnecessary and the valve mode and makes the control device C-3 generate
contol sequence program can be simplified. signals to release a voltage
applied to respective   [err]  Since the water stopping position to com-
piezoelectric  elements e,f,g. Accordingly, the      pletely stop the water
flow is determined me- clamping force applied to the plunger d is released
chanically by the biasing force of the spring p-1, and the plunger d
automatically moves in a direc-  45    the complete water stopping position
can be set tion to close the valve by the biasing force of the  as an
origin and the position of the valve bodies spring p-1.
computed by the control device C-3 can be As described above, in this
modification 5,      calibrated at each water stopping operation. Ac- since
the valve closing operation is carried out by  cordingly, the positional
errors which are accu- means of the spring p-1, the position where the   60
mulated during the actuation of the piezoelectric water is completely
stopped can be determined        elements e,f,g can be calibrated or cancel
led irrespective of the operating condition of the control  so that the
position of the valve bodies can be device C-3 so that if the valve
operating sequence   accurately controlled. is programmed with the above
water stopping posi- tion as origin, the operating position of the plunger
55  [Second Embodiment] d which corresponds to the number of drive pulses
counted by the control device C-3 can be cali-        This embodiment
relates to a faucet F provided .     brated at each complete water stopping
operation.  with the automatically operating valve for regulating 10    19
EP 0 309 886 B1                   20 water flow described in the first
embodiment.         Although the mixing valve M, the control device In
Fig.22, a washbasin W  quipped with the     C-4 and the operating boards
E,G may have any faucet F is shown.                                suitable
constructions depending on the place 



As shown in the drawing, the faucet F is fixedly  where the faucet F is
installed or other conditions, mounted on the rear top surface 11 Oa of a
wash-   5   in this embodiment, they have the following pre- bowl 110 which
is supported by a wash counter     ferred constructions. 111.
The construction of the mixing valve M is ex- Fig.23 and Fig.24 show the
inner structure of  plained first. In Fig.24, numerals 130,131 indicate a
the faucet F, wherein numeral 120 indicates a     pair of inflow passages
formed at both sides in the faucet body and such a faucet body 120
comprises   10  lower end of the vertical base portion 120a of the a
vertical base portion 120a and a cylindrical in-  faucet body 120. clined
tapping portion 120b which has the proximal     The inflow passages 130,131
function as a portion thereof integrally connected to the vertical
cold-water supply passage and a hot-water supply base portion 120a and the
upper end thereof in-   passage respectively and have their respective
clined in a forward direction relative to the vertical  15  lower openings
connected with the cold-water sup- base portion 120a.
ply passage 121 and the hot-water supply passage In the vertical base
portion 120a of the faucet  122. body 120, a mixing valve M for mixing hot
water       On the other hand, the inflow  passages and cold water is
incorporated.                 130,131 have their respective upper openings
com- The mixing valve M is, as described in detail  20   municated with a
pair of chambers 132,133 formed later, constructed such that a cold water
supply  at respective side walls of the vertical base portion pipe 121 and
a hot water supply pipe 122 are      120a of the faucet 120. connected to
the inflow side of the mixing valve M,   At the central portion of the
vertical base por- and to the outflow side of the mixing valve M     tion
120a of the faucet body 120, a T-shaped respectively, wherein a proximal
end opening 124b   25  passage 134 is formed. of an outflow passage 124 is
connected, while the     The T-shaped passage 134 functions as a mix-
outflow passage 124 has the distal end thereof    ing passage of the mixing
valve M and has an connected to a tapping opening 123.
outside opening 134a thereof communicated with As can be readily understood
from Fig.23, an   the outflow passage 124 and a pair of bifurcated inclined
tapping portion 120b of the faucet body   30  openings communicated with a
pair of chambers 120 is divided by a partition 140 to define the   132,133.
outflow passage 124 and a watertight space N and      Furthermore, at the
bifurcated openings of the the control device C-4 is accomodated at the
cen-  T-shaped passage 134, a pair of valve seats ter of the watertight
space N.                    135,136 are provided respectively. A pair of
valve Namely, in the water-tight space N, a control  35  bodies 137,138
which are made of diaphragm are device C-4 and operating boards E,G for
transmit-  movably disposed in the vertical base portion 120a ting control
signals to the control device C-4 are  of the faucet body 120 in a
horizontal direction disposed in place.
transverse to the longitudinal axis of the vertical In this manner,
according to this embodiment,  base portion 120a and the valve bodies
137,138 since the mixing valve M and the control device C-  40  are capable
of coming into contact with the valve 4 are integrally and compactly
accomodated in the  seats 135,136 to close or open the mixing valve M.
faucet body 120, the space necessary for mounting     On both side walls of
the vertical base portion the faucet F can be minimized and the space in a
120a of the faucet body 120, a pair of piezoelectric chamber such as the
washroom can be efficiently   actuators A-7,A-7 are mounted as shown in
Fig. 24. utilized and the electric wiring operation necessary  45  These
piezoelectric actuators A-7,A-7 have sub- for operating the faucet F can be
carried out read-  stantially the same construction as the piezoelectric
ily.                                              actuators A-5,A-5 of the
automatically operating Furthermore, since the mixing valve M  is
valve for regulating water flow shown in Fig.18. mounted on the proximal
end of the faucet body        Namely, each piezoelectric actuator A-7 is
pro- 120, the stability of the faucet F is improved.  50  vided with the
manual plunger forwarding means x Still furthermore, since the mixing of
hot water  which is illustrated as a manual plunger forwarding and cold
water is conducted at the proximal end of  button mounted on the central
portion of the rear the faucet body 120, the outflow passage 124 of a  wall
b. sufficiently long distance is defined between the     Accordingly, in
case the automatically operat- mixing valve M and the tapping opening 123,
and   55  ing valve for regulating water flow is stopped with hot water and
cold water are mixed suffieciently in  the valve being in an opened
condition due to any the outflow passage 124 to produce the tappping
accident such as the cutting off of the electricity, water of a desired
temperature.                   the valve can be completely closed by
pressing the    21                EP 0 309 886 B1                    22
manual plunger forwarding means x as explained    sleeve 160 integrally
formed in the inclined tapping previously in view of the modification 4 of
the first  portion 120b and a hand detecting sensor 161 embodiment.
mounted in the sensor mounting sleeve 160. Due Furthermore, in Fig.26,
another example of the  to such a construction, when a user forwards his 



piezoelectric actuators A-7,A-7 is illustrated as pi-   5   hand below the
tapping opening 123, the hand ezoelectric actuators A-8,A-8 and the
piezoelectric  detecting sensor 161 detects the hand and gen- actuators
A-8,A-8 are actuated such that when the  erates a sensor signal and the
signal is transmitted pulse-like voltage is not applied to the
piezoelectric  to the control device C-4 and based on the sensor elements
e,f,g, the clamping force is not applied to  signal, the control device C-4
transmits a control the plunger d and a compressed spring y, which  10
signal to piezoelectric actuators A-7,A-7 of the mix- constantly applies a
biasing force to the plunger d  ing valve M to start the tapping operation
with a toward a valve-closing direction, is disposed be-  temperature
control and flow amount control. tween the rear end of the plunger d and
the rear      A dual-type light focusing sensor can be used wall b of the
actuator casing c.                  as the hand detecting sensor 161. Due
to this construction, when an accident  is    In Fig.23, numeral 170
indicates a temperature such as the cutting off of the electricity occurs,
the  detecting sensor and a sensor element of the sen- clamping force on
the plunger d is released and   sor 170 extends toward the distal end of
the out- the plunger d is extended in a forward direction so  flow passage
124. Numeral 171 indicates a water- [err] to close the valve completely.
proof cover. The control device C-4 for controlling the op-  20  With the
above construction, the temperature eration of the piezoelectric actuators
A-7,A-7 which  detecting sensor 170 detects the temperature Tm are disposed
in the inclined tapping portion 120b of  of the mixed water and the control
device C-4 the faucet body 120 and the operating boards E,G  carries out
the PID control based on the difference which transmit control signals to
the control device  between the temperature Tm and the predeter- C-4 are
explained hereinafter.               25  mined temperature Ts preset by a
temperature set As shown in Fig.23, a printed circuit board 150  switch 154
and transmits control signals to the which may have some flexibility is
disposed in the  drive circuits of piezoelectric actuators A-7,A-7.
control-device accomodating space N and the con-      As shown in Fig.23, a
wire protective sleeve trol device C-4 is mounted on the printed circuit
180 extends into the control-device accomodating board 150.
30  space N and a plurality of lead wires, which are To explain the
construction of the operating   connected with the control device C-4 and
touch board E, the operating beard E substantially com-  switches
153,154,155 respectively, are all shielded prises a plurality of touch
switches mounted on the  and protected in the sleeve 180. distal-end
surface of the inclined tapping portion    In Fig.27 which shows the
construction of the 120b.                                        35
control device C-4, a power switch 153, the tem- -      Namely, as shown in
Fig.25, on an slanted wall  perature set switch 154, flow set switch 155, a
152 provided at the distal end of the inclined tap-  hand detecting sensor
161, and the temperature ping portion 120b and located above a switch
detecting sensor 170 are connected to the input mounting space 151, a
plurality of touch switches  interface s and a pair of the piezoelectric
actuators including a power switch 153, a mixing temperature  40  A-7,A-7
for regulating cold water and hot water set switch 154 and a mixing flow
amount set switch  respectively are connected to the output interface t.
155 are mounted.                                      The manner in which
the faucet F having the With the manipulation of the touch switches
above construction  is operated  is described 153,154,155, the mixing valve
M is operated by    hereinafter in conjunction with Fig.23, Fig.24 and way
of the control device C-4 and the mixed water  45  Fig.27. of a desired
temperature and a desired flow           As shown in Fig.27, the desired
temperature amount is tapped from the tapping opening 123.    flow amount
of the mixed water are preset by On the slanted wall 152 which is provided
with  manipulating the temperature set switch 154 and the touch switches
153,154,155, an operation in-  the flow amount setting switch 155. dication
plate 156 made of a resilient thin mem-   50  Thereafter, when a user
extends his hand to- brane sheet is adhered as shown in Fig.23 so that
ward the tapping opening 123, the hand detecting an operator of the faucet
F can manipulate the    sensor 161 detects the hand and generates a sen-
touch switches 153,154,155 accurately reading the  sor signal as an output.
operation indications on the plate 156.               Based on this sensor
signal, the control device The operating board G Is disposed at the lower
55  C-4 reads out the operation sequence program of peripheral wall of the
inclined tapping portion 120b  the piezoelectric elements e,fg from the
memory u and adjacent to the tapping opening 123. The op-  and based on the
above program and the dif- erating board G comprises a sensor mounting
ference between the sensor detected temperature 12    23                EP
0 309 886 B1                   24 and flow amount and the preset
temperature and       Main valve seats 217a,217a are formed in both flow
amount, the control device C-4 carries out the  ends of the bifurcated
openings. PID control and regulates the temperature and flow   Between two
main valve seats 217a,217a, an amount of the mixed water which is produced
by    automatically operating valve for regulating water 



the mixing valve M and is tapped from the tapping   5   flow which is
provided with a piezoelectric actuator opening 123.
A-9 is disposed and the valve has the following In the above operation, due
to the provision of  construction. the piezoelectric actuators, the plunger
d can be    Namely, the automatically operating valve for moved either in a
forward direction or a backward  regulating water flow is constructed such
that the direction by a stroke of several [err] per pulse like  10
piezoelectric actuator A-9 is operated based on the an inchworm so that the
opening rates of the valve  same principle as the piezoelectric actuator
A-1 bodies 137,138 are accurately and finely regulated  provided that both
ends of the plunger d are uti- resulting in the accurate and fine control
of the  lized for acting on the diaphragms 219,220 which temperature and
the flow amount of the mixed      work as valve bodies. water and the mixed
water of a desired tempera-  15  Such diaphragms 219,220 are capable of re-
ture and a desired flow amount is tapped from the  tractably coming into
contact with main valve seats tapping opening 123.
217a,217a and are arranged such that the outer The changing of the
temperature or the flow   peripheries thereof are watertightly attached to
in- amount of the mixed water can be readily carried  ner walls 215a,216a
of a pair of chambers 215,216. out by manipulating the temperature setting
switch  20  Due to such construction, when the piezoelec- 154 or the flow
amount setting switch 155.       tric actuator A-9 is actuated, the plunger
209 In this embodiment, by installing a flow amount  moves either in a left
or right direction. When, for detecting sensor in the outflow passage 124,
the  example, the plunger 209 moves in a left direction, actual flow amount
can be detected and based on   the distal end of an actuating rod 209a
which is the detected flow amount value, the control device  25  attached
to the left extremity of the plunger 209 C-4 can regulate the flow amount
of the mixed     cries into contact with a pilot opening 219b of the cater
more efficiently.                           diaphragm 219, while the other
distal end of an actuating rod 209a which is attached to the right [Third
Embodiment]                                extremity of the plunger 209
comes into contact 30  with or moves away from the pilot opening 220b of
This embodiment relates to an automatic water  the diaphragm 220. supply
system.                                        Accordingly, with the
actuation of the piezo- Fig.28 shows the automatic water supply sys-
electric actuator A-9, cold water supplied from the tem which substantially
comprises a mixing valve  cold water supply pipe 213 and the hot water M1
for mixing cold water and hot water and a flow   35  supplied from the hot
water supply pipe 214 are direction control valve M2 for selectively
changing  mixed and the mixed water is discharged from the the flow
direction of the mixed water, for example,  outflow passage 217. from a
shower head to a bath tab or vice versa.      In Fig.28, numerals 221, 221a
indicate orifices The construction of the mixing valve M1 is    and such
orifices have a diameter which is smaller firstly explained.
40  than the diameter of the pilot opening 219b,219b. In Fig.28, numeral
210 indicates a cylindrical-  Numerals 222,222a indicate a pair of pressure
box-like casing and the casing 210 is provided with  chambers. a pair of
inflow passages 211,212 at both ends       The flow direction control valve
M2 for selec- thereof respectively.                            tively
changing the flow direction of the mixed The inflow passages 211,212
function as a cold  45  water is disposed downstream of the above-men-
water passage and a hot water passage respec-     tioned mixing valve M1
and has a following con- tively and have their outer openings communicated
struction. with a cold-water pipe 213 and a hot-water pipe      The flow
direction control valve M2 has sub- 214, while their inner openings are
communicated  stantially the same construction as that of the mix- with a
pair of chambers 215,216.             50  ing valve M1 in terms of the
casing and the flow At the center of the casing 210, an outflow    passages
and the automatically operating valve for passage 217 is provided.
regulating water flow, which is disposed between The outflow passage 217
functions as a mixed  the main valve seats 242,242, has an piezoelectric
water passage and has the outer opening thereof   actuator A-10 which has
the same construction as communicated with a mixed water pipe 218 and   55
the piezoelectric actuator A-9 provided that the flow inner bifurcated
openings communicated with      passages of the flow direction control
valve M2 chambers 215,216 by way of diaphragms 219,220.    have a
symmetrical relationship with respect to the flow passages of the mixing
valve M1 and the 13    25               EP 0 309 886 B1
26 construction of the plunger is considerably different  The control
device C-5 carries out  the PID from that of the plunger 209 of the mixing
valve  control based on the difference AT between the M1
detected temperature Tm and the preset desired Namely, a flow passage 240
which is commu-    temperature Ts of the mixed water and actuates 



nicated with the mixed water pipe 218 of the mix-   5   the piezoelectric
actuator A-9 so as to open or ing valve Ml Is bifurcated to a pair of
inflow pas-  close the diaphragms 219,219 which form the valve sages 240a,
240a and a pair of outflow passages   bodies to a predetermined opening
rate and the 241,241 a are communicated with the inflow pas-   flow amount
of hot water and cold water to the sages 240a,240a.
mixed water pipe 218 is regulated and the mixed With respect to the
plunger, the plunger com-   10  water of a desired temperature is produced
in the prises a cylindrical plunger case 251, a pair of  mixed water pipe
218. actuating rods 251a,251a which are slidably dis-     Subsequently, in
case that the above the dif- posed at both ends of the plunger case 251 and
ference AT between the detected temperature Tm extend outwardly from both
ends of the plunger    and the preset desired temperature Ts of the case
251, and a spring 200s which is interposed   15  mixed water exceeds the
allowable degree or either between the proximal ends of the plunger case
251  one of the bifurcated passage switches 262,263 is to apply a biasing
force to the actuating rods    manipulated the control device C-5 reads out
the 251a,251a. Due to such construction, as the plung-  sequential
operation program from the memory u r is moved in either direction by the
actuation of  and transmits control signals to the drive circuits to the
piezoelectric actuator A-10, the actuating rods  20  make the circuits to
generate pulse-like voltage 251a,251a act on the diaphragm 242,242 respec-
which is applied to the piezoelectric elements e,f,g tively.
of the piezoelectric actuator A-10 and the plunger In the drawing, numerals
250,250 indicate pilot  case 251 moves either in a left or right direction.
openings, numeral 247,247 indicate bleed openings    Following the movement
of this plunger case and numeral 248,248 indicate a pressure cham-  25
251, the diaphragms 242, 242 are driven to com- bers.
pletely shut or terminate the communication be- Fig.29 shows a control
device C-5 for control-  tween the mixed water pipe 240 which is commu-
ling the actuation of the piezoelectric actuators A-9  nicated with the
mixed water supply pipe 218 and and A-10.
both outflow passages 241,241 or to shut or termi- As shown in Fig.29, the
control device C-5 has  30  nate the communication between the mixed water
a same construction as the control device C-1,    pipe 240 and either one
of the outflow passages wherein a temperature setting switch 260, a tem-
241,241 whereby the supply of the mixed water perature detecting sensor
261, bifurcated passage  can be completely stopped while the mixed water
selecting switches 262,263, a bifurcated passages  is supplied to only
either one of the outflow pas- closing switch 264 and a flow amount
detecting   35  sages 241,241 to effect the changing of the flow sensor 265
are connected to the interface s, while  direction. the piezoelectric
actuators A-9,A-10 for regulating  Furthermore, in this embodiment, since
the the flow of the mixing valve M1 and the flow    mixing valve M1 and the
flow direction control direction control valve M2 are connected to the
valve M2 employ the diaphragms 219,220,242,243 output interface t.
40  as valve bodies thereof and such diaphragms Following the sequential
operation program    219,220,242,243 are operated by the plungers of read
out from the memory u, the piezoelectric     the the piezoelectric
actuators A-9,A-10, these actuator A-9 is actuated to effect the
temperature  valves M1,M2 can be opened or closed with the control of the
mixed water and the piezoelectric  least electricity thus contributing to
the. saving of actuator A-10 is actuated to effect the flow amount  45  the
energy, while assuring the accurate and prompt control of the mixed water
as well as the selection  temperature control and flow direction control.
of the flow direction of the mixed water, for exam- ple, from a shower head
to a bath tab or vice     Claims versa. The operation of the piezoelectric
actuators A-  50  1. An automatically operating valve for regulating 9,A-10
is further explained in view of Fig.28 and    water flow comprising;
Fig.29.                                                a) a casing (10)
having inflow passage As shown in Fig.28, the temperature of the
means (12) at one side thereof and outflow mixed water which is produced by
the mixing valve       passage means (17) at otherside thereof Ml and flows
in the mixed water pipe 218 is  55         and a communicating portion
disposed in detected by the temperature detecting sensor 261       said
casing (10) and having valve seat and a detected temperature Tm is
transmitted to         means (19) formed therein, said inflow pas- the
control devive C-5.                                 sage means (12) and
said outflow passage 14    25                EP 0 309 886 B1
26 construction of the plunger is considerably different  The control
device C-5 carries out the PID from that of the plunger 209 of the mixing
valve  control based on the difference AT between the M1.
detected temperature Tm and the preset desired Namely, a flow passage 240
which is commu-     temperature Ts of the mixed water and actuates 



nicated with the mixed water pipe 218 of the mix-   5   the piezoelectric
actuator A-9 so as to open or ing valve M1 is bifurcated to a pair of
inflow pas-  close the diaphragms 219,219 which form the valve sages 240a,
240a and a pair of outflow passages   bodies to a predetermined opening
rate and the 241,241a are communicated with the inflow pas-    flow amount
of hot water and cold water to the sages 240a,240a.
mixed water pipe 218 is regulated and the mixed With respect to the
plunger, the plunger com-   10   water of a desired temperature is produced
in the prises a cylindrical plunger case 251, a pair of  mixed water pipe
218. actuating rods 251a,251a which are slidably dis-      Subsequently, in
case that the above the dif- posed at both ends of the plunger case 251 and
ference AT between the detected temperature Tm extend outwardly from both
ends of the plunger    and the preset desired temperature Ts of the case
251, and a spring 200s which is interposed  15   mixed water exceeds the
allowable degree or either between the proximal ends of the plunger case
251  one of the bifurcated passage switches 262,263 is to apply a biasing
force to the actuating rods    manipulated, the control device C-5 reads
out the 251 a,251 a. Due to such construction, as the plung-  sequential
operation program from the memory u r is moved in either direction by the
actuation of  and transmits control signals to the drive circuits to the
piezoelectric actuator A-10, the actuating rods   20  make the circuits to
generate pulse-like voltage 251a,251a act on the diaphragm 242,242 respec-
which is applied to the piezoelectric elements e,f,g tively.
of the piezoelectric actuator A-10 and the plunger In the drawing, numerals
250,250 indicate pilot  case 251 moves either in a left or right direction.
openings, numeral 247,247 indicate bleed openings   - Following the
movement of this plunger case and numeral 248,248 indicate a pressure cham-
25  251, the diaphragms 242, 242 are driven to com- bers.
pletely shut or terminate the communication be- Fig.29 shows a control
device C-5 for control-  tween the mixed water pipe 240 which is commu-
ling the actuation of the piezoelectric actuators A-9  nicated with the
mixed water supply pipe 218 and and A-10.
both outflow passages 241,241 or to shut or termi- As shown in Fig.29, the
control device C-5 has   30  nate the communication between the mixed water
a same construction as the control device C-1,    pipe 240 and either one
of the outflow passages wherein a temperature setting switch 260, a tem-
241,241 whereby the supply of the mixed water perature detecting sensor
261, bifurcated passage  can be completely stopped while the mixed water
selecting switches 262,263, a bifurcated passages  is supplied to only
either one of the outflow pas- closing switch 264 and a flow amount
detecting   35  sages 241,241 to effect the changing of the flow sensor 265
are connected to the interface s, while  direction. the piezoelectric
actuators A-9,A-10 for regulating   Furthermore, in this embodiment, since
the the flow of the mixing valve M1 and the flow      mixing valve M1 and
the flow direction control direction control valve M2 are connected to the
valve M2 employ the diaphragms 219,220,242,243 output interface t.
40  as valve bodies thereof and such diaphragms Following the sequential
operation program     219,220,242,243 are operated by the plungers of read
out from the memory u, the piezoelectric     the the piezoelectric
actuators A-9,A-10, these actuator A-9 is actuated to effect the
temperature  valves M1,M2 can be opened or closed with the control of the
mixed water and the piezoelectric  least electricity thus contributing to
the saving of actuator A-10 is actuated to effect the flow amount  45  the
energy, while assuring the accurate and prompt control of the mixed water
as well as the selection  temperature control and flow direction control.
of the flow direction of the mixed water, for exam- ple, from a shower head
to a bath tab or vice     Claims versa. The operation of the piezoelectric
actuators A-  50  1. An automatically operating valve for regulating
9,A-1.0 is further explained in view of Fig.28 and    water flow
comprising; Fig.29.                                                 a) a
casing (10) having inflow passage As shown in Fig.28, the temperature of
the           means (12) at one side thereof and outflow mixed water which
is produced by the mixing valve       passage means (17) at otherside
thereof Ml and flows in the mixed water pipe 218 is  55         and a
communicating portion disposed in detected by the temperature detecting
sensor 261        said casing (10) and having valve seat and a detected
temperature Tm is transmitted to         means (19) formed therein, said
inflow pas- the control devive C-5.                                 sage
means (12) and said outflow passage 14    27                 EP 0 309 886
B1                    28 means (17) communicating with each other
vice (C) for applying and/or discharging pulse- by way of said
communicating portion,            like voltage to or from said clamping
piezo- b) valve body means (20) operably dis-           electric elements
(ef) and stroke piezoelectric posed in said casing (10) and capable of
element (g) based on a sequential operation 



moving toward or away from said valve seat   5   program stored in a memory
of said control means (19) and coming into contact with          device.
said valve seat means (19) for regulating flow of water through said
communicating      7. An automatically operating valve for regulating
portion, and                                     water flow according to
claim 6, wherein a c) a piezoelectric actuator (A) disposed in  10  circuit
(POD) for detecting the disconnection of an actuator casing (C) for
operating the         electricity from a power source (PS) to a drive valve
body means,                                circuit (DC) of said
piezoelectric actuator (A) Is characterized in that said piezoelectric
connected to said control device (C-2). actuator comprises a cylindrical
piezoelectric body (B) made of a plurality of ring-like piezo-   15  8. An
automatically operating valve for regulating electric elements (efg,) and a
plunger (d)        water flow according to claim 7, wherein said which is
concentrically disposed in said piezo-     control device (C-2) includes a
back up battery electric body (B), said plunger (d) being axially   (BB) or
a back up condensor which supplies reciprocable within said piezoelectric
body (B)     electricity to said control device and said drive upon
activation of said piezoelectric elements  20  unit (DC) when said
disconnection of electricity (e,f.g), said plunger (d) having one end
thereof   occurs. engaged with said valve body means (20). 9. An
automatically operating valve for regulating 2. An automatically operating
valve for regulating     water flow according to one of the claims 5 to
water flow according to claim 1, wherein said  25   8, wherein said
piezoelectric actuator (A) fur- inflow passage means comprises a plurality
of      ther comprises spring means (P) capable of inflow  passages and
said outflow passage          returning said plunger (d) to an original
posi- means comprises only a single outflow pas-         tion at a
condition in which a clamping force of sage.
said clamping piezoelectric elements is re- 30      leased. 3. An
automatically operating valve for regulating water flow according to claim
1, wherein said   10. An automatically operating valve for regulating
inflow passage, means comprises only a single       water flow according to
one of the claims 5 to inflow  passage and said outflow  passage
8, wherein said plunger (d) comprises means comprises a plurality of
outflow pas-  35       a) a hollow cylindrical body provided with sages.
an opening in one end wall thereof, b) a plunger head which has a large
diam- 4. An automatically operating valve for regulating        eter
portion slidably disposed in said cylin- water flow according to claim 2,
wherein said         drical body and a small-diameter portion valve is a
mixing valve for mixing hot water  40      protruded from said opening
toward said and cold water and said inflow passages are           valve
body means, made of a hot water supply passage and a              c) spring
means disposed in said cylindrical cold water supply passage and said
outflow            body, said spring having one end thereof passage is made
of a mixed water passage.             come into contact with a rear wall of
said 45        actuator casing and the other end come into 5. An
automatically operating valve for regulating        contact with said
plunger. water flow according to one of claims 1 to 4, wherein said
piezoelectric actuator comprises   11. An automatically operating valve for
regulating a pair of clamping piezoelectric elements (e,f)     water flow
according to one of the claims 5 to disposed around said plunger (d) and
being   so     8, wherein said actuator casing is further pro- axially
spaced a art from each other and a         vided with manual plunger
returning means (x) stroke piezoelectric element (g) disposed ar-
capable of manually moving said plunger in an ound said plunger and between
said clamping         axial direction. piezoelectric elements. 55  12. An
automatically operating valve for regulating 6. An automatically operating
valve for regulating     water flow according to claim 11, wherein said
water flow according to claim 5, wherein said       manual plunger
returning means (x) is made of piezoelectric actuator comprises a control
de-     a resilient body which has the front end thereof 15    29
EP 0 309 886 B1                    30 retractably come into contact with
the rear end      einem Ausstr6mleitungsmittel (17) an seiner of said
plunger.                                     anderen Seite sowie einem  im
Gehause (10) angeordneten Verbindungsabschnitt, in 13. An automatically
operating valve for regulating      welchem ein Ventilsitzmittel (19)
geformt ist, 



water flow according to claim 5, 6 or 12,   5        wobei das
Einstrimleitungsmittel (12) und wherein said plunger has the end thereof
das Ausstr6mleitungsmittel (17) Uber den which is engaged with said valve
body means          Verbindungsabschnitt miteinander kommu- of smaller
diameter than the rest of the plung-      nizieren, er.
b) ein betatigbar im Gehause (10) angeord- 10         netes
Ventilk6rpermittel (20), das auf das 14. An automatically operating valve
for regulating     Ventilsitzmittel (19) zu und von ihm hinweg water flow
according to one of the claims 6 to       bewegbar ist und zum Regeln des
Durch- 8, wherein said piezoelectric actuator further       flusses von
Wasser durch den Verbindungs- comprises resilient means for constantly
apply-      abschnitt mit dem  Ventilsitzmittel (19) in ing a biasing force
in a direction to close said  is  BerUhrung zu gelangen vermag, und valve
body and said control device Includes a          c) einen in elnem
Betatigergehause (c) an- water stopping mode detecting circuit in said
geordneten piezoelektrischen Bet~tiger (A) control device for releasing the
clamping force      zum Betatigen des Ventilk6rpermittels, of said clamping
piezoelectric elements.              dadurch gekennzelchnet, daB der piezo-
20      elektrische Betatiger einen zylindrischen piezo- 15. An
automatically operating valve for regulating   elektrischen K6rper (B) aus
einer Anzahl von water flow according to one of the claims 1 to
ringf6rmigen piezoelektrischen Elementen (e, f, 14, wherein said valve body
means is in the        g) und einen konzentrisch im piezoelektrischen form
of a diaphragm.                               K6rper (B) angeordneten
Plunger oder Kolben 25      (d) umfal3t, wobei der Kolben (d) be! Betiti-
16. A faucet comprising                               gung der
piezoelektrischen Elemente (e, f, g) a) a faucet casing provided with a tap
open-     im piezoelektrischen K6rper (B) axial hin- und ing at one end
thereof, and                      hergehend bzw. geradlinig verschiebbar
ist b) said automatically operating valve of one     und der Kolben (d) mit
seinem einen Ende am of claims 1 to 14 incorporated at the other  30
Ventilk6rpermittel (20) angreift. end of said faucet body. 2. Automatisch
arbeitendes Ventil zur Regelung 17. A faucet according to claim 16, wherein
said      eines Wasserdurchflusses nach Anspruch 1, faucet body is provided
with an outflow pas-      wobei das Einstromleitungsmittel eine Anzahl sage
therein and a control device for control-  35  von Einstr6mleitungen
aufweist und das Aus- ling the operation of said valve is provided
stromleitungsmittel nur elne einzige Ausstr6m- along said outflow passage.
leitung aufweist. 18. A faucet according to claim 16 or 17, wherein  3.
Automatisch arbeitendes Ventil zur Regelung said valve body means is in the
form of a   40     eines Wasserdurchflusses nach Anspruch 1, diaphragm.
wobei das Einstr6mleitungsmittel nur eine ein- zige Einstr6mleitung
aufweist und das Aus- 19. An automatically operating water-supply sys-
str6mleitungsmittel eine Anzahl von Ausstr6m- tem comprising the valve of
claim 1 or 2 for       leitungen umfal3t. mixing hot water and cold water
and a flow   45 direction control valve of the type as claimed  4.
Automatisch arbeitendes Ventil zur Regelung in claim 1.
eines Wasserdurchflusses nach Anspruch 2, wobei das Ventil ein(e)
Mischventil oder - 20. An automatically operating water-supply sys-
armatur zum Mischen von Warm- oder Kalt- tem according to claim 19, wherein
said valve   50  wasser ist und die Einstr6mleltungen aus einer body means
is in the form of a diaphragm.          Warmwasserspeiseleitung und einer
Kaltwas- serspeiseleitung gebildet sind und die Aus- PatentansprUche
str6mleitung aus einer Mischwasserleitung ge- bildet ist. 1. Automatisch
arbeitendes Ventil zur Regelung  5s eines Wasserdurchflusses, umfassend:
5. Automatisch arbeitendes Ventil zur Regelung a) ein GehIuse (10) mit
einem Einstr6mlei-       eines Wasserdurchflusses nach einem der An-
tungsmittel (12) an seiner einen Seite und       sprlche 1 bis 4, wobei der
piezoelektrische 16    31                EP 0 309 886 B1
32 Betltiger zwei urn den Kolben (d) herum ange-        nen Ende mit elner
Rtickwand des Betati- ordnete und voneinander beabstandete piezo-
gergehauses und mit ihrem anderen Ende elektrische Spannelerente (e, f) und
ein um          mit dem Kolben in BerUhrung gebracht ist. den Kolben herum
sowie zwischen den piezo- elektrischen  Spannelementen  angeordnetes   5
11. Automatisch arbeitendes Ventil zur Regelung 



piezoelektrisches Hubelement (g) umfalt.           eines Wasserdurchflusses
nach einem der An- sprtche 5 bis 8, wobel das Bet~tigergehAuse 6.
Automatisch arbeitendes Ventil zur Regelung        femer mit einem
manuellen Kolbenrickstellmit- eines Wasserdurchflusses nach Anspruch 5,
tel (x) versehen ist, welches den Kolben manu- wobel der piezoelektrische
Betatiger eine Steu-  10  ell in einer Axialrichtung zu verschieben ver-
ervorrichtung (c) zum Anlegen und/oder Entla-      mag. den elner
impulsf6rmigen Spannung an die bzw.    von    den    piezoelektrische(n)
12. Automatisch arbeitendes Ventil zur Regelung Spannelemente(n) (e, f)
sowie an das bzw. von      eines Wasserdurchflusses nach Anspruch 11, dem
piezoelektrische(n) Hubelement (g) auf  15    wobei das manuelle
KolbenrUckstellmittel (x) der Grundlage eines In einem Speicher der
aus elnem elastischen oder federnden Kdrper Steuervorrichtung
abgespeicherten Folgebeta-       geformt ist, dessen Vorderende
zurUckziehbar tigungsprogramms aufweist.                         mit dem
hinteren Ende des Kolbens in Berth- rung gebracht ist. 7. Automatisch
arbeitendes Ventil zur Regelung   20 eines Wasserdurchflusses nach Anspruch
6,      13. Automatisch arbeitendes Ventile zur Regelung wobel eine
Schaltung (POD) zum Detektieren         eines Wasserdurchflusses nach
Anspruch 5, 6 der Trennung von Elektrizitat von einer Strom-     oder 12,
wobel der Kolben an seinem Ende, quelle (PS) zu elnem Treiberkreis (DC) des
das am Ventilk6rpermittel angreift, einen klei- piezoelektrischen
Betgtlgers (A) an die Steuer-  25  neren Durchmesser als dem des Rests des
vorrichtung (C-2) angeschlossen ist.               Kolbens aufweist. a
Automatisch arbeitendes Ventil zur Regelung     14. Automatisch arbeitendes
Ventil zur Regelung eines Wasserdurchflusses nach Anspruch 7,
eines Wasserdurchflusses nach elnem der An- wobel die Steuervorrichtung
(C-2) eine Reser-  30  sprUche 6 bis 8, wobei der piezoelektrische
vebatterie (88) oder einen Reservekondensator      Betatiger ferner ein
elastisches oder federndes aufweist, welche(r) der Steuervorrichtung und
Mittel zur standigen AusUbung einer Vorbela- der Treibereinheit (DC)
Elektrizitdt zuspeist,     stungskraft in einer Richtung im Sinne eines
wenn die Trennung der Elektrizitat auftritt.       SchlieBens des
Ventilkorpers aufweist und die 35      Steuervorrichtung eine
Wasserabstellmodus- 9. Automatisch arbeitendes Ventil zur Regelung
Detektorschaltung  in der Steuervorrichtung sines Wasserdurchtlusses nach
einem der An-        zum Aufheben der Spannkraft der piezoelektri- sprUche
5 bis 8, wobel der piezoelektrische        schen Spannelemente aufweist.
Betatiger (A) femer ein Federmittel (P) auf- weist, welches den Kolben (d)
in einem Zu-  40  15. Automatisch arbeitendes Ventil zur Regelung stand, in
welchem eine Spannkraft der piezo-       eines Wasserdurchflusses nach
einem der An- elektrischen Spannelemente aufgehoben ist, in      sprUche 1
bis 14, wobei das Ventilk6rpermittel eine Ausgangsstellung zurlckzufUhren
vermag.      in Form einer Membran vorliegt. 10. Automatisch arbeitendes
Ventil zur Regelung   45  16. Hahn, umfassend eines Wasserdurchflusses nach
einem der An-          a) ein an seinem eonen Ende mit einer Zapf- sprUche
5 bis 8, wobei der Kolben (d) umfa~t:        offnung versehenes
Hahngehfiuse und a) einen hohlzylindrischen K6rper, der in          b) das
am anderen Ende des Hahnkorpers seiner einen Stirnwand mit einer Offnung
eingebaute automatisch arbeitende Ventil versehen ist,
50         nach einem der AnsprUche 1 bis 14. b) eonen Kolbenkopf mit einem
Abschnitt grofen Durchmessers, der im zylindrischen    17. Hahn nach
Anspruch 16, wobel der Hahnk8r- K6rper angeordnet ist, und elnem Abschnitt
per mit einer darin vorgesehenen Ausstr6mlei- kieinen Durchmessers, der aus
der 6ffnung        tung versehen ist und eine Steuervorrichtung in Richtung
auf das Ventilkdrpermittel vor-  55  zur Steuerung der Betitigung des
Ventils steht, (und)                                    langs der
Ausstr6mleitung vorgesehen ist. c) ein im zylindrischen Kdrper angeordnetes
Federmittel, wobel die Feder mit ihrem el- 17    33                EP 0 309
886 B1                   34 18. Hahn nach Anspruch 16 oder 17, wobei das
ge de sortie comprend simplement un soul Ventilkorpermittel in Form einer
Membran vor-     passage de sortie. liegt. 3. Vanne a fonctionnement
automatique pour re- * *  19, Automatisch arbeitendes Wasserversorgungs-
5    guler un ddbit d'eau selon la revendlcation 1, system mit dem Ventil
nach Anspruch 1 oder 2      dans laquelle ledit moyen formant passage zum
Mischen von Warm- und Kaltwasser so-          d'admission comprend
simplement un soul 



wie einem DurchfluBrichtungsregelventil der in    passage d'admission et
ledit moyen formant Anspruch 1 beanspruchten Art.
passage de sortie comprend une pluralite de 10      passages de sortie. 20.
Automatisch arbeitendes Wasserversorgungs- --       system nach Anspruch
19, wobei das Ventil-     4. Vanne a fonctionnement automatique pour re- ;'
k6rpermittel in Form einer Membran vorliegt.      guler un d6bit d'eau
selon la revendication 2, dans laquelle ladite vanne est une vanne me-
Revendlcatlons                               t5      langeuse servant a
melanger de l'eau chaude et de l'eau froide, lesdits passages d'admis- 1.
Vanne a fonctionnement automatique pour r6-       sion sont constitu6s par
un passage d'amenee guler un d6bit d'eau, qui comprend:               d'eau
chaude et un passage d'amen~e d'eau - a) un corps (10) comprenant un moyen
froide, et ledit passage de sortie est fait d'un (12) formant passage
d'admission en un   20  passage pour l'eau melangee. c8te et un moyen (17)
formant passage de sortie en l'autre c8t6, ainsi qu'une  5. Vanne a
fonctionnement automatique pour r6- partie de communication placee dans le-
guler un debit d'eau selon l'une quelconque dit corps (10) dans laquelle
est forme un    des revendications 1 a 4, dans laquelle ledit moyen (19)
formant siege de vanne, ledit  25  actionneur pizo-4lectrique comprend une
pai- moyen (12) formant passage d'admission       re d'elements
piezo-6lectriques de serrage (e, et ledit moyen (17) formant passage de
f), places autour dudit piston (d) et espaces sortie communiquant l'un avec
I'autre par    axialement l'un de l'autre, et un el6ment piezo- ,  ladite
partie de communication,             dlectrique de pouss~e (g) place autour
dudit b) un moyen (20) formant obturateur, pla-  30  piston et entre
lesdits le6ments piezo-electri- ce de fagon fonctionnelle dans ledit
ques de serrage. corps (10) et pouvant 8tre rapproch6 ou 6loign6 dudit
moyen (19) formant siege    6. Vanne A fonctionnement automatique pour r6-
de vanne, et venant en contact avec ledit    guler un debit d'eau selon la
revendication 5, moyen (19) formant siege de vanne pour  35   dans laquelle
ledit aclionneur piezo-6lectrique regler le debit d'eau a travers ladite
par-  comprend un dispositif de commando (C) pour tie de communication, et
envoyer et/ou evacuer une tension semblable - c) un actionneur
piezo-slectrique (A) pla-   a une impulsion auxdits 6lements pidzo-41ectri-
--z  f    c6 dans un boltier (c) d'actionneur pour      ques de serrage (e,
f) et audit element piezo- actionner ledit moyen formant obturateur,  40
electrique de pousseo (g), ou A partir de ceux- caracterisee en ce quo
ledit actionneur       ci, en se basant sur un programme de fonc- - ......
pi~zo-6lectrique comprend un corps pidzo-        tionnement sequentiel
memorise dans une m6- electrique cylindrique (B) fait d'une pluralit6
moire dudit dispositif de commando. d'elements piezo-electriques (e, f, g)
sembla- bles a des anneaux et un piston (d) dispose  45  7. Vanne a
fonctionnement automatique pour re- concentriquement dans ledit corps
piezo-6lec-     guler un debit d'eau selon la revendication 6, trique (B),
ledit piston (d) etant d~plagable     dans laquelle un circuit (POD),
servant a de- ?        axialement en va-et-vient a l'int6rieur dudit
tecter si une source d'alimentation (PS) est corps pikzo-6lectrique (B)
lors de l'activation   electriquement d6branchee du circuit d'excita-
desdits slements piezo-6lectriques (e, f, g),  50  tion (PC) dudit
actionneur pikzo-6lectrique (A), ledit piston (d) ayant une de ses
extremit6s en   est relie audit dispositif de commando (C-2). ;;- -
prise avec ledit moyen (20) formant obturateur. 8  Vanne a fonctionnement
automatique pour re- 2. Vanne a fonctionnement automatique pour r6-
guler un debit d'eau selon la revendication 7, guler un d6bit d'eau selon
la revendication 1,  55  dans laquelle ledit dispositif de commando (C-
dans laquelle ledit moyen formant passage         2) comprend une pile
d'appoint (88) ou un d'admission comprend une pluralite de passa-
condensateur d'appoint qui envoie de l'slectri- ges d'admission et ledit
moyen formant passa-     cits audit dispositif de commando et audit cir- 18
35                EP 0 309 886 B1                   36 cult d'excitation
(DC) lorsque ledit d6branche-   actionneur pi6zo-6lectrique comprend en
outre ment electrique se produit.                       un moyen elastique
pour appliquer constam- ment une force de sollicitation dans la direction
9. Vanne A fonctionnement automratique pour r6-       de fermeture dudit
obturateur et ledit dispositif guler un debit d'eau selon l'une quelconque
5   de commande inclut un circuit de d6tection du des revendications 5 a 8,
dans laquelle ledit     mode d'arrat de l'eau dans ledit dispositif de
actionneur piezo-electrique (A) comprend en       commande pour relacher la
force de serrage 



outre un moyen formant ressort (P) capable de     desdits 6l6ments
piezo-6lectriques de serrage. ramener ledit piston (d) a sa position de
depart lorsque la force de serrage desdits el6ments  lo  15. Vanne a
fonctionnement automatique pour re- piezo-electriques de serrage est
relach6e.        guler un debit d'eau selon l'une quelconque des
revendlcatlons 1 a 14, dans laquelle ledit 10. Vanne a fonctionnement
automatique pour r6-       moyen formant obturateur a la forme d'un guler
un debit d'eau solon I'une quelconque       diaphragme. des revendications
5 a 8, dans laquelle ledit  15 <>     piston (d) comprend:
16. Robinet comprenant: - a) un corps cylindrique creux pourvu            -
a) un corps de robinet pourvu d'un bec d'une ouverture en une de ses parois
s'ouvrant en une de ses extremit~s, et d'extremite,
- b) ladite vanne a fonctionnement auto- - b) une tote de piston qui
comprend une   20        matique de l'une quelconque des reven- partie de
grand diametre placee de fagon          dications 1 a 14, incorporee au
niveau de coulissante dans ledit corps cylindrique          l'autre
extr~mit6 dudit corps de robinet. et une partie de petit diametre qui d6-
passe de ladite ouverture en direction    17. Robinet selon la
revendication 16, dans loquel dudit moyen formant obturateur,      25
ledit corps de robinet contient un passage de - c) un moyen formant ressort
plac6 dans        sortie et dans lequel un dispositif de comman- ledit
corps cylindrique, ledit ressort ayant  de pour commander le fonctionnement
de ladi- une de ses extr~mit~s qui vient en            to vanne est plac6
le long dudit passage de contact avec une paroi arrisre dudit bof-
sortie. tier d'actionneur et une autre extremite  3o qui vient en contact
avec ledit piston.   18. Robinet selon la revendication 16 ou 17, dans
lequel ledit moyen formant obturateur de van- 11. Vanne a fonctionnement
automatique pour r6-       no a la forme d'un diaphragme. guler un debit
d'eau salon l'une quelconque des revendications 5 a 8, dans laquelle ledit
36  19. Systeme d'alimentation en eau a fonctionne- boltier d'actionneur
est en outre pourvu d'un     ment automatique comprenant la vanne des moyen
(x) manuel pour ramener le piston, ca-      revendications 1 ou 2 pour
melanger de l'eau pable de deplacer manuellement ledit piston       chaude
et de l'eau frolde et une vanne de dans une direction axiale.
commande de la direction d'6coulement du 40     type revendique a la
revendication 1. 12. Vanne A fonctionnement automatique pour r6- guler un
debit d'eau solon la revendication 11,  20. Systeme d'alimentation en eau a
fonctionne- dans laquello ledit moyen (x) manuel pour ra-     ment
automatique selon la revendication 19, mener le piston est fait d'un corps
6lastique     dans lequel ledit moyen formant obturateur de dont
l'extr6mit6 avant vient on contact de fa-  45  vanne a la forme d'un
diaphragme. gon retractable avec 1'extr6mit6 arrisre dudit piston. 13.
Vanne A fonctionnement automatique pour re- guler un debit d'eau selon la
revendication 5, 6   50 ou 12, dans laquello l'extremite dudit piston qui
est en prise avec ledit moyen formant obturateur a un diametre plus petit
quo le reste du piston. 55 14. Vanne A fonctionnement automatique pour re-
guler un debit d'eau selon I'une quelconque des revendications 6 a 8, dans
laquelle ledit 19    


