
Title of the Invention: FLUID CONTROL VALVE Background of the Invention: 5
(Field of the Invention) The present invention relates to a fluid control
valve for controlling a fluid flow of large flow rate, such as that used in
a fluid pressure elevator to supply a high pressure fluid to, and discharge
it from, a fluid 10    pressure jack to raise or lower the cage of the
elevator. (Prior Art) As described in the Publication "Hydraulic pressure
and pneumatic pressure" from Institute of Hydraulic and Pneumatic
Engineering, May 1986, Vol. 17, No. 3, pages 15    181-186, a conventional
flow control valves of this type have ports respectively communicating with
a pump fluid pressure cylinder and with a tank, and also have hermetic
fluid control parts each between a pump port and a fluid pressure cylinder
port and between the fluid pressure 20    cylinder port and a tank port.
These fluid control parts use a pilot valve to control the fluid. The
above-mentioned type fluid control valves are complicated in structure,
because they are intended to achieve a high precision flow rate control,
which is the 25    inherent object of the fluid control valves, while
ensuring a hermetic seal to keep the fluid pressure cylinder at rest.
Further, in controlling the fluid,    



-2- they will cause cavitation, producing large noises, because they will.
execute the flow-rate control of the high pressure fluid. Summary of the
Invention: An object of the present invention is to provide a fluid control
5 valve which is simple in structure and high in precision, and which
allows a reduction in cavitation and noise. According to this invention
there is provided a fluid control valve having a first fluid chamber
connected to a pump port, a second fluid chamber connected to a cylinder
port, and a third fluid chamber 10 connected to a tank port, said fluid
control valve being arranged to control flow from said pump port to said
cylinder port, or from said cylinder port to said tank port and comprising
a check valve provided between said pump port and said first fluid chamber
for allowing the fluid to pass therethrough only in a direction from said
pump port to 15 said first fluid chamber, a down control valve provided
between said first fluid chamber and said second fluid chamber, an up
control valve provided between said first fluid chamber and said third
fluid chamber, whereby the fluid is allowed to flow from said pump port to
said cylinder port through said check valve and through said down control
valve when 20 said check valve and said down control valve are opened, and
the fluid from said cylinder port to said tank port is allowed to flow
through said down control valve, through said first fluid chamber and
through said up control valve when said down  control valve and said up
control valve are opened.    -2A- 



In accordance with a feature of this invention there is provided a fluid
control valve comprising a first fluid chamber connected to a pump port, a
second fluid chamber connected to a cylinder port, and a third fluid
chamber 5 connected to a tank port, said fluid control valve being arranged
to control a flowing from said pump port to said cylinder port, or from
said cylinder port to said tank port, a check valve provided between said
pump port and said first fluid chamber for allowing the fluid to pass 10
therethrough only in a direction from said pump port to said first fluid
chamber, a down control valve provided between said first fluid chamber and
said second fluid chamber, an up control valve provided between said first
fluid chamber and said third fluid chamber, and said down 15 control valve
including a pressure receiving member for receiving a back pressure from an
upper port and having an inner cylindrical tube projecting to a lower
portion, and a valve body which, when acted upon by a pressure in said
first fluid chamber, is movable in an opening direction, 20 and having an
outer cylindrical tube being formed to slide to said inner cylindrical
tube. When the fluid pressure jack is to be lowered, the fluid is
controlled such that it is first made to flow into the first fluid chamber
via the down control valve, and is 25 subsequently discharged to the tank
port via the up control valve.    



-3- Because the fluid to be discharged is controlled in two steps as
described above, the present invention reduces cavitation and noise. In the
present invention, during lowering 5    of the fluid pressure jack, the
fluid is controlled to flow into the first fluid chamber via the down
control valve and to   flow    out to the tank port via the up control
valve.  Thereby, the pressure drop can be made smooth; further the
occurrence of cavitation can be 10    suppressed and the noise and the
pulsation can be reduced. Furthermore, in the present invention, since the
seal for hermetically enclosing the fluid in the fluid pressure jack is
provided only in a single location, i.e. the down control valve, it is
possible to 15    increase the reliability and securely maintain the
sealing. Further, since the pilot switching valves are PWM- controlled to
control the operation of the down and up control valves, it is possible to
freely enlarge the range of control. 20 Brief Description of the Drawings:
Fig. 1 is a cross-sectional view of a fluid control valve showing one
embodiment-of the present invention; Fig. 2 is a cross-sectional view taken
along the 25    line II-II of Fig. 1, as seen in the arrow direction; Fig.
3 is a partially cutaway side elevation view of the fluid control valve;
and  



-4- Fig. 4 is a cross-sectional view of a fluid control valve showing
another embodiment of the present invention. Description of the Embodiment:
5         One embodiment of the present invention will be explained with
reference to Fig. 1. A flow control valve 1 has a valve housing 5.   The
valve housing 5 is formed with a first fluid chamber 12 at the lower
portion thereof, which communicates with a 10    pump port 9.  The valve
housing 5 is formed further with a second fluid chamber 13 at one side of
the upper portion thereof, which communicates with a cylinder port 10, and
a third fluid chamber 14 at the other upper side, which communicates with a
tank port 11.   The valve housing 5 15    is closed at the top with a valve
cover 6.  A check valve 4 is provided in the opening of the first fluid
chamber 12 and the pump port 9. A down control valve 2 is provided in the
second fluid control chamber 13.   A up control valve 3 is 20    provided
in the third fluid chamber 14.  The down control valve 2 is constituted by
a pressure receiving member 23 having a pressure receiving terminal plate
23a with an inner tube 23b projecting from the lower side thereof, a
disk-shaped valve body 22 with an outer tube 22b which 25    projects
therefrom and which is slidable on the inner tube 23b, and a valve poppet
21 which is a bottomed tubular body. 



-5- The valve poppet 21 is connected to the valve body 22 by means of a
bolt and nut 25, an annular seal member 24 being secured between the valve
poppet 21 and the valve body 22. A plurality of cut grooves 21a are also
axially 5    provided in the skirt portion of the valve poppet 21. The
valve poppet 21 has its skirt portion slidingly inserted into a circular
hole in a partition wall 13a which separates the first fluid chamber 12
from the second fluid chamber 13. 10         The pressure receiving
terminal plate 23a of the pressure receiving member 23 is slidable in an
upper cylindrical part of the second fluid chamber 13, thereby the pressure
receiving terminal plate 23a separates the second fluid chamber 13 from a
back pressure chamber 15 15    disposed above the pressure receiving
terminal plate 23a. The outer tube 22b of the valve body 22 has a plurality
of axial slots 22c cut therein.   The axial slots 22c engage with pins 29
projecting from the inner tube 23b. The pins 29 are slidable along the
axial slots 22c 20    limiting the extent of the relative sliding movement
between the valve body 22 and the pressure receiving member 23. A
compression spring 26 is provided in the inner tube 23b and between the
pressure receiving terminal plate 25    23a and the valve body 22.
Another compression spring 



27 is provided in the back pressure chamber 15 disposed above the pressure
receiving terminal plate 23a. A    -6- stopper 7 limits the extent of
displacement of the down control valve 2.  The compression springs 26 and
27 normally bias to separate the second fluid chamber 13, which
communicates with the cylinder port 10, from the 5    first fluid chamber
12, which communicates with the pump port 9.  Sealing is then provided by a
sealing member 24 and a valve seat formed on the edge portion of the
circular hole of the partition wall 13a. According to the down control
valve 2 having a 10    structure as described above, for example, when the
fluid is supplied from the pump port 9 to the cylinder port 10, the
pressure receiving terminal plate 23a of the pressure receiving member 23
is slidable in the upper cylindrical part of the second fluid chamber 13.
Thereby, the valve 15    body 22 can operate for the control signal
regardless of the pressure in the back pressure chamber 15 and therefore a
high responsibility can be obtained. Referring again to Fig.  1, there are
shown pilot valves 51, 52, 53 and 54, which are high speed ON-OFF 20
switching valves, or so called PWM-controlled valves whose operation is
controlled by controlling the pulse duration of a pulse train. The pump
port 9 is connected to a fluid pressure 



pump, the cylinder port 10 to the fluid pressure jack for 25    raising and
lowering a load, and the tank port 11 to a tank, respectively.    The pilot
valve 51 is provided in a passage extending between the second fluid
chamber 13 and the back pressure chamber 15 disposed above the pressure
receiving terminal plate 23a.   The pilot valve 52 is provided in a passage
5    extending between the back pressure chamber 15 and the tank 17. The
pilot valve 53 is provided in a passage between the first fluid chamber 12
and the back pressure chamber 16 disposed above the pressure receiving
terminal plate 33. The pilot valve 54 is provided in a passage 10
extending between said back pressure chamber 16 and the tank 17. The up
control valve 3 is constituted by a pressure receiving member 33 having a
pressure receiving terminal plate 33a with a downwardly projecting inner
tube 33b, 15    and a valve body 32 in the form of a bottomed tubular body
32d having a projecting outer tube 32b which is slidable over the inner
tube 33b. The bottomed tubular body of the valve body 32 has a skirt
portion formed with a plurality of axial cut grooves 20    32a.  The skirt
portion of the bottomed tubular body is slidingly inserted into a circular
hole in a partition wall 14a which separates the first fluid chamber 12
from the third fluid chamber 14.   The first fluid chamber 12 



and the third fluid chamber 14 communicate to each other 25    through the
cut grooves 32a when the valve body 32 is moved upward, and the two fluid
chambers 12 and 14 are separated when the valve body 32 is moved downward.
Further, as in the case of the down control valve 2, the pressure receiving
terminal plate 33a of the pressure receiving member 33 is slidable in the
upper cylindrical portion of the third fluid chamber 14.   The pressure 5
receiving terminal plate 33a separates the third fluid chamber 14 from a
back pressure chamber 16 disposed above the pressure receiving terminal
plate 33a. The outer tube 32b of the valve body 32 has a plurality of axial
slots 32c.   The axial slots 32c engage 10    with pins 39 projecting from
the inner tube 33b.   The pins 39 are movable within the axial slots 32c
limiting the extent of the relative sliding movement between the valve body
32 and the pressure receiving member 33. A compression spring 36 is
provided in the inner tube 33b 15    and between the pressure receiving
terminal plate 33a and the valve body 32.  A stopper 8 limits the upward
movement of the pressure receiving terminal plate 33a. As shown in detail
in Fig. 2, the check valve 4 is arranged between the pump port 9 and the
first fluid 20    chamber 12.  The check valve 4 comprises a valve seat 40
located on the edge portion of the pump port 9, a valve guide bar 41 formed
integral with the valve seat 40 and 



standing in the middle, and a valve poppet 42 having such an outer diameter
as to allow the join with the valve 25    seat 40.   The valve poppet 42
has a center hole passed through by the valve guide bar 41 and is capable
of sliding up and down along the valve guide bar 41.    -9- A compression
spring 44 is provided between the rear surface of the valve poppet 42 and a
spring seat 43 secured to the upper end of the valve guide bar 41 and fixed
thereto by nuts 45 and 46. The compression spring 5    44 exerts a thrust
in such a direction as to cause the valve poppet 42 to join the valve seat
40.   The valve poppet 42 is raised to allow the flow from the pump port 9
into the first fluid chamber 12 when the pressure in the pump port 9 is
greater than the sum of the pressure 10    in the first fluid chamber 12
and the thrust of the compression spring 44. The valve poppet 42 is made to
join the valve seat 40, thereby blocking the flow from the first fluid
chamber 12 to the port 9, when the sum of the 15    pressure in the first
fluid chamber 12 and the thrust of the compression spring 44 exceeds the
pressure in the pump port 9. Fig. 3 is a partially cutaway side elevation
view of the flow control valve 1.   The pump port 9, the check 20    valve
4 and the first fluid chamber 12 are arranged 



respectively below the valve housing 5. The pilot valves 51, 52, 53 and 54
are fixed to the valve housing 5 by means of a subplate 55.   The
connecting passages of the pilot valves 51, 52, 53 and 54 are formed in the
subplate 25    55. The flow control valve 1, having a structure as
described above, operates as follows:    -10- In order to raise the fluid
pressure jack, the fluid pressure pump is actuated and the fluid discharged
thereby overcomes the thrust of the compression spring 44, thereby to force
the valve poppet 42 of the check valve 4 to open, 5    and flows into the
first fluid chamber 12.   Such fluid will overcome the thrust of the
compression spring 36, thereby to force the valve body 32 of the up control
valve 3 to open, and will return to the tank 17 through the cut grooves 32a
provided in the skirt portion of the valve 10    body 32 via the third
fluid chamber 14 and the tank port 11. The flow resistance then is adjusted
by means of the stopper 8. When the pilot valve 54 is closed and a pulse
signal is applied to the pilot valve 53 in a manner as described 15
above, the latter will be switched in proportion to the pulse modulation
ratio, whereby the fluid in the first fluid chamber 12 is admitted into the
back pressure chamber 16 and as a result the valve body 32 is lowered 



together with the pressure receiving member 33 by the 20    difference
between the forces exerted from the two fluid chambers 12 and 16. The open
area provided by the cut grooves 32a is thus reduced and the flow
resistance becomes larger accordingly, so that the fluid pressure in the
first fluid chamber 12 becomes higher. 25         When such pressure is
slightly higher than the pressure in the cylinder port 10, the thrust of
the compression spring 27 is overcome and the valve poppet    - 11 - 21,
the valve body 22 and the pressure receiving member 23 of the down control
valve 2 are forced to open as a single body, so that   the pressurized
fluid is supplied to the fluid pressure jack through the cut grooves 21a, 5
provided in the skirt portion of the valve poppet 21, and via the second
fluid chamber 13 and the cylinder port 10. When the up control valve 3 is
fully closed, all of the fluid discharged from the pump is supplied to the
fluid pressure jack. 10         To decelerated the fluid pressure jack, the
pilot valve 53 is closed and a pulse train signal is applied to the pilot
valve 54, whereby the pilot valve 54 is opened. As a result the fluid is
discharged from the back pressure chamber 16 into the tank 17 at a flow
rate which is 15    proportional to the pulse duration modulation ratio.
The valve body 32 and the pressure receiving member 33, then 



forming in combination a single body, are thus raised by the pressure in
the first fluid chamber 12. The open area of the cut grooves 32a becomes
larger 20    and the fluid flow rate discharged to the tank port 11 becomes
higher accordingly, so that the flow rate supplied from the cylinder port
10 to the fluid pressure jack will decrease notwithstanding the pressurized
fluid flowing into from the pump port 9. 25         When the pressure in
the first fluid chamber 12 decreases to about the pressure in the cylinder
port 10, the valve body 22 of the down control valve 2 is lowered    -12-
by the thrust of the compression spring 26, blocking the communication
between the first and the second fluid chambers 12 and 13, and sealing is
ensured between the sealing member 24 and the valve seat.  The fluid
pressure 5    jack, therefore, can securely maintain its present position.
It will be understood that the acceleration speed and the deceleration
speed of the fluid pressure jack can then be freely controlled by means of
the pulse duration 10    modulation ratio for the pulse train which drives
the pilot valves 53 and 54. Next, the lowering of the fluid pressure jack
will be described. When the pilot valve 51 is closed and a pulse train 



15    signal is applied to the pilot valve 52, the pilot valve 52 is opened
and the fluid is discharged from the back pressure chamber 15 to the tank
17 at a flow rate which is proportional to the pulse duration modulation
ratio. The fluid pressure exerted from the second fluid chamber 20    13 on
the pressure receiving member 23 forces the valve body 22 to rise together
with the pressure receiving member 23, thereby increasing the open area of
the cut grooves 21a in the skirt portion of the valve poppet 21. The
pressurized fluid, which was acting on the fluid 25    pressure jack, will
flow from the cylinder port 10 into the first fluid chamber 12 via the
second fluid chamber 13 and hence the fluid pressure jack will be lowered.
-13- The fluid which has flown into the first fluid chamber 12 is prevented
from flowing out to the pump port 9 by blocking the check valve 4, so that
it will raise the valve body 32 of the up control valve 3 by overcoming 5
the thrust of the compression spring 36, thereby flowing out to the tank 17
via the third fluid chamber 14 and the tank port 11. On the other hand, to
decrease the flow rate, the pilot valve 52 is closed and the pilot valve 51
is driven 10    by a pulse train signal, so that such valve pilot 51 is
opened.   Accordingly a flow rate proportional to the pulse duration
modulation ratio is supplied to the back 



pressure chamber 15, thereby lowering the valve body 22 and the pressure
receiving member 23. 15         The open area of the cut grooves 21a
provided in the skirt portion of the valve poppet 21 is thus decreased and
the flow rate from the cylinder port 10 to the tank port 11 is decreased
accordingly. In this case, the fluid flows from the cylinder port 10 to the
tank port 11 20    through both the down control valve 2 and the up control
valve 3. That is, the lowering of the pressure occurs in two steps. This
can suppress or reduce cavitation. Just as in the case of the up control
valve 3, the acceleration speed and the deceleration speed of the fluid 25
pressure jack can be arbitrarily controlled by varying the pulse duration
modulation ratio of the pulse signal which excites the pilot valves 51 and
52.    - 14 - The sealing of the check valve 4 is necessitated only during
the lowering operation, and a degree of necessitated sealing is such that a
slight leakage is permitted so long as the pump will not run in reverse and
5    be damaged.  That is, a low accuracy of machining of the check valve 4
will cause no problems. Referring to Fig. 4, there is shown a flow control
valve according to another embodiment of the present invention, in which
the same parts as those of the above- 10    described embodiment are
denoted by the same references 



and therefore their description will be omitted.  This embodiment differs
from the above-described embodiment in the connecting structure of valve
bodies 122 and 132 and pressure receiving members 123 and 133. In this 15
embodiment, the pressure receiving members 123 and 133 are cup-shaped and
the valve bodies 122 and 132 are inserted therein, their separation being
prevented by snap rings 128 and 138. This flow control valve operates in
the same manner 20    and has the same benefits as the above-described
embodiment.    -15- 1.     A fluid control valve having a first fluid
chamber connected to a pump port, a second fluid chamber connected to a
cylinder port, and a third fluid chamber connected to a tank port, said
fluid control valve being arranged to control flow from said pump port to
said cylinder port, 5 or from said cylinder port to said tank port and
comprising a check valve provided between said pump port and said first
fluid chamber for allowing the fluid to pass therethrough only in a
direction from said pump port to said first fluid chamber, a down control
valve provided between said first fluid chamber and said second fluid
chamber, an up control valve 10 provided between said first fluid chamber
and said third fluid chamber, whereby the fluid is allowed to flow form
said pump port to said cylinder port through said check valve and through
said down control valve when said check valve and said down control valve
are opened, and the fluid from said cylinder port to said tank port is
allowed to flow through said 



15 down control valve, through said first fluid chamber and through said up
control valve when said down control valve and said up control valve are
opened. 2.    A fluid control valve according to claim 1, wherein said down
20 control valve includes a valve body which, when acted upon by a pressure
in said first fluid chamber, is movable in an opening direction,    - 16 -
a compression spring which is preloaded in a reverse direction with respect
to such pressure receiving direction, and a pressure receiving member
provided on the other side of said valve body and receiving a back 5
pressure. 3. A fluid control valve according to claim 2,. wherein said
valve body is provided with an annular sealing member which is located
opposite to a 10    valve seat. 4. A fluid control valve according to claim
1, wherein said up control valve includes a valve body which, when exerted
upon by a pressure in said 15    first fluid chamber, is movable in an
opening direction, a compression spring preloaded in the reverse direction
with respect to such pressure receiving direction, and a pressure receiving
member provided on the other side of said valve body and receiving a back
pressure. 20 5.  A fluid control valve comprising a first fluid 



chamber connected to a pump port, a second fluid chamber connected to a
cylinder port, and a third fluid chamber connected to a tank port, said
fluid control valve being 25    arranged to control a flowing from said
pump port to said cylinder port, or from said cylinder port to said tank
port, a check valve provided between said pump port and    -17- said first
fluid chamber for allowing the fluid to pass therethrough only in a
direction from said pump port to said first fluid chamber, a down control
valve provided between said first fluid chamber and said second fluid 5
chamber, an up control valve provided between said first fluid chamber and
said third fluid chamber, and said down control valve including a pressure
receiving member for receiving a back pressure from an upper portion and
having an inner cylindrical tube projecting to a lower 10  portion, and a
valve body which, when acted upon by a pressure in said first fluid
chamber, is movable in an opening direction, and having an outer
cylindrical tube being formed to slide to said inner cylindrical tube. 15
6.  A fluid control valve according to claim 5, wherein a plurality of
axial slots are provided on said outer cylindrical tube, and pins for
engaging with said axial slots are provided on said inner cylindrical tube.
20 



7. A fluid control valve according to claim 5, wherein said up control
valve includes a pressure receiving member for receiving a back pressure
from an upper portion and having an inner cylindrical 25   tube being
projected to a lower portion, and a valve body which, when acted upon by a
pressure in said first fluid    -18- chamber, is movable in an opening
direction, and having an outer cylindrical tube being formed to slide to
said inner cylindrical tube. 5         8.  A fluid control valve
substantially as herein described with reference to and as shown in Figures
1-3 or 4 of the accompanying drawings.    


